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Opening remarks on workshop format: Alaskan wetlands 
DU rep and BLM rep 

An overview of North American wetlands: Status and 
classification - Emphasis on the Pacifie Flyway -
Mickey Heitmeyer 

Extent and complexity of Alaskan wetlands 

Break 

Wetland structure and function - Fritz Reid 

Conceptual model of marsh ecology and its utility to 
wetland management - Jeff Nelson 

Questions/Comments on morning session 

Lunch Break 

Modified hydrological regimes: their impact on wetland 
productivity - Fritz Reid 

Invertebrates in wetland communities - Fritz Reid 

Break 

Northern wetland communities: waterfowl species and 
population trends - Tom Rothe 1 Dirk Derksen 
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Second Day - Thu 15 Aug 

8:00 

9:00 

10:15 

10:45 

11:30 

13:00 

14:00 

16:00 

18:00 
-22:00 

Addresses by Cy Jamison and Ed Spang 

Basic life history strategies of waterfowl: Energetic 
and nutritional needs - Mickey Heitmeyer 

Break 

Waterfowl foods - Fritz Reid 

Lunch 

Cross-seasonal effects, the importance of Alaskan, 
Californian, and Mexican habitats - Mickey Heitmeyer 

BLM work session 

Dinner 

Optional field inspection of estuarine and palustrine 
wetlands 

Third Day - Fri 16 Aug 

8:30 

9:00 

10:15 

10:45 

11:15 

12:00 

13:30 

USFWS waterfowlfwetland surveys - Bob LeedyfRuss Oates 

California waterfowl habitat evaluation using remote 
sensing techniques - Dick Kempka 

Break 

Habitat inventory and evaluation in the Prairie Pothole 
Region - Dick Kempka 

Satellite inventory and monitoring: A complete Pacifie 
Flyway perspective - Dick Kempka 

Lunch 

Step-wise approach to habitat enhancementjrestoration -
Tom Rothe 
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15:15 

15:40 

16:00 

Cooperative Partnerships 

CUrrent legislative and funding opportunities -
Scott Sutherland 

Ducks Unlimited's Habitat Programs 1 IWWR -
John Nagel 1 Jeff Nelson 

Wildlife 2000 1 WETT - Mike Mathiot 1 Craig Altop 

u.s. Forest Service 1 Taking Wing Program -
Rob Olsen 

Break 

Partnerships for Alaskan wetlands and stewardship of 
the waterfowl resource - Ed Spang 1 Bishop Buckle 

Meeting wrap-up 
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Impacts of Hydrologie 
Alteration on Management 
of Freshwater Wetlands 

Leigh H. Fredrickson and Frederic A. Reid 

Abstract: Wetlands are dynamic systems that are characrerized by daily, seasonal, 
and long-term fluctuations in water levels. Man's activities in the 48 conterminous 
states, Hawaii, and the Canadian provinces have severely impacred a vast area of 
these habitats either by destruction or through modification of natural hydrologi
cal functions. Constriction of river channels, and subsequent conversion of flood
plain habitats to croplands, change hydrological regimes throughout major river 
basins and cause a decrease in the productivity of remnant isolated wetlands by 
stabilizing water levels. In an attempt to counteract the effects of habitat loss and 
hydrological change, intensive wetland management is widely practiced in North 
America. Unfortunately, implementation of commonly used manipulations may 
further stabilize wetlands developed for intensive management. To diminish these 
detrimental effects, it is essential that we have an understanding of wetland values 
and functions, as weil as knowledge concerning life history strategies of plant and 
animal foods that supply seasonal requirements for target organisms. Recommen
dations for desirable development features and guidelines for intensive manage
ment to maintain productivity require strategies that replicate natural hydrological 
regimes. 

Freshwater wetlands are among the most productive habitats in the 
world, with average net primary production reaching 2,500 g/m2/yr 

(Whittaker and Likens 1973). The long-term productivity of these habitats 
are maintained by the perpetuai destruction and creation of wetlands 
within the same general region. Glaciers, floods, fire, and changes in per
mafrost are common forces important in freshwater wetland formation and 
maintenance. 

Unfortunately, productivity of our national wetland resource has been 
severely impacted because the natural hydrology that resulted in wetland 
formation, and to which myriad plants and animais have adapted, has been 
compromised. Developments such as dams for hydropower and flood con
trol, diversions to speed water flow, levees for flood protection, wetland 
drainage for commercial districts and agriculture, and filling wetlands for 
marinas have modified wedands across the continent (Tables 1 and 2). 
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Table 1. Agricultural developments that modify wetlands 

Development 

Rowcrops 

Conservation 
practices 

Modification 

Drainage 

Cultivation 

Terraces and contour 
farming and riparian 
buffer strips 

Hydrology or water quality 

-lncreases speed and volume of runoff, remaining 
basins receive more water faster 

-Decreased periodicity of headwater or back· 
water flooding. but increased intensity 

-Isolation of individual basins and disruption of 
wetland complexes 

-Smaller size of wetland fragments 
-Disproponionate Joss of small ephemeral or 

seasonal wedands 
-lncrease erosion and turbidity 
-lncrease toxins 
-Seasonalloss of vegetation jncreases rate and 

volume of flooding 
-Reduce runoff and erosion 
-Lessen flow peaks in streams and/or wetlands 

These destructive processes have been so complete within the 48 contermi
nous states that all watersheds have been degraded to sorne degree and few 
wetlands have retained either their natural hydrology or productivity. Be
cause of these modifications in natural hydrological regimes, intensive wet
land management is essential in many regions if wetlands are to retain their 
values and productivity. To be effective, management must be based on an 
understanding of untampered wetland fonctions and values in order to 
emulate natural hydrological conditions that will assure the long-term pro
ductivity of the remaining wetlands. A description of the essential compo
nents in wetland productivity sets the stage for an understanding of how 
various wetland developments designed for either wildlife, commercial, or 
navigational purposes have impacted wetlands. The goal of this paper 
largely focuses on the abiotic components of hydrology and fire and their 
role in maintaining viable wetland habitats. The effects of modified hydrol
ogy and the need for intensive management to compensa te for man's modi
fications are discussed. 

R. Baskett, P. Covington, R. Drobney, B. Dugger, J. Kelley, M. Laubhan, 
P. Magee, G. Pogue, and J. Taylor kindly provided constructive criticism. 
Our thinking about the dynamic nature of wetland systems was stimulated 
by many individuals, but most noteworthy are M. Heitmeyer, C. Klimas, 
and M. Weller. Support was provided by Gaylord Memorial Laboratory 
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(The School of Natural Resources, University of Missouri-Columbia, and 
Missouri Department of Conservation cooperating). This is Missouri Agri
cultural Experiment Station Project 183, Journal Series No. 11,148. 

Basic Wetland Concepts 

Wetlands are transitional habitats between terrestrial and aquatic sys
tems, that serve as a functional sieve (van der Valk 1981, Fredrickson 
1982). Abiotic components that influence wetlands indude: climate; soils; 
fire; water quanrity, quality, and chemistry; hydroperiod; and hydrological 
regime (Fig. 1). Biotic components indude those within a wetland basin and 
those that are more peripheral to the system. Diseases, predators, and up
land wildlife that occasionally use wetlands are biotic components that 
have sorne influence on wetlands. Within the wetland basin, there are corn-

Table 2. Non-agricultural developments that modify wetlands. 

Development 

Reservoir 

Reservoir wirh hy· 
dropower 

Levees 

Channels 

Urbanizarion and 
marinas 

Highways/railroads 

Modification 

Modify overbank 
flooding 

Modify overbank 

flooding 

Consrricrion of river 
channel 
Modify overbank 
flooding 
Speed flow of water 

Drain and filling 
werlands 

Modify flow patterns 

Change in hydrology or warer quality 

-Narural peak flows removed, lower down· 
srream ftow over longer rime period, reduced 
rurbidity and sediment Joad, inundates riverine 
werlands upsrream 

-Narural peak ftows removed, lower down· 
srream ftow over longer rime period, reduœd 
rurbidity and sediment Joad, inundates riverine 
wedands upsrream 

-Dramatic daily and seasonal ftucruations may 
occur 

-Intensifies exrremes of ftooding and drought 
-lncrease rurbidity, decrease sedimentation and 

surface area 

-lncrease ftow 
-Water rises and drops quickly 
-lncreased bank erosion 
-lncreased ftow velocity 
-Isolation of wedands 

-Stabilizarion of warer regimes 

-lncreases speed and volume of runoff, remain· 
ing werlands receive more water fasrer 

-lndusrrial and municipal pollutants, nurrient 
loading, eurrophication 

-lncrease and/or decrease water deprhs 
- Toxic inputs 
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ABIOTIC FACTORS 

l l ! 

Flire Wate!r g~:~1~try 
Quantity 

Hydroperiod Soil Climate Hydrological 
Regime 

~ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, , , , , , , , , 
~ Macrophytes ~ , , , , , , , , , , , , , , , , , , , , 
~ Microphytes ~ , , , , 
~ Water Birds ~ , , , , , , , , , , , , , , , , , , 
~------~''''''''''''''''''''''l'''''''''''''''''''''''~''''''J 

Parasites Pathogens Predators 

BIOTIC FACTORS 

Fig. 1. Wetland seive mode! of the interrelationships among biotic and abiotic factors 
(after van der Valk 1981, Fredrickson 1982). 

plex interactions among microorganisms, one-celled plants, macrophytes, 
invertebrates, and vertebrates. These biotic components are strongly influ
enced by abiotic factors, many of which have been severely impacted by 
man. Man's most dramatic impact has been the modification of the hydro
logical components that regulate wetland productivity. 

Untampered Wetland Systems 

Innoko River Complex: A Natural System 

Examination of a natural, free-flowing river system is instructive in de
veloping an understanding of the subtle effects that modifications have on 
natural wetland hydrology. The Innoko River system in western Alaska is 
such an example. A mountain range intercepts weather movements from 
the Bering Sea, with a resulting precipitation pattern that is highly variable 
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among and within years. The rapid flush of water from the mountainous 
areas, during snow melt or periods of heavy precipitation, to more level 
terrain surrounding the Innoko River at lower elevations has produced a 
vast interconnected wetland system (Fig. 2a). Silt deposition along the main 
channel has formed naturallevees that have been stabilized by willows (Sa
/ix spp). Behind these naturallevees are interconnected floodplain lakes that 
drain into the main river channel through small streams thar breach the 
levees along the main channel. When water is high in the main river chan
nel, the water acts as a natural stoplog structure, controlling the flood plain 

FLOODPLAIN LAKES 

INNOKO RIVER 

Mean Annual 
Low Water 

Fig. 2. lnnoko River system, Alaska showing (a) aerial view of river and floodplain lake 
drainage pattern and (b) cross-section relationship of water levels in the river and flood
plain lakes. 
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water level and rate of drawdown in the small streams that drain the inter
connected lakes (Fig. 2b). As water drops gradually in the main channel, a 
slow drawdown occurs. Lush green browse develops on mudflats and at
tracts molting white-fronted geese (Anser albifrons). lnterspersed among 
the mudflats are sites that are vegetated with robust emergents, such as the 
sedge (Carex rostrata). Higher water temperatures at these latter sites pro
mote a great abundance of invertebrates. As water recedes, these inverte
brates are concentrated and made available for waterbird use. Thus, the 
vast area of wetlands behind the naturallevee along the main river channel 
provides an ideal feeding ground for arctic waterbirds, and supplies key 
nutritional components for breeding and molring (Myers et al. 1987). 

In the case of the Innoko River, an upstream reservoir or other channel 
modification would compromise the productivity of the system. Retention 
of water within a reservoir would keep the floodplain lakes at a drawdown 
stage. Rapid release of water for hydropower would be devastating to the 
production of diverse food resources because of erratic fluctuations in 
water levels. 

Managing Pristine Environments 

Management of pristine environments should be passive. Emphasis 
should be placed on investigations or monitoring that results in understand
ing the dynamic processes of natural production, wetland function, and 
wildlife use. Unfortunately, resource agencies frequently emphasize inten
sive management activities within pristine habitats that should be reserved 
only for the rehabilitation of degraded habitats. As a current example, prac
ticed or planned "habitat improvements" in Alaska include island construc
tion, pothole blasting, hay infusions, fertilization, and impoundment of 
ridai wetlands. These actions are reasonable solutions to enhance degraded 
wetlands in sorne of the 48 contiguous states, but such activities disrupt the 
natural function of untampered Alaskan and northem Canadian wetlands. 
Understanding dynamic processes aids biologists in generating appropriate 
options to proposed perturbations including roads, dams, and oil explora
tion and transport. Furthermore, an understanding of functions in untam
pered environments provides clearer guidelines to manage modified envi
ronments. 

Modified Wetland Systems 

The principal cause of wetland loss in the 48 conterminous states has 
been conversion to agriculture, accounting for >85% of totallosses (Tiner 
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1984). Recent losses of palustrine wetlands by conversion of forested and 
herbaceous habitats to agriculture have had significant impacts on wetland 
wildlife (Frayer et al. 1983). Field expansion, land leveling, and irrigation 
with ground water have been accelerated in the agricultural areas of much 
of the Midwest. As fields were leveled, small wetlands were destroyed and 
more ground water was pumped for irrigation. These practices further sta
bilized the remaining wetlands and stream systems by facilitating more 
rapid water drainage from fields and by lowering ground water levels (Table 
1). In addition, the capacity to recharge ground water systems was reduced 
because fewer wetlands remained and near drought conditions often times 
occurred between periods of peak flow following storm events. As a result, 
ground water levels dropped, and wetland management has become more 
difficult and costly. Thus taxpayers spent huge sums of money for cross 
purposes. Millions of tax dollars or tax-break incentives were used to pro
mate crop production on drained wetlands or on activities that further de
graded wetlands. At the same rime, millions of tax and hunting license dol
lars were spent to restore lost or degraded wetlands and to rebuild depleted 
wildlife populations. The true paradox, however, was that crop subsidies 
were paid amid continuai grain surpluses. 

Alteration of Flooding Regimes 

The physical processes that drive the productivity of natural wetlands 
center around hydrologie events within each watershed. Timing, depth, du
ration, and frequency of flooding constitute a flooding regime. Changes in 
any of these factors cause alterations in the hydrologie cycle of wetlands. 
The 4 general categories of hydrologie alterations include: 1) stabilization, 
2) shift in flood timing, 3) increased flooding, and 4) decreased flooding 
(Klimas 1988). 

Stabilization of hydrological regimes usually corresponds to a prolonged 
inondation of substrates that were periodically exposed. Inondation may 
involve seasonal, annual, or multi-year flooding that stabilizes ephemeral, 
seasonal, or semi-permanent waterbodies. Modification of natural flood 
chronology and periodicity results in shifts in flood timing. Loss of natural 
floodplain wetlands along large Midwestem rivers has caused increased 
tributary flows following rainfall. Such floodwaters may inundate forest 
stands during the growing season and deposit heavy silt loads that cause 
tree mortality. Before waterway modifications, many of these sites remained 
seasonally dry except during unusual storm events. Increased flooding may 
result from changes in the 4 factors of flooding regime. For example, height
ened flood peaks in levee-contricted floodplains adjacent to large rivers and 
increased flooding of semi-permanent glacial wetlands adjacent to agricul-
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tural fields with high run-off are common. Although flood control reser
voirs, levees and drainage tiles generally result in decreased flooding, severe 
floods may still occur (Klimas 1988, Reid et al. 1989). 

Most wetland management has been partially sensitive to these long
term averages and general flooding patterns. Unfortunately the constraints 
imposed by development of arrificial configurations (i.e., levees, water con
trol structures, water delivery and discharge systems) of many man-made 
wetlands compromise effective management. These constraints, in combi
nation with a lack of knowledge pertaining to life history requirements of 
target organisms or their principal foods, generally results in management 
that emulates the average condition within months or years rather than the 
dynamic pattern of precipitation and associated flooding that characterizes 
the short- and long-term fluctuations of natural systems. Thus, stable pat
terns of hydrology are created across annual periods on many intensively 
managed areas. Variability in the timing of flooding or dewatering has an 
important influence on changes in plant species composition and availabil
ity of foods for wildlife, but use of this practice is rare in wetland manage
ment. Federal managers are regularly reassigned to areas within different 
biomes, thus they must constantly adapt their management activities to lo
cal variations in hydrological and temperature regimes. Types and timing of 
precipitation and length of growing season varies greatly among latitudes 
(Fig. 3) even in the Mid west. All are important factors in developing general 
management scenarios. 

The Misconception of Stable Water 

Waterbird response to fluctuating water regimes in the North American 
prairies is weil known because of the weil studied relationships between 
duck populations and drought cycles. In comparison, these relationships 
are more ambiguous in wetland systems outside the prairie pothole region. 
Because the goal of many management scenarios is to counteract the effects 
of seasonal or long-term droughts, a general tendency is to restrict water 
level fluctuations in managed wetlands. This misconception is based on the 
fact that most wetland wildlife requires water for most stages in their life 
cycles. In contrast less is known about the specifie requirements of water
birds and the manipulations that provide the necessary food and cover. 
Studies that address species biology or management often tend to focus on 
behavior, bioenergerics, or time-activity budgets but fail to address infor
mation on the dynamic nature of habitat conditions. These approaches lead 
to naive advice concerning the subtle differences in habitat conditions that 
determine the type and extent of use by wildlife. Furthermore many wildlife 
management studies are conducted by graduate students, whose short-term 
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studies of 1 or 2 years duration lack continuiry over longer rime periods 
and provide only a "brief glanee" at the complexities of wetland systems 
during a short segment of long-term wetland fluctuations or cycles. 

This brief glanee at wetland conditions often results in incorrect interpre
tation. Where the capability of intensive wetland management is possible, 
advice often centers on assuring water during the annual cycle. This prac
tice frequently results in the maintenance of water levels at a set elevation. 
A more realistic strategy is to identify the wetland types required and to 
focus on the natural hydrologie regimes that make them productive. Ali 
natural basins have seasonal and long-term fluctuations in water levels. 
Fluctuations within and among seasons and years maintain the productiv
ity as weil as the structure and function of wetlands during the long-term 
cycle. In the real world of management biopolitics, decisions on maintain
ing dynamic fluctuations must be carefully balanced in order to maintain 
public support of management programs without habitat degradation. 
Public support of these more complex programs requires efforts to educate 
laymen with the basic facts of wetland management. 

Managing Modified Wetland Systems 

Southern Forested Wetlands 

Rainfall in southeastern Missouri is highly variable among years and 
ranges from about 190 cm in the wettest years to only 64 cm in the driest 
years. Precipitation generally increases from fall into early winter and theo 
is somewhat lower during mid-winter. There is a general tendency for heavy 
rainfall in April and May with lesser amounts between mid-July and Sep
tember. The monthly range of precipitation clearly indicates that a major 
storm event can occur during any month of the year. Precipitation patterns 
in southeastern Missouri (Fig. 3a) result in 3 distinct flooding patterns that 
influence productivity and determine plant species composition at different 
sites along a flooding gradient. The graduai increase in precipitation each 
fall corresponds with a reduction in evapotranspiration caused by lower 
ambient temperatures and tree scenescence. Surface water begins to collect 
in small pools, a process called puddling (Heitmeyer et al. 1989). As these 
pools become larger, they gradually join to form even larger pools until the 
entire floodplain is inundated, a process termed backwater flooding. About 
every 6.5 years there is a major storm event when 25 cm or more of rain 
falls within a 24-hour period and the entire basin may be flooded in a mat
ter of hours. This flash or headwater flooding carries and moves nutrients 
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through the basin and ohen changes the drainage patterns of small inter
mittent and permanent streams. During severe flooding, channels of major 
rivers also change throughout the continuous mosaic of floodplain wet
lands. 

The area of southem hardwood forests in the Mississippi Alluvial Valley 
bas been reduced from about 10 million ha to <2 million ha (Reinecke et 
al. 1989). Furthermore about half the remaining forested areas are between 
levees on major streams where flow velocities are high, water levels rise 
more quickly and remain higher longer, and depth of flooding is great. The 
integrity of the forest is further compromised because many tracts outside 
the levees are distributed as small islands in a vast sea of agriculture. Areas 
outside levees generally tend to be drier than normal because the depths, 
duration, and extent of flooding are Jess than under natural conditions. -

These modifications in flooding regimes result in graduai changes in 
plant species composition. Areas surrounded by levees ohen exhibit a grad
uai shih in species composition to plant communities that are more water 
tolerant (Fredrickson 1979a and b, Klimas 1990). Trees such as pin oak 
(Quercus palustris) or nuttall oak (Q. nuttallii) are gradually replaced with 
more water tolerant forms such as overcup oak (Q. lyrata), bald cypress 
(Taxodium distichum), and water tupelo (Nyssa aquatica). In contrast, pin 
oak sites that become drier are more likely to be replaced by more xeric 
species such as hickories (Carya spp). 

Changes in the vigor and condition of trees in greentree reservoirs are 
evident throughout the South. These changes likely are related to modifica
tions in the timing, depth, and duration of flooding (Table 3). Normally 
greentree reservoirs are flooded rapidly in early to mid-fall to provide re
sources for waterfowl and opportunities to hunters. The timing of early 
flooding is very different from natural hydrological regimes (Figs. 3 and 4). 
Water levels in greentree reservoirs are normally held at full pool during the 
waterfowl hunting season. At the close of the duck season most greentree 
reservoirs are drained rapidly to protect the trees from flood damage or 
mortality. Thereafter water levels fluctuate with local precipitation. Tree 
mortality is common on sites within greentree reservoirs having deep flood
ing or poor drainage. Leaf chlorosis, branch-tip dieback, limited acom pro
duction, and butt swelling are ali indicative of stabilized water regimes 
among years and seasons (Black 1984). Furthermore stabilized flooding re
gimes influence nutrient cyding and invertebrate production (Wylie 1985, 
Batema 1987). The species composition and total biomass of invertebrates 
changes with the depth and duration of flooding (Batema et al. 1985, Ma
gee 1989). As managed forests deteriorate, wildlife use also diminishes. 

,. 
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Table 3. Effects of development and intensive management practices in 
greentree reservoirs. 

General HydrologicaV Enhanced 
Development practice biological effects practice 

Levees Levees not on - Wetter conditions inside -Contour levees 
contours levees -Avoid overdevelopment 

-Shift in ttee species of remnant forests 
dominance -Beaver control 

- Yields Jess area available 
for waterbird foraging 

-lnaeased beaver activity 
causing ttee mortality 

Rapid early fall -Earlier than natural -Delay flooding until after 
flooding for flooding senescence 
opening of dudc -Deeper flooding than in -Flood gradually 
season natural system -Vary rime of flooding 

-Repetitiveflooding amongyears 
schedule among years -Keep dry sorne years 

-Modifies nutrient cycling 
Maintain stable - Tree Damage -Replicate natural 
warer levels a. Butt swelling flooding regimes 

b. Reduced acom a. Change warer levels 
production throughout winter 

c. Branch tip diebadc b. Never schedule the 
d. Chlorosis of leaves same depth or duration 

-Reduced waterfowl use in consecutive years 
c. Avoid permanent 

inundation 
Rapid -Export soluble nutrients -Delay drawdown until 
drawdown -Remove potential for spring migration begins 
following dudc using maaoinvenebrate -Use only slow 
season resources drawdowns 

-Severe ice damage to -Vary timing of 
ttees in sorne years drawdown among years 

Water control Saewgates -Ladc ability for precise -Replace with stoplog 
structures control structures 

- Water level either at 
capacity or dry 

Multiple Ail units -Ladc of independent -Develop header ditch 
impoundments connected water level control and drainage system for 

hydrologically independent control 
-Multiple intake and 

ourler structures 
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Fig. 4. Seasonal water depth in a greentree reservoir (Duck Creek Wildlife Area), a 
drained site, and a naturally flooded lowland hardwood forest (Mingo National Wild
life Refuge) in southeastem Missouri (after Fredrickson 1979b). 

Moist-soil lmpoundments 

Moist-soil management is an increasingly common practice across the 
nation as managers attempt to grow native foods for wildlife in restored 
herbaceous wedands. Although this management practice has been success
ful in many areas, the results of this intensive management are not free of 
adverse effects. Soil disturbance such as plowing or discing is a common 
moist-soil management practice to enhance the production of annual seeds. 
Such activities require relatively dry soil conditions that are usually asso
ciated with high ambient temperatures in summer. Soil manipulations 
under these conditions prevent seed germination, decrease organic matter, 
and facilitate conditions suitable for denitrification. If seed production is 
desired but drought conditions exist, seasonal irrigation is essential (Kelley 
1986). Repetitive yearly management practices, including similar dates for 
flooding or drawdown, discing, or plowing result in a graduai decrease in 
the potential for food production (Fredrickson and Taylor 1982). 
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Table 4. Effects of development and intensive management practices on 
marsh systems. 

General Hydrological! Enhanced 
Development pra criee biological effeas practice 

Levees Steep-sided -Burrowing animais cause -Levee slopes of 4 to 1 or 
Not on contours damage grea ter 
Large units -Flooding depths too -Contour levees 

deep or too shallow -Multiple units 
-Difficult to drain or 

flood 
Water control Large expanse -Flood important habitat -Small structures with 
structures structures for other waterfowl good water leve! features 

-Lack fine control of 
water levels 

Screw gates -Lack precise control -Replace with stoplog 
- Water leve! at capacity Structures 

or dry 
Maintain stable -Monocultures develop -Fiucruate water levels 
waterlevel within and among years 

-Replicate natural flue-
mations 

Multiple im- Ali units con- -Lack of independent -Develop header ditch 
poundments nected hydrolog- water leve! control sysœm for independent 

ically -Potential for drastically control 
increasing soil salinities -Multiple intalte and out-
where evapottansporta· let structures 
rion is high 

Glacial Marshes 

Sorne marshes in the prairie pothole region, the arid west, and through;. 
out the East are man-made or man-modified wetlands with developments 
for intensive management. Unfortunately, many designs prevent managers 
from replicating natural hydrological regimes (Table 4). Water levels may 
be too high or are held constant. In other cases basins cannot be drained, 
and few systems are designed to permit subtle manipulations in water levels 
(as little as 1 cm) to which wetland plant and animal communities respond. 
In many cases expensive water delivery systems and control structures are 
detriments to good management. The most common effect of stabilized 
water regimes is the development of dense monocultures of robust emer
gent vegetation. These dense stands destroy the good cover-water intersper
sion characteristic of the productive hemi-marsh stage (Weiler and Fred-
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rickson 1974). Once monocultures are established in a basin with stabilized 
water regimes, disruptions of the dense stands are difficult. 

Guidelines to Enhance Wetland Productivity 

Water Control Structures 

The most imponant design consideration in developing a wetland is a 
weil conceived water control system. Effective management requires the ca
pability to deliver and discharge water effectively, and to control water 
depth precisely. This is only possible when water control structures of the 
proper type and size are placed in the correct location. Many managers are 
placed at a great disadvantage if water control structures on their areas 
have been placed incorrectly, have become silt filled, or were the wrong 
types of structures for the site. In many cases dams simply establish a flow 
line and water depths are determined at the rime of construction (Table 5). 
Radial gates are essential where high erratic flows pass through wetlands. 
Screw gates work weil for water delivery, but they should never be installed 
as ourlet structures because water levels are difficult to control. On smaller 
units (i.e., s100 ha) the least costly and most effective structure is a stoplog 
design. Stoplogs of various dimensions provide for a multitude of water 
level manipulations. 

Replicate Natural Hydrological Regimes and Wetland Complexes 

In general, water depths on most management areas are too deep be
cause there are restrictions placed on proper manipulations by the physical 

Table 5. Characteristics, costs and operational difficulties associated with different 
types of water control structures. 

Structure Characrerisria Cosr Operation/ 
management 

Dam lmpounds water High Simple 
Floods habitat 
Changes downstteam hydrology 

Radial gate Allows passage of high volume High Somewhat complex 
Difficult to control water level 

Radial gate witb EHecrive water level control High Complex 
stoplogs 
Screw gate Eitber open or closed Modera te Complex 

Poor for water level control 
Small stoplog EHecrive water level control but vol· Low Simple 
structure ume of water moderate to low 

~ 
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configuration or there is a misunderstanding of the desired water depths for 
most species .. Of >150 bird species that use moist-soil impoundmerits in 
Missouri, only 23 regularly use water depths > 25 cm and, of these, ali but 
7 generally use waters <25 cm (F~edrickson and Reid 1986). Another 43 
species use water s25 cm and 26 species use water s5 cm. Manipulations 
that maximize resource availability should coïncide with migrant arrivai or 
certain life cycle events of resident species. 

In most cases a single wetland cannot provide the resources to satisfy all 
life history requirements of a species. Thus, different wedand types in close 
juxtaposition are important to optimize wildlife response (Ryan and Ren
ken 1987, Fredrickson and Heitmeyer 1988, Reid 1989). In the Mississippi 
Alluvial Valley, wood ducks and mallards tend to concentrate their activities 
within a 10-30-km radius (Delnicki and Reinecke 1986). In man-made 
complexes, 5-7 different impoundments allow for the implementation of a 
slightly different flooding and drawdown strategies that result in the pro
duction of diverse food resources (Fredrickson and Taylor 1982; Fredrick
son and Reid 1986). 

Soil Disturbance 

Periodic soil disturbance must be used in systems lacking the dynamics 
of natural flooding to maintain early successional vegetation stages. Be
cause man-made systems generally are stable, the availability of multiple 
impoundments allows timely rehabilitation of impoundments that have be
come unproductive without losing wildlife values for the entire area. Max
imum use of rime and management funds are possible when the timing and 
type of resources required by target wildlife are known. Such information 
provides the potential to convert resources of limited value to food and 
cover of high value. For example, impoundments covered with robust 
plants that do not produce seeds have limited value to most shorebirds. 
Discing of these plants in late summer initiates the decomposition process. 
If this plant liner and bare soil is flooded shallowly, invertebrate response is 
stimulated. The combination of shallow flooding and abundant inverte
brates may attract large numbers of shorebirds and early migrant water
fowl. In addition, the soil disturbance and damp conditions result in ger
mination and production of high quality green browse such as blunt 
spikerush (Eleocharis obtusa) (Kelley 1986). Most perennials decrease in 
abundance because of the discing while the response by seed producing 
annuals is usually great during the following growing season (Reid et al. 
1989). Thus a manipulation during one growing season bas the potential to 
provide benefits during future growing seasons. However, if the timing of 
discing is scheduled without consideration for the needs of shorebirds and 
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fall migrating waterfowl that use browse, the opportunity to produce high 
quality habitats for insectivorous shorebirds and grazing waterfowl might 
be lost. 

Fire 

Man bas influenced the dynamic nature of wetlands by suppressing fires 
for >50 years. Fire is an integral component of many natural wetland com
munities. The historical influence of fire on prairie and boreal forest habi
tats is obvious. Undoubtedly fire swept by southwesterly winds removed 
woody growth from prairie habitats, but forest remnants of burr oak 
(Quercus macrocarpa) exist to the north and east of large wetland com
plexes. Likewise in Alaska 's in teri or boreal forests, fire scarred snags pro
tru de from waterbodies and evidence of fire is abondant in zones of grasses 
and sedges surrounding many wetlands. 

Fire can be an especially valuable tool at remote locations or where ex
tensive physical developments are impractical or too expensive. The north
ern boreal forest is undoubtedly a system where fire management can play 
an important role, and its value as a tool in arid or high altitude environ
ments is also great. Fire sets back succession and releases nutrients to pro
more vegetation growth. Timing and frequency of èontrolled burns should 
vary to encourage diverse plant communities. 

Summary 

Wetland managers should remember the following points when devel
oping and implementing wetland management plans: 

1. Emulate natural hydrology. 
2. Use abiotic factors (water and fire) whenever possible to enhance man

agement. 
3. Rarely manipulate a unit the same way in consecutive years. Change 

the: a) rime of flooding, b) depth of flooding, and c) duration of flooding. 
4. Develop independent water delivery and discharge for each unit. 
5. Deliver water to the system at the highest elevation. 
6. Discharge water from the system at the lowest elevation. 
7. Use stoplogs rather than screw gates as outlet structures. 
8. Use contour levees. 
9. Rarely flood the majority of a unit deeper than 25 cm (10 in). 
10. Always match manipulations with biological events such as molt, 

migration, or reproduction. 
11. Develop and manage wetlands as complexes or mosaics. 
12. Control human disturbance. 

\ 
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Abstract 

Dist rihution. abondance. and use of welland habitats by migratory birds wcrc studicd attwo in tenor and 
threc outer Arctic Coastal Plain sites in the "iational Petroleum Reserve in Alaska ('\l'R-A) in 1977 and 
1978. Compardtivc data were collected in the sa mc years from a Beaufort Sea coas tai site ncar Prudhoe Bay. 

Specics composition ofbreeding birds varied betwecn sites. especially betWL-en coastal arcas and sites ne ar 
foothills of the Brooks Range. Seasonal Ouctuation in population densitics wcrc L"<llnmon with numhcrs 
greatest in Jum: du ring breeding and August during migration. Population dcnsitics a Iso differed bctwecn 
sites. perhaps due to variation in welland compos1tion and ratios of water enver to upland tondra. 

Use of wctliutds hy loon s. waterfowl. and shorchu·ds was 4uantified to assess rcl;llil c ,-alucs of ":1c11 
classes of lrcshwatcr habitats. Wetlands with cmcrgcnt Arcïo{Jhila _litl•·a werc uscd most hy thcsc \\at cr 
birds. Brccding birds were especially dependent upon wetlands with emergent hydrophytes. although they 
used various types of wetlands during different activities and !ife stages. Most broods were found in 
wctlands with A./ith·a. which afforded protective co1·cr and substrate for a4uatic inn:rtchratL'S uscd as food 
by watcr bi rd s. Wctlands and lakes without emergents "ere generally Jess attractive to hrccding bi rd s. but 
were especially important to molting geese. 

Based on watcr bi rd distribution and densiticsand thcir dependencc on Arctic Co;lstalf>Jain wetlands in 
NPR-A. petrolcum exploration and production activities onshore and in the Beaufort and Chukchi scas 
may ha\'C significant adverse effects if not closely rcgulated and prohibited in sornc a reas. 

The 94.697-km2 Naval Petroleum Reserve Number 4 in 
nort hern Alaska was established by Presidential declaration 
in 1923. Periodic oit and gas exploration sponsored by the 
U.S. Navy has occurred since about 1943. ln 1976. 
management responsibility of the Reserve was transferred to 
the Depart ment of the lnterior and the area was renamed the 
National Petroleum Reserve in Alaska (NPR-A). 

Much of the recent seismic testing and petroleum 
exploration in NP R-A has been in the Arctic Coastal Plain 
physiographic province (Payne et al. 1951 ). which has one of 
the larges! and most stable collections ofwetlands in North 
America (Wellein and Lumsden 1964). About one-half of 
NPR-A is within the Arctic Coastal Plain province of 
Alaska's North Slope. The dominant physical feature of this 
province is the extensive a rea of surface water in the form of 
wet meadows. ponds.lakes. and fluvial systems. Husseyand 
Michelson ( 1966) estimated that lake and marsh coverage on 
the Arctic Coastal Plain was 50%. or about 23.000 km!. in 
N PR-A. These wetlands support large numbers of breeding 
and postbreeding loons. waterfowl. gulls, terns. and shore
birds. lnterspersed upland tundra habitats are used by 
passerines. ptarmigan. and raptors. 

Con cern for these val ua ble wetlands and the avifauna th at 
use them was expressed by Bartonek et al. ( 1971) and Brook> 
et al. ( 1971) when intensive onshore oil exploration and 
development were initiatcd in the Prudhoe Bay area of 
Alaska. King ( 1970) and Bergman et al. ( 1977) emphasized 
the importance of the Arctic Coastal Plain to waterfowl and 
shorebirds and recommended protection from oil de,elop
ment. 

Bailey ( 1948) gave one of the earliest accounts of A retie 
Coastal Plain birds. Gabrielson and Lincoln ( 1959). sup
plemented by Kessel and Gibson's ( 1978) update. pro' ide 
the most complete records for the region. Pitelka ( 1974) 
summarized bird records for the Barrow area and coastal 
plain in northernmost N PR-A. and Kessel and Cade ( 1958) 
described the avifauna of the Colville River which bounds 
NPR-A to the east and to the south in the foothills. Maher 
( 1959) presents one of the few reports from the foothills. at 
Kaolak River in western NPR-A. but studies to the east by 
Irving (1960) at Anaktuvuk Pass and by Sage ( 1974) in the 
Atigun and Sagavanirktok river valleys describc upland and 
riparian bird assemblages thal extend through the foothills 
onto the coastal plain along drainages. 
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Bird communities ncar Prudhoe Bay on the eastern 
coastal plain have been studicd by Norton et al. ( 1975) and 
Bergman et al. ( 1977). Schamcl ( 1971!) and Divoky ( 1978) 
described bi rd use of barrier islands in the Beaufort Sea near 
Prudhoe Bay and Johnson ( 1979) studied bird use of a 
Beaufort Sea lagoon. Salt er et al. ( 1980) summarized 
distribution and abundance of A retie Coastal Plain birds in 
northern Yukon and Northwest Tcrritories in Canada. 

Relatively little quantitative data are available on the use 
of various freshwater welland habitats by birds on Alaska's 
A retie Coastal Plain. Such information is cssential if these 
species and their wetland habitats are to be protected with 
existing and new pctroleum development in the Arctic. The 
present study was designed to ( 1) obtain data on distribution 
and abundance of water birds at selected locations in NP R
A. (2) determine the types of wetland habitat at selected sites 
and those used by breeding birds. and (3) provide 
recommendations for management of water bi rd habitats in 
relation to oil exploration and developemnt in NPR-A. 

Study Areas 

NP R-A sites studied in 1977 included Meade River delta. 
Singiluk. and East Long Lake. ln 197!l. field work wasagain 
conducted at East Long Lake and at Square Lake and Island 
Lake. Study sites were selected to rcpresent the following 
major habitat types inN PR-A: ( 1) river delta (Meade River 
delta site). (2) large lake regime (Island Lake and East Long 
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Lake sites). and (3) near-foothills(Singiluk and Square Lake 
sites). A sixth site. established in 1970 at Storkersen Point 
ne ar the Prudhoe Bay oil fields (Bergman et al. 1977). was 
uscd in 1977 and 1978 to provide data representative of the 
eastern coastal plain. 

Ali sites in NP R-A arc 15.54 km~ (3.22 x 4.1!3 km). Study 
areas were selected to include a diversity of wetland types; 
boundaries for each area followed section !ines shown on 
topographie series maps published by the U.S. Geological 
Survey. 

Conditions characteristic of ali six study sites include 
continuous permafrost (Ferrians 1965). tundra vegetation 
(Britt on 1957). cool summers (Wise et al. 1977).1ow regional 
and local relief (Sellman et al. 1975). poor drainage (Walker 
1973). extensive wetlands. and ice-wedge polygons (Black 
and Barksdale 1949). Ali sites are in the unconsolidated 
Gubik Formation of Quaternary age (Black 1964) but 
surtïcial deposits vary considerably between sites. 

The Meade River delta site (70° 48'N. 156° 22'W) is 55 km 
southeast of Barrow and 14.5 km upriver from Dease lnlet. 
at the head of the delta (Fig. 1 ). Reliefis less th an 10 rn except 
in river-associated sand dunes. The site is flood plain and low 
terrace deposits of sand and silt grading into Eolian sand in 
the southern part of the area. Cool temperatures. easterly 
winds. and low humidity are the dominant summer 
climatological features in the delta (Wise et al. 1977). 

Island Lake and East Long Lake study sites are in an a rea 
of large. NNW-SSE oriented lakes (Black and Barksdale 
1949) near Teshekpuk Lake (Fig. 1 ). which is the larges! on 
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Fig. 1. Location or the five NPR-A and Storkersen Point study sites. Arctic Coastal Plain and Foothills provinces are identified. 



the Arctic Coastal Plain. The Island Lake (70° 49'N, 153° 
15'W) and East Long Lake (70° 39'N, 152° 43'W) studysites 
are 12.8 and 25.7 km south, respectively, of Lonely Distant 
Early Warning (DEW) site. This DEW site also was the 
location of the petroleum operations camp for NPR-A. 
Maximum elevation within the Island Lakestudyareais6.7 rn, 
although banks along larger lakes are up to 10 rn in 
height. These two sites are located in a reas of marine silt that 
contain fossil shells and bones of marine mammals. 
Maximum elevation at the East Long Lake site is 4.6 rn 
along the banks of a small Beaded Stream. Island Lake had 
mean minimum and maximum ambient temperatures of 
-2.2° and 6.0°C. respectively, from 4 June to 13 August 

1978. The mean minimum temperature at East Long Lake 
was J.~C and the average maximum was 10.3°C for the 
same time period. Extensive climatological data for this 
large lake area are fou nd in Wise et al. ( 1977). 

Singiluk (70° 05'N, 156° 20'W), 138 km south of Barrow, 
and Square Lake (69° 40'N, 153° 02'W), 47 km north west of 
U miat (Fig. 1 ), are in the interior of the Arctic Coastal Plain 
near foothills of the Brooks Range. These study areas are 
characterized by flat to gently rolling terrain with upland 
heath-tussock communities dominated by Eriophorum spp. 
(Britton 1957). Woody plants such as Sa/ix spp. were more 
abundant, especially along streams, at these sites than at 
those fanher north. Singiluk is at the southern margin of 
Eolian sand which forms a mantle over older marine 
deposits. The Square Lake site is in an area of upland silt 
which forms a boundary between the coastal plain and the 
Brooks Range foothills. Elevation is 22.9 to 30.5 rn at 
Singiluk and from 91.4 to 121.9 rn at Square Lake, and 
regional relief is grea ter at both sites than at the other study 
areas. Singiluk and Square Lake had warmer temperatures 
and Jess fog and wind than our sites nearer the Beaufort Sea. 
Wise et al. ( 1977) provided detailed elima te data for U miat, 
which are applicable to the Square Lake study site. 

The Storkersen Point (70° 24'N, 148° 43'W) study site is 
on the Beaufort Sea coast between the Kuparuka and 
Sagavanirktok rivers. adjacent to the Prudhoe Bay oil field 
(Fig. 1 ). The a rea is characterized by smalllakes, which are 
oriented with their long axis (generally NNW to SSE) 
perpendicular to prevailing winds (Sel! man et al. 1975), and 
relief from sea level at coastal lagoons to 10 rn a few km 
inland. For a more complete description of the study area 
and weather see Bergman et al. ( 1977). 

Procedures 

Wetland Class!fication and Composition 

Ponds and lakes in the five NPR-A study sites were 
classified according to Bergman et al. ( 1977) who developed 
this system at the Storkersen Point study area near Prudhoe 
Bay. This system employs emergent vegetation. basin 
geomorphology. and water chemistry to defi ne eight 
wetland categories. Flooded Tundra (Ciass 1) includes 

3. 

shallow waters formed during spring' thaw when melt .water 
overflows stream basins or is trapped in vegetated tundra 
depressions (Fig. 2). Shallow-Carex (Ciass Il) ponds have a 
gently sloping shore zone surrounded by and usually 
containing emergent Carex uquatilis with a central open 
water zone (Fig. 3). Shallow-Arctophila (Ciass Ill) wetlands 
have a central zone of emergent pendant grass (Arctophila 
fu/va) and shoreward stands of A . .fuh•a or C. aquatili.f (Fig. 
4). Deep-Arctophila (Ciass IV) wetlands are large ponds or 
lakes without emergents in the central zone and A ..fu/l'a near 
the shore (Fig. 5). 

Deep-open (Ciass V) lakes have a bru pt shores. sublittoral 
shelves, and a deep central zone (Fig. 6). Basin-complex 
(Class VI) wetlands are large. partially drained basins that 
may conta in any of the other seven types. Because two of the 
N PR-A study a reas (Island Lake and East Long Lake) were 
entirely within huge Basin-complex wetlands. we deter
mined composition of ali study areas on the basis of 
component wetlands within these basins. Beaded Streams 
(Class VIl) are sm ali fluvial systems composed of a series of 
pools linked by channels formed in ice-wedges (Fig. 7). 
Coastal Wetlands (Ciass VIII) are ponds or lagoons directly 
influenced by sea water (Fig. 8). See Bergman et al. ( 1977) 
for a more detailed description of these wetlands, and 
Table 1 for a comparison with the U.S. Fish and Wildlife 
Service national wetland classification s\·stem (Cowardin et 
al. 1979). Ail wetlands within the study areas were classified 
in the field and types were recorded on aerial photographs of 
1:24.000 or 1:36.000 scale. Wetland a rea for each class was 
then determined by tracing the perimeter of individual 
wetlands on photos with an electronic planimeter. 

Bird Surveys 

Weekly censuses were conducted in the 15.54-km2 study 
areas from June to mid-August in 1977 and 1978. Large 
birds including loons, waterfowl, hawks. owls, gulls, terns, 
and jaegers were counted in the 15.54-km! study areas. 
Shorebirds and passerines were recorded in five to seven 
subplots of 0.16 km2 (0.2 x 0.8 km) located within the 
boundaries of study areas. 

Large birds were counted by two or three observers 
walking abreast in four 0.80-km strips through the 15.54-
km! (3.22 x 4.83 km) study a rea. Shorebirds and passerines 
were censused during single passes through the 0.16-km2 

plots. Age and sex of morphologically distinct species were 
recorded. 

Additional observations were made du ring aerial surveys 
of the Colville River delta and groundwork on the west 
shores ofTeshekpuk Lake (Fig. 1) in July 1976. 

Use ol Wetlantlf 

Use of wetlands by water birds was recorded systemat
ically du ring the weekly bi rd surveys at each of the 15.54-km! 
study sites in 1978. Differentiai use of wetland classes was 
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Fig. 2. Fiooded tundra (Ciass 1) in a shallow depression dominated by water-tolerant Carex oquorilis. Water seldom persists beyond June. 

tested using chi-square contingency tables. The number of 
birds observed using wetlands on surveys was compared to 
the number of birds expccted on those wetlands. Expectcd 
1;duc~ II<:I"L' c;dculatcd h~ muhtplying the total numbcr ni 

bmh s..:cn b~ the percent olt ho: total surface arca cm cred hy 
..:ach IIL"tland class. Significant chi-square tables were 
lurth..:r test cd with analysis ol ccli n:siduals ( heritt 1977). 

_ l-or sorne spccies th..:re wcre not sufficicnt sightings at cach 
study area for statistical treatm..:nt. 

Results 

Welland Composilion 

Wetland coveragc m our N PR-A study a reas ranged from 
3J.5Cé at Singiluk to over S5% at Island Lake (Table 2). Ali 
but one of the NPR-A study sites were dominated by the 
presence of Class 1 (Flooded Tundra) wetlands. which 
accounted for 43.0 to 63.3% of the total wetland areas 

Table 1. Compari.10n v/nomenclature IHed in A n·ric Coa.\lal Plain and National Welland dassi/ication st·stems. When 
Bergman el al. (1977) ll"t'llam/.,· comain more 1han one ca/egorr of !he Cou·arclin er al. (1979) hierarchial system. 
uJIIIpunen/S are .1/wu·n in paremhe.1·es. 

tl.•" tBn~m;111 ct al. 1'1771 

l·loH>tkd 1 undra (Cia" Il 
'-.h;dlom-Curn (Cia" Ill 

Shali<m- ·irolot>hilu (l'la" Ill) 
lkL·p- ·lnlof1hilu ((la" 1\'J 

DcL·p-opcn 1 Cla" V) 
B;osin-nunplo tCia" VIl 
lkadcd SirL';IIll (("la" Vil) 
Cnastal (Cia" Vi ill 

Sn~em 

l'alustrinc 
l'alustrinc 

l'alustrinc 
Palustrinc 
1 Locustrinc) 
l.ou.:u,lrilll.' 

Ri\CrinL· 
Estuannc: 

Cowardin et al. ( 1979) 

Suh,y,tcm 

"•>n<: 

\:one 

:\one 

"one 
( l.imnctic lillmai) 
l.imncuc 

I.U\H'T Pl·rrcnial 
lntcnidal 

Cl"" 

Emergent welland 
Emergent wctland 

( Uncunsolidatcd bot tom) 
F rncrgcnt wctland 
Emergent wctl;md 
( Uncunsolidatcd hollum) 
U nconsolidatcd bollom 

Emergent wctland 
Emcrgcnl wctland 

Suhclass 

Persistent 
Persistent 
(sand. organicJ 
:'>ion-persist cnt 
Non-persistent 
(sand organic) 
Organic (sand) 

Non-persislcnl 
Persistent 

"Cl"" V 1 ha,ins may l'nnrain the othcr scn:n welland 1ypcs nf the Bergm;Jn ct al. ( 1977)classilication system. Thcrc is nu l"qUivalcnt unit in 
thL' Cm1"rdon ct al. ( l'i7'i) d""ilïc;llinn system. 
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Fig. J. Shallow-Cart•x (Class Il) pond with open pools. emergent Carex uquatilü. and a low relief shoreline. Note the dry tundra in the 
foreground. 
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Fig. 4. Shallow-Arctophila (Class Ill) pond near East Long Lake containing centml and shoreward stands of A rctuphilaful\•a. (Photo byE. 
J. Taylor) 
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Fig. 5. Deep-Arctuphila (Class IV) lake at the Square Lake study area. Note the sparse stand of Arcwphi/oful\'0 in the foreground. The 
campsite is on the abrupt shore (7.6 m) in the background. 

Fig. 6. Deep-open ( Class V) lake near Cape Halkett. Water-filled polygons (<:::s!es Il and Ill wetlands) are in the foreground and smaller 
coalesced lakes in the upper left. 
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Fig. 7. Beaded Stream (Ciass VIl) following ice-wedge troughs and intersections. Adjacent high center polygons are weil drained. 
supporting lichens and shrubs. 

Fig. 8. Coastal wetlands (Ciass VIII) adjacent to the Beaufort Sea near Storkersen Point. Note drift wood li ne in upper portion of photo. 



8 

Table 2. Percemage compt>Sition t~llretlwul huhitut at A retie Coastul Plain stuc~1· sites". 

\\'ctland da" East l.ong Lake Island Lake 

1 l'lnndcd "1 undr;t 41!.1 63.3 
Il Shallow-Carex 16.2 14.5 
Ill Shallow-Arnuphila 6.1 7.9 
1\' Dœp-Arclof•lliltl 4.7 0.8 
V Dcep-open 24.1 13.4 
VIl He;u.led Stream 0.1! 0.1 
Wctland surface arca (h<~) 790.5 1.334.2 
l'creent or 'tudy site in 

\\ctlantb 50.1! 85.8 

"Ltch study site w;1s 15.54 km1 ( 1.554.0 ha). 

(Table 2). These meadows or polygonal complexes are most 
frequently found in the broad depressions of large Basin
complexes (Ciass VI). Class VIII wetlands were only present 
about 1 km north of the Storkersen Point study arca and 
along other stretches of the Beaufort Sea coast. 

Large Lake Regime 

Welland composition at Island Lake and East Long Lake 
was characterized by the presence of large, oriented Class V 
(Deep-open) lakes and huge drained or partially drained 
basins (Fig. 9). These basins may be discrete or, more often, 
a complex of overlapping basins ofvarious ages. Hussey and 
Michelson ( 1966) mapped drained basins, according to age, 
in an are a south of Barrow, Alaska, and suggested th at basin 
formation is a result of the quantity and distribution of 
grou nd ice. Lakes at Island Lake and East Long Lake are 
among the largest on the Arctic Coastal Plain. Island Lake 
was 7.7 km long with a surface arca of 1.720 ha and East 
Long Lake was 7.8 km long with a surface a rea of 1,951 ha. 

Maximum water depths in Island Lake and East Long 
Lake were 1.5 and 2.0 m. respectively. Shorelines of these 
large lakes have been classified (Derksen et al. 1979h), and 
shoreline configuration and lake evolution have been 
discussed by Weiler and Derksen (1979). About 70% of the 
Island Lake study arcais within a large drained basin, which 
accounts for the high percentage of Class 1 wetlands 
(Table 2) at this site. 

RiH:r Delta 

The Meade River delta study site and surrounding arca 
had numerous river channels, oxbows. shallow ponds. and 
larger lakes (Fig. 9). Second generation wetlands (Hussey 
and M ichclson 1966) made up 5Ql';b of the are a. Approxi
ma lely 15% of the study arca may have b~en inOuenced by 
the effects of thaw and drainage near the river. Welland 
composition within the study arca was similar to thal of 
Island and East Long Lakes (Table 2). Class V (Deep-open) 
lakes were common, but basin size was considerably smaller 
than basin sizes at Island Lake and East Long Lake. Pcrched 
ponds ( Walker and Harris 1976) and lakes breached by river 
channels (Walker 1978) were a Iso prominenl adjacentto the 
study arca. 

Meade River S4uare Lake Singiluk Storkerscn l'oinl 

51.3 43.0 46.6 51.2 
15.7 7.1 2.1 32.4 

1.4 1.4 0.5 4.5 
1.7 41!.4 45.5 2.9 

29.1! 0.0 2.1 6.6 
0.1 0.1 3.2 2.4 

756.9 !139.5 41!9.5 650.3 

41!.7 54.0 31.5 41.1! 

Near-Foothills 

· Lake density in the southern Arctic Coastal Plain near 
foothills of the Brooks Range is low compared to coastal 
tundra from Barrow to the Colville River delta (Sellman et 
al. 1975). These lakes do not exhibit orientation of the 
elongate axis (Black and Barksdale 1949; Fig. 9). although 
C. Sloan (persona! communication) identified orientation of 
troughs within the shallower irregular basin from color 
infrared t.ANI>SAT imagery. Nearly ali large lakes in this 
region had beds of Arctophila fuf,•a along littoral shelves 
(Fig. 5), resulting in the designation of few Deep-open lakes 
and high proportions of Deep-Arctuphilu (Ciass IV) 
welland at Singiluk (45.Yié) and Square Lake (4!!.4 1i(). 
Lakes at these study sites were ice-free about 2 weeks earlicr 
than th ose cl oser to the coast such as the Meade River delta. 

Coastal 

Bergman et al. ( 1977) described wctlands at Storkcr~cn 
Point on the Beaufort Sea coast. Class Il wetlands werc 
abundant (2 10.6 ha) at this site compared to N PR-A sites 
(Table 2). A Beaded Stream bisectcd the study arca and 
formed a delta northwest of the nort hern boundary of the 
arca. Class V lakes were smaller than those in the large lake 
regime in NP R-A. Drained basins were present. but were not 
as large or numerous as thosc near Teshekpuk Lake. 

Water Bird Pupulariom and Hahirar Use 

The following water bi rd group accounts describc rclati\ c 
abundance between sites and variations ovcr the breeding 
seasons. then provide habitat use patterns in relation to 
available welland types. 

Common Loon 

Ali four spccies of loons are found on the Arctic Coastal 
Plain. with ali but the common loon (Gaviu immer) found 
nesting on our study sites. Common loons were not seen at 
our study sites in N PR-A. although one bi rd was obscrvcd 
ne ar the Beaufort Sea coast at Storkersen Point on 26 J uly 
1978 (Table 3). Bergman et al. ( 1977) also notcd common 
loons along the coast near Storkersen Point in 1972 and 
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Fig. 9. LANUSAT image from Il July 1977 showing location of NPR-A study sites. Note the pack icc in the Beaufort Sea and ice rakes on 
Teshekpuk Lake and large lakes southwest of Cape Halkett. 

1975. No other records of this species are available for the 
Arctic Coastal Plain. Sage ( 1974) observed a pair of 
common loons on a lake in the foothills of the Brooks 
Range. although there was no indication of nesting. 

Yellow-billed Loon 

Yellow-billed loons (Ga1·ia aclam.1·ii) were the least 
abundant of the three loons thal breed on the ArcticCoastal 
Plain. and were recorded in surveys only at Square Lake (x 
density = 0.1/ km!). A pair of yellow-billed loons and two 

chicks were seen on large lakes near the Singiluk study area 
in July 1977. Yellow-billeù loons were seen regularly along 
the Meade River in July and August 1977. pairs were sccn in 
both years at East long Lake. and one bi rd was scen ncar the 
Island Lake study area in 197!!. Nests and broods were not 
found at Meade River. East Long Lake. or Storkersen 
Point. Sage ( 1971) fou nd no evidence of yellow-billed loon~ 
on rivers or nearer than 110 km to the A retie Ocean. but we 
discovered severa! nests on Class V lakes in the Colvillc 
River delta in 1976. Sjulander and Agren ( 1976) reportcu 
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Table 3. Species composition, slatus, and mean seasonal densilies (birds/km1)~o of birds observed 
al Arclic Coas1al Plain s1udy siles in 1977 and 1978,·. 

Large Lake Regime Delta Near Foothills Coastal 

East Long Lake Island Lake Meade River Singiluk Square Lake Storkersen Point 

Status 1977 1978 Status 1978 Status 1977 Status 1977 Status 1978 Status 1977 1978 

Common loon - - - - CV 
(Ga~·ia immer) 

Yellow-billed loon cv cv cv UB UB 0.1 CV 
(G. adwmii) 

Arctic loon CB 1.5 1.2 CB 0.!! CB 2.1 UB 0.6 CB 1.5 CB 1.9 1.6 
(G. art·tica) 

Red-throated loon CB 1.3 0.5 UB 0.1 UB 0.2 - cv CB 0.5 0.6 
((i. swllaw) 

Whistling swan UB 0.2 0.2 RV UB 0.2 RV RV 0.2 UB 0.3 0.1 
(0/or columhianm) 

Canada goose RV 3.7 1.4 RV 6.6 ·- cv cv UB 
(Brama canaden1ù) 

Black brant CB 5.4 9.1 CB 9.6 CB 0.3 - - UB 0.3 0.7 
(8. hernidu) 

White-fronted goose CB 1.1 1.0 CB 0.9 CB 0.7 CB 2.7 CB 0.!! CB 1.0 2.2 
(Amer a/hi{rom} 

Le,scr snow goose UB RV RV CV - M 
(A. cat'rtllt'.H"t'/1.,) 

Ma liard CV - CV - CV 
(Ana., plan·rhrmho.,) 

Pinta il UB 17.1 6.5 RV 2.3 UB 5.1 CB 3.2 UB 1.1 RV 14.1 6.2 
(A. acll/a) 

' ·:en-winged teal - - cv UB CV 
(A. aecTa c·arolinen.>i.') 

Amcrican wigeon cv cv cv cv CV cv 
(A. umnicuna) 

Northern shoveler CV 0.1 - CV cv cv 
(A. cllpea/U) 

Grea ter \Caup CV CV UB 0.5 CB O.X CV 
(.-1 rthru nwrilu) 

Common eider M cv - RV 
(SIJillaft•ritJ IIIIJ/Jii.ÜIIIa) 

King eider CV - 0.3 CV 0.3 CV 0.1 UB 0.2 CB 0.2. CB 2.4 1.9 
(S. ·'!"'' tuhi/i.,J 

Spcctaclcd eider CB 0.6 0.5 CB 0.1 CB 0.3 cv -- UB 0.2 0.2 
(S. /i.,c/wri) 

Stcllcr\ eider - - cv 
( PIJ!r.lll<"ltl .1tdlen) 

Olds4uaw CB 3.2 3.3 CB 2.3 CB 1.1 CB 3.5 CB 4.11 CB 2.3 1.!! 
( Clwrgu/a h rema/i.1) 

White-" ingcd seo ter CH J.() 
(.\lelwrittu cleg/wrdi) 

Suri scotcr CV CV CV 
(.\/. per.•J>i.-illma) 

RL-d-hrcastcd mer!,>J n-.:r CV cv 
(.\/ergU.\ WrrtJ(IJI"} 

Marsh hawk CV 
( Circu.1 nam•w) 

Rough-legged hawk CV - - cv 
( BIII<'IJ /ugopw) 

Golden cagle - cv cv cv 
(A qui/a .-hry.w<'/0.,) 

Gyrfalcon - -- CV 
(Faim rtLIIicohu) 

Pcrcgrine falcon CV - - cv CV 
( F. f'<'rt'grinu.') 
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Table 3. Continued. 

L.a~ge Lake Regime Delta Near Foothills Coas tai 

East Long lake Island Lake Meade River Singiluk Square Lake Storkersen Point 

Status 1977 1978 Status 1978 Status 1977 Status 1977 Status 1978 Status 1977 1978 

Willow ptarmigan UB - UH 0.1 CH 1.1 CR .'-X UH 
( LugoJill.,. /agopu.1) 

Rock ptarmigan - - - RV 0.1 cv 0.1 
{/.. 11111/11.\) 

Sandhill crane - cv CV - cv cv 
(Grill ··anuden•i.l) 

Amcrican golden plover CB 3.5 1.6 CB 0.6 UB lJH I.J CR 4.1 CR 5.4 4. 7 
( Plm·iali• dominicu) 

Black-bellied plover CB 4.4 1.1 CB 1.7 lJB 6.3 UR 3.2 CB 2.X CB 1.9 1.9 
r P .. 1qumuro/u) 

Scmipalmated plover - C\' C\' 
rcharudriu.• .ll'llliJ>almutul) 

Whimbrcl - C\' cv 
r.Vttlll<'llill.l· phaeOJIII.I} 

Bar-tailed godwit cv 0.1 UB 11.2 R\' 1.1 cv 
( l.imo.1a lupponicu) 

Butl-bn:<L\Ied sandpiper lJB cv - liB lU CH Oo J. 7 
rTrmgite.l .whru/imllil) 

Stilt sandpiper cv CV --· CH -'· .1 RV 
(.tlicropaluma himulllopw} 

Long-billed dowitcher liB 4.0 1.5 cv 0.4 UH 3.7 cv UH 5.X RV 1.~ O.X 
r l.illllltulmmu.\ .1colopuœu.•) 

R uddy turnstone lJB - 0.2 lJB O.J lJH 0.2 l'B 1.1 2.4 
(·1 !'('Ill/l'ill ill/t'l'fil'<'.\) 

l'l'ctoral "'ndpipcr CH ·'o.J IX.5 CH 1.'0 CH 22.9 CB 24.1 CH Il .Il CH 2-U 20.1 
rCalidri.• melunoto.1) 

Red knot ·- cv 
re. Cl/1111/UI} 

Dunlin CB 12.!! 16.0 CB 12.X CB 21.1 lJB 0.5 cv 0.2 CB 15.5 15.7 
re. ulpilw) 

Sandcrling ·- - - - CV 
re a/hu) 

White-rumpcd sandpipcr -- -- - CV cv 
re lu.làcolli.l) 

Baird's sandpiper RV 0.1 - - UB 0.9 2.X 
re hairdii) 

le a st sand pi pc r - cv 
re lllilllllillu) 

Semipalmated ~ndpiper CB 6.3 J.l CB 1.4 CB 7.0 CB 6.9 CH 15.5 CH ll.o 17.2 
re pwsilla) 

Western sandpiper - - - - cv 0.1 cv 
(C mauri) 

Red phalarope CB 32.5 25.7 CB 13.7 CB 20.6 UB 4.0 RV O.J CB 26.5 26.4 
(Phalaropus Julicarius) 

Northern phalarope CB 13.3 9.8 RV 1.0 RV 4.2 CB 9.7 CB 16.8 UB 1.6 3.6 
(P. lobatus) 

Common snipe - - - RV 0.3 
(Ga/linagu gallinagu) 

Parasitic jaeger UB 0.4 0.4 lJB 0.4 UB 0.4 UB 0.3 UB 0.4 UB 0.5 0.5 
(Sif'rtvrarius parasiticus) 

Pomarine jaeger M M 0.1 M 0.2 cv M 0.1 M 
(S. pomarinus) 

Long-tai led jaeger RV 0.2 0.1 RV UB 0.2 UB 0.4 UB O.J RV 0.2 0.1 
(S. longicaudus) 

Glaucous gull UB 0.7 0.4 UB 1.4 UB 1.1 cv UB 0.3 UB 0.6 0.5 
(LDrus h,1perboreus) 
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Table 3. Continued, 

Large Lake Regime Delta Near Foothills Coas tai 

East Long Lake Island Lake Meade River Singiluk Square Lake Storkersen Point 

Status 1977 1978 Status 1978 Status 1977 Status 1977 Status 1978 Status 1977 1978 

Bonaparte"s gull - - cv - cv 
( 1 .. philadelphia) 

Sabine\ gull lJB 0.3 0.3 RV CB 0.7 CV CV CV 
( Xema _,ahini) 

.A retie te rn UB 0.8 0.5 RV 0.1 UB 0.7 UB 0.9 UB l.J RV 
(Su•rnu paradi.,ea) 

Short-eared owl CV cv cv CV UB CV 
(4.\io flammeu.,) 

Snowy owl RV CV 0.1 cv cv CV RV 
(Nt·cteu _,.-andiaca) 

Say"s Phoebe - - - cv 
(Sarornis .,aya) 

Horned lark - - CV 
( Eremophila alpe.çtris) 

Barn swallow - - - CV 
(Hirwulo ru.Hica) 

Common raven - CV RV cv 
(Cornu mrax) 

Bluethroat - - CV 
(Lu.H·inia st•ecica) 

R uby crowned king let - CV 
( RPgulw calendula) 

Yellow wagtail UB 0.8 UB 0.4 
( Mmadlla flava) 

R usty blaekbird - CV 
( f."uphagus carolimH) 

Red poli CV 0.3 UB 0.1 CB 1.5 UB 
(Curdu.-lis sp.) 

Sa,·annah sparrow CV - cv UB 12.0 UB 2.7 
r Pu"t'rcu/u., .\·andH·ichensi.\) 

1 .-~~ 'P"I TO\\ C\" U4 
(.\i>i=ellu arhort•a) 

l.apland longspur CB 64.2 47.6 CB 24.3 CB 24.1 CB 42.3 CB 42.5 CB 20.4 36.7 
(Calcariw lapponU"m) 

- Sno\\ buming CV cv cv UB 0.6 1.1 
( Plectmphenax ni,·ali.\) 

Spceics Brceding 25 16 23 23 27 25 
Spceics Total 45 36 40 41 53 62 

- ·• Status: CH= Common Breeder; UH = lJncommon Breeder; M =Migrant: R V= Regular summer visitor; CV= Ca~ual or accidentai visitor; 
= "ot present. 

h\1t:ans w~r~ determincd from weekly surveys. June through August. 
'\kadc Rn cr ;md Singiluk sites werc swdicd in 1977. East Long Lake and Storkcrscn Point in 1977 and 197X. and J,Jand Lake and S4uarc 
l.akc on 197X. 

that only one yellow-billed loon pair nested on each lake in 
an a rea 80 km south east of Barrow. By comparison. severa! 
pairs of arctic (Ga1•ia arctica) and red-throated (Gal'ia 

- s1PIIa1a) loons nested in single basins at Storkersen Point 
(Bergman and Derksen 1977) as weil as our NPR-A sites 
(this study). h appears that breeding densities of 
yellow-billed loons are lower because they defend larger 
territories than either arctic or red-throated loons. 

Little information is available on habitats used by 
yellow-billed loons. Sage ( 1971) f6und a breeding pair on a 
lake th at had dense stands of emergent A rcwphi/a.fil/1'0 and 
a pair on a lake with no emergents. Ali of our observations of 
this species were on Class V ( Deep-open) lakes or on large 
flowing bodies of water such as the Meade River. An open 
moat a round a large ice cake in Teshekpuk Lake was used by 
yellow-billed loons for feeding in mid-July 1976. 



Arctic Loon 

Bailey ( 1948), Gabrielson and Lincoln ( 1959), Palmer 
(1962), and Pitelka (1974) identifïed the arctic loon as a 
common species nesting on the Arctic Slope. Our weekly 
surveys showed that arctic loons were the most abundant 
loon at ali study sites in 1977 and 1978, and it was considered 
a common breeder. Mean seasonal densities ranged from 
0.6/ km2 at Singiluk to 2.1/ km2 at Meade River (Table 3). 
which was comparable to the range of densities at 
Storkersen Point (Bergman et al. 1977). Petersen ( 1979) 
found much higher (9.6/ km2) densities of breeding arctic 
loons on the Yukon-Kuskokwim River Delta, Alaska, on 
the Bering Sea where milder elima te and longer summers are 
more attractive to nesting birds. Arctic loons are also found 
on the upper and middle Calville River (Kessel and Cade 
1958) and mu ch farther inland along the upper Kaolak River 
(Maher 1959) and Sagavanirktok River (Sage 1974) valleys 
in the Brooks Range foothills. 

Wetlands th at contained Arcwphila.fulm (Classes Ill, IV, 
and VIl) were preferred habitats for arctic loons (Table 4). 
Bergman and Derksen ( 1977) found 66% of ali a retie loon 
nests in Deep-Arctophi/a (Ciass IV) wetlands. Class IV 
wetlands are relative! y shallow and ice-free earlier and used 
significantly ( P<O.O 1) more than Class V ( Deep-open) lakes 
in June (Table 4). However, nesting (July) and post-nesting 
(August) use of Class V lakes was significant ( P<0.05) at ali 
sites. Differentiai use of Beaded Streams (Ciass VIl) by 
arctic loons between sites (Table 4) may be due to the 
presence of Arctophila fu/va in individual pools (beads). 
which would provide protective cover and a greater 
abundance and diversity of invertebrates (Bergman et al. 
1977). Arctic loons did not use Class 1 (Flooded Tundra) 
wetlands. nor did they show preference for Class Il 
(Shallow-Carex) wetlands except at Square Lake where 
values were highly significant (P < 0.01) for ali months 
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Table 4. Seasonal habitat selection" by arc tic /oons at four 
sites on the Arctic Coasta/ Plain in /978. 

Study site 
and month 

Wetland class 

Il Ill IV 

East Long Lake (X1 = 638.83. n = Ill) 
June - 9.02 + 2.11 + 4.00 +15.08 
July - 7.76 - 1.94 + 9.45 +18.65 
August - 4.90 + 0.39 + 0.73 +14.90 

Island Lake (X2 = 858.50. n = 69) 
June - 5.01 - 1.57 - 1.12 +24.61 
July -Il. 73 - 3.68 - 2.62 + 4.62 
August - 6.97 - 2.19 - 1.55 + 2.50 

Storkerscn Point (X~ = 1.211.90. n ~ 120) 
June -10.15 5.68 + 4.05 +35.47 
July - 8.85 5.1!! - 1.88 + 15.29 
August - 5.02 - 1.30 1.06 + 10.83 

Square Lake (X2 = 417.11. n = 174) 
June - 5.50 + 8.18 - 0.90 + 0.42 
July - 7.48 + 4.07 - 1.03 + 5.25 
August -10.45 + 9.72 - 1.43 + 5. 72 

v VIl 

- 1.70 + 3.45 
- 3.62 - 0.72 

2.JO - 0.46 

+ 3.16 - 0.12 
+21.29 .. 0.28 
+12.71 0.17 

+ 1.80 + 3.24 
+16.61 + l55 
+ 6.59 . 0.77 

h +16.44 
·- + 4.97 

- 0.38 

"The tabular adjusted residuals are measures of de\'lation from 
expected values.+= preference.-= avoidance. Critical \alues are 
1.96 (P < 0.005). 2.58 (P < 0.01). 

hNo Class \' wetlands prc,enl. 

(Table 4). Flooded Tundra and small Shallow-Carex 
wetlands were avoided apparently because of the lengthy 
distance of open water required for takeoff and landing. 
Brood habitat included Classess Il, Ill, and IV wetlandsand 
Deep-open lakes (Table 5). 

Table 5. Numher of broods on A retie Coast al Plain wetlands at Meade River, East Long Lake. Island Lake. 
Singiluk. Square Lake. and Storkersen Point in /977 and 1978. 

Wetland class 

Species 1 Il Ill IV v VIl Ri\'er Totals 

Yellow-billed loon 0 0 0 1 0 0 0 
Arctic loon 0 13 6 20 5 0 0 44 
Red-throated loon 0 3 5 2 0 0 1 Il 
Whistling swan 0 0 0 1 2 4 0 7 
Snow goose 0 0 0 0 0 1 0 
White-fronted goose 0 2 0 8 !! 14 1 33 
Black brant 0 4 0 0 16 5 0 25 
Oldsquaw 0 7 2 16 9 2 0 36 
Pinta il 0 4 0 12 0 1 0 17 
Spectacled eider 0 10 1 2 4 0 1 IX 
King eider 0 2 0 7 0 0 0 9 
Greater scaup 0 0 0 9 1 0 0 10 
White-winged scoter 0 0 0 6 0 0 0 6 

Totals 0 45 14 84 45 27 3 21X 
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Red-throated Loon 

Red-throated loons occurred in much lower densities than 
arctic loons and were not recorded du ring surveys at the two 
sites near the Brooks Range foothills (Table 3). However, 
they were fou nd in small numbers on lakes near the Square 
Lake study area. The highest mean seasonal red-throated 
loon densities were at East Long Lake in 1977 ( 1.3jkm2). 
Davis ( 1972) fou nd thal distance to the coast of Hudson Bay 
was an important factor influencing the distribution of red
throated loons because they fed their young with fish 
gathered from the sea. Bergman and Derksen ( 1977) noted 
similar behavior at Storkersen Point where red-throated 
loons flew from nest ponds to the Beaufon Sea to capture 
fish for their young. Further inland, in large lakes near East 
Long Lake, red-throated loons were observed capturing 
whitefish ( Coregonus sp.), which they took to adjacent nest 
ponds. lt is apparent that reliance on fish limits the 
distribution of red-throated loons tocoastal a reas and where 
freshwater fishes are available. 

Red-throated loons used Class Ill (Shallow-Arctophi/a) 
wetlands during ali months at East Long Lake (P<O.OI), 
and during June and July at Storkersen Point (Table 6). 
Loons also used Class IV (Deep-Arcrophila) wetlands 
du ring June and August (P<O.O 1) at Storkersen Point. Red
throated loons fed in pools of Beaded Streams (Ciass VII) 
that contained stands of Arctophila fu/va throughout the 
summer at East Long Lake. M uch of the Beaded Stream at 
Storkersen Point was either too deep or swift to support 
A rctophilafitil·a. which may account for the relative Jack of 
use by red-throated loons (Table 6). 

Table 6. Seasonal hahiun .\election" hr red-throated loom· 
ar tii<J sites on the A retie Coasral Plain in /979. 

Study site 
and month Il 

Wctland class 

Ill IV 

East Long Lake (X~= 485.59. n = 60) 
.lune 4.31 ~ 2.08 ~ 10.07 - 0.99 
Joly 5.XX 0.52 +12.!!7 + 1.15 
August - 5.67 ~ 1.04 ~ 9.69 - 0.04 

Stnrk~rscn l'oint tX' = 5.W.73. n = 4X) 
June K40 3.80 +27.!l8 + 5.56 
Joly 4.78 1.24 + 15.51 0.81 
August - 2.42 + 1.39 0.51 + 5.22 

v VIl 

- 2.52 ~ 2.95 
- 2.82 + 11.37 
- 2.70 +14.51 

2.18 1.29 
1.24 + 1.30 

- 0.63 0.37 

aThe tabular adjustec.J residuals are measures of deviation from 
expected values. + = preference. - = avoidance. Critical values are 
1.96 (P< 0.05). 2.5X CP< 0.01). 

Whistling Swan 

King ( 1970) estimated 800 whistling swans ( 0/or co/umbi
anus) on Alaska's Arctic Slope. This population winters in 
Chesapeake Bay (Sladen 1973) and representsabout 1.3% of 
a 14-year mean of62,000 that breed in Alaska (King 1973). 

Aerial surveys in NP R-A revealed highest whistling swan 
densities southeast of Teshekpuk Lake and east to the 
Colville River ( R. King, persona! communication). We 
observed swans at ali of our Arctic Coastal Plain study sites 
(Table 3), but breeding pairs were recorded only at East 
Long Lake and Meade River. Broods oftwo. three. and four 
cygnets were observed at these two sites. King ( 1970) 
determined a mean brood size of 2.2 cygnets per pair for the 
Arctic Coastal Plain. which is lower than 3.57 cygnets per 
pair reported for Yukon River delta whistling swans. 
Lensink ( 1973) attributed high productivity in the della to 
the more favorable climate there. 

King and Hodges ( 1981) tested JO independent variables 
for correlation with whistling swan density in the Yukon
Kuskokwim River Delta. Alaska. They found significant 
correlations between the number of swans counted in air 
surveys and linear miles of lake shoreline, number of lakes. 
and number of small islands. which they concluded were the 
most important features to breeding birds. Small sample 
sizes made it impossible to test our observations with chi
square analysis. Therefore. we evaluated habitat preference 
based on frequency of occurrence of sightings combined 
from four study areas (Table 7) in 1978. Swans used Deep
Arctophila wetlands almost exclusively in June and July. 
They were observed feeding on Arctophila.fulva. which may 
be a key species in their summer diet. These larger wetlands 
a Iso pro vide ample spa ce to take flight. Swans also were seen 
on Deep-open lakes and on the Meade River during molt, 
and a family group of seven was observed on the Beauf on 
Sea near Prudhoe Bay. At 'Meade River groups of 2 to 37 
nonbreeders fed and loafed on river bars and partially 
drained basins breached by the river. Small groups of swans 
completed the wing molt at severa! study sites. 

Table 7. Percenr frequencr of occurrence" of ll"histling 
.nmns ht· "·et/and cla.n at Srorkersen Point. Square Lake. 
East Long Lake. and Island Lake in 1978. 

Wetland class 

Mon th 1 Il Ill IV v VIl VIII N 

.lom· () 0 Cl 911.6 4.7 4.7 () 43 
Juh 0 Il 0 54 9 ·'5.3 () 9.X 51 
·\ugu ... t 0 Il () 79.3 20.7 () () 29 

·'lnduc.Jcs nhscn;uinns from wcckly sun·cys and sightings made 
c.Juring nth,·r fodc.J\\ork. 

Canada Geese 

Canada geese (Brama canadensis) were observed at ali 
study sites except Meade River (Table 3). There was no 
evidence of breeding at any of the NPR-A sites and no 
broods were observed during extensive aerial surveys of a 
2.000-km2 a rea of large lakes northeast of Teshekpuk Lake 
from 1976 through 1979(J. King. persona! communication). 
No Canada goose broods were seen during July. August, 
and September 1977 and 1978 air surveys that covered 
95.044-km2 of N PR-A (R. King. persona! communication). 



Canada geese breed on the Arctic Coastal Plain and 
barrier islands near Prudhoe Bay (Gavin 1975, 1979). One 
nest was found on the Storkers~n Point study area in 1978, 
which is thefirst record from that site in 8years(Bergmanet 
al. 1977; this study). Kessel and Cade ( 1958) found 200-300 
pairs of breeding Canada geese in the Arctic Foothills 
province along bluffs and steep talus slopes of the Calville 
River above Umiat (Fig. 1 ). 

King ( 1970) estimated 15,000 molting Canada geesealong 
the Beaufort Sea coast from Smith Bay to the Canning River 
(Fig. 1) and suggested that most of these birds were 
nonbreeders from interior Alaska south of the Brooks 
Range. King and Hodges ( 1979) summarized air survey 
results from 1957-78 for a 2,000-km2 area northeast of 
Teshekpuk Lake. They determined that this unique area 
supponed up to 50.000 molting geese of four species. 
Derksen et al. (1979h) evaluated the distribution ofCanada 
geese in this large lake a rea and found most to be in land west 
of Cape Halkett (Fig. 1) during the nightless period. 

Nonbreeding Canada geese first arrived at East Long 
Lake and Island Lake on 10 and Il June, respectively. Peak 
buildup of Canada geese at these two sites was in mid-July. 
Derksen et al. ( 1979h) showed that molting Canada geese 
preferred Deep-open (Class V) lakes at East Long Lake and 
Island Lake. Birds capable of flight fed in upland sites and 
occasionally in Classes 1 and Il wetlands in early June. but as 
flight feathers were !ost in July they shifted to large Class V 
lakes (Table 8) where open water afforded safety from 
predators and adjacent shorelines provided ample food 
(Derksen et al. 1979h). 

Table 8. Seasonal habitat selection" by Canada geese 
at two sites in NPR-A in 1978. 

Study site 
and month Il 

Wetland class 

III IV 

East Long Lake (Xl= 545.24, n = 320) 
June - 5.83 +13.95 - 3.35 - 2.92 
July -15.22 ~ 7.48 ~ 5.04 ~ 4.39 
August ~ 1.27 ~ 2.62 - 1.52 - 1.32 

Island Lake (Xl = 686.18. n = 230) 
June - 3.85 ~ 2.08 - 1.48 - 0.45 
July -20.13 -11.14 - 7.92 - 2.43 
August - 6.03 - 2.51 - 1.79 - 0.55 

v VIl 

- 2.19 + 1.45 
+29.05 + 0.75 
+ 5.35 - 0.54 

- 1.99 - 0.16 
+46.99 ~ 0.86 
+12.70 - 0.19 

"The tabular adjusted residuals are measures of deviation from 
expected values.+= preference,-= avoidance. Critical values are 
1.96 (P< 0.05), 2.58 (P< 0.01). 

Black Brant 

Gabrielson and Lincoln ( 1959) considered black brant 
(Brama bernie/a nigricans) common nesters on the Alaskan 
Arctic coast from Point Hope on the Chukchi Sea to Barter 
Island near the Canadian border (Fig. 1 ). Palmer ( 1976) 
identified the Beaufort Sea coastal fringe as the principal 
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brant breeding area on Alaska's North $lope. ln NPR-A. 
black brant were found breeding at Meade River. Island 
Lake. and East Long Lake. but not at the southern edge of 
the coastal plain at Singiluk or Square Lake (Table 3). The 
southern li mit of this species on the Arctic Coastal Plain is 
not precisely known. but we suggest that brant do not 
regularly breed farther !han 40 km inland from the Beaufort 
Sea coast. In early August adults with young were seen 23 
and 28 km inland near Kogrua Bay and Teshekpuk Lake 
(Fig. 1 ). respectively. and pairs were observed 47 km in land 
south of Barrow (R. King. persona! communication). There 
are records of brant farther in land in the Foothills Province 
(Kessel and Cade 1958) and even in mountain passes (Cade 
1955; Irving 1960) during migration in May. 

Breeding pairs of black brant arrived the first week of 
June at Meade River. Island Lake. East Long Lake. and 
Storkersen Point. Populations remained relatively stable 
through the summer at Meade River and Storkersen Point. 
Flocks of nonbreeders and failed breeders migrating from 
Canada. western Alaska. and Wrangel Island. U.S.S.R. 
(King and Hodges 1979) first arrived in late June and early 
July at Island Lake and East Long Lake. Peak populations 
of molting brant occurred on 24 J uly at East Long Lake (Fig. 
1 0) where wing feather molt lasted about 3 weeks ( Derksen 
et al. 1979h). There were few molting birds at Island Lake 
and East Long Lake after 5 August. although adults with 
young remained on the study area through September. 

u 
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~15 
ii 
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BLACK BRANT 1878 
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5 10 15 20 25 
JULY 

EAST LONG LAKE 

Fig. 10. Summer populations of black brant at two study sites in 
1978. 

Bergman et al. ( 1977) showed that brant used coas tai 
wetlands (73% frequency) during migration. then shifted to 
Class 1 V wetlands (91% frequency) for nes ting. Our 
observations from the large lake regime northeast of 
Teshekpuk Lake revealed that brant selected larger bodies of 
water with emergent vegetation (Ciass IV) for nesting in 
June (Table 9). The presence of small islands for nest sites 
also was important although nests were sometimes found 
along shorelines of larger vegetated wetlands. Most broods. 
however. were fou nd on large Class V lakes (Table 5)that do 
not support emergent vegetation. We observed downy brant 
in srnall creches with severa! adults move from Class IV to 
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Table 9. Seasonal hahirar selection• by black brant 
ar rwu sires in .V PR-A in 1978. 

Study site 
and month Il 

W et la nd class 

Ill IV v VIl 

East Long Lake (Xl= 10.167.59. n = 2.989) 
June 7.40 - 0.86 - 1.96 +14.58 - 3.71 + 33.54 
July -224.29 -94.62 -59.38 -51.74 + 375.58 + 120.32 
August 9.69 .. 4.43 2.57 - 2.57 +14.50 +15.24 

Island Lake (,l;l = 12.392.31. n = 1.226) 
June 8.45 - 3.33 2.37 +75.36 - 2.41 - 0.26 
July -172.75 -55.70 -39.61 +11.64 +330.72 - 4.28 
August - 5.12 - 1.60 - 1.14 - 0.35 + 9.91 - 0.12 

• The tabular adjusted residuals are measures of deviation from 
expected values.+= preference.-= avoidance. Critical values are 
1.96(P< 0.05)2.58(P< 0.01). 

Deep-open (Class V) lakes where they grazed with a duits. At 
Storkersen Point brant moved broods from wetlands near 
the coast to Beaufort Sea lagoons. M ickelson ( 1975) 
reported similar brant brood movement from lakes to tidal 
sloughs and a river on the Yukon-Kuskokwim Delta, 
Alaska. Sedges and grasses preferred by brant were most 
abundant in wet meadows adjacent to Deep-open lakes 
(Derksen et al. 1979h), which very likely induced brood 
movements and distribution. As is true among duck broods 
(Bengtson 1971). food availability may be an important 
factor intluencing brant brood movements between wetland 
habitats. 

White-fronted Geese 

King ( 1970) stated that white-fronted geese (Anser 
a/hi/rom) were fairly evenly distributed throughout the lake 
areas of the A retie Slope. Our data from the Arctic Coastal 
Plain province supports King's aerial observations. Mean 
seasonal densities of breeding white-fronted geese were from 
0.7; km' at Meade River near the Beaufort Sea to 2.7/km1 

inland 138 km at Singiluk (Table 3). Although densities are 
low north of the Brooks Range. King ( 1970) estimated 
50.000 white-fronted geese on the Arctic Slope, which 
re:presents about 67% of the mid-continent winter popula
tion (Bellrose 1976). 

White-fronted geese migra te to the large regime northeast 
of Teshekpuk Lake to molt (King and Hodges 1979). We 
found white-fronted geese molting in sm ali groups of 5 to 20 
at Meade River. Singiluk. Square Lake. Island Lake, and 
Storkersen Point and in larger tlocks of up to 6oo near East 
Long Lake. Although molting tlocks of white-fronted geese 
are found over most of their Arctic Coastal Plain breeding 
range. they are apparently most concentrated on a few lakes 
near Teshekpuk Lake. Derksen et al. (1979h) showed thal 
this population was largely separated from other geese 
molting in this area. Furthermore, white-fronted geese do 
not shift to coastal wetlands like brant and Canada geese, 
perhaps because of their food preferences and their interior 

migration route through Canada to south central United 
States wintering areas (Bellrose 1976). 

White-fronted geese nested on upland sites or polygonal 
ridges near Shallow-Carex and Arcrophila wetlands. Family 
groups and pairs grazed in upland sites during June and 
July. Postbreeding birds including failed breeders, selected 
Deep-open lakes for the annual molt in July and August 
(Table 10), where they fed on grasses and sedges in wet 
meadows (Derksen et al. 1979b). Bergman et al. ( 1977) 
showed that Deep-open lakes were used at a frequency of 
94% by white-fronted geese during the postbreeding period 
in August at Storkersen Point. At East Long Lake, Beaded 
Streams were preferred ( P<O.O 1) throughout the summer by 
white-fronted goose pairs and pairs with broods (Table 10) . 
Streams that connect lakes may be important corridors of 
travet which allow adults with broods to use severa! lakes 
without leaving the protection of the water. Forty-two 
percent of white-fronted goose broods were found on 
Beaded Streams (Table 5). 

Table 1 O. Seasonal habitat selection• by white-fronted gee se 
ar East Long Lake in 1978. 

Study site 
and month Il 

Wetland class 

Ill IV 

East Long Lake (X2 = 6,904.36, n = 181) 

v VIl 

June - 1.49 - 1.27 - 1.40 + O. 78 - 2.61 + 28.05 
July - 4.11 - 4.06 - 2.35 - 2.05 + 0.01 +51.02 
August -13.92 - 6.36 - 3.68 - 3.21 + 5.10 +97.41 

"The tabular adjusted residuals are measures of deviation from 
expectcd values.+= preference.-= avoidance. Critical values are 
1.96 (P< 0 05). 2.58 (P< 0.01 ). 

Lesser Snow Geese 

M igrating lesser snow geese (Anser caerulescens caerule
scens) were seen in June at ali study sites except Square Lake 
(Table 3), but regular sightings du ring J uly and August were 
made only at East Long Lake where a few molted on Deep
open lakes ( Derksen et al. 1979b). Apparently, lesser snow 
geese nested over much of the Arctic Coastal Plain 
(Gabrielson and Lincoln 1959) before 1900, but there have 
been few records in recent years. A pair nested on the East 
Long Lake study area in 1978 and tledged one young. Aerial 
surveys conducted in 1979 from Cape Halkett to Drew Point 
(Fig. 1) and south to Teshekpuk Lake revealed 86 adults and 
two broods of two and four (J. King, persona! communica
tion). A small colony of lesser snow geese nest on Howe 
Island in the Sagavanirktok River delta near Prudhoe Bay. 
Fewer birds have been seen in recent years, possibly due to 
disturbance from intensive helicopter traffic. 

Fanher east there is a major fall staging area near the 
Canning River delta (Fig. 1) within the boundary of William 
O. Douglas Arctic National Wildlife Range. Michael 
Spindler (persona! communication) recorded 80,000 lesser 
snow geese while traveling from the outer delta to Barter 



Island in September 1979. These birds migrate west from 
breeding grounds in the MacKenzie and Anderson river 
delta and other Canadian nesting areas (Barry 1967). 

Pinta il 

The pintai! (Anas acuta) is probably the most numerous 
duck on the Arctic Coastal Plain. especially in the western 
half (Gabrielson and Lincoln 1959). Densities were equal to 
or greaterthan th ose of otherduck species at ali sites near the 
coast. but ranked second to oldsquaws ( Clan~:ula hremalis) 
near the foothills (Table 3). Maher ( 1959) recorded only one 
bird during two field seasons on the Kaolak River in the 
nort hern foothills. but Irving ( 1960) considered them the 
most numerous resident duck at Anaktuvuk Pass in the 
Brooks Range (Fig. 1). 

The most dynamic facet of pintai! populations is the 
periodic drought displacement of birds to the arctic from the 
southern prairies where the species is highly mobile and 
adapted to temporary wetlands (Derrickson 1978). Such an 
occurrence was documented from this study in 1977 by 
Derksen and Eldridge ( 1980). The grea test density recorded 
was 45.6/ km! at East Long Lake on 20 June 1977. 1 n 1978 
populations declined as much as 62% but remained above 
average. Superimposed on the annual variations are low 
densities during molt in the latter half of July and 
subsequent premigration increases in August (Fig. Il). 
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Fig. Il. Summer populations of pinta il at three study sites in 1977. 

Although pintails are abundant on the coastal plain. sex 
ratios are heavily skewed toward males. and most are 
probably nonbreeders (Bergman et al. 1977; Derksen and 
Eldridge 1980). Nesting is more regular on the western 
coastal plain (Pitelka 1974). encompassed by NPR-A. and 
the eastern most Alaskan records are front near Prudhoe Bay 
(Gavin 1975; Bergman et al. 1977). We fou nd no more than 
one nest at each study site and none du ring the single season 
at Island Lake. Broods were observed at Singiluk (eight). 
Square Lake (two), and Meade River (one). 
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Table Il. Seasonal habitat selection" hy pintails at 
three sites on the A retie Coast al Plain in 1978. 

Study site 
Welland class 

and month 1 Il Ill IV v VIl 

East Long Lake (X 1 = 6.116.28. n = 681) 
June -12.43 - 9.13 +57.48 + 0.96 -11.70 + 6.96 
July -13.98 - 6.38 +50.94 + 1.04 - 8.18 + 4.77 
August -19.50 - 4.18 +24.26 +49.71 -11.41 - 1.82 

Storkersen Point (Xl = 8.036.59. n = 652) 
June -20.03 -13.19 +79.51 + 5.32 4.54 - 0.42 
July - 9.00 - 6.08 +40.47 - 1.52 - 2.34 - 1.38 
August -27.47 - 7.17 +56.22 +43.97 5.23 - 4.21 

S4uare Lake ()(2 = 12.365. 71. n = 172) 
June 1.60 + 2.72 + 1.77 - 2.20 " +31.07 
July - 6.94 - 1.13 + 0.36 + 0.12 +114.67 
August - 8.99 + 5.08 - 1.23 + 2.53 +64.16 

"The tabular adjusted residuals arc measures of deviation from 
expected values. +=preference. - = avoidance. Critical values are 
1.96 (P< 0.05). 2.58 CP< 0.01). 

hNo Class V wetlands present. 

Pintails preferred Ardophila wetlands. including Beaded 
Streams. throughout the summer (Table Il). When pintails 
first arrived in spring they fed in the only water areas 
available, Flooded Tundra meadows, but soon moved to 
Shallow-Arctophila ponds (Bergman et al. 1977). At Square 
Lake Shallow-Arctophi/a ponds were uncommon (Table 2) 
and pintails used Beaded Stream A rctophila beds and 
Shallow-Carex ponds. The Beaded Stream at Storkersen 
Point was underutilized, probably because Arctophila was 
not abundant there. 

The dense cover of Shallow-Arctophila ponds was 
preferred in J uly at the onset of molt but sorne of t hese ponds 
later became dry, causing a shift in use to Deep-Arctophila 
ponds and. at Square Lake, to Beaded Streams. Observa
tions at ali sites on Deep-Arctophila ponds accounted for 
70% of brood sightings (Table 5) and there is a strong 
preference for this class during the August staging period 
(Table Il). At Island Lake the unique shallow Class V lakes 
provided accessible feeding for postmolt flocks. Basin
complexes with Arctophila pools supported high densities of 
pintails for the entire season at Meade River. East Long 
Lake, and Storkersen Point (Bergman et al. 1977). 

Pintails may be attracted to Arctophila wetlands because 
of their feeding habits. With their long necks they can use 
deeper ponds than other dabbling ducks. Arctophila beds 
seed profusely in shallow ponds and stream flood plains that 
are dry by August. When reflooded in spring these beds are 
used intensively by pintails that often consume high 
proportions of plant material (Bell rose 1976) and select •eed
rich areas (Kra pu 1974a). Arctophila wetlands also pro. ·uce 
more diverse communities of invertebrates (Bergman et al. 
1977) that are important to breeding birds (Krapu 1974h). 
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Oldsquaw 

Among north slope duck species the oldsquaw is the most 
ubiquitous and abundant regular breeder (Bailey 1948: 
Gabrielson and Lincoln 1959). lt is recorded as a common 
bree der near Barrow (Pitelka 1974). at ali N PR-A study sites 
(Table 3). and eastward along the Canadian arctic coast 
(Barry 1960). Sage (1974) noted that oldsquaws were 
common and bred on nu merous ponds and lakes south into 
the Sagavanirktok and Atigun valleys. but Maher ( 1959) 
considered them rare on the upper Kaolak River in the 
foothills of southwestern NPR-A. 

The highest mean densities of oldsquaws were recorded at 
Singiluk and Square Lake near the foothills (Table 3). but 
they were numerous at ali sites. Local populations were 
moderately stable during June when breeders established 
territories. Paired males remained with their hens longer 
than most sea ducks, but began leaving nesting areas du ring 
la te J uly (Fig. 12; Alison 1975) to molt in the nearshore 
waters of the Beaufort Sea (Vermeer and Anweiler 1975; 
Schamel 1978; Johnson 1979). From late July through 
August females and broods gathered to molt on large inland 
lakes or coastal lagoons (Alison 1975; Bergman et al. 1977). 
which resulted in lower densities of birds at Meade River 
where they left the study a rea. and at Storkersen Point where 
they moved to the Beaufort Coast (Fig. 12). Ali other sites 
had higher densities because of the concentrations on large 
lakes. 
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Fig. 12. Summer populations of oldsquaw at three study sites in 
1977. 

Habitat selection by oldsquaws (Table 12) was generally 
similar to that reported at Storkersen Point (Bergman et al. 
1977). Birds congregated in spring on open-water moats of 
large lakes and used Deep-Arcwphila wetlands as they 
bec ame ice-free. Breeding pairs dispersed to smaller Shallow
Carex ponds at East Long Lake and Square Lake, Shallow
Arcwphila ponds at Storkersen Point. and Deep-Arc10phi/a 

Table 12. Seasonal habitat selection • by oldsquaws at four 
sites on the Arctic Coastal Plain in 1978. 

Study site Wetland class 

and month 1 Il Ill IV v VIl 

East Long Lake (Xl= 9.907.12. n = 375) 
June 7.40 + 1.94 0.07 + 6.12 + 3.77 +24.10 
July 7.31 + 0.37 1.30 +24.15 4.28 +96.42 
August ·30.71 -13.08 7.64 7.08 +55.51 2.1!6 

Island Lake (Xl= 1,119.45. n = 192) 
June - 9.19 + 0.69 - 0.72 + 7.43 +10.94 - 0.22 
July -22.73 - 7.13 - 4.52 - 1.55 +43.13 + 4.13 
August - 8.74 - 2.74 - 1.95 - 0.60 +16.92 - 0.21 

Storkersen Point ()(2 = 630.99, n = 143) 
June -13.05 + 1.21 + 6.13 +12.78 + 0.66 +15.52 
July - 7.50 + 1.35 + 3.84 + 7.69 + n 3 + 2.53 
August - 6.04 - 4.09 - 1.28 + 6.52 +17.10 - 0.93 

Square Lake ()(l = 182.71. n = 179) 
June - 3.00 - O. 72 - 0.90 + 3.22 
July - 9.42 + 7.71 - 1.29 + 5.39 
August - 8.77 + 0.23 - 1.20 + 8.57 

+ 5.30 
+ 4.49 
+ 4.60 

"The tabular adjusted residuals are measures of deviation from 
expected values. +=preference. - = avoidance. Critical values are 
1.96 (P< 0.05). 2.58 <P< 0.01 ). 

"No Class V wetlands present. 

wetlands at ali sites into July. During July postbreedingand 
nonbreeding birds preferred Deep-Arctophila and Deep
open lakes. Beaded Streams were used significantly (P< 
0.01) more than expected throughout the summer at Square 
Lake. through July at East Long Lake and Storkersen Point. 
but only during July at Island Lake. 

Nearly ali oldsquaw broods were seen on Deep-A rcto
phila (44%). Deep-open (25%). and Shallow-Carex ( 19%) 
wetlands (Table 5), ali characteristically with central zones 
of open water. Our observations generally support those of 
Alison ( 1976) that older broods use larger wetlands. Du ring 
the August molt and staging period oldsquaws strongly 
preferred Deep-open lakes at ali sites except Square Lake 
(Table 12) where Deep-open lakes did not occur (Table 2). 
Flocks of birds a Iso selected Deep-A rnophila wetlands at 
Square Lake and Storkersen Point. 

Habitat selection by oldsquaws reflects preferences of 
strongly territorial breeding birds (Alison 1975) for small 
discrete wetlands, the combination of cover and water 
permanence for broods in Deep-A rctuphila ponds. and 
open-water preas important to ali diving species, especially 
during molt. 

Spectacled Eider 

The summer breeding range of the spectacled eider 
(Somateria fischeri) is centered on the Yukon-Kuskokwim 
Delta, but extends in a coastal band along the Bering and 
Beaufort Seas east to the Colville River delta (Gabrielson 



and Lincoln 1959: Dau and Kistchinski 1977). Spectacled 
eiders are listèd as occasional breeders at Barrow (Pitelka 
1974), but were more common at our Meade River, East 
Long Lake, and Island Lake sites (Table 3), within a 
breeding arca surmised by Bailey ( 1948). Occasional 
breeding has been recorded at Storkersen Point (Bergman et 
al. 1977; Table 3) and Prudhoe Bay (Gavin 1975). An affinity 
for coastal areas is apparent. and spectacled eiders have only 
been seen near the foothills as casual visitors at Singiluk; 
thus. the most important North Slope breeding range lies 
within NPR-A boundaries. 

Spectacled eiders were most numero us at East Long Lake 
but densities were relatively low at ali four sites near the 
coast (Table 3). Nests or broods were fou nd on each of the se 
study areas. Seasonal changes in populations could not be 
detected from weekly ccnsus data but males had left the 
study areas by 8 July in both years. DuringJuly and August 
females with broods were seen. occasionally accompanied 
by groups of hens ("aunts"). similar to common eiders. 
Somateria mollissima (Guignion 1967). 

There were insufficient observations of spectacled eiders 
to test habitat preferences. but sightings at East Long Lake 
indicate that they are similar to those of oldsquaws. 
Shallow-Arctophila ponds and Deep-open lakes were used 
only during June, but Shallow-Carex ponds were used 
increasingly throughout the summer. Deep-Arcrophila 
ponds were used extensivcly dunng July and Jess so during 
August (Bergman et al. 1977). Broods were most often seen 
on Shallow-Carex ponds (56%) and Deep-open lakes (22%) 
(Table 5). Like oldsquaws. spectacled eiders dive for 
invertebrates and generally prefer open-centered wetlands. 

King Eider 

Gabrielson and Lincoln ( 1959) indicated that Alaskan 
king eiders (Somateria spectahi/is) were most abundant near 
Barrow; however, Pite! ka ( 1974) considered them only 
irregular breeders there. Furthermore, we found no evidence 
of breeding at Meade River delta, within 55 km of Barrow, 
or at the other N PR-A sites near the coast (Table 3). The 
most productive breeding a reas of king eiders are east of the 
Colville River. They are considered regular breeders at 
Storkersen Point (Bergman et al. 1977; Table 3) and are 
relatively numerous near Oliktok (Divoky 1979), Prudhoe 
Bay (Gavin 1975; Schamel 1978). Barter Island (Spindler 
1978). Humphrey Point (Dixon 1943), and in the Canadian 
arctic (Barry 1968). Breeding was recorded at both near
foothills sites, but the reis no evidence that it occurs south of 
the coastal plain. 

At Storkersen Point, king eider population densities were 
second only to pintails. but they were low at ali sites in NP R
A (Table 3). Males abandoned nesting hens in late June and 
earl y July (Fig. 13) and were observed on mol! migrations to 
coastal waters where they move westward (Barry 1968; 
Flock 1973) around Point Barrow (Thompson and Persan 
1963; Johnson 1971). Unlike oldsquaws. eiders spend 
relatively little time staging in nearshore waters during la te 

19 

KING EIDER 1877 
10 r STORKERSEN POINT 

1 

• 
7 .. 

~· ' ~5 
~4 

3 

2 

1 

0 
10 

Fig. 13. Summer populalion of king eider at Storkersen Point in 
1977. 

summer (Schamel 1978) but arc fou nd along thcir migration 
paths 13-16 km from shore (Bartcls 1973). 

Sufficicnt wctland use data on king eiders was collccted in 
1978 only at Storkersen Point (Table 13). Wetland prefer
ences were the same as thosc rcported by Bergman et al. 
( 1977) at this site. Shallow- and Deep-Arctuphi/a wetlands 
were differentially selected during nesting in June. Deep
open lakes werc preferrcd only in July. probably hy 
postbreeding groups. F-requent use of Deep-Arctuphi/a 
ponds through July and August resulted from strong 
selection by hens and broods (78% of observations). Ail 
other broods were seen on Shallow-Carex ponds (Table 5). 

Table 13. Seasonal hahirat Ielection" by king eiders 
at Storkersen Puint, 1978. 

Study site 
Wetland class 

and month 1 Il Ill IV v VIl 

Storkersen Point (Xl= 1.564.79. n = 177) 
June -11.96 - 2.25 +23.79 + 11.54 - 3.10 + 6.09 
July -11.42 + 0.11 2.42 +16.27 + 7.49 +10.22 
August - 5.78 - 3.91 1.23 +31.42 - 0.66 - 0.89 

"The tabular adjusted residuals are measures of deviation from 
expected values. + = preference, = avoidance. Critical values are 
1.96 (P,< 0.05). 2.58.<ë< 0.01 ). 

Greater Scaup 

Gabrielson and Lincoln ( 1959) cons ide red the west coast 
of Alaska as the major breeding range of greater scaup 
( Aythya mari/a). Grea ter scaup were Jisted as casual visitors 
at Barrow (Pi teika 1974). East Long Lake. and Meade River 
delta in NPR-A (Table 3). Okpilak River delta (Spindler 
1978), and for severa! years at Storkersen Point (Bergman et 
al. 1977). A brood was seen in the Colville River delta but 
most North Slope breeding records are from the foothills 
region (Kessel and Cade 1958; Maher 1959). Notable 
breeding populations were reported near Anaktuvuk Pass 
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(Irving 1960). in the Atigun-Sagavanirktok River valleys 
(Sage 1974). and Square Lake. One brood was seen at 
Singiluk. 

Densities of scaup were moderately high in June at both 
near-foothills sites. and the highest recorded was 2.4/ km2 at 
Square Lake on 8 July. lrving's ( 1960) records indicate thal 
scaup nest from early to mid-June in the mountains. Five 
nests were found at Square Lake, the earliest backdated to 
initiation on 24 June. Drakes left the area to molt around 
mid-July and the first llightless male was seen on 18 July. 
Broods were first observed the last week in July and densities 
increased as mixed-sex llocks gathered through August. 

Greater scaup used ali welland classes in early June but 
moved to Deep-A rctophi/a lakes wh en they had open water. 
The latter welland class provided 77% of ali observations in 
June, 92% in July. and 100% in August. Molting males also 
used similar Beaded Stream habitat duringJuly. Nine of 10 
brood sightings were on Deep-Arctophila Jakes (Table 5). 

White-winged Scoter 

During the breeding season white-winged scoters (Melan
ilia deglandi) have been seen from Barrow to Demarcation 
Point on the Canada border(Gabrielson and Lincoln 1959) 
but they are more abundant in interior Alaska and Canada 
(Bellrose 1976). Most observations were of stragglers and 
migrants, but 1 rving ( 1 960) reported white-winged scoters as 
common breeders near Anaktuvuk Pass and collected a 
brood on the Killik River. Our Square Lake site had a 
modera te resident population and was the only N PR-A site 
where the species was seen. The single nest fou nd there is the 
northernmost Alaska record. 

Densities of white-winged scoters increased at Square 
1 a~t to a high of U~ km' on 1 July (Fig. 14). The Jargest 
llock scen wa., ~4 males. From 19-30 July males were not 
observed on the study area and probably were beginning 
postnuptial molt (Dement'ev and Gladkov 1967). ln 
be ha\ ior si mil ar to great er sc<~up. white-winged scot ers used 
Deep-Arrruphila lakes almost exclusively. amounting to 

941;( of ali ob sen at ions in June and 100% from July through 
August. Ali brood sightings also occurred on this wetland 
class (Table 5). 
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Fig. 14. Summer populations of white-winged scoter at Square 
Lake in 1978. 

The single nest found was weil hidden in a dense upland 
thicket of dwarf birch (Betula nana), approximately 6 rn 
from a large Deep-Arctophila lake. The nest site was similar 
to those described by Brown (1977) in Alberta. Nest 
initiation was backdated from hatching (8 August) to 4 J uly. 
Seven of nine eggs hatched and the ducklings were led to 
water within 30 h of the start of hatch. 

Other Ducks 

Small numbers of eight other duck species were seen at 
one or more of our N PR-A sites (Table 3), mostly in early 
June. Although there is no record of mallards (Anas 
platyrhynchos) at Barrow (Pitelka 1974), they were seen 
nearby in the Meade River delta and at East Long Lake. 
They may occur more frequently to the east near Prudhoe 
Bay where Gavin ( 1975) has reported irregular breeding 
(Bergman et al. 1977). Green-winged teal (Anas crecca 
carolinensis) are occasionally seen near the coast, but 
nesting was recorded only at Square Lake near the ir known 
breeding range in the foothills (Kessel and Cade 1 958; 1 rving 
1960; Sage 1974). American wigeon (Anasamericana)have 
been seen in many locations on the North Slope and were 
recorded at ali NPR-A sites. Broods have been seen in the 
Brooks Range (Irving 1960) and at Umiat (West and White 
1966). Ali of these dabbling duck species are probably more 
common in years of drought on the southern prairies. 

Common eiders occur along ,the entire Arctic coast 
(Gabrielson and Lincoln 1959) especially du ring migrations. 
Breeding is widespread coastally but is more concentrated 
on the barrier islands east of the Colville River (Schamel 
1974; Gavin 1979) and near ley Cape on the Chukchi Sea 
(Divoky 1978). The Steller's eider (Polrsticw stelleri) is 
relatively uncommon and was seen only at Singiluk. but 
breeding has been recorded along the entire north coast of 
Alaska (Gabrielson and Lincoln 1959). Surf scoters (Mel
ani ua perspicillata) have been seen at many locations but 
breeding records are not clear (Gabrielson and Lincoln 
1959). Reed ( 1956) observed a hen and brood on the 
Kikiakrorak River in eastern NPR-A. Red-breasted mer
gansers ( Mergus serrator) are regular stragglers. mostly on 
rivers (Gabrielson and Lincoln 1959). Nests or broods have 
been found on the Kaolak (Maher 1959). Atigun (Sage 
1974). and Firth rivers (Dixon 1943). and near Anaktuvuk 
Pass (Irving 1960). 

Six species of ducks may occur only ra rely inN PR-A and 
were not seen during our i[\vestigations: gadwall, Anas 
.ftrepera (Child 1972); red head. Aythra americana (Kessel 
and Cade 1958); lesser scaup, Aythya a.tfini.l (Irving 1960; 
Hall 1975); co mm on goldeneye, Bucephala dangu/a (Kessel 
and Cade 1958); harlequin duck, Histrionicu.1 histrionicus 
(Kessel and Cade 1958; Irving 1960); and black scoter, 
Melanitta nigra (Gabrielson and Lincoln 1959; Watson and 
Divoky 1972). The authors also saw black scoters in the 
Colville River delta on 27 June and off Point Mclntyre near 
Storkersen Point on 30 June 1976. The latter record was 
during westward migration at their western landfall in 



crossing Prudhoe Bay. Four llocks, ihe largest with 59. 
totaled 127 birds. 

Red Phalarope 

Red phalaropes ( PhalaropusJitlicarius) ranked either first 
or second in abundance among shorebirds at studysites near 
the coast, but were much less common at Square Lake and 
Singiluk (Table 3). At our sites. red phalaropes were most 
numero us in June; numbers grad ually declined in July. then 
dropped off sharply in la te J uly and earl y August (Fig. 15). 
At Storkersen Point and Island Lake an influx in early 
August occurred as birds staged for migration. Red 
phalarope migration occurs in stages based on sex and age 
with females departing for the Beaufort Sea coast in late 
June and earl y J uly. males in mid- to la te July. and juveniles 
in August (Connors et al. 1979). 
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Fig. 15. Summer populations of red phalarope atthree study sites 
in 1978. 

Connors et al. ( 1979) suggested that red phalaropes shi ft 
from al most exclusive use oftundra for breeding activities to 
heavy dependence on littoral areas by postlledgingjuveniles 
and adult males. They reported that the differences in 
migration schedules of adult males and females and juveniles 
coincided with differences in habitat use. Females rarely 
appeared in littoral sites, male use of littoral habitats 
depended on annual variations in the timing of sea-ice. and 
juveniles extensively used the littoral zone. particularly 
along the Beaufort Sea shorelines as they accumulated fat 
for migration. Our data indicate that red phalaropes utilize 
Flooded Tundra in earl y June. although use was less than 
expected at ali sites because of the extensiveness of this 
habitat type (Table 14). Various other wetland types also 
were important at particu·Jar sites in June. Beaded Streams 
were used significantly ( P< 0.05) more than expected at ali 
sites in June and appear to be an important source of food 
earl y in the season. Shallow-Carex and Shallow-Arctophila 
wetlands were used more than expected at Island Lake and 
Storkersep Point in June (Table 14). ln July and August 
most use was concentrated on Shallow-Carex and Shallow
Arctuphila wetlands although Beaded Streams and Flooded 
Tundra were still used. The importance of Deep-Ar('(ophila 
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Table 14. Seasonal habitat selection" ht· red plwlaropes at 

three sites on the Arctic Coastal Plain in /978. 

Study site Wctland class 

and month 1 Il Ill IV v VIl 

Island Lake (X~ = 27.839.97. n = JIU) 
June - 7.27 +10.82 + 2.77 + 1.06 5.81 +26.43 
July - 1.40 + 3.90 1.41! - 0.45 - 0.75 0.16 
August -29.86 9.36 6.66 +253.11! 1!.94 - 0.72 

East Long Lake (X1 = 4.643.61. n = 1.147) 
June 5.09 4.30 4.1!.\ J..U 2.04 + 76.97 
July -J 1.83 +16.97 + .l09 +19.32 +10.40 + 4.22 
August 6.28 + 1!.96 + 0.80 0.1!0 2.08 + 7.92 

Storkersen Point (X1 = Un5.KX. n = 6X6) 
June 5.14 0.95 + 11.2-1 + 7.27 3.27 ,. 2.23 
July -11.79 J.31 + 6.00 +31U~4 + 1.5J + 0.90 
August -35.21 +42.37 + O. IK 0.28 5.95 4.87 

"The tabular adjusted r.:siduals arc mcasures of deviation from 
expected values. +=preference. = a•·oidance. Critical values arc 
1.96 (P<il.05). 2.58 (P< 0.01 ). 

wetlands differed in \ar~ing degree~ bctwecn pcriods and 
sites. Use in July and Augu't \\a' generall~ higher than 
cxpccted although these welland, werc also important in 
June at Storkersen Point. Use of Deep-open lakes was les~ 
than expected at ali sites cxcept East Long Lake in July. 

Northern Phalarope 

Northern phalaropes (Phalaropus lobatus) were less 
common than red phalaropes at ali sites except Singiluk and 
Square Lake (Table 3). Although they were common at the 
East Long Lake site in 1977 and 1978. numbers were low at 
Storkersen Point, Meade River. and Island Lake. Numbers 
of northern phalaropes werc highest in early June and 
decreased in late June and carly July (Fig. 16). A 
premigration increase to 20.4 and 8.8 birds/ km1 occurred at 
East Long Lake and Storkersen Point, respectively. in mid
J uly as nort hern phalaropcs staged in large llocks up to 
1.500 birds. By carly August there were few northern 
phalaropes at our study sites. 

Trends irl habitat use by nort hern phalaropes were similar 
to red phalaropes (Table 15). Flooded Tundra and Beaded 
Streams were important wetlands in June. Use of Shallow
Carex and Shallow-Aruophila wetlands varied among 
study a reas. but genera li y they were more important in J uly 
and August as Flooded Tundra dried. Deep-Arctophila 
wetlands were important throughout the summer at Stork
erson Point, but were used less than expected at the other 
sites. Deep-open wetlands were used less than expected or as 
expected at East Long Lake in summer 1978. This wetland 
type did not occur at Square Lake sono comparisons can be 
made. 
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Fig. 16. Summer populations of nort hern phalarope at three study 
sites in 1971l. 

Ta ble 15. Seasonal habitat selection" b.r nort hern phalaropes 
ar rhree sires on the Arc·ric Coasral Plain in 1978. 

Study site 
W etla nd c lass 

and month 1 Il Ill IV v VIl 

East Long Lake (X!= 4.029.20, n = 270) 

June !!_25 - 5.13 .. 6.37 .. 1-42 7.54 +!!3.23 

Jul~ 10.88 +10_68 .. 5_06 +I.Hl4 !!.10 .. 9.74 

Augu't Jl5 1.69 .. 2_46 + 4_33 2.17 +I!LI4 

Stor~er,en Point (X 2 = 967.80. n = 108) 
.lune 190 L7!! +10_46 .. 7_43 - 1.87 1.10 
.luh 12-36 2.12 + (J.20 +43.14 3.21 + 4.47 

:\ugu~t J76 + 3.34 0_!!0 + 4J!4 0_9!! 0.5!! 

S4uarc Lake ex:= 4.002.74. n = 74) 
Junt' 2.45 + 9_23 1.11 2.97 h +14.47 

.lui~ 2.62 + 3.52 0.65 3.70 + 73_25 

August 3.45• + 1.28 0.47 + 2_8!! . 0_13 

·' fh<' tabular adjusted rcsiduals arc mcasurcs of deviation from 
npected \·alut·s. + = prckrcnœ. = avoidance. Critical values are 
1.9h 1?<0051. 2.5X !Î'<O.O(I. 

h:\u Cl a" V wet lands present. 

Pectoral Sandpiper 

Pitelka ( 1959) considered pectoral sandpipers the most 
numerous and widespread shorebird on the Alaskan tundra. 
Pectoral sand pi pers were the most abundant shorebird at ali 
study sites in 1977 but were second or third in 1978 when 
mean seasonal densities declined by as muchas half (Table 
3). Variation in populations of pectoral sand pi pers between 
years seems to be related to differences in spring melt and 
availability of food resources (Pitelka 1959; Holmes and 
Pi teika 1968). Pectoral sand pi pers have a flexible territorial 
system and are capable of compressing territories and 

increasing densities when and where food is abundant 
(Pitelka 1959; Holmes and Pitelka 1968). There is a 
progressive movement of postbreeding males, postbreeding 
fe males. and Oedged juveniles to the coast from mid-to late 
July (Pitelka 1959; Connors et al. 1979). Premigration 
population increases in late July and early August were 
recorded at severa! but not ali of our study sites. 

Connors et al. ( 1979) include pectoral sandpipers in a 
shorebird group more restricted to tundra than coastal 
habitats. These sandpipers preferred drier sites on ali study 
areas. At East Long Lake in 1978 99% of ali June and July 
observations of pectoral sandpipers were on Flooded 
Tundra. However, pectoral sandpipers use littoral habitats 
of Shallow-Carex. Shallow-A rctophila. and Deep-open 
wetlands, particularly in late July and August. 

Dun lin 

Dunlins (Ca/idris alpina) were third or fourth in abun
dance at sites closes! to the coast in 1977 and 1978, but were 
uncommon in the southern coastal plain (Table 3). Holmes 
(1970) reported that in Alaska dunlins are widespread with 
little population variation from year to year. However, 
Baker and Baker ( 1973) found large year-to-year shifts in 
foraging behavior and habitat use by dunlins in the eastern 
arctic. Differences in population densities and feeding 
behavior could be due to successive occupation by morpho
logically different subspecies (Holmes 1970). Dunlins 
establish 12- to 15-acre territories in early June which are 
utilized for ali fife functions until young hatch in early to 
mid-July (Holmes 1%6). Dunlins remain on the tundra 
longer than other shorebirds due to the strong territorial 
system but shift to littoral wetland areas in mid-summer 
whcn young hatch. We recorded a graduai decline in dunlin 
populatwns from mid-June to mid-AugusL 

Dunlins utilize a wide range of habitat types and appear to 
be a broad-niched species (Holmes 1966; Baker and Baker 
1973; Baker 1979). Habitat selection varies with moisture 
conditions and food availability (Holmes 1966). Feeding 
activities are concentrated on Tipulid larvae and a high 
overlap with the di et of pectoral sand pi pers occurs through
out the year (Holmes 1966; Holmes and Pitelka 1968). After 
leaving fledged young on wetter sites. adults return to 
upland areas for flocking and depanure to the coast 
(Holmes 1966)_ 

Other Shorebirds 

We recorded 17 other species of shorebirds at six study 
sites in 1977 and 1978. Densities varied considerably 
between sites and years (Table 3). Semipalmated sandpipers 
(CalidriJ pusil/a) were considered a common breeding 
species at ali sites each year, with highest densities recorded 
at Storkersen Point. Holmes and Pitelka ( 1968) described 
their distribution as coastal and along river corridors. 
Semipalmated sandpipers are one of the earliest shorebirds 
to migrate to winter areas, flocking in early July and 
departing by the end of July (Holmes and Pitelka 1968). 
Semipalmated sandpipers are considered a broad-niched 



species (Baker and Baker 1973) and utilize both inland 
tundra and coastal habitats throughout the season (Connors 
et al. 1979; this study). Sho~clin~:s of ephemeral Class Il 
wetlands were important feeding sit~ in la te June and early 
July. Breeding cycles and behavior of semipalmated 
sandpipers are discussed by Ashkenazie and Safriel (1979). 

Bar-tailed godwits (Umosa lapponic-a) were second in 
abu nd ance at Singiluk in 1977. and were regularly sighted at 
Square Lake in 1978, but were uncommon at coastal sites. 
American golden plovers (PIUI•ia/is dominica) and black
bellied plovers (.0. squataro/a) were present in low numbers 
at ali sites. Activities of these species are restricted al most 
entirely to drier areas throughout the summer with sorne 
movement to littoral habitats later (Connors et al. 1979; this 
study). The buff-breasted sandpiper (Tryngites suhruficol
lis). observed in small numbers at ali sites except Meade 
River and Singiluk, also utilized drier habitats. This 
sandpiper was a common breeder at Storkersen Point and 
one of the latest nesting of ali shorebirds (Bergman et al. 
1977). Long-billed dowitchers (Limnodromus scolopaceus) 
and niddy turnstones ( Arenaria interpres) were observed in 
low numbers at ali sites. 

Observations of other species were sporadic during each 
season (Table 3) and data are insufficient for comments on 
habitat use. 

Discussion 

Species Composition 

Although there are notable differences in avifauna 
between Storkersen Point and the western coastal plain 
sites. the greatest dissimilarity is between coastal and near
foothills areas. The Singiluk and Square Lake sites were 
located at the interface of nort hern foothills tussock tundra
tall shrub habitats with the morphologically unique wet
lands of the southern coastal plain. 

Species richness was greatest at Stor.kersen Point, where 
marine and tundra species were present. However, of 62 
species recorded in 1977 and 1978 only 25 (40.3%) nested 
(Table 3). The grea ter percentage ofvisitors at this site, when 
compared to inland sites located in NPR-A. may be due to 
the effects of the Beaufort Sea coast in channeling 
movements of birds, as in the Barrow region (Pite! ka 1974). 
Storkersen Point is also located between two major rivers 
that may be followed north to the coast by redpolls 
(Carduelis sp.), horned larks (Eremophila alpestris), and 
other casual visitors from shrub and mountain valley 
habitats (Bergman et al. 1977). Barn swallows (Hirundo 
rustica) and Say's phoebes (Sayornis saya) may be attracted 
to buildings (Kessel 1979) in the Prudhoe Bay oil develop
ment area .where snow buntings (P/ectrophenax nivalis) 
were found nesting in structures, discarded barrels, and 
other debris that provided crevices. 

Species rich ness was next highest at Square Lake near the 
southern margin of the Arctic Coastal Plain. Twenty-seven 
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of 53 species seen (50.9%) (Table 3) were known breeders. 
Shrub height, especially Sa/ix spp., was significantly greater 
at the southern Arctic Coastal Plain sites of Singiluk and 
Square Lake, which attracted four breeding passerines. 
Closer to the Beaufort Sea coast where shrubs were prostrate 
as a result of more severe climate. lapland longspurs 
(Ca/carius lapponicus)were the only breeding passerines on 
tundra habitats. Falconiformes breed on the Arctic Coastal 
Plain along rivers where steep bluffs provide nest sites. 
Gyrfalcons (Fa/co rusticolus). peregrine falcons (Fa/co 
peregrinus), and rough-legged hawks (Bweo lagopus) nest 
along the Colville River bluffs (Kessel and Cade 1958: White 
and Cade 1971) about 40 km south of the Square Lake study 
site where gyrfalcons and peregrine falcons "·ere seen 
hunting. Although habitats were similar to those at Square 
Lake, no falconiformes were seen at Singiluk. pcrhaps 
because of Singiluk's grea ter distance from known breeding 
sites ( Ritchie 1979). 

East Long Lake and Island Lake had 25 and,.J6 breeding 
birds, respectively (Table 3). although the study sites were 
only about 25 km apart. More varied and interspersed 
wetland habitats and grea ter a rea of dry upland sites at East 
Long Lake attracted more species than the more homo
geneous welland habitat at Island Lake(Table 2). East Lon!; 
Lake had a greater percentage of. Classes IV and VIl 
wetlands which were important to water birds. Up!and 
species such as the buff-breasted sandpiper and willow 
ptarmigan (Lagopus lagopu.~) were seen rarely because of 
the large percentage of welland (85.8%) in the Island Lake 
study area. 

Species composition of breeding birds at Meade River 
was most like the East Long Lake study site (Table 3). Only 
lesser snow geese. buff-breasted sandpiper. northern phal
arope, and long-tailed jaeger (Stercorarius longicaudus) 
were not found breeding at one or the other site (Table 3). 
There were no breeding birds characteristically associated 
with fl!lviatile waters at Meade River. Yellow-billed. arctic 
and red-throated loons. whistling swans. and greater scaup 
active! y fed and loafed on river channels and oxbows. Kessel 
and Cade ( 1958) provided a list of birds fou nd in fluviatile 
habitats along the Colville River and its tributaries. 

Densiry 

Alaska's Arctic Coastal Plain supports relatively low 
breeding densities of most water birds (King 1970; Bergman 
et al. 1977; this study) compared to more productive 
wetlands farther south and west. King and Lensink ( 1971) 
summarized aerial survey data and reported breeding 
densities of 257.4 ducks/kml for the Yukon River llats in 
interior Alaska and 124.1 ducks/ kml in the Yukon
Kuskokwim Delta on the west coast. Breeding duck 
densities on the Arctic Coastal Plain of NPR-A were 
estimated to be 2.8/kml in both 1977 and 1978 (King 1979). 
Our ground surveys in NPR-A revealed breeding duck 
densities of 8. 9 to 19.2/ kml in 1977 and 9.8 to Il. 71 km2 in 
1978. Comparative density data for other water bird groups 
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in wetland habitats other than the Arctic Coastal Plain are 
not available, but shorebirds dependent on wetland habitats 
may be as dense on the Arctic Coastal Plain as elsewhere. 

Despite low breeding densities of sorne groups, large 
numbers of water birds annually use the Arctic Coastal 
Plain. King ( 1979) estimated 5.4 and 4.9 million water birds 
on the A retie Coastal Plain of NP R-A in July 1977 and July 
1978, respectively. Shorebirds represented 91% of the total 
in 1977 and 93% in 1978. Aerial surveys indicate that 
habitats up to 50 km inland from the Beaufort Sea have the 
highest concentrations of breeding water birds (King 1979; 
U.S. Fish and Wildife Service unpublished maps). Coastal 
areas in NP R-A from Cape Halkett to Barrow (Fig. 1) are 
especially imponant for breeding water birds, and for sorne 
it is the primary breeding range. Sorne river deltas a iso have 
higher densities of certain species than adjacent tundra 
habitats. 

Postbreeding congregations of water birds have been 
recorded in nearshore waters of the Beaufort and Chukchi. 
seas, and in freshwater lakes on the Arctic Coastal Plain. 
Shallow coastal lagoons protected by barrier islands are 
important to oldsquaws during molt in August and 
September. Johnson ( 1979) counted 106,000 birds in 
Simpson Lagoon 25 km west of Prudhoe Bay in September 
1977. Ongoing studies by our group indicate that tidal nats 
of barrier island Jagoons rich in Carex subspathacea and 
Puccinellia phryganodes attract up to 15,000 migrating 
black brant at ley Cape (Fig. 1) in la te August and 
September. 

Wetland Use 

Classes Ill (Shallow-Arcwphila) and IV (Deep-Arcto
phi/a) wetlands were the principal breeding habitat for 
loons, black brant. oldsquaws. white-winged scoters. and 

_ king eiders. These wetlands were characterized by dense 
stands of Arctophila fuh•a. This grass is a key habitat 
stimulus because it is used as food by grazing waterfowl. 
affords protective cover and nest material for loons, 

- provides substrate for aquatic invertebrates, and perhaps is 
important in cycling of nitrogen. phosphorus, and other 
nutrients (Kadlec 1979). Brood observations were most 
fre4uent in Clàss IV wetlands which may be related to the 

- greatest populations of a4uatic invertebrates and the most 
dense escape cover available among ali types. Patterson 
( 1976) determined that habitat requirements of duck broods 
included both escape cover and food availability. Kra pu and 

- Swanson ( 1975) noted thal aquatic invertebrates were a 
prime source of highly digestible protein which was 
especially important in the diet during early growth of 
pintails (Kra pu and Swanson 1977). 

The attractiveness of Deep-open (Ciass V) lakes, nonh
east ofTeshekpuk Lake, to moltinggeese seems to be related 
to abundant nutrient-rich sedges and grasses along shore

- lines and safety from predators provided by large expanses 
of open water. However. Deep-open lakes elsewhere in 
NPR-A were not intensively used by molting geese. Diving 

species such as red-throated loons, oldsquaws, and greater 
scaup were attracted to Deep-open lakes because of the 
availability of invertebrates and anadromous whitefish 
(Coregonus spp.). Resident ninespine stickleback ( Pungitius 
pungitius). blackfish (Da/lia pectoralis), and large popula
tions of Chironomidae larvae and Sphaeriidae mussels also 
were imponant to diving birds. 

Beaded Streams (Ciass VIl) were least abundant com
pared to other wetland types, but because pools often 
contained stands of Arctophila fu/va and submergent 
vegetation they were attractive to loons, white-fronted geese, 
oldsquaws. king eiders, and phalaropes. Breeding red
throated loons, whistling swans, and white-fronted geese 
tended to use these systems throughout the summer while 
pintails, oldsquaws, and king eiders exploited them only 
during June and July. Beaded Streams were important 
transponation corridors for larger water birds that had 
broods and were nightless. Movement over considerable 
distances, without travet across tundra where fox predation 
would occur, was possible between lakes connected by 
Beaded Streams. These streams also contribute to replace
ment of water lost through evaporation in larger basins. 

Class Il (Shallow-Carex) wetlands are probably the 
second most abundant type on the Arctic Coastal Plain of 
N PR-A. Because of the considerable variation in depth. size, 
and shape (Bergman et al. 1977) they received use by most 
water birds but seemed especially imponant to arctic loons 
and spectacled eiders with broods, oldsquaws. and phala
ropes. The most diverse taxa o( aquatic invertebrates was 
found in Shallow-Carex wetlands. where Cladocera made 
up 35% of ali organisms collected (Derksen et al. 1979a). 
Although individual types vary in value to birds. most 
species obtain breeding requirements by seasonally utilizing 
severa] different types. Decrease in Class Il wetland depth, 
as a re suit of evaporation. exposed sediments (Bergman et 
al. 1977) which we found to be favored feeding sites in late 
July and August for pectoral sandpipers, semipalmated 
sandpipers, black-bellied and American golden plovers, and 
ruddy turnstones. 

The most dominant and widely distributed wetland type 
in NPR-A was Flooded Tundra (Ciass 1). This type may 
make up as much as 50% of the total surface area of ali 
wetlands on the Arctic Coastal Plain in NPR-A. Class 1 
wetlands seemed to be the least important to ali water birds 
despite their tremcndous surface area. The duration of 
Flooded Tundra habitat is short because of the rapid Joss of 
standing water to evaporation and runoff. Loons. swans. 
and diving ducks were never pbserved on Flooded Tundra. 
Geese grazed on water-tolerant sedges and grasses in June 
but moved to Deep-open lakes during the wing molt. 
Bergman et al. ( 1977) suggested that this type seemed most 
important to phalaropes, and although we noted both red 
and northern phalaropes feeding in Flooded Tundra in early 
spring, our data revealed little use of this habitat by ali 
species. Flooded Tundra is important in the stability and 
dynamics of larger basins and is a major source of water for 
recharge of Classes Il, Ill, IV, and V wetlands that arefed by 
surface runoff. sheet now, or Beaded Streams. 



Management Recommendat ions 

Exploration for petroleum is expected to continue in 
N PR-A either und er the direction of the Federal Govern
ment or through lease sales to petroleum companies. If 
marketable quantities of petroleum are discovered it will be 
important to consider wetland habitats thal could be 
adversely affected during development and production. 
Impacts on wildlife resources in NPR-A, on about 58% of 
the Alaskan Arctic Coastal Plain, would be cumùlative with 
those on current production and explora tory leases covering 
more than 4,000 km2 between the Canning and Colville 
Ri vers (Fig. 1 ). Based on our quantitative assessment of the 
relative value of Arctic Coastal Plain wetlands to water 
birds. we offer the following recommendations for habitat 
protection and consequently the stability of populations. 

Weiler ( 1978) suggested that the best management for 
freshwater marshes may be through preservation to main
tain high productivity of characteristic flora and fauna. We 
support the recommendation of Bergman et al. ( 1977) to 
preserve large blocks of water bi rd habitats from petroleum 
development because of the Coastal Plain's homogeneous 
mosaic of wetland types and relatively uniform distribution 
of water birds. The only arctic preserve established, the 
William O. Douglas Arctic Wildlife Range(Fig. 1 ), contains 
Jess than 13% of the Arctic Coastal Plain province with only 
a narrow zone of wetland habitat along the Beaufort Sea. If 
leasing, exploration, and production plans are also evalu
ated in moderately large blocks, the subtle cumulative 
impacts associated with piecemeal development may be 
avoided. 

Deep-open lakes and adjacent wet sedge-grass meadows 
used by molting geese in the Cape Halkett area should be 
protected from ali exploration and development activities 
( Derksen et al. 1979b). Criteria for selecting otber conserva
tion units should include high-density or unique breeding, 
molting, and staging a reas; sites representative of different 
Coastal Plain physiographic sections; and areas that have 
additional wildlife and natural resource values (i.e. caribou 
range, fisheries, recreation potential). Primary considera
tion should be given to areas within a few kilometers of the 
coast, especially those with contingent barrier island lagoon 
systems and river deltas. 

Wetlands that support emergent Arctophila fu/va are 
important and vulnerable because of their relatively low 
abundance in NPR-A and their high use by water birds. 
Filling of wetlands, water extraction, or other develop
mental activities is likely to cause severe damage to Classes 
Ill, IV, and VI wetlands and Beaded Streams (Ciass VIl). 

Beaded Streams should not be diverted, channelized, or 
have constricting culverts emplaced because of their 
importance in maintaining water levels in contiguous ponds, 
lakes, and meadows (Craig and McCart 1975). If culvert 
crossings cannot be properly designed, use of bridges that do 
not alter stream hydrology would ensure greater protection 
of important habitat. Rolligon trails. grave! roadways, drill 
pads, facility pads, and airstrips should be carefully sited to 
a void wetlands, preferably on dry upland tundra. Roads and 
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pipeline pads should have structures to provide adequate 
cross-drainage of spring melt water and sheetflow, especially 
through wet meadows and in crossing drained lake basins. 
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Abstract 

During a 5-year study of the bird populations at Storkersen Point on the Alaska Coastal 
Plain, 25 of the 72 species observed were recorded as breeding. There are few residentspecies in 
an avifauna dominated by swimming and wading birds. To provide insight into habitat use 
and to devise systems for protecting key habitats, wetlands were classified on the basis of size, 
depth, vegetation, and water chemistry. The resulting eight classes then were related to bird 
use. 

To determine factors influencingdifferential use of classes ofwetlands, and to provide a basis 
for understanding the food relationships and problems of pollution of wetlands, invertebrate 
populations were examined in major freshwater wetlands. There is a strong relationship be· 
tween the presence of emergent Arctophila and Carex and high invertebrate populations. Peak 
populations coïncide with peak hatching of shorebirds and ducks. It is concluded from limited 
sampling of bird food habits that invertebrates constitute the major food source for many bi rd 
species on the Coastal ,Plain. 

Retention of large breeding populations of tundra birds is un certain with the disturbance and 
change that cornes with oil development. Foremost problems will be pollution ofthese wetlands 
with oil and wetland modification by impoundment or drainage due to road and pipeline 
systems. 

Based on the characteristics of the birds and their wetland resources, it is recommended th at 
preservation of tundra wetlands is vital to most breeding birds of the moist tundra. 
Preservation should include: (1) large tracts where no oil development occurs, (2) small and 
well-distributed units of about 42 km2 which should be left undisturbed but which should not 
prevent oil removal, and (3) protection of key production units from pollutants even in areas of 
intensive development for oil. 

2 Present address: U.S. Fish and Wildlife Service, Federal Building, Kansas City, 
Missouri 64106. 

3 Present address: Department ofBiology, Queens University, Kingston, Ontario, 
Canada K7L 3N6. 

4 Present address: Department of Entomology, Fisheries, and Wildlife, University 
of Minnesota, St. Paul, Minnesota 55108. 
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Introduction and Objectives 

Discovery and proposed removal of large oil and 
gas reserves on Alaska's Arctic Coastal Plain have 
prompted national concern over potential en
vironmental damage (Bartonek et al. 1971). Current 
industrial development is limited primarily to the 
vicinity of Prudhoe Bay, but activities are expanding 
rapidly as construction of the pipeline for transport
ing oil nears completion. Moreover, development of 
potential resources of National Petroleum Reserve 
No. 4 to the west of Prudhoe Bay was approved by 
Congress in 1975. 

The effects of petroleum exploitation on arctic 
faunas or habitats could be severe in this relatively 
simple ecosystem. Serious damage to tundra vegeta
tion resulta from mechanical disturbance of the 
surface layer which is subject to seasonal freezing 
and thawing. Although direct killing ofwildlife may 
be controlled in the area, the indirect and directeffect 
of human activity may be harmful to animal 
populations (Bartonek et al. 1971). The tundra 
ecosystem characteristically hasfew species but their 
populations oscillate widely. As a result, this system 
seems to be one that can exist only in large units 
(Dunbar 1973). 

The most conspicuous habitat feature of the moist 
coastal tundra is the presence of extensive wetlands 

OC> ~ 

th at cover 50 to 75% of the coastal plain (Black and 
Barksdale 1949). Although the ice-free season is 
short, these wetlands provide the principal attraction 
for many water-related birds such as sea ducks, geese, 
swans, loons, and shorebirds. Smalllakes and ponds 
probably are the most vulnerable part of the 
landscape because they represent discrete units that 
may collect pollutants, and both fauna and flora may 
be eliminated without conspicuous signs. 

The influence of oil spills on the invertebrate fauna 
and the flora of such areas could be extremely serious. 
Aquatic invertebrates seem to be a major food 
resource for breeding waterfowl (except geese), but 
information on either invertebrates or water-bird 
food habits from tundra areas is limited. Evidence 
from other habitats suggests that invertebrates 
provide a significant portion of the diet of young 
waterfowl of various species (Chura 1961; Bartonek 
and Hickey 1969; Sugden 1969; Bartonek 1972), as 
weil as an essential nu trient source for laying female 
ducks (Krull 1968; Bengtson 197la; Krapu 1974). 
Aquatic invertebrates are also a major source of food 
for shorebirds (Holmes and Pitelka 1968). 

The present study was established to assess 
populations ofwater birds in relation to their aquatic 
habitats in the Prudhoe Bay oil fields (Fig. 1). Specifie 
objectives were to: (1) determine the importance of 
this region to water birds, (2) derive a wetland 

: STORKERSEN PT. 
~~ PRUDHOE BAY 0 20 KM 

SAGA VAN 1 RKTOK 
RIVER 

1 1 1 

CANNING 
RIVER 

~ 
Fig. 1. Location of Storkersen Point study area (black insert) and zone of current intensive oïl 

development (shaded). 



classification system that identifies important 
relationships between birds and wetlands, (3) relate 
the seasonal abundance and availability of aquatic 
macroinvertebrates to use by water birds, and 
(4) provide recommendations for minimizing 
negative effects of petroleum development on water 
bi rd s. 

This project was part of the Trans-Alaska Pipeline 
Investigations conducted by River Basins Studies 
(now Ecological Services) of the U.S. Fish and 
Wildlife Service. Field seasons extended from about 
1 June to mid-August each year except 1975 when 
field work ended in lateJuly. Bergman wason the site 
from 1971-1973 and partof1974, Howard during 1972 
and 1973, and Abraham during 1974 and 1975. 
Assistants included R.F. Bartels (1971 and 1972), D. 
Janke (1974), and D. V. Derksen (1975). This 
manuscript constitutes major parts of a Ph.D. 
dissertation by Bergman (1974), and M.S. theses by 
Howard (1974) and Abraham (1975) at Iowa State 
University. Weiler supervised this work from 1971 to 
1974 while employed at Iowa State University and 
during 1975 while at the University of Minnesota. 

Key individuals involved in the initiation and 
facilitation of the program were: L. W. Sowl, C. D. 
Evans, M. A. Monson, J. L. Haddock, and J. C. 
Bartonek. Many other persans aided the program and 
their help is sincerely appreciated. 

We are indebted to numerous individuals who took 
time from busy schedules to comment on an earlier 
draft of this manuscript: J. C. Bartonek, D. V. 
Derksen, T. Dwyer, C. D. Evans, R. T. Holmes, K. 
Hussey, B. Kessel, C. Lensink, P. Meyers, H. Nelson, 
F. Pitelka, and L. W. Sowl. However, we assume total 
responsibility for the final statements. 

Robert D. Bergman, Larry Haddock, and Leonard 
Boughton of the U.S. Fish and Wildlife Service and 
their pilot, Robert Johnson, were lost when their 
plane went down during aerial surveys in south· 
central Alaska in the fall of 197 4. It is sincerely hoped 
that the results and recommendations presented here 
will help reduce the potential damage that concerned 
these dedicated men. 

Study Area 

The study site is near Storkersen Point (Lat. 
70°24'N, Long. 148°43'W) on the Arctic Coastal Plain 
adjacent to the Beaufort Sea (Fig. 1). Field quarters 
and landing strip were afforded by an abandoned 
DEW-line site at the eastern edge of the study area 
known as Point Mclntyre. The climatic regime of the 
summer months is reflected in data on snow cover 
and physical characteristics (Table 1). 
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Efforts were confined mainly to an 18·km2 area 
bordering the Beaufort Sea coast on the north and 
extending inland 7 km. A capped well is present at 
Storkersen Point, but, as of 1975, majoroil operations 
were 20 km southeast near Prudhoe Bay. The 
Kuparuk and Saga vanirktok Ri vers form large deltas 
about 8 km west-northwest and 25 km east· 
southeast, respectively, of Storkersen Point (Fig. 1). 
The region is part of what Pitelka (1974) termed the 
Central River Sectorofthe North Slope. Elevations in 
the study area range from sea level at coastallagoons 
to 10 rn on surface residuals a few kilometers inland. 
The Retum Islands form a barrier that affords sorne 
protection to the shoreline from wind and sea ice. 

The coastal plain is an unglaciated, emergent 
region of the continental shelf and has low relief and 
poor drainage. Total area exceeds 65,000 km 2, and 
the east-west length is about 800 km. Typical relief 
features are numerous lake basins, polygonal ground, 
ice-cored mounds (pingos), and relief characteristics 
of streams and gentle slopes (Hussey and Michelson 
1966). Surficial materials on the study area and most 
of the coastal plain are marine silts, sands, and 
gravels of the Pleistocene Gubik Formation (Payne et 
al. 1951 ). 

The Arctic Slope is underlain with permafrost to 
depths of508 rn (Wahrhaftig 1965; Brooks etal.1971), 
portions of which may be products of earlier climates 
(Pewe 1967). North of the Brooks Range, precipitation 
is as low as 10.2 cm annually, but arid surface 
conditions are prevented by low evaporation and 
transpiration rates and by the lack of subterranean 
drainage because of permafrost (Johnson and Hart
man 1969). The Arctic Slope is further characterized 
by poor soils (Everett 1975) and tundra vegetation of 
low growth form (Spetzman 1959; Wiggins and 
Thomas 1962; Nieland and Hok 1975; Webber and 
Walker 1975). ln spring, water from rapidly melting 
snow flows over frozen surfaces and fills the 
numerous shallow thaw lakes and ponds, streams, 
and rivers (Irving 1972). As summer progresses, the 
active layer thaws to a depth ranging from 15 cm to 
3.66 rn, depending on soil type, exposure, drainage, 
and climate. Standing water disappears from sorne 
depressions late in July, but the percentage of the 
surface area covered by wetlands remains high. 

Thaw basins on the Arctic Coastal Plain may form 
wherever water accumulates on the surface due to 
restricted drainage (Carson and Hussey 1962). 
Basins originate in low-center polygons and at 
junctions of ice wedges. W a ter impounded in these 
depressions is heated by insolation in summer and 
thaws the ground ice below. Alterna ting processes of 
freezing, thawing, and water movement enlarge and 
deepen the basins. As the basins enlarge, breaching 
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Table 1. Weather data and phenological events at the Storkersen Point study area from about 1 June to 
15 August each year except 1975 when field work ended in late July. 

1971 

Mean temperature (C) (1 June-14 Aug.) 
Daily average 5.0 
Daily minimum 1.1 
Daily maximum 7.8 

Extreme temperature (C) 
High 23.3 
Low -3.3 

Wind 
Prevailing direction ENE 
Mean velocity (km/h) 17.7 
Highest steady velocity (km/h) 56.3 

Sky condition (Percent) 
Clear-partly cloudy 50 
Overcast 35 
Fog 15 

,_ Snow cover (Date) 
50 percent 3 June 
Small wetland ice-free 8 June 
Largest lake (60 ha) 

Ice-free 22 June 

of shorelines by thawing results in fusion or in 
drainage. Much of the coastal plain land surface is 
rnarked by numerous such drained basins in which 

·-second generation wetlands have formed in the 
bottom of the drained lake (Livingstone et al. 1958). 

Based on size and shape differences of thaw lakes, 
-::arson and Hussey (1962) divided the coastal plain 

into eastern and western sections, separated by a 
'>oundary paralleling the Colville River at ap· 
>roximately longitude 152°W. In the eastern section, 

_vhich included the study area, wetlands generally 
range from about 3 rn to rarely more than 1.6 km in 
1'i!ngth. In the western section, wetlands frequently 
xceed 1.6 km and severa} are more than 13 km long. 

- Thaw lakes commonly are elongate with the long 
axis oriented 10 to 15 degrees west of true north. 
·.ccording to Carson and Hussey (1962), regularity in 
asin orientation is caused by a system of circula ting 

't!\lrrents set up in the lakes by prevailing northeaster· 
ly winds. 

1972 1973 1974 1975 

2.8 3.3 2.8 
0.6 0.6 0.6 -1.1 
5.0 5.6 5.6 4.4 

15.6 24.4 26.1 21.1 
-4.4 -2.8 -8.3 -6.7 

ENE NE NE NE 
19.3 16.1 
64.4 56.3 

40 40 47 
35 45 37 
25 15 17 

10 June 3 June 10 June 10 June 
15 June 10 June 18 June Il June 

2 July 1 July 8 July 2 July 

Part I-Bird Populations 

Procedures 

Numbers of waterfowl (Anatidae), loons 
(Gaviidae), phalaropes (Phalaropodidae), sand pi pers 
(Scolopacidae), plovers (Charadriidae), and jaegers 
(Stercorariidae) were appraised by weekly or biweek
ly cens uses conducted by two or three men. Birds were 
counted on two 2.6-km2 plots in 1971, and a third plot 
was added during the period 1972 to 1975. The three 
areas were sections 13, 24, and 25 ofR 13 E, T 12 N, 
Umiat meridian, as shown on the 1970 U.S. 
Geological Survey maps 25611 NW and 2561 SW (Fig. 
2). Recause home ranges of whistling swans (Olor 
columbianus) were larger than the census plots, swan 
densities were estimated from observations on an 18-
km2 area frequently traversed by the investigators. 
Other birds were counted on a strip 8 km long and 
100 rn wide in 1971 and on nine widely spaced 
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quadrats of the same length but 200 m wide totaling 
1.6 km2 in 1972 through 1975 (Fig. 2). 

Although no attempt was made to find ali nests, 
those found in the study area were marked with a 
garden wand and the location was recorded on a map. 
During 1971-73, nests Wt;!re rechecked approximately 
weekly to determine elu teh size and nest success. Any 

- nest in which one egg or more hatched was considered 
successful. 

Nesting Species 

W ater-related birds dominated the bird fauna near 
Storkersen Point. Of the 25 species that nested in the 
study area, 11 were swimming birds (waterfowl, 
loons, and phalaropes), and 4 were wading birds 
(sandpipers). In addition, black-bellied plovers 
(Pluvialis squatarola), jaegers (Stercorarius), and 
glaucous gulls (Larus hyperboreus) occasionally used 
water areas. Lapland longspurs (Calcarius lap
ponicus) and snow buntings (Plectrophenax nivalis) 
were the only breeding passerines, primarily because 

brush and shrub habitats used by other species on the 
Arctic Slope (Kessel and Cade 1958; Pitelka 1974) do 
not exist on this portion of the coastal plain. 

Eighteen of the 25 species of nesting birds arrived 
when snow covered more than 75% of the tundra 
(Table 2). Water used by black brant (Branta 
nigricans), ducks, and red phalaropes (Phalaropus 
fulicarius) at this time was in tundra depressions or 
partially thawed ponds. Terrestrial or grazing birds 
occupied snow-free patches oftundra. The arctic loon 
(Ga via arctica) and red-throated loon (Ga via stellata) 
were among the last birds to arrive. 

Bef ore the ice had melted at Storkersen Point, water 
birds gathered in nearby staging areas where water 
was available. Each year, arctic loons, red-throated 
loons, and king eiders (Somateria spectabilis) concen
trated in deltas of the Sagavanirktok and Kuparuk 
Ri vers and adjacent zones of the Beaufort Sea where 
rivers carried melt water to the coast from the 
phenologically advanced Arctic Foothills and in
terior coastal plain. An extensive zone partially free 
of snow and ice also surrounded oil facilities a few 

Table 2. First sighting of 25 species of breeding birds in relation to spring thaw, based on observations from 
30 or 31 May each year, 1971-75, at Storkersen Point. 

Species 

Whistling swan (0lor columbianus) 
Glaucous gull (Larus hyperboreus) 

• Lapland longspur (Calcarius lapponicus) 
White-fronted goose (Anser albifrons) 
Dunlin (Calidris alpina) 
Baird's sandpiper (C. bairdii) 

• Semipalmated sandpiper (C. pusilla) 
Ruddy tumstone (Are na ria interpres) 
Snow hunting (Plectrophenax nivalis) 
American golden plover (Pluvialis dominica) 

- Oldsquaw (Clangula hyemalis) 
Pectoral sandpiper (Ca/idris melanotos) 
Pintai! (Anas acutaj 
Black-bellied plover (Pluvialis squatarola) 

_ Parasitic jaeger (Stercorarius parasiticus) 
King eider (Somateria spectabilis) 
Red phalarope (Phalaropus fulicarius) 
Black brant (Branta nigricans) 

_ Long-tailed jaeger (Stercorarius longicaudus) 
Northern phalarope (Lobipes lobatus) 
Red-throated loon (Gavia stellata) 
Arctic loon (Gavia arctica) 
Spectacled eider (Somateria fischeri) 
Buff-breasted sandpiper (Tryngites subruficollis) 
Long-billed dowitcher (Limnodromus scolopaceus) 

a Birds on study area when investigators arrived on 30 or 31 May. 

Maximum 
Range of snow 

arrivai cover 
dates (Percent) 

a >90 
ato 1 June >90 
ato 1 June >90 
a to 3 June > 90 
ato 3 June >90 
ato 3 June >90 
ato 4 June >90 
a to 4 June >90 
a >90 
a to 5 June >75 
a to 5 June >75 
a to 5 June >75 
ato 7 June >75 
ato 7 June >75 
a to 3 June >75 
1 to 5 June > 75 
1 to 8 June >75 
2to 3 June >75 
2 to 11 June >75 
2 to 11 June 50-75 
5 to 11 June 25-50 
7 to 12 June 25-50 
7 to 16 June 25-50 
7 to 16 June 0-25 

16 to 29 June 0-10 



kilometers south at Prudhoe Bay, but this early 
melting was probably caused by road dust covering 
the snow (Benson et al. 1975). 

Of the total number of birds in the study area each 
spring (Table 3), shorebirds (plovers, sand pi pers, and 
phalaropes) made up 60 to 70%, and waterfowl 
represented about 15%. Red phalaropes were most 
abundant, ranging from 15 to 37 birds per km2 in 
June. Among waterfowl, densities of pintails (Anas 
acuta}, oldsquaws (Clangula hyemalis), and king 
eiders were highest, but about 80% of the pintails were 
males, suggesting that most were nonbreeders. Only 
two pintail nests were found, both in 1973 when the 
Prairie Pothole Region was dry, and no broods were 
seen. Pitelka (persona! communication) indicates 
that breeding of pintails is more regular in the Point 
Barrow area. Nonbreeders formed approximately 50 
to 75% of the black brant and white-fronted goose 
(Anser albi{rons) populations in June. Lapland long· 
spurs varied from 10 to 49 birds per km2 and 
constituted the dominant upland bird. 
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Nest initiation by summer residents closely fol· 
lowed their arrivai (Table 4). Whistling swans, 
semipalmated sandpipers (Calidris pusilla), and 
Lapland longspurs began nesting first, and loons and 
buff-breasted sandpipers (Tryngites subru{icollis) 
started last. Laying was late in 1972 (Table 3), 
especially for early nesters, due to a delay of 
approximately 1 week in thawing of snow and ice in 
nesting habitats. Nesting occurred mainly during 
periods shown in Fig. 3. Because no attempt was 
made to find ail nests in the study area, numbers 
shown in Table 4 give only a relative index of nest 
densities for the majority of species. Red phalaropes 
and semipalmated sandpipers nested in the highest 
densities. Pectoral sandpipers (Calidris melanotos) 
and dunlins (Calidris alpina) undoubtedly nested in 
larger numbers than indicated in Table 3, but females 
usually flushed so far from investigators that they 
could not locate the nest. All nests of loons and 
whistling swans and most nests of eiders and white
fronted geese probably were found during the study, 

Table3. Range of densities of 24 species of breeding birds as shawn by lowest and highest values recorded in 
June, July, and August 1971-75. 

No. per km2 

June July 1-15 August 

Species Low High Low High Low High 

Arctic loon 0.0 1.6 1.0 2.9 1.6 2.2 
Red·throated loon 0.0 1.6 0.1 1.6 0.1 1.6 
Whistling swan 0.0 0.1 0.0 0.5 0.0 0.4 
Black branta 0.0 5.1 0.0 2.0 0.0 0.0 
White·fronted goosea 0.3 1.6 0.0 2.0 0.4 8.6 
PintaiJb 0.3 7.8 0.0 6.6 8.6 21.1 
King eider 0.3 8.9 0.1 3.5 0.4 1.2 
Spectacled eider 0.0 1.8 0.0 0.4 0.0 0.6 
Oldsquaw 0.3 5.1 1.2 4.3 0.1 9.0 
American golden plover 0.1 3.8 0.0 3.5 0.0 5.9 
Black·bellied plover 0.0 0.6 0.1 1.6 0.4 2.3 
Ruddy turnstone 0.0 3.2 0.0 0.4 0.0 0.4 
Buff-breasted sandpiper 0.0 10.0 0.0 3.0 0.0 3.2 
Pectoral sandpiper 3.8 22.0 2.5 19.0 8.0 40.4 
Dun lin 9.0 21.2 0.0 20.0 5.0 16.0 
Baird's sandpiper 0.0 4.0 0.0 6.0 0.4 5.0 
Semipalmated sandpiper 11.0 20.0 8.0 47.0 2.0 17.3 
Red phalarope 15.6 37.0 3.2 32.0 8.0 83.9 
Northern phalarope 0.0 5.0 0.0 3.0 0.0 53.2 
Parasitic jaeger 0.4 0.5 0.1 1.2 0.0 0.8 
Long-tailed jaeger 0.0 0.4 0.0 0.4 0.0 0.4 
Glaucous gull 0.1 0.2 0.3 0.3 0.3 0.3 
Lapland longspur 10.0 48.8 6.0 10.0 2.0 5.1 
Snow hunting 0.0 3.0 0.0 4.0 0.0 5.0 

a Nonbreeders made up 50 to 75% of the population in June. 

b Nonbreeders made up more than 90% of the population in June. 
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Table 4. Estimated date of first egg laying and clutch size of birds at Storkersen Point, 1971-73. 

No. 
Est. date first 

egg laid in June 
of 

Species nests 1971 1972 

Arctic loon 42 20 23 
Red-throated loon 28 18 25 
Whistling swan 4 1 12 
Black brant 11 5 18 
White-fronted goose 8 5 15 
Pinta il 2 - -
King eider 32 8 19 
Spectacled eider 3 - 21 
Oldsquaw 16 9 19 
Golden plover 13 7 22 
Black-bellied plover 1 - 20 
Ruddy turnstone 1 - 20 
Buff·breasted sandpiper 4 17 24 
Pectoral sandpiper 2 23 26 
Dun lin 9 20 7 
Baird's sandpiper 5 - 10 
Semipalmated sandpiper 34 4 8 
Red phalarope 46 14 15 
Northern phalarope 2 14 20 
Parasitic jaeger 7 14 16 
Long·tailed jaeger 4 18 18 
Glaucous gull 3 - -
Lapland longspur 15 2 7 
Snow hunting 8 9 12 

because incubating birds were conspicuous and 
considerable time was devoted to this effort. Data on 
clutch size shown in Table 4 represent those nests in 
which egg numbers did not change on subsequent 
nest checks made about 1 week a part. A red phalarope 
nest containing eight eggs is not included in Table 4, 
because two females probably laid in the nest. 

The number of avian predators such as jaegers, 
glaucous gulls, and common ravens (Corvus corax) 
did not appear to vary over the 5 years. Most 
predation seemed to be by arctic foxes (Alopex 
Lagopus) which were present each year but could not 
be counted. Losses of eggs ofloons, eiders, shorebirds, 
and jaegers were lowest in 1972 when there were 
fewer sightings of foxes (Table 5). One gray wolf 
(Canis lupus) was observed in 1974, and one barren 
ground grizzly bear (Ursus horribilis) was seen in 
1975. 

ln addition to recruitment of young, emigration 
and immigration ofbirds influenced composition and 
densities (Table 3) of populations in the postnesting 
period. Changes were most noticeable for sexually 
dichromatic species. Male king eiders and spectacled 
eiders (Somateria fischeri) abandoned their mates in 
late June or early July and migrated ,to sea; females 
unsuccessful at nesting left by August. Male old· 
squaws moved to the coastal waters of the Beaufort 

Clutch size 

1973 Mean Mode Range No. 

21 2.0 2 -2- 23 
21 1.8 2 1-2 21 
- 3.0 3 -3- 3 
12 5.0 5 -5- 4 
9 4.7 4 3-8 7 
8 6.0 6 6 1 

10 4.5 4 2-7 17 
- 4.5 4-5 4-5 2 
23 6.7 7 ~7 3 
9 3.8 4 3-4 10 

- 4.0 4 4 
- 4.0 4 4 1 
22 3.8 4 3-4 4 
- 4.0 4 -4- 2 
10 4.0 4 -4- 7 
- 3.6 4 3-4 5 
6 3.9 4 3-4 29 

15 3.8 4 3-4 30 
- 4.0 4 -4- 2 
10 2.0 2 -2- 7 
12 2.0 2 -2- 4 
10 3.0 3 -3- 2 
1 5.6 6 3-7 9 

10 6.0 6 -~ 2 

Sea in mid-July to pass their flightless stage. 
However, numbers of oldsquaw increased on the 
study area in August, because females without young 
grouped on a large lake during their annual wing 
molt. Female red phalaropes gathered in large flocks 
and emigrated in late June or early July, and most 
adult males were gone by August. Large flocks, 
presumed to be mainly juveniles, reappeared in 
August in sorne years. Increased densities of white
fronted geese and pintails in August (Table 3) 
resulted from an influx of postmolting birds. 

The latest observations were made on 1 and 2 
September 1973 when loons, swans, and female 
oldsquaws occupied the same wetlands they used in 
August, and flocks of pectoral sandpipers and snow 
buntings (Plectrophenax nivalis) were common. 
Numbers of other species, however, were con
siderably reduced from summer levels. Species not 
seen in September included ruddy turnstone 
(Arenaria interpres), buff-breasted sandpiper 
(Tryngites subruficollis), Baird's sandpiper (Calidris 
bairdii), semipalmated sandpiper, and long-tailed 
jaeger (Stercorarius longicaudus). Few red 
phalaropes were on the study area, but severa} groups 
of immatures occupied coastal waters of the Beaufort 
Se a. 
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Whistling Swan 1 
2 

1 
Lapland Longspur 2 

3 

Semipalm, Sandpiper, 1 
2 

Dunlin; Baird's Sandpiper 3 

Black Brant; White - 1 
2 

fronted Goose 3 

Golden Plover; Black-b. 1 
2 

Plover: Rud. Turnstone 3 

Pintai!; Glaucous Gull 3 

King Eider; Spectacled 1 
2 

Eider; Oldsquaw 3 

Snow Bunting 
1 
2 
3 

Parasitic Jaeger; 1 
2 

Long -tailed Jaeger 3 

Red Phalarope; 1 
2 

Northern Phalarope 3 

Pectoral Sandpiper; 1 
2 

Buff- br. Sandpiper 3 

Arctic Loon; 1 
2 

Red -thr. Loon 3 

1 1 1 1 1 1 1 1 1 1 1 1 1 
1 = 1971 1 10 20 1 10 20 30 
2 = 1972 JUNE JULY 
3 = 1973 

Fig. 3. Chronology and duration of nesting at Storkersen Point, 1971-73. 
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Table 5. Estimates of nest success and production for birds in the Storkersen Point area, 1971-73. 

1971 

Percent 
nest Average 

success young 
Species (No.) per km2 

Arctic loon 28(14) 0.4 
Red-throated loon 33(6) 0.3 
Whistling swan 100(1) 0.2 
Black brant 0(4) -
White-fronted goose 100(1) 0.6 
Pintail - -
King eider 0(3) 0.4 
Spectacled eider - -
Oldsquaw 0(4) -
Golden plover 25(4) 0.4 
Black-bellied plover - 0.2 
Ruddy tumstone - -
Buff.breasted sandpiper 0(1) -
Pectoral sandpiper 0(1) 0.4 
Dun lin 0(2) 1.6 
Baird's sandpiper - 0.4 
Semipalmated sandpiper 18(13) 2.3 
Red phalarope 17(23) 2.3 
Northern phalarope 0(1) 0.4 
Parasitic jaeger 0(2) -
Long-tailed jaeger 0(1) -
Glaucous gull 100(1) 0.2 
Lapland longspur 0(4) 1.2 
Snow hunting 67(3) 0.8 

--
Total 12.1 

Visitors 

In addition to the 25speciesofbirds known to breed 
at Storkersen Point, 4 7 species ofbirds were observed 
but not found nesting (Table 6). Sorne obviously 
visited from nearby nesting or roosting areas: 
Canada goose (Branta canadensis), lesser snow 
goose (Chen caerulescens), common eider (Somateria 
mollissima), glaucous gull, arctic tern, and common 
ra ven. Based on brood sightings, a few Canada geese 
nested on the mainland about 10 to 15 km south of 
Storkersen Point and in the Kuparuk River delta. In 
1973, nests of 40 lesser snow geese were found on 
Howe Island in the Sagavanirktok River delta. The 
colony seemingly was firstestablished in 1971 (Gavin 
1975) and is the only known nesting colony oflesser 
snow geese on the North Slope of Alaska although 
single pairs were known to nest (King 1970). Co mm on 
eiders, king eiders, glaucous gulls, and arctic terns 
nested on gravel islands a few kilometers off the 
mainland coast (Schamel 1974). Although snowy 

1972 1973 

Percent Percent 
nest Average nest Average 

success young success young 
(No.) per km2 (No.) per km2 

92(12) 0.7 53(15) 0.6 
78(9) 0.6 45(9) 0.4 

100(1) 0.2 100(1) 0.2 
0(2) - 0(2) 

100(4) 1.4 50(2) 0.5 
- - 0(2) 

15(13) 1.6 0(16) 0.4 
50(2) 0.2 0(1) 

0(6) 0.3 0(6) 
60(5) 1.0 33(3) 0.6 

100(1) 0.2 - 0.2 
0(1) 0.2 

50(2) 0.4 0(1) 

- 2.7 - 3.9 
100(4) 13.3 33(3) 9.8 
67(3) 2.0 0(1) 1.2 
88(8) 3.9 75(4) 6.6 
80(10) 11.7 25(8) 6.6 

- 0.4 - 0.4 
100(2) 0.6 50(2) 0.2 
100(1) 0.2 0(1) 
100(1) 0.2 
80(5) 3.1 67(6) 5.9 

100(3) 0.8 100(2) 0.8 

- -
45.7 38.3 

owls (Nyctea scandiaca) were observed in all months 
of the study, their occurrence was irregular during 
weekly censuses. 

Discussion 

The bird fauna near Storkersen Point reflects the 
preponderance of aquatic habitats as opposed to the 
scarcity of other a vian habitats. Only 25 of72 species 
nested on or near the study area. Of these, 20 species 
were water-related birds (loons, waterfowl, shore
birds, and gulls). The only terrestrial birds observed 
nesting on the study area were lapland longspurs and 
snow buntings, probably because tall brush and 
dwarf shrub habitats used by other species (Kessel 
and Cade 1958) did not exist on this portion of the 
coastal plain. Neither snowy nor short-eared owls 
nested on the area during this study but snowy owls 
hunted in the area and may nest in high lemming 
years. 



The number and composition of breeding birds 
near Storkersen Point is comparable to information 
published about other arctic coastal tundra areas. 
Kessel and Cade (1958) listed 51 species in thecoastal 
region, but at least 15 were considered rare and 
sporadically distributed. Andersson (1973) reported 
30 species possibly nesting at Nuvagapak Point, 
270 km east on the Beaufort Sea coast, and status 
and densities of birds were similar to birds found in 
this study. Gavin (1975) observed 67 species on the 
en tire plain and suggested sorne breeding by at !east 
23 species. A thorough analysis of published data 
through 1974 by Pitelka (1974) indicates that, of 97 
species known to breed on the entire North Slope, 44 
species breed regularly on the coastal zone. However, 
only 22 breed regularly at Point Barrow and 13 breed 
occasionally. 

The apparent geological and vegetational 
homogeneity of the coastal plain in the Prudhoe Bay 
tundra indicates that numbers and status ofbirds at 
Storkersen Pointis fairly representative of the region. 
Studies just a few kilometers inland (Norton et al. 
1975) reflect similardominant breeding birds but also 
sorne casual migrants that we did not observe on the 
coastal areas. Number of species probably is even 
higher along inland river valleys where habitat 
diversity is greater, but coastal areas, of which the 
Arctic Coas tai Plain habitat at Storkersen Pointis an 
important segment, are exceptionally valuable to 
breeding birds such as black brant, king eiders, 
oldsquaws, and many shorebirds. 

Part II-W etland Types in Relation to 
Water Birds 

Procedures 

Physical and vegetational characteristics of 
aquatic habitats were appraised during la te June and 
early August of 1972 and 1973. Wetlands (defined 
here as clearly-defined basins holding water part of 
the summer) sampled were those encountered while 
walking along seven east-west !ines spaced ap
proximately 1 km apart; four ofthese transects were 
3.2 km long and three were 1.6 km long. ln August 
1972, measurements of water depth and plant 
distribution were made in ali wetlands within the 
7.8 km2 areas used to census loons and waterfowl. 
Sampling procedure in 1972 involved determining 
water depths, hydrogen ion concentration (pH), and 
free carbon dioxide. Water depths, recorded as the 
distance from water surface to the surface of basin 
sediments, were measured 1 m from the eastern and 
western shores and in the center of the basin. The two 
shoreward measurements and two measurements in 

Il 

the center of the basin were used to calculate mean 
water depth of each wetland. Hydrogen·ion concen
tration was determined with a Hach pH Kit (Mode! 
17-N)1• ln 1973, specifie conductance of surface water 
was measured in 18 ponds with a Hach Conductivity 
Meter (Mode! 2510) that recorded in micromhos per 
centimeter. Temperature was recorded in ponds of 
different sizes with Marshalltown Mode! 1000 
continuous-recording thermographs. 

In June 1972, two !ines were established across 
each wetland in east· west and north-south directions, 
and the presence or absence of various plants was 
recorded at 10-cm intervals along each line. During 
August of 1972, visual estimates were made of the 
percentage of each wetland supporting vegetation. 

Use of wetlands by loons and waterfowl was 
appraised by weekly or biweekly ground surveys via 
the same techniques used for assessment of pop
ulations of small birds. Base maps prepared fr9m the 
U.S. Geological Survey 1:24,000 series Orthophoto
map (Topographie) were used to record locations of 
water birds. 

Characteristics of Wetlands 

Characteristics of wetlands useful in deriving a 
classification system were size, depth, species, and 
abundance of vascular aquatic plants and water 
chemistry. Data on thermal regimes also were 
collected. 

Size and deptk.-Wetlands near Storkersen Point 
varied from small, flooded tundra depressions a few 
meters long to open lakes or marshy, partially
drained lake basins over 1 km long. Stilllarger lakes 
were prominent further inland and in the western 
part of the plain. Depths ranged from a few cen
timeters in flooded tundra to a maximum of 1.1 rn in 
the larger lakes. Flooded depressions and small, 
shallow ponds rimmed with sedge (Carex aquatilis) 
were the most numerous wetlands, representing 
nearly one-half of the total wetland area during the 
period of available aquatic habitat. Their small size 
lessened their use by large water birds. Large lakes 
and marshy areas in partially-drained basins provid
ed the largest units of permanent aquatic habitat. 

The relationship between surface area and water 
depth of wetlands (Fig. 4) revealed that mean depth of 
the smaller classes of first generation basins in
creased directly with increasing surface area. The 
relationship was Jess predictable in the large size 
classes because of partial drainage of these wetlands 
or union with adjacent basins lying at a lower level. 

•Reference to trade names does not imply Govemment 
endorsement of commercial products. 



Table 6. Birds observed at Storkersen Point that did not nest in the study area. 

..... 
Maximum t>:) 

Date of first observation number 
Species 1971 1972 1973 1974 1975 Statua a seen 

Common loon (Gauia immer) - 2 July - - 6 June E 6 
Yellow·billed loon (G. adamsii) - 4 June - Il June - c 4 
Canada goose (Branta canadensis) 19 June 4 June 4 June 12 June 16 June A 110 
Lesser snow goose (Chen caerulescens) 4 June 4 June 8 June 8 June 29 June A 105 
Mallard (Anas platyrhynchos) 4 June 2 Aug. 20 June 13 June - c 5 
American wigeon (A. americana) 2 June 9 June 2 June 31 May - c 145 
Northern shoveler (A. clypeata) - - 9 June - - c 10 
Green-winged teal (A. crecca carolinensis) 4 June 8 Aug. 6 June - - c 65 
Greater scaup (Aythya marita) 4 June - 14 June - 18 June c 7 
Common eider (Somateria mollissima) 7 June - 9 June 30 May 3 June A 3 
Steller's eider (Polysticta stelleri) 8 June 12 June 7 June - - c 36 
Surf scoter (Melanitta perspicillata) 7 June 1 July 25 June 7 July - c 66 
Red-breasted merganser (Mergus serrator) - 28 June - 7 July - c 2 
Rough-legged hawk (Buteo lagopus) 5 Aug. 29 June 8 June - - c 5 
Golden eagle (Aquila chrysaetus) - 9 July - - 28 July c 1 
Peregrine falcon (Falco peregrinus) 27 June 27 J•Jiy Il July - - c 5 
Rock ptarmigan (Lagopus mutus) - h b - - D 17 
Semipalmated plover (Charadrius semipalmatus) - - 8 June - - c 1 
Common snipe (Capella gallinago) 4 June - - - - c 1 
Lesser yellowlegs (Tringa flauipes) - - 6 June - - c 1 
Stilt sandpiper (Micropalama himantopus) 30 July l Aug. 24 July 2 Aug. - B 180 
Whimbrel (Numenius phaeopus) - - - - 17 July c 1 
White-rumped sandpiper (Ca/idris fuscicollis) 2 June - - - - c 20 
Bar-tailed 'godwit (Limosa lapponica) - 4 June - - - c 2 
Pomarine jaeger (Stercorarius pomarinus) b 2 June 1 June 31 May 3 June B 180 
Thayer's gull (Larus thayeri) - 15 June 9 Aug. - - c 2 
Sabines's gull (Xema sabini) 6 June 6 June 4 June 9 Aug. - c 50 
Arctic tern (Sterna paradisaea) 4 June 9 ,June 5 June 5 June 7 June A 250 
Murre (Uria sp.) 20 July - - - - E 30 
Tufted puffin (Lunda cirrhata) - 12 Aug. - - - E 1 
Snowy owl (Nyctea scandiaca) b b b b b B 40 
Short-eared owl (Asio flammeus) b 3 June 4 June 11 June 4 June c 21 
Horned lark (Eremophila alpestris) - - 6 June - - c 2 
Cliff swallow (Petrochelidon pyrrhonota) 7 June - - - 7 June c 1 
Bank swallow (Riparia riparia) - 9 June - - 5 June c 1 
Common raven (Coruus corax) b 16 June 5 June 30 May 5 June B 150 
American robin (Turdus migratorius) - - b - - c 1 
Wheatear (Oenanthe oenanthe) - 8 June - - 1 July c 1 
Yellow wagtail (Motacilla flaua) - 5 July - - - c 1 
Water pipit (Anthus spinoletta) - - - - 7 June c 1 

Continued 



Table 6. Birds observed at Storkersen Point that did not nest in the study area.-Continued 

Date of first observation 
·~l' 

Species 

Wilson's warbler (Wilsonia pusilla) 
Red poli ( Acanthis sp.) 
Savannah sparrow (Passerculus sandwichensis) 
Dark-eyed junco (Junco hyemalis) 
Tree sparrow (Spizella arborea) 
White-crowned sparrow (Zonotrichia leucophrys) 
Fox sparrow (Passerella iliaca) 

1971 

2 June 

aStatus: A = Visitor from nearby nesting or roosting sites. 
B = Regular summer visitor. 
C = Casual or accidentai visitor. 
D = Winter visitor. 

1972 

2 June 

4 June 
2 June 
9 June 

E = Individuals observed over coastal water of the Beaufort Sea. 
- =Not seen. 

b Birds on study area when investigators arrived on 30 or 31 May. 

·~,· 

1973 1974 

1 Sept. -
6 June 8 June 

11 June -
5 June 

5 June 2 June 
- -
- -

1975 

-
8 June 
9 June 

-
-
-
-

Statusa 

c 
c 
c 
c 
c 
c 
c 

Maximum 
number 

seen 

1 
100 

4 
1 
2 
2 
1 

..... 
w 
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Fig. 4. Relationship between mean water depth and surface area offirst and second generation wetlands, 2-8 August 1973. 
Sample size shown by points. 

In contrast, second generation wetlands formed in 
drained basins showed a unifonn increase in mean 
depth as basin area increased. Presumably, drainage 
of these newer basins was rare because of their low 
elevation. 

First generation wetlands can attain considerable 
size before drainage occurs. Severa! lakes of more 
than 150 ha and more than 1.5 rn deep occurred 
within 10 km of the study site. Consequently, the 
depth-area curve for th at region would differ marked· 
ly from Fig. 4. 

Factors other than drainage also contributed to 
variations in the direct relationship between basin 
area and water depth. Carson and Hussey (1962) 
ascribed differences in depth of similar size thaw 
lakes near Barrow, Alaska (Lat. 71 °20'N, Long. 
156°50'W), to irregularities in ground ice distribution, 
particle size of sediments, and individual basin 
histories. In the Storkersen Point area, a noticeable 
cause was recent coalescence of two or more basins 
which, in effect, increased surface area relative to 
water depth. 

Vascular aquatic p/ants.-Distribution of 
vascular plants in wetlands on the coastal plain is 
influenced by water depth (Britton 1957). Fig. 5 
illustrates the occurrence of Carex aquatilis (water 
sedge) and Arctophila fu/ua (pendant grass) in 
relation to water depth of wetlands near Storkersen 
Point; depth measurements were taken at the shallow 
and deep water margins of stands. Of 69 stands 
examined, C. aquatilis was prevalent on moist soils 
and progressively less so at increasing water depth; 
plants were not found at water depths greater than 
30 cm. Optimal depths for A. fulua (52 stands) 
occurred between 20 and 45 cm, and plants were 
absent in depths exceeding 80 cm. Few stands were 
encountered that contained large numbers of both 
species, and an obvious belted pattern in wetlands 
resulted where C. aquatilis formed shoreward stands 
abutting deeper water stands of A. fulua. The 
intersection of depth-frequency lines in Fig. 4 
indicates that 15 cm is the most frequent depth: 
interface between the two species. Because C. 
aquatilis and A. fulua are dominant vascular plants 
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Fig. 5. Occurrence of Carex aquatilis and Arctophila {ulua in relation to water depths. Measurements are an average of 
minimum and maximum depths in stands found in 80 wetlands, 2-3 August 1973. 

in freshwater habitats near Storkersen Point and 
throughout the coastal plain (Spetzman 1959), the 
distribution of these emergents is a good indicator of 
changes in wetland basins resulting from thawing of 
the permafrost. 

Other vascular plants found in freshwater 
wetlands near Storkersen Point were less widely 
distributed than Carex aquatilis and Arctophila 
fulua: Eriophorum angustifolium, E. russeolum and 
E. scheuchzeri often formed mixed stands with C. 
aquatilis but were less tolerant of standing water; few 
such plants grew in depths greater than 10 cm. E. 
angustifolium frequently formed nearly pure stands 
on moist soils and on low-center polygon basins 
covered by a few centimeters of water. Hippuris 
uulgaris, Caltha palustris, Cardamine pratensis, 
Ranunculus pallasii, R. gmelini, and R. hyperboreus 
usually were found submerged and growing from a 
peat substrate. An aquatic moss, Drepandocladus sp., 
also was common in such situations. 

The influence of water chemistry on the distribu
tion and composition of aquatic plants was apparent 
in coastal wetlands containing brackish or subsaline 
water. These basins lacked Carex aquatilis and 
Arctophila fulua. Moreover, the only plants found in 
these wetlands were a sedge (Carex subspathacea) 
and a grass (Puccinellia phryganodes), two relatively 
prostrate and diminutive species that inhabit 
shallow water and adjacent uplands. At Storkersen 
Point, neither was found outside zones occasionally 
flooded by sea water, a pattern in agreement with 
Wiggins and Thomas (1962). 

Water chemistry.-Wetlands were ranked by 
salinity groupings used by Stewart and Kantrud 
(1972) for classification of prairie ponds. Basins 
connected to the sea or periodically flooded by sea 
water during tides or storms (coastal lowlands in 
Table 7) contained brackish or subsaline water 
(3,800 to 20,000 micromhos/cm; n = 10, 2 to 9 August 
1973). Specifie conductivity of coastal sea water in 
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Table 7. Specifie conductance and hydrogen ion concentration of wetlands near Storkersen Point in early 
August 1972. 

Location 
Specifie conductance 

ofwetlands 
(micromhos/cm) 

Mean Range 

Coastal lowlands >14.440a 3,800 - > 20,000a 

Coastal uplands 730 405 - 1,370 

Inland ( > 1.609 km) 365 220-550 

a Maximum meter reading was 20,000 micromhos/cm. 

August varied from 16,000 to more than 20,000 
micromhos/cm (the scale limit of the conductivity 
meter, n - 3), values which are within the normal 
subsaline range (14,000 to 45,000 micromhos/cm). 
Wetlands lying within a few meters of the coast, but 
situated above sea leve], were slightly brackish, and 
measurements were never higher than 1,370 
micromhos/cm in August. As distance from the sea 
increased, conductivity of waters decreased, and a 
leve] of 500 micromhos/ cm between slightly brackish 
and freshwater wetlands occurred approximately 
1.5 km inland from the coast. 

The pH of surface water (Table 7) in aquatic 
habitats ranged from slightly acid (6.2) to very basic 
(9.0). Waters of coastallowlands had pH values of8.9 
(n = 3), measurements identical to coastal Beaufort 
Sea water. Seasonal increases in specifie conduc
tance of wetlands were evident from measurements 
taken in late June and early August 1972. 
Presumably, this seasonal change results from 
dilution by relatively pure melt water during spring 
breakup, followed by declining water levels during 
summer. Seasonal variation in water chemistry 

_ (Table 8) shows the effects of seasonal drying. 
Thermal regimes.-Because ice forms to depths of 

about 2 rn in coastal plain lakes (Brewer 1958), 
wetlands near Storkersen Point were completely 

pH 

No. Mean Range No. 

11 8.9 8.9 3 

17 8.7 8.5-8.9 11 

50 8.5 6.2-9.0 43 

frozen untillate May or early June. Open water first 
occurred where snow melt filled tundra depressions 
and where snow and surface ice thawed on shallow 
ponds. Once thaw began, ice in these shallow 
wetlands melted from top to bottom within a few 
days. Mean daily temperature of shallow waters often 
exceeded the mean for surrounding air due to 
differentiai warming and cooling rates (Danks 1971). 
Large, deep lakes thawed last and were completely 
open by lateJune 1971 andearlyJulyinotheryears. 
In contrast to smaller wetlands, ice on lakes floated 
after it had melted sufficiently to become free from the 
bottom. This resulted in a moat of open water 
surrounding a central cake ofice which persisted as 
long as 2 weeks. 

Most arctic lakes and probably aU coastal plain 
wetlands are essentially isothermal in summer. 
Livingstone et al. (1958) found no thermal stratifies· 
tion even in arctic mountain Iakes 18 rn deep. Near 
Point Barrow, constant mixing of waters by wind 
maintains an isothermal condition in ali wetlands 
(Brewer 1958), although Carson and Hussey (1962) 
did find sorne stratification in shallow, marshy 
portions of lakes where water was free from intense 
wave agitation. 

The magnitude of diurnal temperature fluctuations 
in wetlands was inversely related to basin volume 

Table 8. Seasonal changes in sorne chemical uariables of aquatic habitats at Storkersen Point, 1972. 

pH 
_ Total hardness (ppm CaC0 01 ) 

Alkalinity (ppm CaCO,) 
Dissolved oxygen (ppm) 
Free C02 (ppm) 

- a Mean (range}. 

1 June - 14 June 

6.9 ( 6.2- 7.9)a 
66.5 (17.1-138.8) 
43.7 (17.1-102.6) 
14.1 (13 - 15 ) 
7.8 ( 5 - 15 ) 

15 June - 14 July 

7.6 ( 6.2- 8.5) 
95.4 (51.~153.9) 
68.4 (34.2-102.6) 
13.9 (10 - 15 ) 
6.6 ( 5 - 15 ) 

15 July - 8 August 

8.0 ( 6.7· 8.7) 
207.1 (102.6-973.5) 
108.6 ( 68.4-136.8) 

13.8 ( 13 - 15 ) 
8.5 ( 5 - 20 ) 
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Fig. 6. Mean daily range of temperatures (C) in 1972, measured in three wetlands of different 

areas and depths compared with data from a weather station 2 rn above ground. 

(Fig. 6). Temperatures in shallow, flooded depres
sions underwent daily variations greater than those 
recorded for temperature of ambient air 2 m above 
ground, while the largest and deepest wetland 
exhibited the smallest diurnal temperature change. 

Classification of Wetlands 

Following the general guidelines established by 
Martin et al. ( 1953) for tempera ture areas, the wetland 
classification system outlined in Table 9 is designed 
to: (1) delineate aquatic habitats preferred by con
spicuous swimming birds, such as loons and water
fowl, and (2) provide classes of wetlands useful for 
wetland inventories. Loons and waterfowl were used 
as indicator species, because they are conspicuous, 
widely distributed, and feed on a variety of aquatic 

invertebrates and, therefore, are more easily used to 
demonstrate change in habitat conditions. This 
system does not consider large riverbeds aQ.d their 
complex oxbow · systems. lt considera mainly 
wetlands that are nonfluvial and thosefluvial waters 
identified as beaded streams by Hussey and Recken
dorf (1963). Basin size is used in the system only to 
distinguish two size categories, ponds and lakes, 
following the definition by Stewart and Kantrud 
(1971) that ponds are less than 20 ha and lakes 
exceed 20 ha. Sorne classes possess wetlands of only 
pond or lake size. 

Because of the large size range of wetlands, a 
sliding scale was used to delineate the shoreward and 
central zones of individual water basins. The shore 
zone extended approximately 10 m from shore in 
lakes, 6 m in large ponds, and 2 min sm aU wetlands. 
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Table 9. Criteria used to delineate classes of wetlands near Storkersen Point. 

Dominant emergents Common 
W etland designation Shore zone Central zone Conductivity size 

Flooded Tundra Eriophorum E. angusti{olium Fresh or Pond 
(Class l) angusti{olium or or C. aquatilis slightly 

Carex aquatilis brackish 

Shallow·Carex C. aquatilis Semi open to open Fresh or Pond 
(Class II) slightly 

brackish 

Shallow-Arctophila C. aquatilis A. {ulva Fresh or Pond 
(Class III} or Arctophila slightly 

fulva brackish 

Deep· A rctophila A. fulva Open Fresh or Pond or 
(Class IV) slightly lake 

brackish 

Deep·open Open Open Fresh or Lake 
(Class V) slightly 

brackish 

Basin-corn pl ex Basin interspersed with C. aquatilis, Fresh or Lake 
(Class VI) A. {ulva, and open water slightly 

brackish 

Beaded Streams C. aquatilis, Open or Fresh or Pond= 
(Class VII) A. {ulva, or Open A. fulva slightly Be ad 

Coastal Wetlands Puccinellia Open 
<Class \ïiJ) phryganodes, 

C. subspathacea, 
or Open 

The shoreward zone in large lakes is an obvious 
sublittoral shelf that abruptly feil to the deeper 
central zone. Depth zones were not distinct in ponds, 

- except that the shoreward zone usually was most 
shallow and, consequently, vegetation often was 
found only near shore. Zones of wetlands were 
considered open if vegetation occurred in Jess than 5% 

- of the area. The eight classes of wetlands are 
described as follows: 

Class 1: Flooded Tundra.-Shallow waters formed 
during spring thaw when melt water overflows 

- stream basins (Plate 1) or is trapped in vegetated 
tundra depressions (Plate Il). Such pools formed in 
low centers of polygonal ground often produce a 
mosaic pattern of ridges and flooded sedge (Plate Ill). 

- Water depths in June rarely exceed 10 cm, and 
surface water is absent or only a few centimeters deep 
by August. Unlike other classes,· basins of these 

_ wetlands are poorly defined because Carex aquatilis 
and other plants tolerant of periodic flooding co ver ail 
or most of the basin. lt is sometimes convenient to 
separate flooded tundra as flooded creek flats (Class 

brackish 

Brackish Pond or 
or lagoon 
subsaline 

la) or seasonally flooded basins in upland tundra 
(Class lb). 

Glass II: Shallow-Carex.-Shallow ponds with a 
gently sloping shore zone surrounded by and usually 
containing emergent Carex aquatilis with a central 
open water zone. At Storkersen Point, maximum 
water depths in June vary between 10 cm and 30 cm. 
By August, water levels decline due to evaporation or 
drainage and sediments may be exposed over a large 
portion of the basin. Such basins also may be very 
small and may occur in a block mosaic ·pattern 
resulting from low center polygons (Plate Ill). Others 
are large and lack vegetation in the basin. This class 
can be subdivided as lia, vegetated shore zone, and 
lib, unvegetated shore zones. 

Class III: Shallow-Arctophila.-Ponds or pools in 
beaded streams containing Arctophila fulua in the 
central zone and shoreward stands of A. fulua or 
Carex aquatilis. Shores are more abrupt th an th ose of 
Class II ponds, and maximum water depths typically 
range from 20 to 50 cm. Pond margins occasionally 
are exposed during August. 
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Plate 1. Type I flooded tundra in the low-lying areas along Fawn Creek, Storkersen Point study area. Roll agon tracks lead 
to the highest pingo on the area, which is about 10 m above the leve) of the surrounding plain. 

Plate II. Ground view of low center polygons on Storkersen Point study area, sorne of which are dry and sorne still flooded 
in early July. Open Shallow-Carex ponds in the background. 
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- Plate III. Aerial view of Type 1 flooded tundra in low center polygons at right, and deeper more open Shallow-Carex 
(Type Il) ponds at left. Note breakdown of ridges resulting in larger ponds made up of two to six or more polygons. These 

mosaic type areas are prominent in deltas and are Jess common at Storkersen Point. 

Class IV: Deep-Arctophila.-Wetlands of either 
~large pond or lake size that lack emergents in the 

central zone and con tain stands of Arctophila fulua 
near the shore (Plate IV). These basins have abrupt 
shore and flat or gently sloping bottoms. Maximum 

-water depths exceed 40 cm. Class IV wetlands are 
common as second generation basins resulting from 
mel ting of ice-rich zones in drained basins. 

Class V: Deep-open.-Large, deep lakes that have 
~abrupt shores, sublittoral shelves, and a deep central 

zone. W a ter depths are grea ter than in Deep
Arctophila wetlands, and A fulva is absent or 
present in less than 5% of the shoreline. Maximum 

-water depth found in the largest lake was 1.1 m. 
Class VI: Basin-complex.-Large, partially drain

ed basins that may contain nearly continuous water 
in spring due to flooding of the bottom by melt water. 

-By mid-July, water levels recede leaving a pattern of 
green Carex aquat~lis and open water where Arc
~ophila fulva may grow along the margin of deeper 

.. .,.:>ools or throughout shallow pools (Plate V). In late 

summer, relatively upland-like areas are present in 
sorne basins, and they are characterized by stands of 
Alopecurus alpinus and Dupontia {ischeri growing 
on a moss substrate. Plant communities are most 
diverse and prolific in this class where the greatest 
variety of water conditions occur. 

Class VII: Beaded Stream.-Small, often intermit
tent, streams consisting of a series of channels 
formed in ice-wedges and linked to pools thatdevelop 
at ice-wedge intersections (Hussey and Reckendorf 
1963). Intersection pools often become greatly en
larged as contiguous ice-rich soils thaw and subside 
(Plate VI). Relationships between water depths and 
aquatic plants appear to be similar to those in ponds 
and lakes. Stream pools usually are deeper than 
nonfluvial wetlands of equivalent size, and vegeta
tion distribution and composition corresponds to 
Shallow-Arctophila and Deep-Arctophila wetlands. 
During the spring thaw, Beaded Streams may flood 
surrounding lowlands, creating extensive wetlands 
of the Class 1 Flooded Tundra. By mid-July, water 
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Plate IV. Deep-Arctophila pond at Storkersen Point. 

Plate V. Basin-complex showing drained basin, drainage channel, and Deep-Arctophila ponds oftwo sizes. High center 
polygons and interstitial pools at right. 
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Plate VI. Beaded stream showing very Deep-Arctophila pools connected by short lengths of stream between high center 
polygons. Storkersen Point. 

usually is confined to stream channels and beads, 
and flow may be intermittent. Beaded Streams are 
common throughout the coastal plain, and they are 
often the only class of wetlands in large are as of weil-

- drained regions of the interior coastal plain. 
Class VIII: Coastal.-Aquatic habitats th at occupy 

low areas bordering the Beaufort Sea and within a 
zone directly influenced by sea water (Plate VII). 

- Wetlands vary from lagoons confluentwith thesea to 
ponds periodically inundated by high wind tides. 
Unlike ali other classes, Coastal wetlands are 
brackish or subsaline in specifie-conductance, and 

- have a characteristic vegetation dominated by Carex 
subspathacea and Puccinellia phryganodes at basin 
margins and on adjacent flats. Two general modes of 
origin probably account for most Coastal wetlands: 
(1) thaw basins breached by outward thawing 
through the dam between the basin and the sea beach 
or from inward erosion by sea ice or water, and 

_ (2) lagoons and ponds resulting from the formation 
of sand or grave) spits or barrier beach es by currents. 

Abundance and Development of Wetlands 

A summary of the areal and numerical impor
tance of wetland classes appears in Table 10 with 

- mean values of basin size, water depth, and oc-

currence of plants. The small, shallow Class 1 and II 
wetlands were by far most numerous, constituting 
one-half of the total area of all wetlands on the 
Storkersen Point study area. Class V and VI lakes 
were few but their large size contributed 26% of the 
total wetland area. The number of Coastal wetlands 
(Class VIII) averaged 2 per km2 over the en tire study 
area; however, all29 basins sampled were in one 50-
ha area bordering the sea. 

The following sequential description places 
wetlands of Classes 1 through VI into the perspective 
of basin development (Fig. 7). Water impounded in 
low center polygons or other tundra depressions 
(Class 1-Flooded Tundra) initiates the insolation· 
thawing process that deepens the basin. As water 
depth increases, tundra plants (dominantly Carex 
aquatilis and Eriophorum angustifolium) are reduced 
in the deeper central zone and restricted to shallow 
shoreward zones; wetlands of this stage are Shallow
Carex (Class Il) ponds. As shoreward subsidence 
continues, Arctophila fulva becomes established 
throughout the basin, forming Shallow-Arctophila 
(Class Ill) ponds. Further thawing of the central zone 
causes depths not tolerated by A.fulva; consequently, 
distribution of A. fulva is confined to shore, and these 
basins are Deep-Arctophila wetlands (Class IV). 
Deep-open (Class V) lakes result when shoreward 
zones become too deep to support extensive stands of 
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Plate VII. Coastal wetlands along Bering Sea at Storkersen Point showing drift Iine. 

Table 10. Characteristics of classes of wetlands in the Storkersen Point study area, August 1972. 

Wetland volume Percent occurrence 
Percent of 

August in wetland 
total Basins Basins 

Area (ha) depth (cm) Sedges Aret. wetland per in ---
area km2 sample x (S.D.) x (S.D.) x (S.D.) x (S.D.l 

Flooded 
Tundra (1) 29 >lOO 47 0.1 (0.2) 3 (3) 84 (18) 1 (4) 

Shallow-
Carex (Il) 21 35 263 0.3 (0.3) 12 (7) 7 (7) 0 (0) 

Shallow-
Arctophila (III) 4 6 19 0.6 (0.7) 22 (10) 7 (6) 52 (23) 

Deep-
Arctophila (IV) 11 5 39 1.8 (2.3) 35 (13) 2 (4) 14 (11) 

Deep-
open (V) 9 <1 2 46.0 (25.4) 60 (28) 0 (0) 1 (0) 

Basin-
complex (VI) 17 <1 3 46.4 (39.1) 22 (8) 32 (10) 18 (10) 

Beaded 
Stream (VII) 5 2 3 3.8 (3.9) 47 (20) 4 (2) 32 (43) 

Coas tai 
Wetland (VIII) 3 2 3 0.6 (0.6) 22 (11) 0 (0) 0 (0) 
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Fig. 7. Evolution of tundra wetlands showing relationships between size and 
vegetation. (Classes are in Roman numerals.} 

A. fulua. The final stage of first generation basins 
occurs wh en shores erode and partial drainage lowers 
water levels to depths conducive for growth of 
aquatics (Basin-complex) (Class VI). Further 
drainage exposes areas where thawing processes 
create second generation wetlands. 

Functional use of the classification system requires 
wetland indicators that are readily identifiable from 
either air or ground. Distribution of Carex aquatilis 
and Arctophila (ulva provides the best determination 
of the stage of basin development in the classes of 
nonfluvial, freshwater thaw basins (Class l-VI). The 
two species are readily distinguished by late June 
because A. (ulva becomes distinctly red while C. 
aquatilis is bright green. Coastal wetlands are easily 
identified because of their occurrence in low areas 

connected to the sea beach, their deep reddish-brown 
vegetation, and a characteristic li ne of drift wood and 
other debris windrowed by storm tides (Plate VII). 

Occasionally, wetlands have two or more regions 
th at are morphologically and vegetationally distinct. 
This occurs where two wetlands originally of 
different classes coalesce, or where embayments of 
Deep-open lakes are more shallow than the lake itself. 
Because differences were apparent in use of such 
portions of wetlands by birds, these regions were 
classified as separate units. 

Other wetlands not considered in this system are 
incised and braided streams, their deltas, and 
associated nonfluvial wetlands. Such waters 
significantly influence bird species on coastal plain 
wetlands (Kessel and Cade 1958). 



Water-bird Use of Various Wetland Classes 

Frequencies of wetland use by water birds during 
1971 to 1973 (Table 11) were evaluated using a Chi
square 1 x 2 contingency table test. Differentiai 
utilization of a wetland class by a species was 
indicated if the number ofbirds recorded on surveys 
as using wetlands in that class was significantly 
greater than the number of birds expected on those 
wetlands. The expected value was calculated by 
multiplying the total number ofbirds using wetlands 
in the class by the percentage of the total wetland 
area covered by wetlands in the class. For example, of 
31 arctic loons in the sample, 16 (52%) were observed 
in Deep-Arctophila wetlands (Table 11). This class 
constitutes 11% of the wetlands of the study area 
(Table 10), so 31 x 0.11 = 3.4 loons expected on auch 
wetlands. Because observations of whistling swans 
using wetlands were few, they were not tested 
statistically. 

Class 1: Flooded Tundra.-Pintails fed and loafed 
on Flooded Tundra before and after their wing rn olt in 
J uly (Table 11), but they made most intensive use of 
this class during spring thaw when other wetlands 
were frozen. Primary use of Flooded Tundra seemed 
to be by red phalaropes. Birds frequently were seen 
feeding or swimming in Class 1 basins throughout 
spring and summer. 

Class Il: Shallow-Carex.-Although most species 
of waterfowl occurred on Shallow-Carex ponds, only 
adult oldsquaws and king eider hens with broods 
used the ponds in significant frequencies (Table 11). 
Use by oldsquaws, primarily pairs, was significant 
before nesting (p<0.01) and during nesting (p <0.05). 
Feeding was a common activity of oldsquaws on 
Class II ponds. Twelveofthe 19(69%)observationsof 
king eider broods were on Shallow-Carex ponds. 
Birds were seen feeding in water or loafing on or near 
shore. Although their frequencies of use were not 
significant, adult king eiders often were seen feeding 
in waters of Class II ponds. 

Six of the eight white-fronted goose nesta were lesa 
than 4 rn from the edge of Shallow-Carex. ponds. 
Other species constructed nesta close to ponds or on 
islets, but frequencies of use were low: 2 of 42 arctic 
loon nesta; 5 of 28 red-throated loon nesta; 1 of 11 
black brant nesta; and 6 of 32 king eider nesta. 

Class Ill: Shallow-Arctophila.-Use of Shallow
Arctophila ponds by pintails was significant 
(p<0.01) before and after their wing molt in July 
(Table 11). Shallow water and extensive stands of A. 
fulua provided feeding habitat and cover for birds. 
Most other species were on Class III wetlands, but 
less frequently than pintails; use by king eiders was 
significant (p <0.05), both before and during nesting. 
One arctic loon nest and three red-throated loon 
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(Gauia stellata) nesta were on detritus platforms in 
Class III ponds. 

Class IV: Deep-Arctophila.-Deep·Arctophila 
ponds and lakes were principal aquatic habitats for 
all waterfowl except white-fronted geese and pintails 
(Table 11). In 1971 and 1972, a pairofwhistling swans 
nested adjacent to a large con.plex of Class IV ponds, 
and used Deep-Arctophila wetlands for escape cover. 
King eiders and spectacled eiders favored Class IV 
wetlands in ali phases of their reproductive cycle at 
Storkersen Point (Table 11). Frequencies of use by 
king eiders were significant, ranging from 26% for 
hens with broods to 52% for postnesting females 
without young. Birds usually were seen loafing on 
shore. Of the 36 observations of adult spectacled 
eiders throughout their summer residence, 33 (92%) 
were on Class IV wetlands. Birds were swimming or 
loafing but were not observed feeding. 

Oldsquaws preferred (p<O.Ol) Deep·Arctophila 
wetlands before and during nesting (Table 11). 
Densities of pairs were highest on portions of drained 
lakes possessing a network of second generation 
Class IV ponds. A 50-ha complex of basins was used 
each year by 4 pairs; that density extrapola tes to 16 
birds per km2 compared to mean peak densities of 4.3 
to 5.1 birds per km2 for the en tire study area. Because 
oldsquaws are highly territorial (Alison 1975), the 
ridges that commonly separate ponds probably 
provide visual isolation from neighbors. Oldsquaws 
often were seen diving in Class IV wetlands. 

Ten of the 11 black brant nesta and 2 of the 3 
spectacled eider nesta found in 1971-73 were at Deep
Arctophila wetlands. Nesta were placed on tundra or 
islets next to an abrupt shore. Ali nest-ponds were 
second generation wetlands in drained basins. 

Preferential use of Class IV wetlands by arctic 
loons and red-throated loons was obvious throughout 
summer (Table 11); however, red-throated loons 
showed an even grea ter preference for Basin-complex 
ponds (Class VI). The proportion of observations of 
arctic loons on Class IV wetlands ranged from 52% 
before and after nesting to 59% during the nesting 
period. Sightings of red-throated loons were less 
frequent: prenesting (22%); nesting (33%); and 
postnesting (24%). Adult arctic loons fed or captured 
food for young in freshwater wetlands, whereas red
throated loons captured food at sea and retumed to 
brood-ponds with fish for their young. Because of 
relatively deep water in Class IV wetlands, nesta of 
arctic and red-throated loons were placed on islands 
or shores rather than on detritus platforms such as 
those used in more shallow wetlands. 

Class V: Deep-open.-Deep-open lakes were used 
most frequently by water birds in July and August 
when they were ice-free. Principal use in June was by 
oldsquaws loafing on banks or ice and diving in the 
moat of water near shore. 
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Table 11. Percentage frequency of occurrence that loons and waterfowl used various classes of wetlands in 
broods are in parentheses. 

White-
fronted 

Arctic loon Red-throated loon· Black brant goose 

Classes 

Flooded 
Tundra (1) 

Shallow-
Carex (Il) 

Shallow
Arctophila (III) 

Deep-
Arctophila (IV) 

Deep-
open (V) 

Basin-
complex (VI) 

Beaded 
Stream (VII) 

Coastal 
Wetland (VIII) 

a Adults and young. 
b 

Adults only . 
• 

Pre- Post-
nest Nest nesta 
(31) (79) (57) 

5 9 

3 -

52** 59** 52** 

5 16* 

36** 18 16 

6 5 2 

6 5 5 

Chi-square value significant <P<0.05) . .. 
Chi-square value highly significant (P<O.Ol). 

Pre-
nest 
(55) 

2 

3 

22** 

-

73** 

-

Use of Class V lakes by arctic loons was significant 
(p <0.05) following nesting. Birds observed were 
adults, usually in sm ali flocks, that presuma bi y were 
unsuccessful at nesting or brood-rearing. 

Deep-open lakes and adjacent tundra were used by 
Canada geese and white-fronted geese during their 
wing molt in the last half of July and during August. 
ln 1973, a flock of Canada geese, numbering about 
100 flightless adults and 20 goslings, resided in the 
vicinity of two large lakes (175 ha and 200 ha) 
located 10-15 km southeast of Storkersen Point. 
Groups of white-fronted geese, containing mostly 
parents and broods, were counted in the study area on 
21 occasions, and, ofthese, 19 involved groups on or 
near a 60-ha Class V lake. Similar-sized flocks of 
white-fronted geese were seen on other Deep-open 
lakes in the Prudhoe Bay area. While undisturbed, 
Canada geese and white-fronted geese rested or 
grazed in upland tundra near lake shores. Flightless 
geese responded to disturbance from men on the 

Post- Pre- Post- Post-
Nest n('sta nest Nest nesta nest 
(115) (65) (55) (22) (12) (189) 

6 2 9 

8 3 3 

33** 24** 9 91** 

- 3 94** 

51** 65** 18 3 

2 3 

73** 100** 

ground or low-flying aircraft by moving offshore to 
open water or by moving overland to another lake. 

Oldsquaws, predominantly females, gathered on 
Deep-open lakes in the last week of July or the first 
week of August to pass their flightless stage. The 
oldsquaw population at this time was composed of 
about 95% females. Of the birds counted after the 
nesting period (Table 11), 85% were on the largest lake 
(60 ha) in the study area. Moreover, ali flightless 
oldsquaws in the study area used two lakes of the 
class. Peak use of the lake occurred in mid-August 
when numbers varied from 45 to 70. 

Class VI: Basin-complex.-Nonbreeding pintails 
preferred {p<0.1) Basin-complex ponds throughout 
their residence (Table 11). Use by pintails was 
greatest during the wing molt in July; 92% of the 
flightless pintails counted were in the largest (85 ha) 
Class VI lake near Storkersen Point. Pintails usually 
were weil hidden in the cover created by stands of 
Arctophila fulva and Carex aquatilis. Based on birds 
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1971-73. Numbers of birds observed during phases of summer residence and the number of king eider 

Pintail King eider 

Pre- Post- Pre- Post-
rn olt Molt moi tb nest Nest nestb Brood 
(544) (270) (871) (23) (188) (87) (19) 

s - 9 - - - -

7 - 14 14 22 26 64** 

26** 6 12** 7* 8* 8 5 

14 2 13 30** 42** 52** 26** 

8 6 

37** 92** 46** 39** 9 5 

5 - 3 3 3 -

2 - 3 7** 8** 3 

observed during June (Fig. 6), feeding is a major 
activity of pintails on Basin-complex lakes. 

King eiders, usually paired, gathered in large 
numbers on Class VI lakes during the first half of 
June. As a result, frequency of use by king eiders was 
significant (p <0.05) before nesting (Table 11). 
Shallow areas ofClass VI lakes frequently were used 
for feeding by king eiders (Fig. 6). As the thaw 
progressed, king eider pairs dispersed to other 
wetlands, especially the Deep-Arctophila class. 

In 1973, a pair ofwhistling swans nested and raised 
young in a Class VI basin. The nest was placed on a 
detritus platform surrounded by shallow water and 
emergents. Adults and cygnets were able to conceal 
themselves in stands of Arctophila fulva. 

Other waterfowl, especially visitors (Table 6), often 
were seen in Basin-complex wetlands during June. 

-

5 

-

-

Frequencies for arctic and red-throated loons using 
Basin-complex lakes were most significant before· 
nesting (Table 11). Presumably, the higher frequen
cies in early summer resulted because loons were able 
to use the extensive areas of shallow water before 
deeper wetlands thawed. Both species used Class VI 
lakes for nesting and brood-rearing, but only use by 

Spectacled eider Oldsquaw 

Pre- Post- Pre- Post-
nest Nest nestb nest Nest nestb Total 
(20) (9) (7) (223) (261) (345) (3,763) 

- - - - 1 - 3 

- - - 31** 28** 5 12 

- - - 5 3 - 10** 

90** 89** 100** 40** 36** 9 22** 

- 11 - 2 10 85** 14** 

- - - 10 9 - 32** 

10 0 0 8* 10** 1 3 

- - - 4 3 - 4 

red-throated loons was significant (p<O.Ol). Pairs 
occupied isolated pools within basins and con· 
structed nest platfonns of dead vegetation. Feeding 
activities of loons corresponded with activities at 
Class IV wetlands. 

Glass VII: Beaded Streams.-All species of loons 
and ducks that resided in the study area occasionally 
used on larger Beaded Streams (Table 11), especially 
those vegetated by Arctophila. Pintails and eiders 
used portions of the flood plain temporarily inun
dated by water during spring breakup. Oldsquaw 
pairs established territories on segments of the 
stream during the prenesting and nesting periods. 

Glass VIII: Goastal.-Coastal wetlands were 
predominantly used by migrating black brant. 
During the first half of June, flocks of as many as 100 
brant migrated east along the coast and often used 
open water and snow-free shores of Class VIII 
wetlands. During mid-summer, brant often visited 
wetlands on the study area. Fall migration of brant 
did not pass Storkersen Point un til after field seasons 
terminated in mid-August. However, during a visit to 
the study area on 2 September 1973, a flock of more 
than 350 black brant stopped to rest and feed along 
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Plate VIII. Aerial view (south) of the Storkersen Point study area showing various wetland classes, the DEW-line site 
along the shore at left center, and Storkersen Point Weil at right. lee at the Beaufort Seais at bottom.PhotobyC. D. Evans. 

shores of the Coastal wetlands. Presumably, Carex 
subspathacea or Puccinellia phryganodes form 
principal foods of black brant. 

Black brant families moved to coastal habitats 
within a few days after their young had hatched. Two 
families were observed from 11 July to 17 July 1973in 
a complex of Coastal wetlands. The birds fed and 
rested on flats between ponds and on a point jutting 
into the sea. 

Part III-Macroinvertebrates 
of Tundra W etlands and 

Their Use By Water Birds 

Procedures 

Aquatic macroinvertebrates were sampled weekly 
in selected wetlands from about 5 June to 8 August in 
1972 and 1973. Chronology of thawing, drying of 

temporary wetlands, and logistical problems 
prevented sampling of ail stations weekly. 
N evertheless, a composite representation of seasonal 
changes in availability of various organisms was 
provided by the overlap of sampling schedules from 
the two field seasons. 

In 1972, 10 sampling stations were established in 
ponds of differing morphometry and use by water 
birds. ln 1973, the number of stations was expanded. 
to 18 to insure coverage of ali major wetland types. 
Sampling points at each station were random within 
either the open water areas or stands of emergent 
vegetation (usually Carex aquatilis and Arctophila 
{ulua). Additional samples were taken from areas 
that were free of ice earliest in the season, from 
feeding sites where water birds were collected., and 
from waters disturbed. by industrial activity. 

Aquatic invertebrates were collected. from open 
water with an Ekman dred.ge (15.2 cm x 15.2 cm) 
and in emergent vegetation with an aquatic sweep 
net described by WeBer (1972). The sweep net 



measured 7.6 cm x 30.5 cm and had 7.9meshes/cm. 
Sweeps were 3 rn in length and were possible in water 
as shallow as 10 cm. Benthic samples were washed 
through the aquatic net to standardize the size of 
organisms taken by the two methods. Occasional 
"grab" samples were taken to facilitate identification 
of casually observed organisms. With few exceptions, 
living organisms were separated from vegetation and 
debris soon after collection. Invertebrates were 
preserved in a formaldehyde solution for later 
analysis. 

Various physical and chemical variables were 
recorded as described in Part II in wetlands sampled 
for invertebrates. Depth ofwater, thickness ofbottom 
sediments, and water temperature were taken at each 
sampling. 

Activity and distribution ofbirds were noted during 
invertebrate sampling and on weekly bird surveys. 
Specifie efforts were made to study feeding behavior 
of resident waterfowl, to record brood activities, and 
to quantitate wetland use for feeding. Seventeen birds 
of four species were collected for food analysis from 
areas outside the bird survey plots. AU but two of the 
birds collected bad fed at )east 20 min. Birds were 
opened shortly after collection and contents of 
esophagi, proventriculi, and gizzards were separately 
preserved in a fonnaldehyde solution for later ex
amination. 

Aquatic Inuertebrate Samples 

Most aquatic macroinvertebrate specimens from 
Storkersen Point belong to 18 taxonomie groups. 
Individuals representing other taxa were collected 
(Table 12); but were considered of little value as food 
for water birds and were placed into a single group 
for analyses. One aquatic vertebrate, the fourhorn 
sculpin (Myoxocephalus quadricornis), was found in 
brackish ponds connected to the sea, and other 
unidentified fish were seen in stream channels or 
wetlands connected to streams. Large and deep lakes 
south of the coastal tundra zone contained the nine
spined stickleback (Pungitius pungitius). Taxonomie 
diversity and total volume ofinvertebrates available 
within taxa generally increased with seasonal 
wanning of waters until late July. Mean total 
numbers and mean total volume of potential food 
organisms taken by the Ekman dredge and by net 
under 1 m2 of water surface indicated a greater 
relative abundance of bottom-dwelling organisms 
than free-swimming fonns (Fig. 8). 

The weekly mean numbers/m2 of the most 
numerous and frequently occurring taxa for each 
sample type generally increased from JunetoAugust 
(Figs. 9 and 10). Relatively high numbers of midge 
larvae of family Chironomidae in early sweep 
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samples were caused by extensive sampling of 
shallow melt pools. The activity threshold of midge 
larvae is near 0 C, so they became active in flooded 
depressions and pond margins immediately after 
thawing (Danks 1971). Other organisms of potential 
importance as food items, either because oftheir high 
local populations or their large size, included snails 
(Gastropoda), tadpole shrimp (Notostraca), cranefly 
larvae (Tipulidae), stonefly larvae (Plecoptera), and 
caddisfly larvae (Trichoptera). 

Relative occurrences of the major groups of 
invertebrates differed significantly (p < 0.005) among 
stands of Carex aquatilis, Arctophila fulua, mixed 
stands, and open water (x2 "' 251.97, d f "' 60). 
Numbers and volume of invertebrates were greatest 
in stands of Arctophila fulua or in the edge between 
stands of A. fulua and Carex aquatilis stands (Table 
13). Variations in wetland depth and vegetation 
density of wetlands accounted for much of the 
difference in invertebrate abundance among vegeta
tion stands of like species. Fairy shrimp (Anostraca) 
and water fleas (Cladocera) were characteristic of 
open portions of wetlands and were of greatest 
potential as water-bird food during late summer, 
when these invertebrates were concentrated as a 
result_of falling water levels in sl!allow, open ponds. 

Limited samples by R. Howard (unpublished data) 
in other regions of the coastal plain indicated the 
same general composition of bottom organisms with 
midge larvae, earthwonns (Oligochaeta), cranefly 
larvae, and caddisfly larvae contributing most in 
numbers and volume. Other large invertebrates 
found farther inland included large scuds 
(Amphipoda), additional species of snails, and clams 
(Pelecypoda). 

Samples from a Class Il pond near the Storkersen 
weil th at bad been severely contaminated by crude oil 
and drilling wastes contained no macroinverte
brates. Ali vegetation below the high-water limit of 
the basin was dead. Sediments appeared heavily 
contaminated by oil residues, and oil slicks were 
produced when sediments were disturbed. A small 
amount of oil spread from this pond into other basins 
during snow melt. 

Feeding Behauior of Resident Birds 

The first water birds to arrive at Storkersen Point 
concentrated on or near the first available open water 
of flooded depressions and shallow ponds near the 
Beaufort Sea. Birds rapidly dispersed to other areas 
as open water became available and used ail wetland 
types for feeding. Partially-drained Basin-complexes 
were favored throughout the season. Deep-open lakes 
were especially important as mol ting areas for female 
oldsquaws, white-fronted geese, and Canada geese. 
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Table 12. Macroinvertebrates from Storkersen Point ponds, 1972 and 1973a. 

Class-Hydrozoa 
Order-Hydroida 

Family-Hydridae 
Phylum-Nematoda 

Class-Oiigochaeta 

Class-Crustacea 
Subclass-Branchiopoda 

Order-Anostraca 
Family-Branchinectidae 

Branchinecta paludosa (0. F. Muller) 
Family-Polyartemiidae 

Polyartemiella hazeni (Murdock) 
Order-N otostraca 

Lepidurus arcticus (Pallas) 
Order-Ciadocera 

Family-Daphinidae 
Daphnia pulex (de Geer) 

Family-Chydoridae 
Eurycerus lamellatus (0. F. Muller) 

Order-Copepoda 
Suborder-Calanoida 
Suborder-Cyclopoida 

Order-Ostracoda 

Class-Arachnida 
Order-Acari (Hydracarina) 
Order-Araneae 

Class-Insecta 
Order-Collembola 

Family-Hypogastruridae 
Order-Ephemeroptera 
Order-Piecoptera 

Family-N emouridae 
Nemoura sp. 

Order-Trichoptera 
Family-Limnephilidae 

Order-Coleoptera 
Family-Dytiscidae 

Order-Diptera 
Family-Tipulidae 

Tipula sp. 
Prionocera sp. 

Family-Culicidae 
Culiseta sp. 

Family-Chironomidae 
Family-M uscidae 

Mydaeina obscura 

Class-Gastropoda 
Order-Pulmonata 

Family-Lymnaeidae 
Lymnaea sp. 

Family-Physidae 
Physa sp. 

8 Nomenclature based on Pennak (1953) and Usinger (1971). 
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Table 13. 

Vegetation 

None 
Arctophila fulva 
Carex aquatilis 
Mixed edge 

180- •----4 Cladocera ' • • Anostraca 1 
1 

•-·-·4 Chironomidae llarvael 1 
1 

150 .. ............ Copepoda 1 
1 
1 
1 

~ 
1 

C\1 1 
1\ 1 

E 120 1 ' 1 ...... 1 ' 1 

a: 1 ' 1 
1 ' 1 

w 1 ' 1 
m 1 ' 1 

1 ' 1 ~ 90 • 1 ' 1 :::> 1 
' 1 z \ ,---4 ' 1 

1 v z \ 1 
1 < 60 ' 1 

w 

' 
1 

~ 1 
1 

\ 1 

' 
1 
1 

30 .. ~ 
1 
1 

' 1 . 
' 

1 . 1 

' 1 ·, 
ol•······~ 

JUNE JULY AUG. 

Fig. 10. Seasonal changes in abundance of sorne important in
vertebrates, taken in sweep-net samples, 1973. 

Summary of inuertebrates per m 2 for different vegetation stands, 1972-73. 

Sweep samples Ekman samples 

Total mean Total mean Total mean Total mean 
N volume (ml) number N volume (ml) number 

M. S.D. M. S.D. M. S.D. M. S.D. 
- - -

124 0.24 0.47 111.1 269.7 115 6.96 6.96 1371.3 1908.3 
67 0.54 0.71 182.1 293.0 33 13.04 11.30 2034.3 1498.3 
76 0.45 0.38 85.5 89.7 36 6.96 6.09 1431.3 1772.2 
11 0.59 0.39 206.4 244.0 1 10.86 0.0 3000.0 0.0 



Late in the season, shallow ponds became in
creasingly important as feeding sites, when decreas
ing water levels concentrated free-swimming 
organisms and increased the total area of bottom 
surface that could be easily reached by swimming 
and wading birds. 

Chironomidae and Trichoptera were the most 
important invertebrate foods for oldsquaw and king 
eider (Table 14). Earthworms did not occur in food 
samples as frequently as in bottom samples, while 
caddisfly larvae occurred at a higher frequency
suggesting feeding selectivity. The frequency of 
occurrence of water fleas in food materials was 
inflated by the presence of overwintering ephippia, 
which probably were picked up along with bottom 
detritus. Seven of the 17 birds collected had gravel in 
esophageal contents. 

Oldsquaw.-Feeding was observed on ail types of 
wetlands, including Flooded Tundra depressions. 
Edges of Deep-open lakes were used by small flocks of 
nonbreeding yearlings as weil as adults. Non
breeding yearlings left the study area near the end of 
June. By mid.July, most males had departed, and 
mol ting flocks were forming offshore in the Beaufort 
Sea. Single females were observed feeding in 
Shallow-Carex ponds throughout the nesting season. 
One nesting female under observation left her nest 
daily to forage in nearby ponds. 

Feeding by diving accounted for 83% of 248 
oldsquaw feeding observations. Early in June, 
oldsquaws commonly dived under floating ice and 
explored the newly exposed bottom. Diving seemed 
the preferred method of feeding in ali but the most 
shallow wetlands where birds were able to reach the 
bottom by swimming with the head and neck 
submerged. One pair exhibited a third type offeeding 
by picking stonefly larvae from the surface offlooded 
ice at the edge of a Shallow-Carex pond. 

Information on food habits of oldsquaws at 
Storkersen Point (Table 14) is in basic agreement 
with that from other breeding areas (Bengtson 1971a, 
1971b). Midge larvae were dominant in the diet of 
adult birds, and the only brood observed was feeding 
by diving in a Class II pond with high populations of 
water fleas and fairy shrimp. Bengtson (1971a) 
reported that young oldsquaws fed almost exclusive
ly on water fleas until half grown. During the first 
half of the field season, oldsquaws at Storkersen 
Point frequented areas where caddisfly larvae were 
abundant. One male and one female collected after 
feeding on auch areas had consumed noticeable 
volumes of these insects. 

King eider.-King eiders reached the study area 
during the first week of June and concentrated their 
feeding activity in Basin-complex ponds until they 
dispersed to nesting sites. Males left the area in late 
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June after incubation started. Females fed in 
Shallow-Carex ponds and shoreward zones of Deep
Arctophila ponds throughout the nesting season, 
sorne of them in areas near known active nests. 
Because Lamothe (1973) found that king eider 
females incubated for extended periods without 
feeding, females observed feeding during the nesting 
season at Storkersen Point may have been un· 
successful nesters. 

Only females with broods remained on the study 
area by the second week of August. Broods moved 
overland feeding in Shallow-Carex ponds, Basin· 
complexes, and Deep-Arctophila ponds. Total feeding 
observations for both sexes of ali ages followed the 
same trend: 46% of 107 observations occurred in 
Shallow-Carex ponds; 40% in Basin-complexes; and 
8% in Deep-Arctophila ponds. 

Feeding behavior of king eiders in freshwater 
ponds resembled that of dabbling ducks and was 
described by Lamothe (1973) for birds observed on 
Bathurst Island. Bottom feeding by submerging the 
head and neck accounted for 70% of 131 observations 
at Storkersen Point. Downy young often upended to 
reach the bottom. Young eiders also dived readily, but 
diving by adults was observed on only three oc· 
casions. Surface dabbling also was employed mostly 
by downy young. One Class lb (faded, downy stage) 
young was observed grabbing at specifie targets in a 
pond where fairy shrimp were abundant. 

Information on food habits (Table 14) is in agree
ment with that from other studies, i.e., that adult king 
eiders feeding in fresh water have a mixed diet of 
animal and plant material (Manniche 1910; Hanson 
et al. 1956; Lamothe 1973). Most vegetation, however, 
resembled dead material found in bottom detritus of 
feeding sites, and may have been ingested incidental· 
ly. Gizzard contents were included in earlier analyses 
reported in the literature, biasing results toward 
vegetative material (Swanson and Bartonek 1970). 
Manniche (1910) found indeterminable remnants of 
crustaceans in the stomachs of downy young. Young 
king eiders fed regularly in Shallow-Carex ponds 
with high populations of fairy shrimp and water 
fleas; these organisms also were noted in stomach 
contents (Table 14). 

Pintail.-Male pintails, common throughout the 
summer, used ali types of wetlands, but Basin
complexes accounted for 81% of 423 recorded feeding 
observations. Use shifted from Coastal wetlands and 
temporary wetlands to the marshy basins and 
vegetated zones of deep Arctophila-rimmed ponds 
and stream pools as the spring thaw progressed. 
Large areas with good emergent cover were impor
tant to pintails during the molt period in J uly. During 
la te J uly and early August, the re was increased use of 
Shallow-Carex ponds where fairy shrimp and tadpole 
shrimp were concentrated. 
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Table 14. Percentage volume (ml) of sorne foods of 17 birds collected at Storkersen Point, 1972 and 1973. 

Digestive Species: Oldsquaw King eider Pintai! Red phalarope 

contents Number: 1 2 3 4 5 1 2 3 4 1 2 3 4 5 1 2 3 

A cari 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 tr 0.0 0.0 0.0 0.0 0.0 0.0 
Anostraca 0.0 0.0 0.0 0.0 0.0 tra 23.1 0.0 4.5 0.0 0.0 0.0 0.0 0.0 0.0 96.9 0.0 
Araneae 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.8 0.0 0.0 0.0 0.0 27.0 
Cladocera 0.0 tr tr tr tr tr tr 0.0 2.2 tr tr 0.0 tr 0.0 0.0 tr tr 
Copepoda 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 tr tr tr 0.0 0.0 0.0 0.0 0.0 
Muscidae 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.2 tr 6.6 0.0 0.0 0.0 0.0 0.0 
Chironomidae tr tr 52.4 61.3 36.5 !.fi 0.0 4.9 0.0 7.9 17.4 6.6 0.0 0.0 tr 0.0 61.0 
Tipulidae 0.0 3.6 0.0 0.0 tr 0.0 0.0 0.0 0.0 0.0 0.0 30.6 0.0 0.0 77.8 0.0 5.5 
Other Diptera 0.0 0.0 0.0 0.0 0.0 tr 0.0 0.0 tr tr 0.0 tr 0.0 0.0 tr 0.0 tr 
Gastropoda 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.6 tr 0.0 0.0 0.0 tr 0.0 0.0 
Nematoda 0.0 tr tr 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Notostraca 0.0 0.0 0.0 0.0 0.0 0.0 tr 0.0 0.0 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Oligochaeta 0.0 0.0 tr tr 0.0 0.0 0.0 0.0 0.0 0.0 0.0 11.6 0.0 0.0 tr 0.0 1.4 
Trichoptera 80.2 39.2 tr tr tr 24.3 tr tr 0.0 0.4 tr 0.0 tr 2.3 tr 0.0 0.0 
Unknown animal tr tr 4.3 0.5 tr tr tr 0.9 6.7 20.0 8.2 8.8 tr tr 11.1 1.6 1.6 
Vegetation tr 3.0 3.5 2.5 19.0 !3.2 1.5 33.6 tr 26.8 33.6 22.8 44.0 41.9 tr 1.6 0.8 
Grave! 19.8 54.2 39.8 35.7 44.4 30.8 75.4 60.8 86.5 41.3 40.8 12.4 56.0 55.8 11.1 tr 2.7 

Total volume (ml) 5.30 4.15 5.15 5.55 6.3 3.2fi 3.25 9.25 4.45 6.30 5.75 6.05 2.50 2.15 0.45 1.60 3.65 

a Less than 0.1 percent. 



Pintails utilized a variety of invertebrate foods 
(Table 14). On 24 J uly 1973, two males that could not 
be observed before collection, were taken in wing 
molt. Attempts to collect pintails feeding where fairy 
shrimp and tadpole shrimp were abundant were 
unsuccessful. Krapu (1974) found fairy shrimp to be 
an important food resource of pintails in North 
Dakota, and these easily obtainable items probably 
are important in tundra areas as weil. The few 
nesting attempts by pintails at Storkersen Point were 
unsuccessful, and information on preferences of 
broods for feeding areas was not obtained. Broods 
were seen on large, marshy lakes inland about 13 km 
east and 85 km south of the Col ville River delta (Lat. 
70° 40'N, Long. 151 o 15'W). 

Other water{owl.-Spectacled eiders nested in 
limited numbers near Storkersen Point, but no 
information on feeding was obtained. Nests and 
sightings were near Deep-open lakes. Green·winged 
teal, mallards, and shovelers also used the Basin· 
complex wetlands preferred by pintails. American 
wigeon (Anas americana) were numerous in Coastal 
ponds (Class VIII) in June of most years of the study, 
and were seen ingesting vegetation in areas 
dominated by Carex subspathacea ;md Puccinellia 
phryganodes. Black brant and white-fronted geese 
also seemed to rely on these plants. Nesting whistling 
swans preferred large water areas with substantial 
vegetative cover where observations of feeding were 
difficult. 

Loons.-Red-throated loons relied on fish from the 
nearby Beaufort Sea to feed their young, rarely 
feeding in inland waters. Arctic loons also made 
flights to sea but more commonly fed in fresh water. 
Deep-Arctophila ponds were the preferred habitat 
where young were fed invertebrates by their parents. 
Two young Arctic loons collected for food habits 
information bad eaten caddisflies and tadpole 
shrimp, and a young red-throated loon contained 
Arctic cod (Boreogadus saïda). An adult arctic loon 
bad eaten tadpole shrimp, caddisfly larvae, fairy 
shrimp, and water fleas (Cladocera). 

Phalaropes.-Shallow-Carex ponds accounted for 
66% of 102 recorded feeding observations of red and 
northern phalaropes (Lobipes lobatus). Large, well· 
vegetated Basin-complexes were second in impor· 
tance. Shallow-Carex ponds received heaviest use in 
August, when reduced water levels concentrated free
swimming invertebrates; flocks of 20 to 30 were 
common. Feeding behavior indicated that free
swimming organisms, benthic organisms, and 
emerging aquatic insects all were eaten. Birds took 
fairy shrimp and water fleas from shallow ponds and 
often picked food items from emergent vegetation. 
Stomach contents of a specimen which had fed in this 
manner included adult midges and spiders. 
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Other shorebirds.-Shorebirds at Storkersen Point 
made use of exposed bottom areas and extremely 
shallow waters of drying ponds, but no birds were 
collected for food habit studies. The diet of four 
species of genus Calidris near Barrow, Alaska, relied 
on midge larvae, cranefly larvae, adult insects, and 
arachnids (Holmes and Pitelka 1968). Stilt sand
pipers (Micropalama himantopus) stopped during 
migration in August and used shallow ponds exten
sively. Late season feeding concentrations of 
shorebirds are composed mostly of young birds. 

Discussion and Recommendations 
The a vian community of the Alaskan Coastal Plain 

at Storkersen Point is characterized by (1) a small 
number of breeding birds relative to lower latitudes, 
(2) few resident species, (3) a high percentage of 
water·related birds, (4) relatively low-density pop· 
ulations that are widely distributed, and 
(5) dominantly invertebrate feeders with lesser 
numbers of grazers. Compared with the bird fauna at 
Point Barrow (Pitelka 197 4), there are fewer species 
breeding and fewer accidentais, especially Asiatic 
forms. 

The Arctic Coastal Plain is of great importance for 
species restricted in breeding to the arctic, such as red 
phalaropes, many other shorebirds, whistling swans, 
white-fronted geese, brant, king eiders, oldsquaws, 
and arctic and red-throated loons. Recognition of the 
importance of the coastal plain to usually non· 
breeding segments of waterfowl populations, par· 
ticularly pintails, bas been increased by the 
knowledge that drought-displaced prairie ducks often 
migrate to northem habitats (Hansen and McKnight 
1964; Smith 1970; Henny 1973). Severa! other species 
of waterfowl and shorebirds use the wet tundra for 
feeding during migration and seem also to breed in 
small numbers periodically. 

Efforts to preserve the fauna and flora of tundra 
wetlands are complicated by our incomplete un· 
derstanding of the roles of moisture levels, frost 
action, and other physical forces in the creation and 
continuity of the wet tundra ecosystem. Unfortunate
ly, human-induced change may create permanent 
damage bef ore we can study, assess, and predict the 
complications. Much of the damage from human 
activity on the tundra will take the form of esthetical· 
ly displeasing local effects on vegetation. Equally 
uncertain is the effect of the vast network of roads 
and collecting pipelines that may alter water levels 
and form new wetlands, thereby influencing 
vegetative growth and succession. 

First order damage resulting from oil development 
will be direct effects of oil pollution on vegetation and 
wetland systems. Although most public concem bas 
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related to potential damage along the proposed route 
of the Trans-Alaska Pipeline, oil spills and disturb
ances will be more frequent in oil or gas fields where 
pipeline systems and roads link wells to the main 
pipeline. Oil spills almost anywhere in this area, 
where slopes are graduai and drainage patterns 
indefini te, could result in the deposition of oil in many 
basins during the spring thaw when melt water flows 
over the impermeable tundra surface. Any major 
reduction of food organisms through degradation of 
preferred habitats by industrial activity will be 
detrimental to local aquatic bird populations. 

The results of severe oïl pollution are indicated by 
the destruction of ali invertebrate and plant life in the 
contaminated pond at the Storkersen Point weil; the 
basin is useless to water birds for food, and the 
contaminated sediments contain pollutants which 
may spread to adjacent wetlands. Petroleum com
pounds in bottom sediments break clown slowly, 
especially in cold climates, and oil-loaded sediments 
can be lethal to important and abundant midge 
larvae (Bengtsson and Berggren 1972) and small, 
shrimp-like crustaceans (Blumer et al. 1971). 
Repopulation of waters over polluted sediments by 
free-swimming invertebrates is unlikely because 
most aquatic invertebrates will be subjected to 
contact with toxic sediments on the bottom of 
wetlands during the pgg or overwintering stage of 
their life cycle. 

Because petroleum development and production 
may occur over most of the Alaskan wet tundra 
ecosystem adjacent to the Beaufort Sea, it is vital that 
efforts be made to (1) preserve sorne large and totally 
undisturbed blocks of this unique habitat, and 
(2) prevent unnecessary destruction of bird pop
ulations and habitats even in areas developed for oïl 
or gas removal. 

Total protection of large tracts oftundra, including 
protection from ali-terrain vehicles even in winter 
(see Plate 1), is essential to preserve the integrity of 
these units as reserves and areas for further study. 

Although there are other extensive moist tundra 
areas in Alaska, the northern coastal plain is unique 
in its geographie position, its climatic regime, and its 
possible importance to birds moving in east-west 
migration. We favor saving sorne large, undisturbed 
blocks of habitat that will preserve the unique 
wetlands and upland habitats that vary from the 
coast into the foothills of the Brooks Range. 

In addition, smaller units that are weil distributed 
throughout oil development areas should be pre
served. So little is known about habitat requirements 
and home ranges of resident birds that the optimum 
size of such preserve units is uncertain. The 
Storkersen Point study area was large enough to 
include one pair ofwhistling swans, but rather small 

for aggregations ofnesting brant or eiders. Therefore, 
comparable blocks of 42 km2 would be minimal to 
satisfy home-range requirements of mobile species 
like whistling swans. These blocks should be selected 
from the most diverse and productive areas, irrespec
tive of their potential for oil development. Such units 
will preserve the essential diversity of organisms and 
physical features of the plain for bird production and 
for scientific investigation. The number of such units 
essential to significantly maintain a specifie level of 
bird production is uncertain. 

Throughout the oïl development areas, it should be 
feasible to preserve key water-bird production areas 
with little modification of operational procedures. 
Based on data from this study, Deep-Arctophila 
ponds and lakes (Class IV), Basin-complex wetlands 
(Class VI), and Coastal wetlands (Class VIII) are 
most intensively used by water birds. While wetlands 
in other classes are more abundant (Table 10) and less 
intensively used by loons and waterfowl, their value 
to other water birds is great. 

The following recommendations are based on 
general observations ofthewet tundra ecosystem and 
could help to minimize conflicts between water birds 
and petroleum development on the Arctic Coastal 
Plain: (1) With current drilling technology, it may be 
possible to choose weil sites sorne distance from 
choice Class IV, VI, and VIII wetlands to reduce 
impact on reproductive activity of the larger water 
birds. (2) Pipeline pump stations, oil wells, and other 
facilities containing oil should be restricted to sites 
where leaking oil cannot enter flowing waters or 
wetlands in Class IV, VI, and VIII. (3) Where 
facilities must be in watersheds, regular inspection is 
essential and contingency plans should be ready for 
rapid containment of oïl. (4) Otherpollutants such as 
drilling mud, solid wastes, and fluid wastes should 
not be discarded into wetlands. (5) During 15 May to 
1 October, major construction activities should be 
prohibited within 1 km ofwetlands in Classes IV, VI, 
and VIII. (6) New roads and pipelines should be 
constructed so th at a minimum number of Class IV, 
VI, and VIII wetlands are affected by water blockage. 
(7) Activities that will drain wetlands of high value 
to water birds should be prohibited. (8) Low-level 
aircraft activity should be minimized during the 
breeding season. 

Future studies relevant to understanding 
relationships between birds, wetlands, and petroleum 
and gas development should include studies of: 
(1) the use of classes of wetlands by phalaropes and 
other species of shorebirds; (2) a comparable 
classification system for uplands, especially in 
reference to use by plovers and sandpipers; (3) tech
niques for rapidly and accurately appraising bird 
production values of wetlands of the coastai plain; 



(4) the capacity of melt water to transport oil over the 
impermeable tundra surface during spring thaw; 
(5) the toxicity of oil to aquatic food resources of 
birds; (6) the effect of disturbance on populations and 
reproductive success oftundra birds; (7) the impact of 
water-level changes on vegetation and invertebrates 
in tundra wetlands; (8) determination of the optimal 
size and distribution of small production units; and 
(9) an evaluation of the role of barrier islands and 
lagoons for birds that use the coastal plain as weil as 
those that exclusively nest on these islands or feed in 
the lagoons. 

Su rn mary 

Water-related birds and aquatic habitats domina te 
the natural ecosystem at Storkersen Point in 
Alaska's Prudhoe Bay oil fields. Of the 25 species of 
birds that nested in the study area, 11 were swimming 
birds (loons, waterfowl, and phalaropes) and 4 were 
sandpipers (Calidris spp.) that often wade. 
Phalaropes and sandpipers were the most abundant 
species. 

A wetland classification system is presented that is 
based on characteristics of basin morphometry, 
vegetation, specifie conductance of water, and water 
movement. Eight classes of wetlands are defined: 
Flooded Tundra (Class 1); Shallow-Carex (Class Il); 
Shallow-Arctophila (Class III); Deep-Arctophila 
(Class IV); Deep-open (Class V); Basin-complex 
(Class VI); Beaded Stream (Class VII); and Coastal 
Wetland (Class VIII). Wetlands of Classes 1 through 
V represent progressive stages of basin development 
resulting from thawing of ground ice, and Class VI 
wetlands form after Class V basins are partially 
drained. Beaded Streams (Class VII) are the only type 
of fluvial waters at Storkersen Point and are a 
widespread feature of the !\retie Coastal Plain. 
Coastal Wetlands (Class VIII) are distinguished from 
other classes, because they are periodically flooded by 
sea water, have unique vegetation, and tend to be 
brackish. 

Deep-Arctophila (Class IV) and Basin-complex 
(Class VI) wetlands were used most frequently by 
loons and waterfowl. Shores and waters ofDeep-open 
lakes (Class V) were molting-areas for geese and 
female oldsquaws, and Coastal Wetlands (Class VIII) 
were preferred nesting and feedtng habitats of black 
brant. The more abundant, smaller wetlands were 
intensively used by phalaropes and sandpipers. 

Data on numbers and volume of invertebrate 
organisms associated with emergent vegetation 
support general observations on feeding and other 
use of wetlands: (1) Classes III, IV, and VI wetlands 
are of greatest importance to waterfowl and loons 
that utilize invertebrates, and (2) Class VIII 

37 

wetlands are of greatest value to herbivorous brant. 
Production of invertebrates reaches its peak during 
late summer when shorebirds and waterfowl broods 
are most abundant. Use of invertebrates by water 
birds stresses the importance of protecting wetland 
habitats from disturbance if the a vian community is 
to be perpetuated. 

Undisturbed tundra preserves of a size sufficient to 
support nesting by ali bird species are a vital need. 
Recommendations to reduce conflicts between water 
birds and oil or gas development are focused 
primarily on minimizing oil-related activities near 
wetlands in Classes III, IV, VI, and VIII because 
these classes are limited in numbers and are inten
sively used by water birds. Comparable data on 
habitat selection by upland-nesting shorebirds are of 
high priority for further research. 
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ABSTRACT 

FOR many species of ducks, the prairie pothole region is considered to be their 
most important production area in North America. Each spring, throughout a 
large portion of the waterfowl production areas of Canada and the United 
States, the population of ducks, their reproductive success, and the condition of 
the habitat are estimated using comparable methodology. We analyzed this data 
set to determine the numbers, proportions, productivity, and sources of 
variation, for the 12 species of ducks that commonly breed in the prairie pothole 
region portion of the total surveyed area. 

Between 1955 and 1985, an average of 21.6 million ducks used the region, 
representing about 51.1 OJo of the total estimated surveyed population. Over 500Jo 
of the total numbers of 8 of the 12 species are found in the region. There is 
striking variation in bird use within and among years and among subdivisions of 
the region. Habitat quantity and quality, as measured by the number of ponds 
available in May, seem to be the dominant factors controlling duck numbers; 
correlating positively with the distribution, abundance, and reproductive success 
of ducks. There have been significant shifts in the relative abundance and total 
numbers of individual species within subdivisions and for the whole region. 
Massive changes in land-use are dominant factors producing these changes, but 
extrinsic factors during the nonbreeding season also may be operant. Conserva
tion of waterfowl in North America is closely tied to the fate of the prairie 
pothole region. 

204 

KEY WORDS: prame pothole region, ducks, temporal variation, 
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POTHOLES BV NORTH AMERICAN DUCKS 

INTRODUCTION 

WETLANDS of the prairie pothole region of North America are 
intimately linked to the life cycles of a great variety of 
wildlife. There are species representing ali five classes of verte

brates that are obligate users of prairie wetlands and the mosaic of land 
and water that they form (Clark 1978; Murkin and Batt 1987). Perhaps 
the most widely recognized wildlife species using this habitat are water
fowl (e.g., Sugden 1984), although other chapters in this volume identify 
the importance of prairie wetlands to fish (Peterka, Chap. 10) and mam
mals (Fritzell, Chap. 9). 

Historically, prairie potholes have not received much attention from 
scientists, perhaps because they produce few obvious economie benefits 
in a region where land that is not in agricultural production is considered 
to be "wasteland" by most of society. The greatest efforts by individuals, 
industries, and governments have been focused on removing wetlands by 
filling or draining. The only opposition to this has come from the politi
cally weaker voices of sports enthusiasts and naturalists who defend 
these areas for their importance to wildlife. 

For most species of ducks, this region is considered to be the most 
important production habitat in North America (Canadian Wildlife 
Service 1986). The region frequently is touted as producing from 50 to 
800Jo of the continent's main game species. These daims form the basis 
of numerous, but as yet largely ineffective, programs to preserve this 
resource. 

BRUCE D. J. BATT, MICHAEL G. ANDERSON, and C. DIANE ANDERSON, Delta 
Waterfowl and Wetlands Research Station, Delta, Manitoba RIN 3Al. F. DALE 
CASWELL, Canadian Wildlife Service, 501 University Crescent, Winnipeg, Manitoba 
R3T 2N2. 
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The prame pothole region extends over approximately 300,000 
square miles in the western plains of Canada ( = 8007o) and the United 
States (=:20%). This huge area is not homogeneous as there are major 
differences among regions in geological history and soil types, topogra
phy, climate (e.g., precipitation, frost-free period), the history of human 
settlement, and intensity of land-use. Several of these elements have not 
been stable over long periods of time. Human factors have changed 
dramatically throughout the region during the past several decades. 
Furthermore, waterfowl using different portions of the region may win
ter in widely different localities across the continent (Bellrose 1980; 
Johnson 1986), and these areas too have been impacted by humans in 
disparate ways, which may affect the survival or condition of wintering 
ducks. Finally, natural climatic variation has resulted in distinct but 
nonuniform wet and dry periods. 

This chapter will attempt to quantify the use and significance of this 
region for breeding waterfowl. We will describe trends in individual spe
cies populations and productivity over the last three decades, explore 
possible cause-and-effect relationships of these trends, and describe year
to-year variations in use patterns. We will offer sorne thoughts on future 
prospects for waterfowl in this region, particularly in relation to con
flicts with agriculture. 

BASIC ECOLOGICAL RELATIONSHIPS OF WATERFOWL 
AND PRAIRIE WETLANDS 

Before examining data on the region's duck populations, it seems 
useful to describe briefly those species that use it and factors that make 
this area especially attractive to breeding ducks. Of the 34 species of 
ducks breeding in North America, 12 are common in the region. These 
are discussed under the general categories of dabbling ducks (Anas spp.) 
and diving ducks (Aythya spp. and Oxyura sp.). Seven of the 12 are 
dabbling ducks: mallard (Anas p/atyrhynchos), northern pintail (A. 
acuta), gadwall (A. strepera), blue-winged teal (A. discors), northern 
shoveler (A. clypeata), green-winged teal (A. crecca caro/inensis), and 
American wigeon (A. americana). Five are diving ducks: canvasback 
(Aythya va/isineria), redhead (A. americana), lesser scaup (A. a.ffinis), 
ring-necked duck (A. co/laris), and ruddy duck (Oxyura jamaicensis). 
The greater scaup (Aythya mari/a) is also present in the area and is not 
separated from the lesser scaup during population inventories. However, 
only a very low proportion of the scaup counted are known to be greater 
scaup. Other species that occur, but never beyond trace numbers in con
tinental surveys, are: cinnamon teal (Anas cyanoptera), black duck (A. 
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rubripes), wood duck (Aix sponsa), white-winged scoter (Melanitta 
fusca), common goldeneye (Bucepha/a clangula), bufflehead (B. al
beola), and mergansers (Mergus merganser and M. serrator). Data from 
these species are not included in this analysis. 

For prairie ducks, several critical events occur in pothole habitat. 
Reproduction is the most important of these; indeed, ali other events 
(e.g., feather molt) appear to adjust to the timing and success of repro
duction. 

Different species exploit the mosaic of prairie wetlands in different 
ways (e.g., Stewart and Kantrud 1973; Kantrud and Stewart 1977) and 
waterfowl communities vary considerably across the prairies (e.g., Ste
wart and Kantrud 1974; Nudds 1983) and over time (e.g., Smith 1971; 
Stoudt 1971; Trauger and Stoudt 1978; Leitch and Kaminski 1985; John
son 1986). However, for ali species carefuliy studied thus far, the birds 
appear to be attracted to the high levels of primary and secondary pro
ductivity characteristic of pothole basins (e.g., Murkin, Chap. 11). The 
high productivity of prairie potholes is likely a result of the fortuitous 
combination of fertile soils, diverse complexes of mostly shaliow basins, 
moderately long growing seasons, and seasonal and year-to-year varia
bility in water levels (Williams 1947; Smith 1971; Sugden 1984). 

During the breeding period, including brood-rearing, ali species ap
pear to exploit the protein- , lipid- , and calcium-rich food provided by 
abundant aquatic invertebrates (Murkin and Batt 1987; Swanson, Chap. 
8). lnvertebrates appear to be critical for breeding females as sources of 
nutrients for egg production and body maintenance (e.g., Bartonek and 
Hickey 1969; Swanson et al. 1979; Swanson, Chap. 8) and for develop
ing young waterfowl (Sugden 1973). Invertebrate communities them
selves are dependent upon wetland dynamics in the prairie ecosystem 
(e.g., Voigts 1976; Murkin 1983). 

Another commonly cited characteristic of potholes, which makes 
them attractive to breeding waterfowl, is their physical heterogeneity 
that aliows breeding pairs to isolate themselves in defensible pieces of 
habitat where they can secure resources for breeding and are relatively 
undisturbed by other birds (e.g., Hochbaum 1944). Selection for re
duced competition is probably relevant in a broader sense, too, for 
ducks and other migratory birds presumably journey to such breeding 
areas partly because there are fewer resident competitors for necessary 
resources than at low latitudes (e.g., Lack 1968). 

Following breeding, most ducks quickly leave the potholes for 
larger lakes and marshes where they undergo a complete change in body 
plumage and prepare for fall migration. With sorne exceptions (e.g., 
molting blue-winged teal), males of most species leave the potholes as 
soon as there is no longer a chance to breed (Hochbaum 1944; Salomon-
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sen 1968; Bergman 1973; Dubowy 1980; Stoudt 1982; Anderson 1985). 
Sorne nonbreeding females and those whose nests have been lost also 
join these postbreeding flocks (Bailey 1981). By midsummer, the only 
birds left in most potholes are incubating and brood-rearing females and 
young-of-the-year. Saon after fledging, even these birds abandon small 
potholes for larger water, usually long before freeze-up makes small 
wetlands unavailable. 

SOURCES OF THE DATA 

The data analyzed in this report were obtained during the May 
waterfowl breeding-ground surveys and the July waterfowl production 
surveys conducted annually by the U .S. Fish and Wildlife Service 
(USFWS) and the Canadian Wildlife Service (CWS) (CWS and USFWS 
1977). These aerial surveys of waterfowl breeding habitat are arranged in 
50 strata (Fig. 7 .1), encompassing 50,000 linear miles of transects from 
South Dakota to Alaska, and have been surveyed annually sin ce 1955. 
July production surveys have been flown on a variable subset of these 
transects over a shorter period of time. The 50 survey strata include the 
majority of the total area used by most of the species, but there is 
increased evidence that a significant proportion of the mallards may 
occur outside the surveyed area (Trost, Blohm, and Boyd pers. comm.). 
The other species for which this factor may be important are: northern 
pintai!, green-winged teal, lesser scaup, and ring-necked duck. 

Counts are flown with light aircraft at an altitude of 30-50 rn, using 
two observers (Hanson and Hawkins 1975). Simultaneous ground sur
veys are run over a portion of the transect route to generate corrections 
for visibility of various species, pond conditions, etc. (Martinson and 
Kaczynski 1967). Henny et al. (1972) and Pospahala et al. (1974) provide 
more detailed discussions of survey techniques and the resulting data. 

May breeding pair counts typically included ali 50 strata (although 
long-term means were used for northern Ontario from 1974 to 1985). In 
the event that weather or other exigencies prevented flying a transect, 
long-term averages were substituted for missing values. We calculated 
from CWS files that this occurred with about 71!fo of the total data set, 
mostly in the early years of the survey. Data from outside the 50 strata 
surveyed area have been added by the USFWS to yield total estimated 
populations for northern pintails and mallards beginning at various 
times during the 31-year interval. These data were not used because they 
represent an unequal expansion of the information base and bias com
parisons over the full period of this analysis. July production surveys as 
of 1985 included 31 of 50 strata but past coverage was variable. Brood 
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data are not available for ali regions in ali years. Consequently, oppor
tunities for comparisons are more limited with brood data. In ali cases 
where we made comparisons (See Tables 7. 7-7. 10), available brood data 
were matched with breeding pair and habitat data for the same individ
ual strata and year, thus providing comparable, consistent comparisons 
despite imbalances in the data set. We assumed that, although regional 
coverage varied among years, each sample within each region provided 
unbiased samples of that region, which would thus aliow comparisons 
among regions and over time. 

For purposes of this report, we define the prairie pothole region to 
be 24 of the 50 strata of the total surveyed area, including southern 
Alberta (strata 26-29), southern Saskatchewan (30-35), southern Mani
toba (36-40), eastern Montana (41-42), North Dakota (43, 45-47) and 
South Dakota (44, 48-49). This region includes sorne habitats (lakes, 
rivers) that do not fit the definition of potholes, but these are of rela
tively minor importance. Also, portions of Minnesota, Nebraska, and 
Iowa include important prairie wetland habitat and many breeding 
ducks, but data for these regions are scattered and lack long-term con
sistency that aliows clear comparisons. Similarly, we did not include data 
from the earliest comprehensive surveys (1947-1954), which are not 
strictly comparable with the present data set. For habitat comparisons, 
we used May pond counts unadjusted for visibility biases, because an
nualiy adjusted data are not available before 1961. The timing of the 
annual surveys obtains the best data for maliard, northern pintail, and 
canvasback. The other species typicaliy nest later in the season, and 
during the survey period they may not yet have arrived to be enumer
ated, or may be on their way to breeding grounds elsewhere. This fact 
will account for sorne of the variability obtained in annual population 
estimates. 

Statistical tests foliow Sokal and Rohlf (1981) and Wilkinson 
(1985). Percentage data were arcsine transformed before regressions or 
analyses of variance. Tukey's HSD test was used when comparisons of 
means were made after analysis of variance. Smoothing and time series 
analyses, based on three-year moving averages, were done to search for 
patterns in certain highly variable population data (Velieman and Hoag
lin 1981). 

RESULTS 

Duck Populations 
There has been considerable variation in mean total duck numbers 

(combined total for ali surveyed species) in the region between 1955 and 
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1985 (21.6 ± 4. 75 million, CV 22.1 OJo ), and in the mean proportion of 
ali ducks estimated to be in the prairie pothole region portion of the 50 
surveyed strata (51.1 ± 1.4%, CV 15.2%) (Table 7.1). The peak esti
mated population of 33.6 million birds occurred in 1956 and was fol
lowed by a rapid decline to 17.6 million in 1959. Populations since th en 
have varied greatly, with the lowest population of 15.3 million recorded 
in 1985. 

Species Composition 
The number of ducks present varied considerab1y within and among 

species over the 31-year period for which comparable data are available 
(Table 7 .1). The most abundant ducks were the mallard, blue-winged 
teal, and northern pintail, which together averaged 62% of the birds 
present. Annual fluctuations in numbers were considerable, with coeffi
cients of variation falling between 20.3 and 71.4%. The most uncom
mon species, the ring-necked duck, was the most variable in number. On 
average, about 87% of the ducks were dabbling ducks and 13% were 
diving ducks. 

While the relative numbers of each species present give the clearest 
picture of the community of ducks, a different picture is obtained when 
the importance of the region to each species is considered (Table 7 .1). 
For 8 of the 12 species, over 50% of their mean total estimated numbers 
occurred in the region. The American wigeon approached this category 
at 49.3%. 

Coefficients of variation for the proportion of the estimated popula
tions of various species in the prairie pothole region ranged widely from 

TABLE 7.1. Average duck populations in the prairie pothole region and the per
centage of each species' total surveyed population found in the re· 
gion (1955-1985) 

Species 

Mallard 
Blue-winged teal 
Northern pintai! 
Northern shoveler 
American wigeon 
Gad wall 
Green-winged teal 
Scaup 
Redhead 
Canvasback 
Ring-necked duck 
Ruddy duck 

Total ducks• 

Breeding population (x10") 

X ± SD (CV) 

5.4 ± 1.67 (31.1) 
4.3 ± 0.95 (21.8) 
3.7 ± 1.75 (47.8) 
1.6 ± 0.37 (23.2) 
1.6 ± 0.32 (20.3) 
1.4 ± 0.32 (22.9) 
0.7 ± 0.21 (28.6) 
1.1 ± 0.38 (32.9) 
0.6 ± 0.19 (31.4) 
0.4 ± 0.10 (28.3) 
0.1 ± 0.05 (71.4) 
0.5 ± 0.21 (43.5) 

21.56 ± 4.75 (22.1) 

•Combined total for ali surveyed species. 

Percent of total surveyed population 

X ± SD (CV) 

67.3 ± 7.6 (11.3) 
88.1 ± 6.7 (7.6) 
62.1 ± 16.4 (26.4) 
80.9 ± 10.6 (13.2) 
49.3 ± 8.1 (16.5) 
94.7 ± 3.4 (3.6) 
35.5 ± 9.4 (26.3) 
16.9 ± 4.8 (28.5) 
81.8 ± 11.5 (14.0) 
64.3 ± 12.6 (19.5) 
13.9 ± 7.9 (56.8) 
86.7 ± 8.5 (9.8) 

51.1 ± 7.8 (15.2) 
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3.6 to 56.8U/o (Table 7 .1). This could be considered as an additional index 
of the dependence of a species on the region. Presumably, birds not tied 
to it, or to a strategy of precise homing, may successfully settle in other 
areas readily when habitat conditions are adequate. Obligate users could 
not do so. Thus, species !east dependent on the region should show the 
greatest year-to-year variation (higher CV). Those species most closely 
tied to it should show the !east variation among years (lower CV). This 
prediction is supported by a significant Spearman Rank Correlation (r 
= 0.938, P < .001) between ranks of the mean percentage of species 
present and ranks of coefficients of variation. Thus, the mean percent
age of a species' population present in the region seems to be a strong 
indication of the dependence of that species on it, regardless of its com
parative abundance. Using this criterion, the rank of dependence is 
(from most to !east dependent): gadwall, blue-winged teal, ruddy duck, 
redhead, northern shoveler, mallard, canvasback, northern pintai!, 
American wigeon, green-winged teal, scaup, and ring-necked duck. 

Historical Trends in Duck Use 
The proportions of each species present in the prairie pothole region 

over the 1955-1985 period were plotted (Fig. 7 .2) and simple linear 
regressions were calculated (Table 7 .2). These standardize the size of the 
total estimated population of each species and are thus a relative 
measure of bird distribution during the survey period. The distribution 
of total ducks, and of 9 of the 12 species, showed no significant tem
poral (P > .05) change. Only redheads showed a significant (P < .01) 
increase, while gadwalls (P < .05) and American wigeons (P < .05) 
significantly declined. Significant decreases were approached by total 
ducks, mallards (P < .06) and blue-winged teal (P < .07). 

TABLE 7.2. Regressions of the proportions of each species' total surveyed pop· 
ulation present in the prairie pothole region (1955-1985) 

Species SI ope r' p 

Mallard -0.292 0.121 .055 
Blue-winged teal -0.245 0.110 .069 
Northern pintai! -0.291 0.026 .386 
Northern shoveler -0.151 0.017 .488 
American wigeon -0.393 0.193 .013 
Gad wall -0.168 0.198 .012 
Green-winged teal -0.197 0.037 .302 
Scaup -0.049 0.009 .617 
Red head +0.601 0.227 .007 
Canvasback +0.046 0.001 .859 
Ring-necked duck +0.231 0.071 .148 
Ruddy duck +0.055 0.003 .753 

Total ducks• -0.286 0.112 .066 

•Combined total for ali surveyed species. 
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FIG. 7 .2. Scatterplots of the percentage of a species' total population from the surveyed 
area estimated to be in the prairie pothole region each year for 1955-1985. 

Recause of the wide scatter in these data (Fig. 7 .2), we searched 
further for patterns in proportion of each species settling in the region by 
using time-series analysis with three-year moving averages (the first and 
last data points of the series, 1955 and 1985, are only two-year averages) 
and included the data for the number of ponds present each May. 
Smoothed plots for the marginally declining species (mallards, blue
winged teal, and total ducks) look very different than plots of raw data. 
Although the raw data were suggestive of declines, the smoothed plots 
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are distinctly nonlinear and resemble smoothed data for May ponds 
(Fig. 7 .3). Smoothed plots for other species more closely resembled plots 
of raw data (Fig. 7 .2), though the scaup, ring-necked duck, northern 
pintai!, and green-winged teal series also appeared more nonlinear. The 
steady declines in American wigeon and gadwall and the rise in redhead 
proportions remained distinct in the smoothed data. 

Relationship to Wetland Numbers 
The most probable factor affecting the proportions of each species 

using the region in a given year is habitat quality (Fretwell and Lucas 
1969). However, variation in female philopatry and over-winter survival 
of birds from different portions of the breeding range may also have 
effects (Johnson 1986). The breeding ground surveys provide only a 
single index of habitat quality, the number of May ponds, collected at 
the same time as the data for breeding population estimates. Pond and 
duck numbers have varied greatly over the 31-year period of the survey 
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+ 1; for 1955 the point is the mean of t and t + 1; for 1985 the pointis the 
mean of t and t - 1. 
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(Fig. 7 .4). There is a significant linear relationship between the total 
number of ducks and the number of May ponds (y = 13.0 + 0.002x, 
where y = total ducks and x= May ponds, r2 = 0.41, P < .001). The 
proportions of total ducks and of ali species individually, except the 
lesser scaup and ring-necked duck, also showed significant positive rela
tionships to May ponds (Table 7 .3). For significant relationships, coeffi
cients of determination (r2

) ranged between 0.19 for the American wi
geon and 0.57 for the northern pintail. The five strongest (P < .001) 
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FIG. 7.4. Estimated number of unadjusted May., ponds and total ducks present in the 
prairie pothole region for 1955-1985. 

TABLE 7.3. Regressions of the proportions of each species' total surveyed pop· 
ulation present in the prairie pothole region in relation to the num· 
bers of May ponds 

Species 
Mallard 
Blue-winged teal 
Northern pintai! 
Northern shoveler 
American wigeon 
Gad wall 
Green-winged teal 
Scaup 
Redhead 
Canvasback 
Ring-necked duck 
Ruddy duck 

Total ducks• 

SI ope ( x 1 000) 

0.030 
0.030 
0.089 
0.048 
0.026 
0.013 
0.032 

-0.001 
0.047 
0.048 
0.005 
0.037 

0.037 

•Combined total for ali surveyed species. 

r' 
0.296 
0.371 
0.571 
0.392 
0.191 
0.267 
0.229 
0.000 
0.320 
0.285 
0.007 
0.359 

0.446 

p 

.002 

.001 

.001 

.001 

.014 

.003 

.006 

.965 

.001 

.002 

.650 

.000 

.001 
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relationships were for the northern pintail, northern shoveler, blue
winged teal, ruddy duck, and redhead. 

Geographie and Temporal Variations 
To search for patterns of change within the region, we calculated the 

relative proportion of each species in the community (number of each 
species x/number of ali species combined) for the six administrative 
regions: Montana, North Dakota, South Dakota, southern Manitoba, 
southern Saskatchewan, and southern Alberta. Three ten-year time pe
riods were selected (1955-1964, 1965-1974, 1975-1985) for statistical 
comparisons. The data then are measures of the relative abundance of 
each species at a given time and place. Two-way ANOVAs for each spe
cies showed that there were significant differences for both major factors 
and interaction effects for ali but 6 of 36 possible comparisons (Table 
7 .4). Ali species varied significantly among the subdivisions of the re
gion. Ali species, except the American wigeon, varied significantly 
among time periods and 7 of the 12 possible interaction comparisons 
yielded significant effects. 

The data were regrouped by the three time periods for analysis of 
trends in relative proportion of each species summed over the entire 
region. Ali species, except the blue-winged teal and the American wi
geon, showed significant changes (Table 7 .5) over time periods. Maliards 
and northern pintails showed significant declines over the three periods, 
while the other six species were found in higher proportions in the later 
years. 

Table 7.6 presents the relative abundance of 12 species in 6 subdivi
sions of the region summed over ali years. For each species, regional 
averages differed greatly (P < .001). 

TABLE 7.4. Significance of ANOVA comparisons for six regions of the prairie 
pothole region over three time periods of the relative abundance of 
each species in the regional population 

Comparisons 
Species region period region x period 
Mallard *** *** 
Blue-winged teal *** *** *** 
Northern pintai! *** *** NS 
Northern shoveler *** *** •• 
American wigeon *** NS *** 
Gad wall *** ** NS 
Green-winged teal *** *** ** 
Scaup *** *** ** 
Redhead *** *** NS 
Canvasback *** ** NS 
Ring-necked duck *** *** *** 
Ruddy duck *** *** NS 

Note: * P < .05, ** P < .01, *** P < .001. 



TABLE 7.5. Relative abundance (mean ± SD percentage composition) of each species in the prairie pothole region for three time 
periods 

Period 
Species 1955-1964 1965-1974 1975-1985 

Mallard 27.8 ± 3.9 (a)" 24.2 ± 2.7 (b) 22.4 ± 3.1 (b) 
Blue-winged teal 21.4 ± 2.3 (a) 20.3 ± 2.4 (a) 19.2 ± 2.0 (a) 
Northern pintai! 16.5 ± 4.7 (ab) 18.7 ± 3.9 (a) 13.5 ± 3.9 (b) 
Northern shoveler 6.4 ± 1.2 (a) 7.9 ± 0.9 (b) 8.5 ± 1.8 (b) 
American wigeon 7.5 ± 1.1 (a) 7.3 ± 0.9 (a) 7.2 ± 1.1 (a) 
Gad wall 5.5 ± 2.6 (a) 7.4 ± 2.0 (ab) 7.6 ± 1.2 (b) 
Green-winged teal 2.9 ± 0.6 (a) 3.7 ± 0.8 (b) 3.7 ± 0.5 (b) 
Scaup 5.7 ± 1.4(a) 3.6 ± 0.7 (b) 7.2 ± 1.3 (c) 
Redhead 2.1 ± 0.4 (a) 2.5 ± 0.5 (a) 3.8 ± 0.7 (b) 
Canvasback 1.6 ± 0.3 (a) 1.6 ± 0.3 (a) 1.9 ± 0.3 (b) 
Ring-necked duck 0.2 ± 0.2 (a) 0.2 ± 0.1 (a) 0.6 ± 0.2 (b) 
Ruddy duck 1.8 ± 0.6 (a) 2.1 ± 0.5 (ab) 3.1 ± 1.5(b) 

•Probability for overall F statistic for test of hypothesis that means do not differ among time periods. 
"ln each row, means followed by the same letter are not significantly different (P > .05). 

Pattern 
pa of change 

.002 decrease 

.095 no change 

.029 decrease 

.006 increase 

.857 no change 

.041 increase 

.008 increase 

.000 decrease/increase 

.000 increase 

.025 increase 

.000 increase 

.018 increase 

TABLE 7.6. Relative abundance (mean ± SD percentage composition) of each species in six subdivisions of the prairie pothole 
region summed over ali years (1955-1985) 

Species 
Mallard• 
Blue-winged teal 
Northern pintai! 
Northern shoveler 
American wigeon 
Gad wall 
Green-winged teal 
Scaup 
Redhead 
Canvasback 
Ring-necked duck 
Ruddy duck 

Southern 
Alberta 

25.7 ± 4.6 (a)" 
13.6 ± 4.0 (ac) 
19.2 ± 6.5 (a) 
7.3 ± 1.5 (a) 
7.5 ± 2.1 (ac) 
6.4 ± 2.3 (a) 
4.3 ± 1.3 (a) 
8.5 ± 2.9 (a) 
2.6 ± 1.3 (a) 
1.6 ± 0.5 (a) 
0.1 ± 0.1 (a) 
1.6 ± 0.8 (a) 

Southern 
Saskatchewan 

27.9 ± 5.4 (ad) 
17.1 ± 3.3 (a) 
16.6 ± 5.3 (ab) 
7.2 ± 1.8 (a) 
8.6 ± 2.3 (a) 
6.6 ± 2.7 (a) 
3.5 ± 1.0 (a) 
5.4 ± 2.6 (b) 
2.4 ± 1.1 (ab) 
2.2 ± 0.6 
0.4 ± 0.3 (a) 
1.4 ± 0.9 (a) 

Southern 
Manitoba 

21.3 ± 5.6 (b) 
25.9 ± 8.1 (b) 

8.3 ± 3.8 
5.4 ± 1.6 
3.9 ± 2.0 (b) 
3.8 ± 2.1 
4.7 ± 2.8 (a) 
8.7 ± 3.9 (a) 
4.0 ± 1.5 (c) 
3.4 ± 1.4 
1.2 ± 1.1 
6.7 ± 3.4 

Region 

Montana 
29.6 ± 5.0 (cd) 
11.3 ± 4.0 (c) 
18.7 ± 4.0 (ac) 
7.4 ± 2.9 (a) 

12.1 ± 4.1 
7.6 ± 2.8 (a) 
4.9 ± 2.3 (a) 
4.3 ± 2.0 (b) 
1.4 ± 1.6 (bd) 
0.5 ± 0.3 (b) 
0.2 ± 0.4 (a) 
1.7 ± 1.8 (a) 

•For each species, regional means are significantly different (ANOVA, P < .001) overall. 

North 
Dakota 

18.3 ± 4.6 (b) 
28.4 ± 6.6 (b) 
15.3 ± 5.8 (bcd) 
9.0 ± 3.0 (a) 
4.9 ± 3.8 (b) 

10.0 ± 3.4 
1.6 ± 1.2 (b) 
2.1 ± 1.8 (c) 
4.6 ± 2.0 (c) 
1.1 ± 0.5 (a) 
0.4 ± 0.4 (a) 
4.3 ± 3.0 

•For each species, regional means followed by the same letter are not significantly different (Tukey's HSD test, P > .05). 

South 
Dakota 

19.8 ± 4.4 (b) 
38.1 ± 9.2 
12.5 ± 4.5 (d) 
8.4 ± 3.1 (a) 
5.1 ±4.8(bc) 
7.4 ± 2.7 (a) 
2.0 ± 1.6 (b) 
1.6 ± 1.0 (c) 
2.3 ± 1.1 (ad) 
0.4 ± 0.2 (b) 
0.3 ± 0.5 (a) 
2.2 ± 2.6 (a) 



218 NORTHERN PRAIRIE WETLANDS 

Occupancy Rates of Ponds 
To test for possible changes in use of prairie pothole region habitat, 

we divided the total estimated number of ducks in the region by the total 
number of unadjusted May ponds estimated for the same region each 
year. A simple linear regression over time yielded the equation: y = 
128.164- 0.062x, wherey = occupancy rate and x= years, r2 = 0.13, 
P < .05. This relationship is relatively weak but indicates an overall 
decline in pond occupancy rate over the 31-year time period. 

ln an effort to deal with the extreme variation in these data, we ran 
linear and quadratic regression models on three-year running means 
(i.e., each point represented the mean of itself plus the population es ti
mate of the year before and the year after). Both simple linear regression 
(y = 11.90 - 0.0924x, where y = occupancy rate and x = three-year 
running mean, r2 = 0.75, P < .001) and quadratic models (y = 37.276 
- 0.829x + 0.005x2

, r2 = 0.906, P < .001) explained a much greater 
proportion of the variation present in the smoothed data than in the raw 
data. 

Testing for functional relationships using "built-in" sampling corre
lations or correlated estimators may yield regression results that reflect 
sampling covariation as weil as true correlation between the variables of 
interest. Thus, these large increases in r2 should be interpreted cau
tiously. Nevertheless, we conclude that there has been a decline in pond 
occupancy rate since the beginning of the data set. The best-fit of the 
quadratic equation indicated a steeper decline until the mid-1960s and a 
decreasing rate of change since that time. 

Patterns of Duck Productivity 
We examined survey data for the entire region for relationships 

between productivity indices and wetland abundance, and trends over 
the time span of the data set. Two statistics were available: an index of 
class II and III broods (Gollop and Marshall 1954) (ali ducks combined), 
and average brood size. Regressions of mean brood size and May ponds 
showed a significant positive relationship for three of six subdivisions of 
the region but not for ali regions combined (Table 7. 7). Brood index/ 
total ducks showed no relationship to water conditions. 

To standardize the brood index among years, we matched data 
across transects for May and July surveys within the same year and 
calculated brood index/total ducks as a crude index of productivity for 
ali ducks in the population. Regression analyses were run to test for 
trends over time for each region. 

Brood index/total ducks has declined significantly both for the 
whole region and for northern Canada (though data there are less exten
sive) (Table 7.8). A steep decline in productivity in southern Alberta was 
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the primary cause of the significant decline in the region as the other five 
subdivisions showed no significant changes. Northern Saskatchewan and 
northern Manitoba combined also showed a significant decline over this 
time period but northern Alberta, British Columbia, and the Northwest 
Territories did not. 

Average brood size has declined in the prairie pothole region overall 
but not in northern Canada (Table 7 .9). The steepest declines occurred in 
southern Alberta, South Dakota, southern Saskatchewan, and southern 
Manitoba. 

TABLE 7.7. Results of regression analyses for changes in brood index/total 
ducks and mean brood size in relation to the number of May ponds 

Years of 
Parameter Region data 
Brood index/ S. Alberta 31 

total ducks S. Saskatchewan 31 
S. Manitoba 31 
Montana 19 
North Dakota 28 
South Dakota 27 

Total 31 

Mean brood size S. Alberta 31 
S. Saskatchewan 31 
S. Manitoba 31 
Montana 19 
North Dakota 28 
South Dakota 27 

Total 31 
•For brood index/total ducks calculated slope is x 10'. 
•For mean brood size calculated slope is x 1(}'. 

SI ope r' p 

+0.95• O.ü20 .456 
+0.08 0.012 .566 
-0.44 0.050 .234 
+ 1.43 0.006 .768 
-0.39 0.018 .498 
+0.89 0.033 .372 
-0.07 0.040 .279 

+0.95• 0.127 .053 
+0.30 0.171 .023 
+0.47 0.063 .184 
+2.41 0.235 .041 
+1.29 0.200 .019 
+0.17 0.001 .872 
+0.11 0.084 .113 

TABLE 7.8. Results of regression analyses for changes in brood index/total 
ducks for the prairie pothole region and northern survey regions 
(1955-1985) (Brood data are not available for ali regions in ali years) 

Region Slope (x 100) N• r' P 
Prairie pothole region 

S. Alberta -0.155 31 0.79 .000 
S. Saskatchewan -0.019 31 0.07 .152 
S. Manitoba +0.011 31 0.03 .354 
Montana -0.075 19 0.14 .119 
North Dakota -0.005 28 0.01 .727 
South Dakota -0.011 27 0.02 .455 

Total -0.033 31 0.34 .001 

Northern region 
N. Alberta, B.C., and -0.065 17 0.22 .061 

N. W. Terri tories 
N. Saskatchewan and -0.088 24 0.36 .001 

N. Manitoba 

Total -O.ü75 24 0.39 .002 
•Years of available brood data for each region. 
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These data were examined further by ANOVA to isolate better the 
nature of these declines. Data were divided by region and time period. 
Only two time periods were used because of limited brood data available 
for the north and other areas (e.g., strata 41, 42, etc.) early in the study 
period. Two-way ANOVA revealed that brood index/total ducks differed 
between time periods (P < .001) and intime x region interaction (P = 
.032) but not between regions (P = .082). Mean brood size did not differ 
by regions (P = .178) but did differ by time period (P = .001) and time 
x region interaction (P < .001). Individual pairwise comparisons are 
presented in Table 7 .10. 

TABLE 7.9. Results of regression analyses for changes in average brood size for 
the prairie pothole region and northern survey regions (1955-1985) 
(Brood data are not available for ali regions in ali years) 

Region Slope (x 10) N• r' P 

Prairie pothole region 
S. Alberta -0.504 31 0.55 .000 
S. Saskatchewan -0.325 31 0.22 .008 
S. Manitoba -0.286 31 0.23 .007 
Montana -0.086 19 0.02 .528 
North Dakota -0.162 28 0.05 .258 
South Dakota -0.431 27 0.29 .004 

Total -0.426 31 0.64 .000 

Northern region 
N. Alberta, B.C., and -0.588 17 0.28 .030 

N. W. Terri tories 
N. Saskatchewan and -0.017 24 0.00 .907 

N. Manitoba 

Total -0.050 24 0.01 .576 
•Years of available brood data for each region. 

TABLE 7.10. Mean (± SD) brood index/total ducks and average brood size for 
the prairie pothole region and northern Canada for the first and 
second halves of the survey period 

Parameter 
Brood index (x 1 00)/total ducks 

Mean brood size 

Region 1955-1969 
Prairie 
North 

2.10 ± 0.58 (a)•(A)b 
2.71 ± 0.90 (a)(B) 

Prairie 5.72 ± 0.37 (a)(A) 
North 5.23 ± 0.26 (a)(B) 

1970-1985 
1.58 ± 0.27 (b)(A) 
1.51 ± 0.44 (b)(A) 

5.03 ± 0.30 (b)(A) 
5.26 ± 0.39 (a)(A) 

•For each parameter, values in each row followed by the same lowercase letter are not 
significantly different (P > .05). 

•For each parameter, values in each column followed by the same uppercase letter are 
not significantly different (P > .05). 
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DISCUSSION 

A striking feature of the prairie pothole region for ducks is the 
variability of habitat conditions, as indexed by the number of pothole 
basins flooded in May, and associated variations in duck use and pro
ductivity. The first year of the series, 1955, was a year of peak pond 
numbers and waterfowl populations, unmatched in any year since. The 
31-year period has included dramatic changes in water and duck ahun
dance. Our analyses support a great deal of earlier work by others that 
indicates that population variations result from several, presumably in
teracting, factors: the habitat preferences and basic characteristics of 
each species, natural variations of climate and geological history within 
the region, and man-induced changes in the landscape. To these must be 
added extrinsic factors that impact duck numbers in diverse ways during 
the portion of the year (more than half for most species) that birds are 
not present in the prairie pothole region. 

Each species has a unique set of habitat requirements that cause 
birds to prefer particular regions over others during the breeding season, 
and the availability of these habitats presumably will affect settling pat
terns in spring. Resources that are important for ducks are assumed to 
fluctuate widely, more or less correlated with the only available long
term measure of habitat quality, May ponds. The portions of ali species, 
except scaups and ring-necked ducks, settling in the region showed sig
nificant positive relationships to the number of May ponds. These two 
species appear to be the least closely tied to the region during the breed
ing season as only 16.90fo of scaups and 13.90fo of ring-necked ducks are 
found there in the spring. The main breeding range of these two species 
is further north in the forested region (Bellrose 1980). 

Correlations between the percentage of a species' population settling 
and spring water conditions are highest in species that are only poorly, or 
variably, philopatric (northern pintails, blue-winged teal, and redheads, 
but not northern shovelers) (Table 7.3). There are almost no data on 
dispersal of ruddy ducks (for reviews, see Johnson 1986; Anderson et al. 
in press). 

In a separate analysis, Johnson (1986) showed that 10 of the 12 
species included in our analyses (excluding ring-necked ducks and ruddy 
ducks) exhibited sorne degree of displacement to other areas when the 
region was dry. This was usually in a northerly direction, but one species, 
the American wigeon, was displaced in a southeasterly direction. Over
flights to northern areas during drought have been described previously 
by Hansen and McKnight (1964), Smith (1970), and Derksen and 
Eldridge ( 1980). Johnson ( 1986) suggested th at three general strategies 
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are used by breeding ducks to decide where to settle: a homing strategy 
wherein adults return to the area used the previous year and yearlings 
return to their natal area; an opportunistic strategy by which birds sim
ply settle in the first suitable area encountered during spring migration; 
or a mixed strategy in which birds first home, but if the habitat is not 
suitable, they move on to other areas. 

The data show significant differences in the relative abondance of 
ali 12 species among six administrative subregions, and for Il of 12 
species, among the three time periods analyzed. The details of relative 
abondance by species for each time period and each region are presented 
in Tables 7.5 and 7 .6. We did not search for detailed correlations between 
these data and possible cause-and-etfect factors. However, it seems most 
likely that consistent regional differences are the product of species
specific habitat requirements. Changes in relative abondance over time 
might be the result of land-use changes that favor sorne species over 
others, or due to species-specific imbalances in factors extrinsic to the 
region, such as winter survival. For instance, ali the diving ducks, which 
nest over water and generally are more successful than upland nesting 
ducks on intensively farmed land, have increased in relative abondance 
(Table 7 .5). Shifts in relative abondance of individual species on small 
study areas across the prairies have been discussed by Trauger and 
Stoudt (1978), Leitch and Kaminski (1985), and others. 

Along with annual variation in water abondance, the intensification 
of agriculture, which has resulted in drainage of potholes and destruc
tion of upland nesting cover, probably has been the most dominant 
factor affecting the distribution, abondance, and reproductive success of 
the region's ducks. For the Dakotas and the three prairie provinces, 
estimates of pothole Joss due to drainage range from 17 to 71 OJo (Kiel et 
al. 1972; Schick 1972; Adams and Gentle 1978; Millar 1981; Rounds 
1982; Rakowski and Chabot 1984; Tiner 1984; Turner et al. 1987). Con
version of native cover to small grain production and pasture has been 
extensive throughout the region (Cowardin et al. 1983; Sugden and 
Beyersbergen 1984; Boyd 1985). Other more subtle changes have oc
curred on the pothole margins through road construction (Kiel et al. 
1972), burning (Fritzell 1975), and soi! erosion (Canada 1984). 

The result most obvious for waterfowl has been a massive Joss and 
deterioration of habitat, both aquatic and upland. Associated etfects 
result from the concentration of nesting ducks in very limited habitat, 
such as fence rows, roadsides, and narrow fringes around potholes, and 
from shifts in predator communities with intensive farming. The most 
alarming consequence has been the widespread decline of nesting 
success, and therefore recruitment, documented at numerous intensive 
study sites (Sellers 1973; Higgins 1977; Johnson and Sargeant 1977; 
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Cowardin et al. 1985; Greenwood et al. 1987). 
Evidence of decreased reproductive success also was found in our 

analysis of brood production relative to population size and of average 
brood size. The brood index/total ducks decreased dramatically in 
southern Alberta and to a lesser degree throughout the region and in 
survey strata across northern Canada. Average brood size also decreased 
throughout the prairie pothole region but not in the northern regions. 
Similar results have been reported from an independent analysis of re
cent production data (Reynolds 1987). 

The data show sorne significant positive relationships between May 
ponds and average brood sizes, suggesting that factors that cause birds 
to settle and breed are also related to the productivity of individual 
successful nesting attempts. That is, in wetter years, more birds settle 
and successful nests produce more young than in drier years. However, 
the brood index/total ducks parameter and May ponds showed no rela
tionship, indicating that the effect of water availability is primarily on 
settling rates. Subsequently, the relative hatching success of the birds 
that do settle appears to be unchanged between wet and dry years. Al
ternatively, broods may be Jess visible to surveyors in wet years, thereby 
biasing comparisons of productivity and water levels (Blohm pers. 
comm.; Anderson pers. obs.). Field studies are needed to examine these 
biases. 

The lower brood index/total ducks and the smaller brood size in 
recent times are consistent with the general pattern of reduced nesting 
success resulting from agricultural impacts. However, the lower index in 
the north cannot be explained by this relationship. The latter finding is 
somewhat surprising and will require a more intensive analysis to search 
for potential cause-and-effect relationships. Sorne extrinsic factor(s) 
during the wintering or spring migration periods may be affecting these 
parameters. 

Agricultural impacts should be greatest on early nesting species 
(those that nest before there is appreciable new growth by crops or 
pasture grasses). Correspondingly, the earliest nesters, northern pintai! 
and mallard, were the only two species that showed a significant decline 
in relative abundance over the three time periods of this analysis. 
Furthermore, upland nesters, in general, tended to settle in the region in 
declining proportions (Table 7 .2). The species showing the steepest de
cline, the American wigeon, is often associated with grasslands (Bellrose 
1980; Wishart 1983). Only species nesting over water showed any tend
ency to settle on the prairies in increasing proportions (Table 7 .2). The 
lower average brood size in recent years may be related to a much larger 
portion of annual production coming from birds that had !ost their first 
nests to predators or agriculture, and were forced to renest later in the 
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season. Renest clutches are smaller in size and thus will produce fewer 
ducklings per successful hen (Sowls 1955; Johnsgard 1973; Batt and 
Prince 1979). 

Among waterfowl biologists, there is considerable discussion about 
whether empty habitat exists in the prairie pothole region (i.e., areas 
with populations far below their presumed carrying capacity). Our anal
ysis shows a reduced occupancy rate of potholes by ducks sin ce 1955. 
The debate is whether this is simply a result of there being too few birds 
to fill the available habitat, or a result of the real carrying capacity being 
far below the apparent carrying capacity, as indexed only by May ponds. 
ln view of escalating human impacts, there can be little doubt that this 
landscape should not be as productive as during the early years of the 
survey. However, there are also data to support the contention that at 
!east sorne etfects on populations have resulted from lower duck survival 
away from the prairie pothole region (Caswell et al. 1985). 

These questions cannot be answered clearly with simple correlation 
studies such as this, but rather require direct experimentation with re
cruitment and survival. We consider this to be a critical issue that must 
be resolved if future waterfowl management is to be effective. We concur 
with Cowardin et al. (1985) that in order for waterfowl to thrive on the 
prairies, management must succeed in three areas: preservation and 
management of essential habitat, regulation of harvest, and maintenance 
of a recruitment rate that will compensate for annual mortality. 
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THE BASIS FOR 

ABSTRACT 

FOOD CHAINS in prairie wetlands are complex, involving a diverse group of 
producers and consumers. The important factor limiting secondary production 
in any ecosystem is the net primary production of that system. The nutrient and 
energy resources of primary production are exploited by heterotrophic con
sumers through herbivory and detritivory. The vegetation of prairie wetlands 
changes with climatic conditions causing major fluctuations in both primary 
production and litter accumulation over time. Accurate estimates of total pri
mary production are not possible at present due to a lack of information on 
belowground macrophyte production and algal productivity in wetland systems. 
These gaps in our understanding hamper detailed studies of wetland secondary 
production and food chains. High emergent primary production in prairie 
wetlands results in large quantities of litter entering the system. The processing 
of this litter by a variety of consumers is assumed to be the base of food chains 
associated with prairie wetlands. There have been, however, no detailed studies 
of detrital consumption and utilization by detritivores in prairie wetlands. A 
number of recent studies have reported that herbivory by birds and mammals on 
macrophytes may contribute significantly to the secondary production of these 
systems. Future research on grazing of algae by invertebrates is also required 
before the overall rote of herbivory in prairie wetlands can be established in 
detail. Herbivory may be more important in these systems than previously 
thought, particularly during sorne stages of the wet-dry cycle. 
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FOOD CHAINS IN PRAIRIE WETLANDS 

INTRODUCTION 

WHILE food chains in estuaries, coastal marshes, and associated 
marine areas have received considerable attention (Livingston 
and Loucks 1978; Hamilton and Macdonald 1979; Kennedy 

1980; Pomeroy and Wiegert 1981; Boesch and Turner 1984), very little 
effort has been spent developing our understanding of food chains in 
northern prairie wetlands. Simple textbook models exist for sorne fresh
water wetlands (Odum et al. 1984), however, food chains in these sys
tems are complex, involving a wide array of consumers including bacte
ria, fungi, invertebrates, amphibians, reptiles, birds, and mammals 
(Clark 1978; Crow and Macdonald 1978). Because they fix carbon 
through photosynthesis and incorporate inorganic nutrients from the 
environment into organic forms, primary producers are the link between 
consumers and the resources of the system. As a result, the critical factor 
ultimately limiting secondary production is net primary production 
within the ecosystem. 

In general, there are two basic avenues by which the nutrient and 
energy resources of primary production are made available to hetero
trophic consumers. The first involves direct consumption of living plants 
by herbivores, and the second, the utilization of plant litter by various 
detritivores. The habitat provided by both living and dead plants is also 
important to the survival and reproduction of consumers within the 
system (Orth et al. 1984). The purpose of this chapter is to review our 
current knowledge of food chains in northern prairie wetlands and at
tempt to evaluate the relative importance of herbivory and detritivory to 
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la Prairie, Manitoba RIN 3AI. 
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overall secondary production in these systems. The complexity of food 
chain interactions in these wetlands, which themselves are extremely 
complex, both spatially and temporally, ensures that there is no simple 
answer to this objective. 

COMPONENTS OF THE FOOD CHAINS IN WETLANDS 

Study of food chain interactions in prairie wetlands is complicated 
by the characteristics of the consumers themselves. The temporal use 
patterns of consumers associated with these wetlands vary greatly 
(Sather and Smith 1984). Sorne consumers are completely dependent on 
wetlands for ali of their annual requirements, whereas other species use 
wetlands for only sorne of their requirements. Sorne groups complete 
their entire !ife cycle within a single wetland. Others are present for only 
short periods in the !ife cycle or during the year. Still others travel from 
wetland type to wetland type. Those species that use wetlands through
out the year may be restricted to a particular habitat within the wetland 
or may use two or more habitats over the course of their !ife cycle. 
Attempting to determine the role wetlands play in the productivity of a 
species that occurs in the wetland for short periods during the day, the 
year, or maybe its entire !ife is certainly difficult, if not impossible. 

Another major problem limiting work on food chain interactions 
and secondary production is the Jack of information on the basic !ife 
history and ecology of the consumers present in the wetland (Murkin 
and Batt 1987). Although sorne information is available on waterfowl 
(Swanson and Duebbert, Chap. 8), fur-bearers (Fritzell, Chap. 9), and 
fish (Peterka, Chap. 10) use of these systems, data on many of the other 
groups is essentially nonexistent. Microbiological research involving bac
teria, fungi, and other microconsumers in prairie wetlands is certainly 
lacking. A symposium addressing the use of freshwater wetlands by 
aquatic insects (Rosenberg and Danks 1987) concluded that very little is 
known about any of the insect families inhabiting these systems. Mur kin 
and Batt (1987) suggest that secondary production work in freshwater 
wetlands is impossible at present because we Jack basic !ife history infor
mation on most of the dominant invertebrate groups within these 
wetlands. This Jack of background information requires compilation of 
species lists and basic !ife history information before food chain or pro
duction work can be attempted. Understanding wetland food chain in
teractions and secondary production also requires information on the 
trophic status of the species of interest. For many of the important 
consumers in the wetland ecosystem, such as invertebrates, this informa
tion is simply not available. These problems are complicated by the fact 
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that sorne of the consumer groups for which we do have information 
may change their trophic status over the course of their life cycles (see 
Merritt and Cummins 1984). In addition, many wetland consumers are 
basically opportunistic omnivores eating whatever is available in the 
habitat (Montague et al. 1981; Smith et al. 1984). 

PRIMARY PRODUCTION 

Net primary production is normally high in wetlands (Richardson 
1978), and can be very high in prairie glacial marshes at times (van der 
Valk and Davis 1978a). There are significant variations in macrophyte 
primary production within and among wetlands (Table 11.1) due to dif
ferences in climate, water levels, fertility, and so on (van der Valk and 
Davis 1980; Sather and Smith 1984). In prairie wetlands, there are also 
changes in primary production associated with wet-dry cycles (van der 
Valk and Davis 1978b; Kantrud et al. Chap. 5) (Table 11.2). A wet-dry 
cycle may take from 5 to 30 years to complete. 

One aspect that is often overlooked during consideration of overall 
primary production within a wetland is belowground production by 
aquatic macrophytes. Emergent macrophytes, in particular, produce ex
tensive systems of belowground roots and rhizomes that serve as stores 
for nutrients between growing seasons. These rhizomes are also the prin
cipal means of vegetative propagation for these species. Belowground 
macrophyte production is high in prairie marshes (Table 11.1). This be
lowground tissue represents a large pool ~f nutrients and energy that is 
usually ignored when considering wetland food chains. In temperate 
areas of North America, belowground biomass may be the only source 
of living plant material available to consumers during the winter. 

Another area of neglect in the study of wetland production bas been 
the contribution by algae to the overall primary production (see Crump
ton, Chap. 6). Because algae do not have large standing crops at any 
point in time, they are usually considered unimportant to overall pri
mary production. Hooper and Robinson (1976) and Shamess et al. 
(1985) have shown, however, that algae production in prairie wetlands 
can be quite high. Although standing algal biomass may be small, 
turnover rates are very high resulting in significant annual production 
(Table 11.1). 

There are four important groups of algae in northern prairie 
wetlands: epiphyton, epipelon, phytoplankton, and metaphyton. 
Epiphytie algae grows on the surface of submersed plant material. In the 
Delta Marsh, a large northern prairie marsh in south-central Manitoba, 
the epiphytie algae belong to Chlorophyceae (green algae except Chara), 



TABLE 11.1. Biomass estimates of the various primary producers in northern prairie marshes 

Component 

Emergent macrophytes 
Above ground 

Typha g/auca 

Scirpus validus 

Sco/ochloa jestucacea 
Sparganium eurycarpum 

Below ground 
Typha glauca 

Scirpus acutus 
Phragmites australis 
Sparganium eurycarpum 

Submersed macrophytes 
Severa! species combined 
Potamogeton pectinatus 

Algae 
Epiphytie on Scirpus 
Epiphytie on Typha 
Epiphytie on Potamogeton 
Epipelon 
Phytoplankton 

(water depth = 50 cm) 
Metaphyton 

Annual production• 
(gC/m2 /yr) 

341-576 
772-1075 

1351-1762 
109-175 
392-486 
135 
271-543 
637-1185 

525-649 
1300-1779 
543-841 
504-704 
681-1123 

41-117 
5-112 

43.5 
22.9 
11.8-48.5 

100-300 
5.6-77.6 

8.8-69.0 

•Biomass data has been converted to gC by assuming a 450Jo carbon content of plant tissue. 

Reference 

van der Valk and Davis (1978a) 
van der Valk and Davis (1980) 
Neely and Davis (1985) 
van der Valk and Davis (1978a) 
van der Valk and Davis (1980) 
Neckles (1984) 
van der Valk and Davis ( 1980) 
Neely and Davis (1985) 

van der Valk and Davis (1978a) 
Neely and Davis (1985) 
van der Valk and Davis (1978a) 
van der Valk and Davis (1978a) 
Neely and Davis (1985) 

van der Valk and Davis (1978a) 
Anderson (1978) 

Hooper and Robinson (1976) 
Hooper and Robinson ( 1976) 
Hooper and Robinson (1976) 
Robinson, pers. comm. 
Hosseini ( 1986) 

Hosseini (1986) 



TABLE 11.2. Contribution of macrophytes and algae to overall primary production during the various stages of the wet-dry cycle of 
prairie wetlands 

Vegetation 
Macrophytes 

Annuals 
Emergents 

Submersed 

Al gal 
Phytoplankton 
Epiphytes 

Epipelon 

Metaphyton 

Drawdown 

High 
Low 

Low 

Regenerating 

Moderate to high (increases 
as vegetative growth in· 
creases) 

Low to moderate 

Moderate to high (depends 
on amount of flooded 
substrate) 

Low to moderate (will de
crease as marsh closes 
up) 

Low to moderate 

Degenera ting 

Moderate (decreases as 
marsh opens up) 

Moderate to high (increases 
as marsh opens up) 

Low 
Moderate to high (depends 

on amount of flooded 
substrate) 

Low to moderate (will in· 
crease as marsh opens 
up) 

Low to high 

Lake marsh 

Low to very low 

Low to high (depends on 
amount of wind and 
wave action present) 

Low 
Low to high (depends on 

submersed macrophyte 
development) 

Low to high (depends on 
shading by submersed 
marcrophytes) 

Low to moderate (depends 
on amounts of wind 
and wave action 
present) 
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Cyanophyceae (blue-green algae), and Bacillariophyceae (diatoms) 
(Hooper-Reid and Robinson 1978). Annual production values of epi
phytes in the Delta Marsh are shown in Table 11.1. 

Perhaps most important due to its contribution to overall wetland 
productivity, yet virtually unstudied, are the epipelic algae. These are the 
algae in the top few millimeters of the sediments within the wetland. The 
epipelic community in northern, shallow water bodies is dominated by 
Bacillariophyceae (diatoms) (Shamess et al. 1985). Preliminary work on 
the epipelon in wetlands shows that this community is very productive 
(Table 11.1). 

Phytoplankton refers to the algal suspended in the water column. 
Although a large number of species are found within the phyto
planktonic community (Shamess et al. 1985), overall annual production 
in wetlands is thought to be low during ali stages of the wet-dry cycle 
(Robinson, pers. comm.). 

The most conspicuous algae community in wetlands with respect to 
standing crop is the metaphyton or flooding mats of filamentous algae. 
While techniques are still being developed to study the production of 
metaphyton in prairie wetlands (Hosseini 1986), initial estimates from 
work on the Delta Marsh indicate substantial primary production within 
the metaphyton community (Table 11.1). 

The final producer group that has received even less attention than 
algae are the chemosynthetic bacteria. The importance of these organ
isms in freshwater wetland production and ecology is unknown. 

DECOMPOSITION IN PRAIRIE WETLANDS 

The high primary production in prairie wetlands ensures that a con
siderable amount of material enters the system as detritus. There are 
three components of the detritus pool in prairie wetlands: standing Iitter, 
fallen Iitter, and dissolved organic compounds that leach from both 
standing and fallen Iitter. Material enters the standing Iitter compartment 
with the death of the leaf and/or shoots (Davis and van der Valk 1978a). 
While a great deal of tissue enters the standing litter stage with senes
cence at the end of the growing season, leaf and shoot death occur 
throughout the growing season. Timing of shoot death varies greatly 
among the dominant emergent species. Carex atherodes shoots and 
leaves begin to die in the spring soon after new growth begins and con
tinues throughout the growing season (Davis and van der Valk 1978a). ln 
sorne of the bulrushes (Scirpus spp.), shoots begin to die in midsummer. 
For Typha glauca, Davis and van der Valk (1978a) report that 800Jo of 
the shoots alive during the periods of peak standing crops were killed by 
the first frosts of fall. 
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Utter decomposition involves three processes thal take place si
multaneously: (J) leaching of soluble substances occurs rapidly follow
ing death of the plant tissue and accounts for much of the weight loss 
during the early stages or decomposition: (2) mechanical fragmentation 
due to weathering or animal activities such as tramplina. bouse building, 
and &razina: and (3) bioloaical decay from the oxidation of detritus by 
bacteria, funp, and other consumers (de la Cruz 1979). 

ln prairie marshes, litter is transferred from the standinglitter com
panment to fallen litter throuah frapnentation by wind, snow, and ice 
action (Davis and van der Valk 1978a). Durin& periods of high muskrat 
populations, feedina and bouse buildina can cause livina plant tissue to 
bypass the standing litter staae and directly enter the fallen litter com
panment (Nelson 1982). While some leachina of nutrients takes place 
durina the standina litter stqe through rainfall and wave action, any 
soluble materials remainina in fallen litter are leached out soon after 
bein& submersed. Nutrients like sodium and potassium are loosely held 
within the plant tissue and are rapidly lost throu&h leachin& (Davis and 
van der Valk 1978b). Most nutrients other than calcium, iron, and 
aluminum show some leachinaloss from standina Utter. 

Once within the fallen Utter companment, nitro&en may actually 
accumulate in the Utter for the first few weets. This increase can be 
attributed to the buildup in microbial populations (bacteria, fungi, 
diatoms, and various protozoa) on the litter (Polunin 1984; Rice and 
Hanson 1984) and direct absorption and complexina of nitrogen com
pounds by the litter panicles (Lee et al. 1980). Evidence for increased 
microbial levels is the increased oxyaen demand by decomposina plant 
tissues (Harp-ave 1972). This nitrogen accumulation inclicates thal levels 
of nitrogen within the litter are too 1ow to suppon microbial arowth and 
reproduction; tberefore, available nitroaen is extracted from the sur
roundina water (Melilla et al. 1984). TISSues rich in nitroaen are proba
bly more suitable for microbial colonization tbân detritus witb lower 
nitrogen levels (Davis and van der Valle 1978a). This would suuest that 
livina tissue eut by animais such as muslcrats and introduced directly into 
tbe fallen litter companment would serve as exceDent substrates for mi· 
crobial activity (Nelson 1982). 

lu decomposition proceeds within the water, litter particle size be
cames smaller due to funber frapnentation caused by mechanical forces 
such as wave action and animal feedina activities. Various animais, pri
marily invenebrates, feed on detritus, frapnentina it into smaller parti· 
cles. Tbe resultina feces are qain colonized by microbial populations 
(1\lmer and Ferrante 1979). lu a result, there is a aradual decrease in 
detrital panicle size and biomass over time. lu the various oraanic com
pounds are digested tbrouah a series of consumers, the cbemical struc
ture of the detritus also becomes less complex (Polunin 1984). 
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As panicle size is reducecl, transpon by water currents serves to 
alter the distribution of litter within the wetland (Nelson and Kadlec 
1 984). While the transpon of detritus amona salt marshes, estuaries, and 
adjacent marine areu bas been suuested to have ecoloJ.ical implications 
with respect to overall estuarine secondary prOductivity (Nixon J 980; 
Oallqher et al. 1984), uanspon of detritus in freshwater Wetlands bas 
received very little attention. AJ Jitter panicle size is reduced, it becomes 
more susceptible to uanspon in suspension by low velocity wind
induced currents (de la Cruz 1979). ln lacustrine or riverine marshes, 
there may be a net expon of litter from the welland. This may be true for 
any wetland with an outlet throup which water leaves the wetland. 
Many of the prairie potholes do DOt bave an outlet; however, liner may 
be transponed witbin the welland throuah water currents (Nelson and 
Kadlec 1984). This results in detrital material beina uansponed from 
areas of production to areas wbere there is little or no plant production. 

lu decomposition proceeds, the more refrac:tory particulate and 
amorphous detritus become incorporated into the sediments (Wetzel 
1984). The fate of this matcrial in the sediments requires inVestiption. 
Anothcr proc:css requirina auention is the decomposition of the below
pound biomass. There have been DO published studies on the decompo
sition or roots and rhizomes witbin the prairie welland ecosystem. 

HERBIYORY IN PRAIRIE MARSHES 

Herbivores consume Jivina plant tissue. Many rcsearchers suuest 
that herbivory is relatively unimponant in wetlands and that only a small 
percentqe of the overall primary production is consumed by herbivores 
(Ciallqher and Pfeifl'er 197'7; Parsons and de la Cruz 1980; Simpson et 
al. 1983). Tbere have, however, been few tests of this hypothesis (Pfeifl'er 
and Wieaert 1981), nor bas any attention been paid to the efl'ects or 
herbivory on the various alpi communitics within frcshwater wetlands. 
Herbivory obviously afl'ects the enerJY and nutrients available to detrital 
food chains and ultimately the overall function of the wetland ecosystem 
(Smith and Kacllec 1985). Herbivores usina wetlands ranae from the 
moose (A/ca lllca) feedina on submersed aquatic: vqetation to mic:ro
crustac:cans fdterina alpe from the water c:olumn. 

A number of cases have been documented where crazina has had a 
sianificant impact on the primary production within wetlands. Smith 
and Kadlec (1985) round that waterfowl and muskrats (Ondlltl'll vMthi~ 
C"US) arazina in a Utah marsh reduced production and standina c:rops of 
Typhlllllti/olill, Scirpus l11custris, and S. m11ritimus by 47.5, 25.4, and 
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8.9'11, respectively. Because the exclosures used in this study did not 
exclude insects or small mammals, the overaU eB'ect of grazing may be 
higher than actually reponed. 

One of the dominant herbivores in freshwater wetlands is the 
muskrat (Fritzell, Chap. 9). Complete eat outs of wctland vegetation by 
muskrats have been documented many times (Errington et al. 1963; Wei
ler and Spatdler 1965; Van Dyke 1972; Sipple 1979). Van der Valk and 
Davis (J978b) cite muskrats as one of the dominant factors reducing 
vegetation durina the deaeneratina phase of the marsh vqetation cycle. 
McCabe (J 982) showed that muskrats bad a marked el'ect on vegetation 
densities and reproduction within a Wetland in Utah through repeated 
arazing. Tbrough selective feedina, muskrats can al'ect vegetation spe
cies composition within a wetland (Fuller et al. 1985) and, therefore, 
overall primary production rates within the wetland. During periods of 
optimal habitat conditions, muskrat ·population levels can increasc very 
rapidly (Errington 1963). The normal phases of muskrat population de
vclopment are low muskrat numbers, increasing population size as the 
food supply becomes established (rqenerating marsh), ov~pulation, 
range damage (degencrating manh), and fmally swvation (Lowery 
1974). There is no doubt that during a muskrat eat out of a prairie 
manh, herbivory is a dominant factor iD the system's food chain (Perry 
1982). Muskrats utilize the belowpund portion of macrophytes as weil 
as the aboveground IIUWirial. Roou and rhizomes are the main food of 
muskrats during the wintcr (Dozier 1953). During eat outs, muskrats 
may dig to depths of .SO cm to uncover rhizomes (Lowery 1974). Besides 
vegetation directly consumecl, muskrats use larp qwmtities of plant ma
terial for building winter lodps, feeding buts, and feedin& platforms. As 
a result, a great cleal of uneaten plant material is iDtroduced to the marsh 
tbrough muskrat activity. This bas defmite implications for detritivores 
withiD the wedancl. Green and arowina shoots eut by muskrats for 
lodges and sbelters bave bigher nutrient coacentrations tban dead leaves 
and stems that faU iDto the water following seaesccace and fragmenta
tion (Nelson 1982). Muskrats tend to use the most available plant species 
for feeding and bouse buildina and, therefore, species utilized may vary 
among wetlands (Allen and Hol'man 1984). ID the United States and 
Canada, cattails (Typhtz spp.) and bulrushes (St:irpra spp.) appear to be 
preferred foods and habitats (WUlner et al. 1975). MacArthur and Alek
siuk (1979) found muskrat lodges iD the Delta Manh were usually con
structed of cattails or bulrushes iDterspersed witb pondweeds and bot
tom detritus. Not aU plant species are capable of supponing equal 
populations of muskrats. ln Manitoba, cattails can suppon approxi
mately seven times as many muskrats as equivalent areas of bulrush 
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(Allen and Hol'man 1984). Carryina capacity near Mafekin&, Manitoba, 
ranaed from 7.4 muskrats/ha for Ct~rU spp. t() 64.2/ha for Phrarmita 
(Butler 1940). · · 

Alnon& the Olher herbivorous mammals, many inhabitants of up
land sites (such u bara and voles) mate feedina forays into wetlands 
(Crow and Macdonald 1978). Wbile small mammals are abundant jn 
wedand areas. dlere bas been no research reponed on their productivity 
or their el'ect ·on overall welland prinwy production. ln terrestrial habi
tats, small mammals may bave a major impact on annual primary pro
duction (GoUey 1973). Workinaln Iowa, Weiler (1911) reponed biaher 
cleasiûa .of meadow vola (Mictotus PMMYI'WIIIit:w) and shon-tailed 
shrews (Bitlrinfl bl'rliCIIUdtl) in wet meadows alona marshes than in drier 
upland sites. The el'ects of these biah population leveJs on wetland pri
mary production, pardcularly seed production, requires invatiption. 

Other imponant herbivores present in prairie freshwater wetlands 
are dle waterfowl. One of the primary herbivores reponed by Smith and 
Kadlec (1985) iD dleir study on a Utah marsh wu the Canada aoose 
(Bnmttl t:tlnlldMm). The pese arazed on abcwqround plant pans 
durina sprina and summer. Smith and Odum (1911) reponed that snow 
aeese (Cha t:tlmllaœtl$), feedina primarily on roou and rhizomes 
durina winter, removed 51.1., of the available standina crop within a 
SptUtinfl spp., D&tichlis spit:tltfl. and Sdrpus spp. marsb. Car&ill and 
Jel'eries (1914) documented that snow pese consumeeS approximatdy 
IO'It of the net abovepound primary production witbin a Put:t:in~llifi
CIIrex marsh iD nonhern Canada. An interatin& sideliaht to this study 
wu that arazina by dle aeese actually increased the net abovepound 
primary production by about 30'1t. Waterfowl removed most of the 
abcwqround biomass and 70'1e of viable seeds from the soil of coastal 
flats in the Netherlands al'ectina not only nutrient and eneriJ dynamics 
of the area but also spec:ies composition of the veaetation survivina from 
year to year (Joenje 1915). 

Feedina by mallards (Ana p/tltyrltynchos) and blue-winaed teal 
(Ana discors) eomplete)y diminated sqo pondweed (Pot11mog~ton pec
tinfltus) abovearound biomass from a shallow pond in the Delta Marsh 
(Wrubleski 1914). This removal of the pondweed bad sipificant impUca
tions beyond the nutrient and eneriJ considerations of the biomass re
moval. The elimination of the pondweed disrupted the major structural 
c:omponent of the open-water habitat, whic:h in tum influenc:cd the 
c:hironomid c:ommunity structure of the pond. Removal of the 
pondweed eliminated the epiphytie: c:hironomid species and appeared to 
benefit the larser, benthic: dwelling specïes. 

lnvenebrates also feed on submersed and emergent vegetation in 
wetlands (Berg 1950; Mc:Donald 1955; Skuhravy 1978). however, few 
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. 
larJe eat outs or cmeraent vegetation by invenebrates have been doc:u
mented. Deule (1979) described the destruction or a larJe area or cattail 
in a waterrowl manqement area due to minina by the moth üucanÎII 
sdrpico/Q. The actual amount or plant matcrial consumed by the moth 
larvae was not n:corcled. Skubravy (1978) noted thal in a welland in 
Czechoslovakia, one-third or the stems or Phr111mita weÎ'e dama&ed by 
insects. This resulted in a J0-20'1t loss or annual primary production. 
Smimov (1961) reponed a 0.4-7.0'1t loss or above around macrophyte 
production to invcnebra&e herbivores in a sbaUow lake in the USSR. lt 
appears that rather than consumin& sipüficant biomass within the 
wetland, invenebrate reedina causes only local damqe to the plants 
involved. Simpson et al. (1979) also concluded thal insect arazilll on 
macrophytes in rreshwuer tidal manhes was minimal. 

A major unstudied area of herbivory in wetlands has been the con
sumption of alpe by primary consumers. Aquatic invertebrates are 
abundant in prairie wetlands, yet little is known about their feedin& 
habits or trophic swus. Cladocerans are abundant in the Delta Manh 
(Murtin 1983) and other prairie wetlands. Poner (1977) reponed that 
dadocerans and copepods feed primarily on phytoplankton in the water 
column. Durin& periods of peak abundance, these crustaceans are poten
tially able to arue over 100.. of the daily pbytoplankton production 
(Smimov 1961). Haney (1973), workina in lakes, sbowed thal dada
cerans were responsible for 80'It of the overaU arazin1 aaivity by the 
zooplankton community. Poner (1977) fOUDd thal cladocerans control 
both a1&al abundance ancl species composition by selectively arazinl on 
the most palatable alpi species present. 'Q) complicate matten, not aU 
cladocerans fecd cxdusively on alpe. Coveney et al. (1977) fOUDd tbat 
in an eutrophie lake. one species of Dapbnia fed primarily on phyto
plankton while anolhër species led almost exdusively on bKteria. 

ln many prairie wetlands, 1arva of the chironomidae (0. Diptera) 
are the most abundant invertebrate aroup present. Many of the species 
within this family are rdter fecders thal build tubes on plant material or 
in bottom sediments (Lamberti and Moore 1984). PlaDktonic alpe and 
detritus are apparently their main food IOUI'CCS. Il appean, bowever, 
thal alpe make up the majority of their diet durin& sprina anc:lsummer 
when algal productivity is hiJh. ln addition. larvae inhabitiq the littoral 
areas of lakes consume more alpe than tbose in deeper profundal areu. 
Stomach contents of the cbironomidae 1arva (Prodlldub ni«<a) col
lected in the Delta Marsh contained primarily diatoms (Wrubleski, un
publ. data). Cattaneo (1983) reponed thal cbironomid assemblqes si&
nificantly reduced the biomass of lentic epiphytie alpe. 

Hunter (1980) found thal the freshwatet snails, Lymn~~e~~, Phys~~, 
and Hdisom11, ali common inhabitants of prairie manhes, putly re-
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duced the standina crop of pond periphytOn. Most of the evidence for 
invcrtebrates feedina on alpe comes from studies other than wetlands. 
Before proaress c:an be made toward understandins secondary produc
tion and food chain$ in prairie wetlands, runher rcsearch into the 
trophic status or wetland invcrtebrates is uraently aeeded. 

Vertebrates reedina on alpe in wetlands bas aot been documented 
ia any detail; however, American coou (F111iet1 t~muietlnll), pdwalls 
(Ana stn~l'll), and maDards (A. p/tltyrhynchœ) have been observed 
feedina on mats of metaphyton in the Delta Marsh (Murtin, pers. ob
serv.). Dickmaa (1968) found thal densiiies of rdameatous areca alpe in 
a lake in British Columbia were coatroUed by the araziaa activities or 
tadpoles (RilnlliiiiTOI'Il) within the lake. 

DETRmYORY IN PRAIRIE MARSHES 

Althouah aot very weil documented ia the 6terature, the t6freshwa
ter marsbes are detritus-based systems• axiom is widely accepted by 
aaalo&Y with salt marshes. Tbe idea is that the major tropbic structure of 
the wedand ecosystem proceeds from plant detritus, to mic:roorpnisms, 
to a variety of invenebrate coasumers, aad thea iD some cases oa 10 
vertebrale predators (sec Swaasoa and Duebbert, Cbap. 8). This reasoa
ÎDJ foUows very dosely the currau theories oa streams (Vaanote et al. 
1980) anci salt marshes (Odum ·and Heald 197S). Il appears aquatic ma
croinvcrtebrates are the key liak iD secondary production of these 
wetland systems. Few venebrates in prairie wetlands bave beea described 
as detritivores, althouah bottom feeders auch as carp are likely to iasest 
plant litter incidental 10 foods removed from the substrale. Bacteria, 
funJi, and other mieroorpnisms are essentially the fmt-levd consumas 
of dead plant material. Howeva;. the detritus and the associated mi
crobes are aormally coftsidered to be the base or detrital food chains, 
with secondary production oc:curriaa at biaher tropbic levels (DameU 
1976). 

Once dead plant nwerial auers the fallen 6tter companment as 
coarse paniculate oraanic matter (CPOM), it is coloaized by microoraa
nisms, which increase its nutritive quality for secondary consumers. De
tritivores may actually select 6tter with hiaher overaU nutrient levels 
(Valiela and Rietsma 1984). The nutritive quality of the oriainal liner 
may be of minor imponance compared to the autrients associated with 
the colonizin& microorsanïsms (Ward and Cummins 1979; Findlay and 
Tenore 1982; Lawson et al. 1984). Motyka et al. (198S) found that col
onized detritus was selected much more readily by aquatic detritivores 
than uncolonized liuer. For many consumers, CPOM serves both as 
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food and habitat. ln prairie wetlands, CPOM normally enters the marsh 
as a pulse in spring; however, as mentioned earlier, there is also continu
eus input for many plant species throughout the year. 

Cummins (1973) described the functional groups of invertebrates 
with respect to J:lrocessing litter in streams. Nelson (1982) has shown that 
these concepts are useful in marshes as weil. Shredders and grazers (or 
scrapers) are the first invertebrate groups to respond to CPOM and its 
associated microbial communities. An important shredder in prairie 
wetlands is the amphipod Hyalel/a azteca (Nelson 1982). De March 
( 1981) describes H. azteca as primarily a detritivore; however, it will 
consume algae if they are available. Various snails are important grazers 
(scrapers) in prairie wetlands (see Pip 1978). 

Early invading functional groups serve to reduce the particle size of 
the litter by their feeding activities. Sorne authors argue thal detritivor
ous invertebrates do not actually digest detritus at ali. They simply as
similate the microorganisms associated with the Iitter, then egest the 
dead plant material (in smaller particle sizes), which is then recolonized 
by decomposer microorganisms (Montague et al. 1981). As the litter 
particle size is reduced, this fine particulate organic matter (FPOM) 
becomes available to another set of consumers. Filter feeders remove the 
fine litter particles from the water column, while collectors gather 
FPOM from the substrate surfaces. The family Chironomidae in 
wetlands has representatives in both these functional groups. As the 
litter particle size is reduced through successive trophic functional 
groups, the residual material resistant to decomposition by micro-orga
nisms and invertebrates is incorporated into the sediments of the 
welland. 

Another important detritus pool in aquatic environments is the dis
solved organic molecules or complexes released during leaching or in
complete digestion by consumer organisms. Most research has focused 
on the large particulate detritus; however, the much smaller amorphous 
organic complexes and dissolved molecules may be more abundant in 
aquatic systems (Bowen 1984). Similar to particulate detritus, dissolved 
organic matter consists of a more labile fraction that is readily utilized 
by bacteria and a more refactory component that is utilized more slowly 
(Roman and Tenore 1984). Dissolved organic matter may be the primary 
food source for suspended bacteria, microflagellates, and protozoa 
within these environments (Linley and Newell 1984; Taylor et al. 1985). 
This consumption of dissolved nutrients by these microorganisms is an 
important mechanism in the transformation of dissolved nutrients into 
microbial biomass, which theo cao be utilized by higher consumers 
(Murray and Hodson 1985; Riemann 1985). 

Unlike the few studies of herbivory with actual estimates of total 
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primary production consumed by primary consumers, there are no esti
mates of detrital consumption and utilization in wetlands. Because of 
the vast amounts of plant litter observed in prairie wetlands and the 
often high densities of assumed detritivores (i.e., the abundant inverte
brate groups), it has been assumed that detritivory forms the base of the 
food chains in these systems. 

FOOD CHAINS AND THE VEGETATION CYCLE 

The vegetation cycle of prairie marshes (see Kantrud et al., Cha p. S 
for details) will certainly provide very different resources to secondary 
consumers during each of the stages (Table 1 1 .2). These changes in avail
able resources would also result in changes in the roles of herbivory and 
detritivory in food chains during the wet-dry cycle (Table 11 .3). 

During the drawdown stage, aquatic invertebrate and vertebrate 
production is nonexistent. lt appears that the terrestrial conditions 
would be most suitable for terrestrial herbivores and detritivores. During 
the first growing season of the drawdown, there would be little surface 
litter present on the exposed mudflats, so basic food-chain support 
would be herbivory on the primary production of the rapidly growing 
mudflat annuals and perennials. If the drawdown persists for more than 
one growing season, there will be sorne buildup of plant litter and the 
potential of detritivore support within the terrestrial food chain. 

With the return of standing water and the development of a re
generating marsh, there would be sorne potential for detritivore food
chain support as the mudflat annual litter is submersed and decomposes. 
The primary production by rapidly growing and expanding emergent 
vegetation beds would provide potential for herbivore support. The 
large surface areas provided by submersed mudflat annual litter and the 
expanding macrophyte stands would also provide the potential for high 
epiphytie algae production during these periods. Maximum algae growth 
would occur on the flooded annual litter before the emergent vegetation 
stands become too dense and cause shading of the water column. The 
vast surface area provided by flooded annual plant litter for epiphytie 
algae growth and invertebrate habitat may be one of the primary reasons 
for the high overall productivity associated with newly flooded wetlands. 
It appears that food chains in the regenerating marsh may be dominated 
by the vast amounts of primary production during this stage of the 
marsh cycle. 

As the regenerating marsh shifts to the degenerating marsh stage, 
the amount of living plant material in the wetland declines and the detri
tus added to the water column increases. Nelson (1982) suggests that the 
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TABLE 11.3. Contribution of herblvory end detrltlvory to food chelns durlng the verlous phases of the wet·dry cycle of prairie 
wetlends 

Fu net ion 
Herbivory 

Macrophytes 
Algae 

Detritivory 

Drawdown 

Low 

Low 

Regenerating 

Low 
Moderate 
Low 10 moderale 

Degenerating 

High 
Moderale 10 high (depends on epiphylon) 
High 

Lake marsh 

Low 
Low 10 high 
Low 10 moderale 
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litter added to the water by factors such as muskrats will be of high 
quality and further enhance detritivore production during these periods. 
This may imply a shift from primarily herbivore suppon of the food 
chains to detritivory; "however, the surface area provided by the in
creased litter input to the water column may again increase algal produc
tion, particularly as the emergent vegetation stands thin out and light 
once again penetrates the water column. The nutrients leached from the 
newly submersed litter are also readily utilized by algal cells. 

As the degenerating marsh opens to the lake marsh stage, both 
macrophyte primary production and litter production are at a minimum. 
The lake marsh characteristically consists of a shallow lake with a 
muddy bottom surrounded by a thin border of emergent vegetation. 
Sorne submersed vegetation persists in the open-water areas, however, 
the overall productivity of submersed plant species is lower than 
emergent vegetation (Table J I.J). The flocculent sediments consist of 
fine litter panicles that are resistant to funher decomposition. The 
emergents around the border of the lake would provide only minor 
amounts of living plant tissue and potential litter to the system. While 
normally considered unproductive, Jake marshes often suppon large 
populations of Chironomidae Jarva. Mur kin and Kadlec (J 986) docu
mented the highest densities of chironomid Jarva during the lake marsh 
stage of an anificially created wetland vegetation cycle. One possible 
source of food-chain suppon during this stage may be epipelic algae. 
This algae ·group prefers shallow, open pond situations with soft sedi
ments and few macrophytes to shade the substrate. As shown earlier, 
epipelon may not have a large standing crop at any time; however, its 
rapid turnover rates result in relatively high levels of primary production 
over the course of a season. The epipelon may weil be the main suppon 
of the available food chains during the Jake marsh stage of the prairie 
wetland vegetation cycle. 

CONCLUSIONS 

There is no doubt that detritivory is an important component of the 
food chains in prairie wetlands. This review, however, suggests that her
bivory is also a factor in wetland food chains, especially during sorne 
stages of the wet-dry cycle (Tables 1 1.2 and 11.3). 1 agree with Smith and 
Kadlec (1985) that grazing and herbivory require funher investigation to 
establish their importance to overall wetland secondary production. 
Another area requiring attention is the role of algae in suppon of pri
mary consumers. Algal contribution to overall wetland productivity may 
be much higher than presently anticipated. Even in salt marshes where 
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detritus is generally considered to be the basis for the food chains of 
both the marsh and associated marine areas, algae are becoming recog
nized as important factors to the consumer production in these systems 
(Montague et al. 1981; Kitting 1984). Levinton et al. (1984) suggest that 
plant detritus contributes little to nutrition of secondary producers in a 
Sportina marsh, white microalgae form the bulk of foods used by con
sumers. The primary role of detritus in the secondary production and 
food chains of prairie wetlands may be to provide the habitat necessary 
for algae and invertebrate growth and reproduction. 

ACKNOWLEDGMENTS 

This chapter is Paper No. 21 of the Marsh Ecology Research Pro
gram, a joint project funded by Ducks Unlimited Canada and the Delta 
Waterfowl and Wetlands Research Station. 1 thank J. Kadlec, J. Nelson, 
and A. van der Valk for their comments on earlier drafts of the manu
script. 

REFERENCES 

Allen, A. W., and R. D. Hofl'man. 1984. Habitat suitability index models: 
Muskrat. U.S. Fish and Wild1. Serv. FWS/OBS-82/10.46. Washington, 
D.C.: GPO. 

Anderson, M. G. 1978. Distribution and production of sago pondweed Potamo
geton pectinatus L. on a northern prairie marsh. Eco1. 59:154-60. 

Berg, C. O. 1950. The biology of aquatic caterpillars which feed on Potamoge
ton. Trans. Amer. Microsc. Soc. 69:254-66. 

Beule, J. D. 1979. Control and management of cattails in southeastern Wiscon
sin wetlands. Wis. Dept. Nat. Resour. Tech. Bull. 112. Madison. 

Boesch, D. F., and R. E. Thrner. 1984. Dependence of fishery species on salt 
marshes: The role of food and refuge. Estuaries 7:460-68. 

Bowen, S. H. 1984. Evidence of a detritus food chain based on consumption of 
organic precipitates. Bull. Mar. Sei. 35:440-48. 

Butler, L. 1940. A quantitativé·study of muskrat food. Can. Field-Nat. 54:37-
40. 

Cargill, S. M., and R. L. Jefl'eries. 1984. The efl'ects of grazing by lesser snow 
geese on the vegetation of a sub-arctic salt marsh. J. Appl. Ecol. 21:669-86. 

Cattaneo, A. 1983. Grazing on epiphytes. Limnol. Oceanogr. 28:124-32. 
Clark, J. 1978. Freshwater wetlands: Habitats for aquatic invenebrates, am

phibians, reptiles, and fish. ln Welland functions and values: The state of 
our understanding, ed. P. E. Greeson et al., 330-43. Minneapolis: Amer. 
Water Resour. Assoc. 

Coveney, M. F., G. Cronberg, M. Enell, K. Larsson, and L. Olofsson. 1977. 
Phytoplankton, zooplankton and bacteria-standing crop and production 
relationships in an eutrophie lake. Oikos 29:5-21. 



334 NORTHERN PRAIRIE WETLANDS 

Crow, J.H., and K. B. Macdonald. 1978. Wetland values: Secondary produc
tion. ln Wetland functions and values: The state of our understanding, ed. 
P. E. Greeson et al., 146-61. Minneapolis: Amer. Water Resour. Assoc. 

Cummins, K. W. ·1973. Trophic relations of aquatic insects. Annu. Rev. Ento
mol. 18:183-206. 

Darnell, R. M. 1976. Organic detritus in relation to the estuarine ecosystem. ln 
Estuaries, ed. G. H. Lauff, 376-82. Washington, D.C.: Amer. Assoc. Adv. 
Sei. 

Davis, C. B., and A. G. van der Valk. 1978a. Litter decomposition in prairie 
glacial marshes. Freshwater wetlands: Ecological processes and manage
ment potential, ed. R. E. Good et al., 99-113. New York: Academie Press. 

---· 1978b. The decomposition of standing and fallen litter of Typha glauca 
and Scirpus fluviatilis. Can. J. Bot. 56:662-75. 

de la Cruz, A. A. 1979. Production and transport of detritus in wetlands. ln 
Welland functions and values: The state of our understanding, ed. P. E. 
Greeson et al., 162-74. Minneapolis: Amer. Water Resour. Assoc. 

de March, B. G. E. 1981. Hyalel/a az;teca (Saussure). ln Manual for the culture 
of selected freshwater invertebrates, ed. S. G. Lawrence, 61-77. Can. Spec. 
Publ. Fish. Aquat. Sei. 54. Hull, Quebec: Can. Govt. Publ. Cen. 

Dickman, M. 1968. The effect of grazing by tadpoles on the structure of a 
periphyton community. Eco!. 49:1188-90. 

Dozier, H. L. 1953. Muskrat production and management. U.S. Fish and Wildl. 
Serv. Circ. 18. Washington, D.C.: GPO. 

Errington, P. L. 1963. Muskrat populations. Ames: Iowa State Univ. Press. 
Errington, P. L., R. J. Siglin, and R. C. Clark. 1963. The decline of a muskrat 

population. J. Wildl. Manage. 27:1-8. 
Findlay, S., and K. Tenore. 1982. Nitrogen source for a detritivore: Detritus 

substrate versus associated microbes. Sei. 218:371-73. 
Fuller, O. A., C. E. Sasser, W. B. Johnson, and J. G. Gosselink. 1985. The 

effects of herbivory on vegetation on islands in Atchafalaya Bay, Louisiana. 
Wetlands 4:105-14. 

Gallagher, J. L., and W. J. Pfeiffer. 1977. Aquatic metabolism of the communi
ties associated with attached dead shoots of salt marsh plants. Limnol. and 
Oceangr. 22:562-65. 

Gallagher, J. L., H. V. Kirby, and K. W. Skirvin. 1984. Detritus processing and 
mineral cycling in seagrass (Zostera) litter in an Oregon salt marsh. Aquat. 
Bot. 20:97-108. 

Golley, F. B. 1973. Impact of small mammals on primary production. ln Ecolog
ical energetics of homeotherms, ed. J. A. Gessamen, 142-47. Utah State 
Univ. Monogr. Ser. 20. Logan: Utah State Univ. Press. 

Hamilton, P., and K. B. Macdonald, ed. 1979. Estuarine and wetland processes. 
New York: Plenum Press. 

Haney, J. F. 1973. An in situ examination of the grazing activities of natural 
zooplankton communities. Arch. Hydrobiol. 72:87-132. 

Hargrave, B. T. 1972. Aerobic decomposition of sediment and detritus as a 
function of particle surface area and organic content. Limnol. Oceangr. 
17:583-96. 

Hooper, N. M., and G. G. C. Robinson. 1976. Primary production of epiphytie 
algae in a marsh pond. Can. J. Bot. 54:2810-15. 

Hcnoer-Reid, N. M., and G. G. C. Robinson. 1978. Seasonal dynamics of 
~piphytic algal growth in a marsh pond: Productivity, standing crop and 



11/THE BASIS FOR FOOD CHAIHS IN PRAIRIE WETLAHDS 335 

community composition. Can. J. Bot. 56:2434-40. 
Hosseini, S. M. 1986. The effects of water levet fluctuations on algal communi

ties of freshwater marshes. Ph.D. diss., Iowa State Univ., Ames. 
Hunter, R. O. 1980. Effects of grazing on the quantity and quality of freshwater 

Aufwuchs. Hydrobiol. 69:251-59. 
Joenje, W. 1985. The significance of waterfowl grazing in the primary vegetation 

succession on embanked sandflats. Vegetatio 62:399-406. 
Kennedy, V. S., ed. 1980. Estuarine perspectives. New York: Academie Press. 
Kitting, C. L. 1984. Selectivity by dense populations of small invenebrates 

foraging among seagrass blade surfaces. Estuaries 7:276-88. 
Lamberti, G. A., and J. W. Moore. 1984. Aquatic insects as primary consumers. 

ln The ecology of aquatic insects. ed. V. H. Resh and D. M. Rosenberg, 
164-75. New York: Praeger. 

Lawson, D. L., M. J. Klug, and R. W. Merritt. 1984. The influence of the 
physical, chemical, and microbiological characteristics of decomposing 
leaves on the growth of the detritivore Tipula abdominalis (Diptera:Tipuli
dae). Can. J. Zool. 62:2339-43. 

Lee, C., R. W. Howarth, and B. L. Howes. 1980. Sterols in decomposing Spar
tina alternijlora and the use of ergosterol in estimating the contribution of 
fungi to detrital nitrogen. Limnol. Oceanogr. 25:290-303. 

Levinton, J. S., T. S. Bianchi, and S. Stuart. 1984. What is the role of particu
late organic matter in benthic invertebrate nutrition? Bull. Mar. Sei. 
35:270-82. 

Linley, E. A. S., and R. C. Newell. 1984. Estimates of bacteria growth yields 
based on plant detritus. Bull. Mar. Sei. 35:409-25. 

Livingston, R. J., and O. L. Loucks. 1978. Productivity, trophic interactions, 
and food-web relationships in wetlands and associated systems. ln Welland 
functions and values: The state of our understanding, ed. P. E. Greeson et 
al., 101-19. Minneapolis: Amer. Water Resour. Assoc. 

Lowery, G. H., Jr. 1974. The mammals of Louisiana and its adjacent waters. 
Baton Rouge: La. State Univ. Press. 

MacArthur, R. A., and M. Aleksiuk. 1979. Seasonal microenvironments of the 
muskrat (Ondatra zibethicus) in a northern marsh. J. Mammal. 60:146-54. 

Mccabe, T. R. 1982. Muskrat population levels and vegetation utilization: A 
basis for an index. Ph.D. diss., Utah State Univ., Logan. 

McDonald, M. E. 1955. cause and effects of a die-off of emergent vegetation. J. 
Wildl. Manage. 19:24-35. 

Melillo, J. M., R. J. Naiman, T. D. Aber, and A. E. Linkins. 1984. Factors 
controlling mass loss and nitrogen dynamics of plant litter decaying in 
northern streams. Bull. Mar. Sei. 35:341-56. 

Merritt, R. W., and K. W. Cummins. 1984. An introduction to the aquatic 
insects of North America. Dubuque, Iowa: Kendall/Hunt. 

Montague, C. L., S. M. Bunker, E. B. Haines, M. L. Pace, and R. L. Wetzel. 
1981. Aquatic macroconsumers. ln The ecology of a salt marsh, ed. L. R. 
Pomeroy and R. G. Weigert, 69-85. New York: Springer-Verlag. 

Motyka, G. L., R. W. Merritt, M. J. Klug, and J. R. Miller. 1985. Food-finding 
behavior of selected aquatic detritivores: Direct or indirect behavioral mech
anism? Can. J. Zool. 63:1388-94. 

Murkin, H. R. 1983. Responses by aquatic macroinvertebrates to prolonged 
flooding of marsh habitat. Ph.D. diss., Utah State Univ., Logan. 

Murkin, H. R., and B.D. J. Bau. 1987. Interactions of vertebrales and inverte-



336 NORTHERN PRAIRIE WETLANDS 

brates in peatlands and marshes. Mem. Entomol. Soc. Can. 140:15-30. 
Murkin, H. R., and J. A. Kadlec. 1986. The response by benthic macroinverte

brates to prolonged flooding of marsh habitat. Can. J. Zool. 64:65-72. 
Murray, R. E., and R. E. Hodson. 1985. Annual cycle of bacterial secondary 

production in fivè aquatic habitats of the Okefenokee Swamp ecosystem. 
Aool. Environ. Microbiol. 49:650-55. 

Neckles, H. A. 1984. Plant and macroinvenebrate responses to water regime in a 
whitetop marsh. Master's thesis, Univ. Minn., Minneapolis. 

Neely, R. K., and C. B. Davis. 1985. Nitrogen and phosphorus fertilization of 
Sporganium eurycarpum Engelm. and Typha glauca Godr. stands. 1: 
Emergent plant production. Aquat. Bot. 22:347-61. 

Nelson, J. W. 1982. Effects of varying detrital nutrient concentrations on ma
croinvertebrate abundance and bio mas. Master's thesis, Utah State Uni v., 
Logan. 

Nelson, J. W., and J. A. Kadlec. 1984. A conceptual approach to relating habi
tat structure and macroinvertebrate production in freshwater wetlands. 
Trans. N. Amer. Wildl. Nat. Resourc. Conf. 49:262-70. 

Nixon, S. W. 1980. Between coastal marshes and coastal waters-a review of 
twenty years of speculation and research in the role of salt marshes in 
estuarine productivity and water chemistry. ln Estuarine and welland proc
esses, ed. P. Hamilton and K. B. Macdonald, 437-525. New York: Plenum. 

Odum, W. E., and E. J. Heald. 1975. The detritus based food web of an es
tuarine mangrove community. ln Estuarine research, ed. L. E. Cronin, 265-
86. New York: Academie Press. 

Odum, W. E., T. J. Smith, Ill, J. K. Hoover, and C. C. Mclvor. 1984. The 
ecology of tidal freshwater marshes of the United States east coast: A com
munity profile. U .S. Fish and Wildl. Serv. FWS/OBS-83/ 17, Washington, 
D. C.: GPO. 

Onh, R. J., K. L. Heck, Jr., and J. van Montfrans. 1984. Faunal communities 
in seagrass beds: A review of the influence of plant structure and prey 
characteristics on predator-prey relationships. Estuaries 7:339-50. 

Parsons, K. A., and A. A. de la Cruz. 1980. Energy flow and grazing behavior 
of conocephaline grasshoppers in a Juncus reomerianus marsh. Eco!. 
61:1045-50. 

Perry, H. R., Jr. 1982. Muskrats. ln Wild mammals of North America: Biology, 
management, and economies, ed. J. A: Chapman and G. A. Feldhomer, 
282-325. Baltimore:· The Johns Hopkins Univ. Press. 

Pfeiffer, W. J., and R. G. Wiegert. 1981. Grazers on Spartina and their preda
tors.ln The ecology of a salt marsh, ed. L. R. Pomeroy and W. G. Wiegert, 
87-112. New York: Springer-Verlag. 

Pip, E. 1978. A survey of the ecology and composition of submerged aquatic 
snail-plant communities. Can. J. Zool. 56:2263-79. 

Polunin, N. V. C. 1984. The decomposition of emergent macrophytes in fresh 
water. Adv. Ecot. Res. 14:115-66. 

Pomeroy, L. R., and R. G. Wiegert, eds. 1981. The ecology of a salt marsh. 
Ecological studies 38. New York: Springer-Verlag. 

Porter, K. G. 1977. The plant-animal interface in freshwater ecosystems. Amer. 
Sei. 65: 159-70. 

Rice, D. L., and R. B. Hanson. 1984. A kinetic mode) for detritus nitrogen: Role 
of the associated bacteria in nitrogen accumulation. Bull. Mar. Sei. 35:326-
40. 



11lTHE BASIS FOR FOOD CHAINS IN PRAIRIE WETLANOS 337 

Richardson, C. J. 1978. Primary productivity values in freshwater wetlands. ln 
Wetland functions and values: The state of our understanding. ed. P. E. 
Greeson et al., 131-45. Minneapolis: Amer. Water Resour. Assoc. 

Riemann, B. 1985. Potential importance of fish predation and zooplankton 
grazing on natural populations of freshwater bacteria. Appl. Environ. Mi· 
crobiol. 50: 187-93. 

Roman, M. R., and K. R. Tenore. 1984. Detritus dynamics in aquatic systems: 
An overview. Bull. Mar. Sei. 35:257-60. 

Rosenberg, D. M., and H. V. Danks. 1987. Conference on the aquatic insects of 
peatlands and marshes. Mem. Entomol. Soc. Can. 140. 

Sather, J.H., and R. D. Smith. 1984. An overview of major welland functions. 
U.S. Fish and Wildl. Serv. FWS/OBS-84/18. Washington, D.C.: GPO. 

Shamess, J. J., G. G. C. Robinson, and L. G. Goldsborough. 1985. The struc· 
ture and comparison of periphytic and planktonic algal communities in two 
eutrophie prairie lakes. Arch. Hydrobiol. 103:99-116. 

Simpson, R. L., D. F. Whigham, and K. Brannegan. 1979. The mid-summer 
insect communities of freshwater tidal wetland macrophytes. Bull. N.J. 
Acad. Sei. 24:22-28. 

Simpson, R. L., R. E. Good, M. A. Leck, and O. F. Whigham. 1983. The 
ecology of freshwater tidal wetlands. Biosci. 33:255-59. 

Sipple, W. S. 1979. A review of the biology, ecology, and management of Scirpus 
olneyi. Vol. Il: A synthesis of selected references. Md. Dept. Nat. Resour., 
Water Resour. Admin. Publ. No. 4. Cambridge, Md. 

Skuhravy, V. 1978. lnvertebrates: Destroyers of common reed. ln Pond littoral 
ecosystems: Structure and functioning, ed. D. Dykyjova and J. Kvet, 376-
87. New York: Springer-Verlag. 

Smirnov, N. N. 1961. Consumption of emergent plants by insects. Verh. ln
ternat. Ver. Limnol. 14:232-36. 

Smith, L. M., and J. A. Kadlec. 1985. Fire and herbivory in a Great Salt Lake 
marsh. Ecol. 66:259-65. 

Smith, S. M., J. G. Hoff, S. P. O'Neil, and M. P. Weinstein. 1984. Community 
and trophic organization of nekton utilizing shallow marsh habitats, York 
River, Virginia. Fish. Bull. 82:455-67. 

Smith, T. J., Ill, and W. E. Odum. 1981. The effects of grazing by snow geese on 
coastal marshes. Ecot. 62:90-106. 

Taylor, G. T., R. lturriaga, and C. W. Sullivan. 1985. Interactions of bactivorous 
grazers and heterotrophic bacteria with dissolved organic matter. Mar. Ecot. 
Pro gr. Ser. 23: 129-41. 

Turner, J. T., and J. G. Ferrante. 1979. Zooplankton fecal pellets in aquatic 
ecosystems. Biosci. 29:670-77. 

Valiela, 1., and C. S. Rietsma. 1984. Nitrogen, phenolic acids, and other feeding 
eues for salt marsh detritivores. Oecologia 63:350-56. 

van der Valk, A. G., and C. B. Davis. 1978a. Primary production of prairie 
glacial marshes. ln Freshwater wetlands: Ecological processes and manage
ment potential, ed. R. E. Good et al., 21-37. New York: Academie Press. 

---· 1978b. The role of seed banks in the vegetation dynamics of prairie 
glacial marshes. Ecot. 59:322-35. 

---· 1980. The impact of a natural drawdown on the growth of four 
emergent species in a prairie glacial marsh. Aquat. Bot. 9:301-22. 

Van Dyke, G. D. 1972. Aspects relating to emergent vegetation dynamics in a 
deep marsh, northcentral Iowa. Ph.D. diss., Iowa State Univ., Ames. 



338 NORTHERN PRAIRIE WETLANDS 

Vannote, R. L., G. W. Minshall, K. W. Cummins, J. R. Sedell, and C. E. 
Cushing. 1980. The river continuum concept. Can. J. Fish. Aquat. Sei. 
37:130-37. 

Ward, G. M., and K. W. Cummins. 1979. Etrects of food quality on growth of a 
stream detritivore, Paratendipes albimanus (Meigen) (Diptera: Chironomi
dae). Ecol. 60:57-64. 

Weiler, M. W. 1981. Freshwater marshes: Ecology and wildlife management. 
Minneapolis: Univ. Minn. Press. 

Weiler, M. W., and C.E. Spatcher. 1965. Role of habitat in the distribution and 
abundance of marsh birds. Iowa Agric. Home Econ. Exp. Stn. Spec. Rep. 
43. Ames. 

Wetzel, R. G. 1984. Detrital dissolved and particulate organic carbon functions 
in aquatic ecosystems. Bull. Mar. Sei. 35:503-9. 

Willner, G. R., J. A. Chapman, and J. R. Goldsberry. 1975. A study and review 
of muskrat food habits with special reference to Maryland. Pub!. Wildl. 
Eco!. 2. Cambridge: Md. Wildl. Admin. 

Wrubleski, O. A. 1984. Chironomid (Oiptera:Chironomidae) species composi
tion, emergence phenologies, and relative abundances in the Delta Marsh, 
Manitoba, Canada. Master's thesis, Univ. Manitoba, Winnipeg. 



DIETARY SELECTIVITY IN RELATION TO 
A V AILABILITY AND QUALITY OF FOOD FOR 

GOSLINGS OF CACKLING GEESE 
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ABSTRACT.-Food selection by and diet of Cackling Goose (Branla canadensis mmima) gos
lings were studied in relation to the quality and availability of food during brood rearing, 
1977-1979. Arrowgrass (Triglochm palustris) was the most important food in the diet of gos
lings before wing-molt of adults and sometimes during molt. Carex mackenzie, was the most 
common sedge in the diet but was less important than arrowgrass. Leaves of other species 
were relatively unimportant during premolt. Arrowgrass declined. while Carex seeds and 
crowberries (Empetrum nigrum) increased, in the diet as brood rearing progressed. Arrowgrass 
was highly preferred, whereas other sedges and grasses {except C. mackenziei) were avoided 
in areas for which both availability and consumption were measured. Preference for ar
rowgrass was related to its higher protein and energy content and lower cell-wall content 
compared to other forage species. Th us. geese benefitted nutritionally from selecting their 
preferred diet. Seeds and berries contained high levels of lipids and carbohydrates relative 
to green leaves. Less arrowgrass was consumed in a year when brood densities were higher 
than in the other 2 years of the study. Arrowgrass availability declined as brood rearing 
progressed in another year. Thus, Cackling Geese may have been reducing the availability 
of their most nutritious food, at !east at high brood densities. Food quality in breeding areas 
may be influencing population dynamics of geese despite the high overall availability of 
green plants. Received 16 May 1983. accepted 7 November 1983. 

GEESE are primarily herbivorous during the 
breeding season (Owen 1980: 127). Plant foods 
are generally lower in protein and energy con
tent and are usually less digestible than animal 
foods. For geese, the relatively poor nutritional 
quality of green vegetation is exacerbated by 
their simple gastrointestinal tracts. Adult geese 
must replenish fat and protein reserves, which 
are at annual lows during hatching or early 
molt (Hanson 1962, Ankney and Maclnnes 1978, 
Raveling 1979), and goslings must grow under 
these nutritional constraints. Nutrition during 
the brood-rearing period may affect such life 
history parameters as overwinter survival or 
future reproductive success. Poor food quality, 
in conjunction with the importance of nutri
tion following nesting, should have resulted in 
selection for foraging behavior that maximizes 
nutrient intake. 

There have been few studies of the summer 
foraging ecology of geese that nest in the Arc
tic of North America other than general or food
habits investigations (Barry 1967, Mickelson 
1975, Eisenhauer and Kirkpatrick 1977). Lieff 
(1973) reported associations between preferred 
foraging areas and the presence of particular 

plant species for both Lesser Snow Geese (Chen 
caerulescens caerulescens) and Canada Geese 
(Branla canadensis), and both he and Harwood 
(1975) demonstrated preferences for fertilized 
vegetation by grazing geese. None of these 
studies related the nutrient content of partic
ular plant species to their importance in the 
diet, however. ln view of the potential impor
tance of summer foraging behavior, we under
took a study of this aspect of the ecology of 
Cackling Geese (B. c. minima) in order to de
scribe their diet in rel- 1on to the availability 
and nutrient content L. foods. The study was 
conducted from the first week of June through 
mid-August 1977-1979. 

5TUDY AREA 

Our study area was located within the Clarence 
Rhode National Wildlife Range (now Yukon Delta 
National Wildlife Refuge) on the Yukon-Kuskokwim 
Delta, Alaska in the vicinity of the U.S. Fish and 
Wildlife Service field station at Old Chevak (61°N, 
1650W). The primary study plot was a 40.4-ha area 
surrounding a cabin and observation tower between 
the Onumtuk slough and Kashunuk River (see Mick
elson 1975 for further description). 
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We classified two main types of habitat on the study 
area: upland and lowland. Upland habitat consisted 
of relative! y well-drained areas about 1.3-1.7 rn above 
mean high-tide levels that were dominated by li
chens, moss (Sphagnum spp.), Empetrum nigrum, Rubus 
chamaemort<s, Sa/ix fuscescens, and Ledum palustre. Areas 
about 0.5 rn above mean high-tide levels were de
fined as lowland. About 50% of the lowland area con
sisted of small ponds (i.e. <0.8 ha in area). We rec
ognized two subtypes of terrestrial lowland habitat, 
mudflat and meadow. Mudflats, adjacent to ponds, 
comprised 5% of terrestriallowland habitat and were 
characterized by bare mud or small, nearly pure 
patches of either Pucnnellia phryganodes or Carex sub
spathacta, which were Jess than 5 cm taU. Nearly pure 
stands of C. mackenzù.•i and Hippuris tetraphylla also 
occurred adjacent to ponds and mudflat areas. Mead
ows consisted of vegetation up to 20 cm in height, 
dominated by C. rariflora, C. ramenskii, Calamagrostis 
deschampsioides. and Dupontia fisheri. Scattered indi
viduals of C. mackenzie• occurred in both mudflats 
and meadows. Tnglochin palus/ris {arrowgrass) oc
curred in small numbers in both lowland subhabitats 
and in stands of C. mackenziei. 

METHODS 

Plant species density.-Densities of plant species in 
meadows commonly used by wild geese were esti
mated by counting ali individual shoots within a 14.5 
cm' wire square. randomly placed Il times along each 
of three 30-m-long transects {definition of individual 
shoot as in Chapin et al. 1980). Sampling locations 
along the transect li ne were selected before the first 
sampling date and were used for subsequent dates. 
Approximately the same transects were sampled three 
times during both 1978 and 1979, and the total num
bers of individuals of each plant species at each sam
pling location (33 locations in each year) were re
corded. We then calculated the mean percentage of 
totalleaves contributed by each species. On mudflats, 
the wire square was tossed arbitrarily 62 times. and 
ali arrowgrass individuals in the square were count
ed. The density of ali other mudflat species combined 
was determined by counting ali individuals within 
sam pies clipped from 15 0.1-m' quadrats during 1979. 

D•f'I.-Goslings were removed from nests at hatch
ing. imprinted on humans, and allowed to graze on 
the principal study area in both 1978 and 1979. The 
diet of these goslings was augmented with commer
cial poultry starter for their first 10 days. lmprinted 
goslings were periodically sacrificed after being al
lowed to feed in areas of known plant-species den
sity. These feeding trials allowed a comparison be
tween the abundance of plant species and their 
presence in the gosling diet. ln addition, wild geese 
were collected by shooting on a 12.7-km' area adja-

cent to the principal study area during 1977. 1978, 
and 1979. 

After ail collections, esophageal contents were re
moved immediately, rinsed with 80% ethyl alcohoL 
and placed into vials. Within 3 h, esophageal sam pies 
were rinsed with water and returned to vials. Sam
pies were refrigerated following rinsing and frozen 
within 24 h. Esophageal sam pies were sorted by plant 
species at the University of California, Davis, and 
freeze-dried to constant weight. Contributions of 
foods to the diet are reported as a percentage of 
dry weight. 

Collection and chemical anal_11sis of plant samples.
Mixed-species samples from mudflats and meadows. 
along with pure samples of C. mackenziei and C. sub
spathacea, were collected for chemical analyses by 
clipping from 0.1-m' quadrats randomly placed with
in previously delineated 3 x 5-m plots during 1978 
and 1979. These previously delineated plots were lo
cated in areas where grazing geese had been ob
served. Mixed-mudflat samples (nearly entirely P. 
phryganodes) included only erect shoots and leaves. 
Sam pies were clipped to litter level. Litter and stand
ing dead material were removed in the laboratory 
and mixed-mudflat and C. subspathacea sam pies were 
washed to remove excess mud. Jndividual arrowgrass 
plants were removed from mixed-meadow samples 
collected in 1978 to provide a pure sample of mead
ow arrowgrass for that year. Ali other arrowgrass 
samples were hand-collected. 

Ali sampled plant species were represented in 1978 
sam pies, whereas only C. macktnzlei. mixed-mudflat, 
and arrowgrass were sam pied in 1979. Plant sam pies 
were clipped on 25 June, on 3 and 4, 19, and 29 to 31 
July, and on 7 August 1978. with the exception of 
early July mixed-mudflat samples, which were col
lected on Il July 1978. Ali 1979 clipped sam pies were 
collected on 24 June, on 7, 17, and 28 July, and on 9 
August. Samples of T. palustTlS were collected from 
mudflats and meadows on JO dates through the sum
mer of 1979. The amount of material was insufficient 
for separate analyses representing each date, how
ev<"r. Therefore five composite aliquots were formed 
for both mudflat and meadow T. pa/ustTls by combin
ing material collected on the following pairs of dates: 
24 and 30 June; 4 and 7, 17 and 21. 28 and 31 July; 
and 9 and 12 August. Carex seeds were collected on! y 
during August 1979, while Eml'etrum mgrum berries 
were collected on 7 and 29 july and 7 August 1978 
and 9 August 1979. 

Samples were frozen within 24 h. ln Davis. sam
pies were thawed, blotted lightly with paper towels, 
weighed, freeze-dried to constant weight, and then 
ground in a Wiley Mill to pass a 40-mesh sieve. Ni
trogen was determined by the macro-Kjeldahl meth
od (Horwitz 1975). Crude protein was estimated by 
multiplying 6.25 times Kjeldahl nitrogen. Crude fat 
was determined by extracting samples for 12 h with 
anhydrous ether in a Goldfisch apparatus. Samples 
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were ashed by combustion of ether-extracted sam pies 
for 4 hat SOO"C. Acid and neutra! detergent-insoluble 
iractions (ADJ and cell walL respectively) were esti
mated by the Van Soest method (Goering and Van 
Soest 1970). Neutra! detergent-insoluble material was 
saved. and the nitrogen content of this fraction was 
estimated by Kjeldahl analysis. Amino acid concen
trations were determined on a Durham 500 amino
acid analyzer following 24 h hydrolysis in 6 N HCL 
(Spackman et al. 1958). Cysteine concentrations were 
determined using the same technique. except that 
samples were oxidized in performic acid for 24 h 
before hydrolysis (Hirs 1967). 

Digestibility of protein in cell walls was calculated 
by assuming that the nonprotein fraction of cell walls 
was an indigestible marker (Drent et al. 1978). The 
percentage of protein in the cell-wall fraction of the 
diet was estimated by calculating a weighted average 
of the percentage of protein in the ce li-wall fractions 
of the arrowgrass and nonarrowgrass portions of the 
diet. with the weights consisting of tht> proportional 
contributiOns of arrowgrass and non-arrowgrass foods 
to total cell wall in the diet. The protein content of 
cell walls in the feces was determined by Kjeldahl 
analysis of the fecal cell-wall fractions. 

Statrstica/ ana/ysts.-Distribution of dietary data 
(percentage contribution to diet by a food) was non
normal and in sorne cases approached a bimodal dis
tribution (see Fig. 1}. For this reason we used Krus
kal-Wallace or Mann-Whitney U-tests to compare the 
percentage contribution of a particular food to the 
diet of groups of goslings. Spearman rank correlation 
was used to analyze seasonal trends in diet and the 
correlation between cell-wall and protein content of 
plants. The dietary preference of imprinted goslings 
feeding in meadows was determined by means of a 
Mann-Whitney U-test to compare the percentage of 
leaves of a given type in esophagi versus that in the 
environment. We did not statistically evaluate the 
preference of imprinted goslings feeding on mud
flats. because the use of different size quadrats for 
estimating densities of arrowgrasses and nonar
rowgrasses precluded an estimation of among-sam
ple variation of the percentage of arrowgrasses on 
mudtlats. We analyzed the chemical constituents of 
plants by means of a 2-way ANOVA (species X sam
pling dates. for protein and water) or 1-way ANOV A 
(other constituents} followed by a protected Least 
Significant Difference comparison between means 
(Carmer and Swanson 1973) in cases with a signifi
cant F value. 

RESULTS 

DIET 

We divided the brood rearing period into 
three time periods for presentation of dietary 
data: preceding the molt of adult remiges (pre-

molt). coïncident with the adult flightless pe
riod (molt). and coïncident with fledging of 
young (fledging). The dividing points between 
premolt and molt collection periods were 14 
July in 1979. 15 July in 1978. and 28 july in 
1977. Molt and fledging periods were separated 
by 2 August m 1978, the only year in which 
collections were made during fledging. These 
periods correspond approximately to the fol
lowing gosling ages: premolt. 1-23 days; molt. 
24-41 days; fledging more than 42 days. Con
tributions of foods to the diet are expressed in 
aggregate percentages. 

lmprinted and wild goslings ditfered signif
icantly (P < 0.05) in diet in only 3 of 16 pos
sible pairwise comparisons (4 food cate
gories x 2 yr x 2 ti me periods within years. Fig. 
1 ). These differences were due to the single col
lection during the 1979 molt period of three 
wild goslings from the same brood, which con
tained a significantly lower percentage of T. 
palustris and C. mackenziei and a significantly 
higher percentage of Carex seeds and Empetrum 
berries than did the tame goslings collected 
during the same period. There were no foods 
for which differences between the two groups 
in the consumption of a food were consistent 
between years. Because of the lack of differ
ences between wild and tame goslings except 
for the one collection. we combined results from 
the two groups for subsequent analyses. (See 
Appendix for a complete summary of the diet 
of goslings.} 

Because of initial difficulties in identification 
of plant species, sorne C. subspathacea was in
cluded with arrowgrass in the analysis of 
esophageal contents from goslings collected 
during 1977. Of the original arrowgrass sample 
from these goslings (a sample comprised of ar
rowgrass from all1977 goslings that contained 
arrowgrass}, 13% was available for reanalysis. 
Carex subspathacea comprised 4'7c of the dry 
weight of this material. This error did not have 
a substantial effect on either the presentation 
of. or the conclusions drawn from. our data. 

Seasonal variation.-Arrowgrass predominat
ed in the premolt diet of goslings. contributing 
92% of the diet during this period in 1977. 44% 
in 1978. and 98% in 1979 (Fig. 1 ). Other foods 
were unimportant during premolt in 1977 and 
1979, but C. mackenziei comprised 28% and oth
er leaves (other Carex spp. leaves, grasses. and 
forbs) 19% of the 1978 premolt diet. 

Arrowgrass declined in dietary importance 
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Fig. 1. Diet of Cackling Goose goslings during brood rearing 1977-1979. Each point within a food type 
corresponds to onP individual, and each individual is represented in ali four food types. Points are arrayed 
~long the horizontal axis. rPpresenting pPrcentage of diet (dry weight). Points rPprpsenting goslings collectpd 
during the mol!, premolt and fledging periods (see Results) are plotted separatPiy within pach food type. 
Points representing goslings collected in different years arp separated vertically within plots for each of the 
three lime periods. Open symbols represent lame goslings; solid symbols represent wild goslings. 

during brood rearing in 1977 (r, = -0.71, P < 
0.005) and 1979 (r, = -0.77, P < 0.001), while a 
slight nonsignificant negative trend was ob
served in 1978, the year of lowest premolt feed
ing on arrowgrass (r, = -0.19, 0.2 < P < 0.4, 
Fig. 1). Carex seeds and Empetrum berries tend
ed to increase in the diet as brood rearing pro
gressed in 1978 and 1979 (r, = 0.30, 0.1 < P < 
0.2 and r, = 0.32, 0.1 < P < 0.2, respectively), 
and we observed a significant increase in 1977 
(r, = 0.72, P < 0.001 ). · 

Seasonal variation in the diet resulted in a 
reduction in the contribution of arrowgrass to 
4% of the diet during molt in 1977, 39% in 1978, 

and 52% in 1979 (Fig. 1 ), with a further reduc
tion to 17% of the fledging diet in 1978. Carex 
mackenziei was the most important sedge in the 
diet during molt, comprising between 13% 
(1978) and 35% (1977) of the diet (18% in 1979). 
Seeds and berri es increased from Jess th an 10% 
of the premolt diet during al! 3 yr to 49% of 
the molt diet in 1977, 18% in 1978, and 29% in 
1979, and to 35% of the 1978 fledging di et. Oth
er leaves combined comprised between 1% 
(1979) and 23% (1978) of the diet during molt 
(12% in 1977). 

Among-year variation.-Goslings from the 
premolt period in 1978 contained significantly 
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Fig. 2. Timing of collection of Cackling Goose 
goslings. Peak hatch was 4 July 1977, 21 June 1978, 
and 20 June 1979. Points from goslings collected 
within the same year are arrayed along the horizon
tal axis. white points from different years are segre
gated vertically. Each point represents one gosling. 
Open symbols represent tame goslings; solid sym
bols represent wild goslings. 

less arrowgrass (P < 0.002) and significantly 
more C. mackenziei (P < 0.001) than did gos
lings from the same period in 1977 and 1979 
(Fig. 1). Arrowgrass comprised a slightly (but 
nonsignificantly) larger fraction of the molt diet 
in 1979 than in 1978 and was a significantly 
larger fraction of the molt diet during these 2 
yr than during 1977 (P < 0.002). 

More goslings were collected later in the 
premolt period during 1978 than during 1977 
and 1979 (P < 0.01, Fig. 2). This was probably 
not the cause of the among-year differences in 
premolt diet, however, for two reasons: (1) gos
lings from the first 14 days of the premolt pe
riod (in which all 3 yr were represented) still 
contained less arrowgrass in 1978 than in 1977 
and 1979 (P < 0.01), and (2) goslings collected 
15-16 days into the premolt period in 1978 (lat
er than collections in 1977 and 1979) contained 
between 87% and 97% arrowgrass, among the 
highest levels recorded for 1978. 

Preference.-Imprinted goslings were highly 
selective of arrowgrass leaves in meadows (Fig. 
3, Mann-Whitney U-test, P < 0.0002), consum
ing them approximately five times more fre
quently than they occurred in the environ
ment. Arrowgrass was selected at a similar 
relative rate on mudflats, although we could 
not evaluate this statistically. because we had 
no measure of variabilitv in the availabilitv of 

arrowgrass on mudflats. Other sedges and 
grasses comprised a much smaller fraction of 
the diet than of available individuals. 

CHEM!CAL COMrOSIT!ON OF VEGETATION 

Concentrations of ali constituents varied 
among species (P < 0.001. Tables L 2). Crude 
protein (P < 0.0005) and water content 
(P < 0.01) varied among sampling dates. Tem
poral variations in protein and water concen
tration were parallel among species (Kendall's 
Test of Concordance P < 0.01); the same pro
portion of each species' samples were collected 
on a given sampling date. We thus combined 
data across sampling dates for purposes of pre
sentation. We will report on temporal variation 
in vegetation constituents in a separate paper. 

Results dealing with the water content of 
vegetation must be interpreted with caution. 
Samples were collected under variable, but 
usually wet, conditions. Mixed-mudflat and C. 
subspathacea samples were washed to remove 
mud associated with these samples. As a result, 
the apparent water content of these samples 
was inflated and these data were not analyzed 
statistically. 

Gross nutrients.-Crude protein content was 
highly variable among species and was highest 
(30%) in arrowgrass from mudflats (Table 1). 
Crude protein in arrowgrass from meadows and 
in C. subspathacea averaged 19%, whereas ail 
other types of green vegetation and Carex seeds 
contained between 13.3% and 15% protein. Em
petrum nigrum berries contained substantially 
less protein (5%) than did other foods. 

Crude fat concentrations were 2-3 times 
greater in seeds and berries (7.8-9.7%) than in 
green plants (3.2-4.4%, Table 1). The ash con
tent of seeds and berries (2.4-3.9%) was consid
erably lower than that of vegetative parts of 
green plants (6.1-13%, Table 1). 

Cell wall.-Arrowgrass contained substantial
ly less cell wall than other green plants, and 
there was lower ce li-wall content in arrowgrass 
from mudflats than arrowgrass from meadows 
(Table 2). Carex subspathacea, C. mackenziei, and 
mixed-mudflat vegetation did not differ from 
one another in percentage cell wall. Cell walls 
constituted the largest proportion (58.3%) of dry 
weight (among green plants) in mixed-mead
ow vegetation. 

Mean levels of ADI (consisting of cellulose, 
lie:nin. and sorne ash l varied between 21.lo/c and 
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Fig. 3. Dietary selectivjty by imprinted goslings in 1978 and 1979. Species composition of leaves in 
esophagi was determined by counting ali leaves in esophagi of goslings that had fed in the vicinity of 
meadow vegetation transects (13 goslings) or on mudflats (8 goslings). We did not present variability in 
percentage of leaves available on mudflats, because numbers of arrowgrass leaves were estimated from 
quadrats of a size different from those for other leaves (see Methods). 

29.2% of plant dry weights (Table 2), Carex 
mackenziei and C. subspathacea contained signif
icant!y less ADI than mixed-meadow vegeta
tion, whereas mixed-mudflat vegetation con
tained intermediate Ievels of ADI. Other 
samples were not compared statistically due to 
insufficient sample sizes. 

Significant differences among species in the 
percentage of cell wall comprised of protein 
were not detected (1-way ANOVA, P > 0.05, 
Table 2). When averaged across all species, ce li 
walls contained 0.72% nitrogen, or 4.5% crude 
protein. This is a slight underestimate, because 
cell-wall fractions were contaminated with cel
lite from the NDF procedure. The percentage 
of cell wall was inversely correlated with total 
crude protein (r, == -0.32, P < 0.01). ln con
junction with the constant protein fraction in 

cell walls, this resu!ted in a larger fraction of 
total protein being associated with cell walls in 
plants that contained less total protein. Cell
wall protein constituted 2-4% of total crude 
protein in arrowgrasses but 22% of crude pro
tein in mixed-meadow vegetation. 

Available protein and carbohydrate.-Protein 
associated with cell walls is relatively unavail
able to nonruminants (Van Soest and Moore 
1965). Cackling Geese digested approximately 
38% of cell-wall protein (Sedinger and Ravel
ing unpubl. data). Hence, the association of 
protein with cel! walls significantly reduced the 
protein available for digestion. Available pro
tein was further reduced below crude protein, 
because the 6.25 multiplier used to calculate 
crude protein failed to account for nonamino
acid nitrogen in plants (McDonald et al. 1973). 
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TABLE 1. Nutrient content of foods used by Cackling Geese (f:!: SE). 

Plant species/ H,O Crude protein• Crude fat' Ash• 
type (%) (%) (%) (%) 

Arrowgrass (from mudllats) 86.5 :!: 1.5 (A)' 30.1 :t 1.7 (A) 3.8NT 13.0'1T 
(n'= 5) (n = 5) (n = 1) (n ~ 1) 

Arrowgrass (from meadows) 84.9 :t 0.7 (A) 19.5 :t 1.5 (B) 3.9NT J2.5NT 
(n = 5) (n =JO) (n = 1) (n = 1) 

Car~:r subspathac~a 79.6 :!: 1.7NT 19.0 :!: 1.6 (8, C) 4.4 :t 0.4 (A) 9.2 :t 1.0 (A) 
(n = 5) (n = 5) (n = 5) (n = 5) 

C. macktnzi~i 78.3 :!: 1.1 (B) 14.0 :t 0.7 (0, E) 3.2 :t 0.2 (A) 9.2 :!: 0.4 (A) 
(n = IS) (n = 15) (n = 13) (n = 13) 

Mudflat-mixed 82.2 :!: 0.6NT 15.2 :t 0.6 (C, 0) 3.2 :t 0.2 (A) 7.9 :t 0.7 (A) 
(n = 20) (n = 20) (n = 17) (n = 15) 

Meadow-mixed 70.1 :t 1.0 (CJ 13.3 :t 0.6 (E) 3.2:!: 0.1 (A) 6.1 :!: 0.1 (8) 
(n = 15) (n = 15) (n = 15) (n ~ 15) 

C. rariflora seeds 66.)NT J4.9NT 7.8HT 3.9NT 
(n = 1) (n = 1) (n = 1) (n = 1) 

Emp~trum nigrum berries 80.9 :!: 1.8 (A. B) 5.0 :t 0.4 (F) 9.7NT 2.4NT 
(n = 4) (n = 4) (8.7-10.6)" (2.2-2.6) 

(n =- 2) (n = 2) 

• Percentage of dry weight. 
• Entries within a column, not sharing a common capital Ietter were significantly different (a = 0.05). NT 

indicates entry was not tested (because of small sam pies or bias in water content data; see text). 
• n = number of sam pies from distinct sampling dates and/or areas. 
4 Parentheses indicate range for crude fat and ash of E. nigrum berries. 

TABLE 2. Cell-wall content(% dry weight) of food plants used by Cackling Geese (f :!: SE). 

Neutral 
detergent insoluble Acid detergent Ce li-wall 

Plant species/type (% cell wall) insoluble (%) nitrogen• (%) 

Arrowgrass (mudflat) 23.7 :!: 1.2 (A)" 23.7NT 0.4 (0.3-0.4)< 
(n4- 4) (n •1) (n"" 2) 

Arrowgrass (meadow) 29.1 :!: 0.8 (8) 28.0 (24.0-32.0)NT 0.5:!:: 0.1 
(n•5) (n • 2) (n"" 4) 

Cart:r subspathacta 47.6 :!:: 1.6 (C) 23.1 :!:: 0.9 (A. 8) 0.8 (0.7 -1.0) 
(n • 5) (n • 5) (n = 2) 

C. macktnziti 50.4 ± 0.8 (C) 21.1 :!:: 0.8 (A) 0.8:!:: 0.1 
(n• 15) (n • 15) (n"" 5) 

Mudflat-mixed 49.5 :!:: 1.9 (C) 25.8 :!:: 1.0 (B, C) 0.9:!:: 0.2 
(n • 20) (n • 20) (n= 3) 

Meadow-mixed 58.3 :!:: 1.0 (0) 27.1 :!:: 0.4 (C) 0.8:!:: 0.1 
(n • 15) (n• 15) (n • 4) 

C. rariflora seeds 60.4NT 22.7NT 
(n- 1) (n= 1) 

Empdrum nigrum berries 36.8NT 29.2NT 
(n •1) (n• 1) 

• No significant, among-species variation (1-way ANOVA, P > 0.05). 
• Entries within a column not sharing a common capital letter were significantly different (a "' 0.05). NT 

indicates entry was not tested. 
'Values in parentheses are the range for entries when n = 2. 
• n- number of samples from distinct sampling dates and/or areas. 
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TABLE 3. Available protein and carbohydrate con
tent of foods used by Cackling Geese (% dry 
weight). 

Plant species/type 

Arrowgrass (from mudflats) 
Arrowgrass (from meadows) 
Cartx subspathacta 
C. macktnziti 
Mudflat-mixed 
Meadow-mixed 
C. rariflora seeds 
Empttrum nigrum berries 

Available 
protein' 

(%) 

24.3 
15.0 
13.7 
9.4 

10.4 
8.5 

11.3 
3.3 

Soluble 
carbo

hydrate• 
(%) 

35.4 
39.8 
25.9 
28.7 
29.8 
24.5 
17.6 
48.4 

• Calculated from: % available protein = 5.44·% 
N - 1.47 - 0.62 ·% protein in ce li walls. For seeds and 
berries% available protein = 5.44·% N- 0.62·% pro
tein in cell walls (because seeds and berries con
tained little nonprotein nitrogen). 

• Percentage soluble carbohydrate = 100% - % cell 
wall - % non-cell-wall protein - % crude fat - % 
ash.% non-cell-wall protein a 5.44·% N - 1.47 - % 
protein in cell walls (except seeds and berries; see a). 

We estimated the true relationship between ni
trogen and protein by regressing the sum of 
the percentages of amino-acid concentrations 
(Sedinger in press) against the percentage of 
nitrogen, using nine samples of green vegeta
tion. The accurate relationship between pro
tein and nitrogen was: 

percentage of 
true protein = -1.47 + 5.44 

(percentage of 
nitrogen). 

Accounting for cell-wall protein and the con
version from Kjeldahl nitrogen to protein re
sulted in estimates of protein available for 
digestion of between 19% (arrowgrass) and 36% 
(mixed-meadow) below crude protein values 
(Table 3). 

Soluble carbohydrate comprised 48% of Em
petrum nigrum berries (Table 3), whereas ar
rowgrass contained the largest fraction of sol
uble carbohydrate among green plants (35.4-
39.8%). Other green plants contained between 
24.5% (mixed-meadow) and 29.8% (mixed-mud
flat) soluble carbohydrate. 

DISCUSSION 

Dlft.-Arrowgrass dominated the summer 
diet of young Cackling Geese before they 
fledged despite its low abundance relative to 

other graminoid species. Such selectivity re
sulted both from preferential foraging in mud
flats (Sedinger and Raveling unpubl.), where 
arrowgrasses were more available, and from 
discrimination among available food plants at 
particular feeding sites (Fig. 3). The preference 
for arrowgrass displayed by Cackling Geese 
means thal actual food availability was much 
lower than one might qualitative) y assume from 
the large extent of sedge meadows on the Yu
kon-Kuskokwim Delta. 

The preference for arrowgrass was associated 
with its content of protein, water, ash, and sol
uble carbohydrate being higher than, and its 
cell-wall content being lower than, that of oth· 
er graminoids. The relationship between avail
able nutrients and food preference was high
lighted by a preference for foraging in mudflats 
(Sedinger and Raveling unpubl.), where ar
rowgrass contained more protein and Jess cell 
wall than it did in meadows. The choice among 
grasses and sedges was Jess clearly related to 
nutrient content. Cart::r subspathacea contained 
the highest protein and lowest cell-wall con
tent among grasses and sedges; yet, it was not 
an important component of the diet. Carex 
mackenziei was consumed at 2-3 times the rate 
of other grasses and sedges combined; yet, it 
did not contain higher protein or lower cell
wall content than these other species. Carex 
mackenziti contained Jess ADJ than either mud
flat or meadow vegetation. Less cellulose and 
lignin in cell walls of C. mackenziei may have 
allowed greater mechanical breakdown of plant 
cell walls, thus rende_ring nutrients in this 
species more available and making it a pre· 
ferred food. Acid and neutra) detergent fiber 
contents of diets were both negatively corre
lated with growth rates of meadow voles (Mi
cro/us pennsylvanicus), herbivores with simple 
gastrointestinal tracts, indicating that cellulose 
and/or lignin interfered with utilization of nu
trients (Russo et al. 1981). 

The Jack of correspondence between nu
trient content and contribution to the diet of 
foods other than arrowgrass may have been 
partial! y due to differences between the chem
ical composition of vegetation actually con
sumed by geese and vegetation samples col
lected for chemical analysis. Arrowgrass from 
esophageal contents of geese contained an av
erage of 28% and C. mackenziti leaves 51% more 
protein than did hand-collected or clipped 
leaves of the same species (Sedinger and Rav-
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eling unpubl. data). An unknown fraction of 
this "extra" protein was due to contamination 
!:>y saliva (Moss 1972), but higher protein levels 
1n esophageal samples were probably at )east 
partially due to selection by gPeSE' of highPr
quality feeding areas or highN-quality plants 
or plant parts. GE'eSE.' havE.' the abihty to selt'ct 
plants with higher protpin contpnt (LiE'ff pt al. 
1970, Harwood 1975. Qwpn et al. 1977) Get'se 
also se)pct younger and probably more nutri
tious leaves from within plants (Prins et al. 
1980). and Mclandress and Raveling (1981a. b) 
demonstrated that gpesp grazed in a manner 
that maximized nutrient mtakt'. If Cackling 
Geese were capablE.' of dt'tt'Cting patchPs of 
vegetation of higher nutripnt contpnt, then 
species that were mort' variable in nutrit'nt 
content (e.g. C. mackrn::tct) could havE.' bet'n 
preferred due to the presence of sorne plants 
or plant parts with high nutnent content. even 
though there were no bt'tween-specre~ drffer
ences in mean nutrient content m our samples 
or in the species as a whole. 

Carex subspathacea and P. phryga11odes had low 
growth forms in which arrowgrass was readily 
available. Hence, on mudflats. geese were able 
to main tain a high rate of intake while feeding 
exclusively on arrowgrass. Arrowgrass was 
probably less available in stands of C. macken
ziei due to the longer growth form of the latter 
species. This could have resulted in C. mack
enziet being grazed along with arrowgrass in 
order to increase the rate of intake over what 
would have been possible if only arrowgrass 
were being eaten. Thus, C. subspathacea and P. 
phryganodes were probably consumed less fre
quently than expected, because their growth 
forms allowed a high enough rate of intake of 
arrowgrass alone, whereas C. mackenziei was 
consumed more frequently than expected from 
ils nutrient content, because its growth form 
precluded a high enough rate of intake when 
feeding on arrowgrass alone. 

The minimal contribution of invertebrates to 
the diet (Appendix; Mickelson 1973) is of in
terest, because such foods provide a concen
trated source of protein of high biological val
ue (Krapu and Swanson 1975) known to be 
important in the early diet of other waterfowl 
(Sugden 1 973). Goslings of Cackling Geese 
readily consumed insects under enclost'd con
ditions (pers. obs.). A relatively small return 
from consuming single insects at a timE' in 
meadows may select against the consumption 

of msects E'XCE'pt under conditions (e.g. cold 
weathE'r, M. R McLandress pers. comm.) in 
which insects arp highly vulnerable and rhus 
availablt' in largE' numbers. The grazing bt'hav
ior of gPE'SE' may also contributt', because search 
images rpquired for corrpct SE'lt'cllon of prP
ferrPd food plants may prt'clude fpeding on Jn
sects excppt wht'n supPrabundant and avait
able 

N utrzt tonal constdcratwns.- Discrimination 
among potential foods resulted in a clear nu
trillonal benpfit to Cackling GE.'E.'SE.'. If the abd
ity of geese to select mort' nutnt10us indJvJd
uals from within a species is d1srpgarded and 
only the nutritional advantagP of seiPction 
among species is considered, thE' protein con
tent of the actual diE't was 37'7r highPr in mt'ad
ows and 43% higher in mudflats than random 
selE.'ctJOn would have providt'è Dietary pro
rein was dirt'ctly related to the growth ratp of 
dompstrc and Mal lard (A rra,; platvrlrllrlril<~') 

duckhngs (Dean 1972, Street 1978) Adult mus
cle size may be maximized by sufficient dietary 
protein during early development (Moss et al. 
1964, Swatland 1977). Canada Goose goslings 
grew faster when raised on fertilized vegeta
tion than on unfertilized vegetation (Lieff 1973) 
and goslings of Bar-headed Geese (Answcr m
dicus) grew faster on an artificial diet than they 
did in the wild (Wurdinger 1 975), indicating 
that diet in the wild was inadequatE' for maxi
mum rate of growth. 

A preference for arrowgrass also increased 
energy content in the diet because of its higher 
soluble carbohydrate levels compared to grass
es or sedges. Low energy levels in the diet of 
chicks Jess than 10 days old may result in both 
fewer and smaller adipose cells (March and 
Hansen 1977). Hence, the dietary selectivity 
displayed by Cackling Geese probably maxi
mized growth rate, final adult body size. and 
ability to store both fat and protein. These fac
tors could significantly influence their repro
ductive capacity as adults (Ankney and Mac
Innes 1978, Raveling 1 979). Faster growth may 
also have reduced susceptibility to predation, 
and, as Scott et al. ( 1 955) demonstrated. mor
tality due to cold and wet weather may be re
duced by improvement of the diet in gallina
ceous birds. Furthermore, Cole (1979) found 
that largPr Lesser Snow Goose goslings sur
vived bt'tter than smaller ones in cool sum
mers. 

Seasonal and annual varzatton m dœt.-Cackling 
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Geese ingested less arrowgrass and more en
ergy-rich Cart:r seeds and Empttrum berries as 
summer progressed. This change in diet was 
possibly in response to an increased require
ment for energy to allow premigratory fat de
position and to a decreased growth demand. 
Reduced arrowgrass consumption, however, 
began while goslings were still growing rap
idly and presumably still requiring a high-pro
tein diet. Esophagi of four imprinted goslings 
collected on 31 July 1979, approximately 1 week 
before fledging, contained between 81% and 
95% arrowgrass, indicating that this food was 
readily consumed when available, even during 
the late brood-rearing period. Biomass of ar
rowgrass declined in mid-July 1979 (Sedinger 
and Raveling unpub. data) on mudflats, indi
cating that declining consumption of ar
rowgrass was at least partially due to reduced 
availability of that species. 

Arrowgrass comprised a smaller fraction of 
both the premolt and molt diets during 1978 
than during 1979 (Fig. 1), although the differ
ence was significant only during premolt (P < 
0.002). This was associated with higher densi
ties of geese on our principal study plot during 
1978 than during 1979 (an average of 23 Cack
ling Goose families during 1978 vs. 12 families 
during 1979 and an average of 1 family of either 
Brant or Emperor Geese (Chtn ccmagica) in each 
year]. This inverse correlation between goose 
density and the presence of arrowgrass in the 
diet, in conjunction with declining arrowgrass 
biomass through the brood-rearing period, in
dicates that Cackling Geese were reducing the 
availability of their preferred food, especially 
when densities of geese were high. Reduced 
consumption of arrowgrasses due to reduced 
availability would reduce protein and energy 
intake by geese. 

Population and distn'bution considtrations.-To 
the extent that nutrition influences survival and 
future reproduction, availability of vegetation 
of sufficient quality may, in conjunction with 
habitat features providing for safety from pre· 
dation, determine preferred nesting habitat. 
Nesting geese are not uniformly distributed 
throughout arctic areas, and their distribution 
may be related to the presence of brood-rearing 
areas with the "proper" plant species compo
sition. Lieff (1973) suggested that different 
nesting and brood-rearing areas at McConnell 
River, N.W.T., Canada produced different 
"quality" goslings, which may have been re-

lated to differences in food quality. ln view of 
the ongoing commercial development of arctic 
areas, it is important to determine the contri
bution of particular plant species to the main
tenance of goose populations and to determine 
the relationship between these plant species 
and preferred goose breeding areas. 
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TIMING OF NESTING BY CANADA GEESE IN RELATION 
TO THE PHENOLOGY AND A VAILABILITY OF THEIR 

FOOD PLANTS 

BY JAMES S. SEO INGER • AND DENNIS G. RA VEUNG 

Division ofWildlife and Fisheries Bio/ogy. University ofCa/ifornia. Dal'is. CA 95616. 
U.S.A. 

SUMMARY 

( 1) This study examined seasonal variation in the foraging behaviour of cackling 
Canada geese (Branla canadensis minima) and in the nutrient content and availability of 
tundra grasses and sedges (graminoids) and arrowgrass during the nesting and 
brood-rearing periods, 1977-79 on the Yukon-Kuskokwim Delta. Alaska. 

(2) Niu·ogen concentrations in nearly ali graminoids and arrowgrass began to decline 
either prior to. or during. hatching of cackling goose clutches. Grazing or clipping of 
vegetation resuhed in higher and prolonged peaks in nitrogen concentration but peak 
nitrogen levels in these plants stiU occurred within a week of the end of the hatching period. 

(3) Standing crops of graminoids increased until earl y August while the standing crop of 
arrowgrass (the most nutritious plant in the diet) in preferred foraging habitat began to 
decline in mid-July due to grazing by geese. 

(4) Peck-rates of adult cackling geese tended to decline as brood-rearing progressed. 
indicating that preferred foods declined in availability during this period. Also. late in 
brood-rearing, preferred foraging areas were used Jess and arrowgrass comprised a smaller 
proportion of the diet. 

(5) Changes in plant nutrient levels and shifts in diet and habitat use reduced the 
nutritional quality of the diet as brood-rearing progressed. Thus. as a result of both the 
natural phenology of tundra plants and grazing by geese. late hatching broods were at a 
nutrltional disadvantage compared to those hatching early. 

(6) We conclude that a seasonal decline in the quality of foraging conditions is probably 
an important factor favouring early nesting by geese. 

INTRODUCTION 

Arctic nesting geese arrive on their breeding areas in early spring when little food is 
available; thus they are forced to rely heavily on stored reserves for both maintenance and 
egg formation (Barry 1962; Ankney 1977a; Ankney & Maclnnes 1978; Raveling 1979). 
Whenever the spring thaw is late. average clutch size of these geese is reduced (for various 
species and populations. see Cooch 1958; Barry 1962; Maclnnes et al. 1974: Mickelson 
1975; Owen & Norderhaug 1977; Raveling & Lumsden 1977; Findlay & Cooke 1982: Ely 
& Raveling 1984). probably because females have devoted reserves to maintenance prior to 

• Present addresses: Alaska Office of Fish & Wildlife Research. U.S. Fish and Wildlife Service and (mailing 
address) Depanment of Biology. Fisheries and Wildlife. and lnstitute of Arctic Biology. 21 1 Irving Building. 
University of Alaska. Fairbanks. AK 99775-1780. U.S.A. 
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egg-laying, instead of to egg formation and incubation. Since a later retum to breeding 
areas could theoretically result in maximum clutch size production every year, regardless 
of the timing of the thaw, there must be counter-selective factors which prcvent such a 
delay from evolving. 

Two, not necessarily mutually exclusive, hypotheses, have been proposed to explain 
early arrivai by geese on their nesting arèas. Murton & Kear (1973) and Maclnnes et al. 
( 1974) suggested that early nesting. evolved to synchronize grazing by goslings and 
post-breeding adults with the availability of food of the highest nutritional quality. During 
the brood-rearing period, geese obtain most, if not aU, of thcir food from green plants 
(Barry 1967; Owen 1980; Sedinger & Raveling 1984). ln addition. the brood-rearing 
period must be important in the annual protein budget of geese because it represents one of 
two segments of the annual cycle (the other being the spring pre-migration and migration 
period, McLandress & Raveling 1981) during which relatively high-protein green plants 
comprise a large proportion of the diet (see Owen 1980 for review of the annual cycle of 
food consumption). As yet, however, only Hardwood (1977) has published data which can 
be used to compare the phenology of plant nutrient composition with the phenology of the 
breeding season of geese and there are no data available to evaluate the efTect of the geese 
themselves on the availability of the highest quality foods. 

The second hypothesis states that the primary function served by geese nesting early is 
to allow enough time for young-of-the-year to fledge and gain strength for migration prior 
to freeze-up in the autumn (Cooch 1958; Ryder 1967). Two observations by Barry {1962. 
1967) of flightless young brant, Brama bernida hrota and B. b. nigricans, which had died 
when autumn freeze-up occurred, provide the primary evidence supporting this hypothesis. 
However. early arrivai and nesting is observed in geese th at nest at lower latitudes with 
longer growing seasons (Maclnnes et al. 1974; Mickelson 1975; Raveling & Lumsden 
1 977; Cooper 1978). If length of the breeding season is the major factor that ultimately 
determines timing of egg .. Jaying, a delay in nest initiation might be beneficiai for these geese. 
Thus, it seems that the first hypothesis provides a more reasonable explanation for the early 
arrivai on nesting areas, at least for geese that do not nest in the high arctic. 

We undertook this study to compare the breeding phenology of cackling geese, B. 
canadensis minima Ridgway, with the phenology and availability of their principal food 
plants in order to examine the importance of these factors in inftuencing the timing of 
nesting by geese. The study was conducted during the nesting and brood-rearing periods 
from 1977 through 1979. 

STUDY AREA AND METHODS 

Studyarea 

Our study area was on the Yukon-Kuskokwim (Y-K) Delta, Alaska, in the vicinity of 
the U.S. Fish and Wildlife Service field station at Old Chevak (61 °N, 165°W). The 
principal study plot was a 40·4 ha area between the Onumtuk Slough and Kashunuk River 
(see Mickelson 1975 for further details) that surrounded a cabin and attached observation 
tower, which could be reached from the cabin without the observer being seen by geese. 

We classified the habitat on the study area as either upland or lowland. Upland habitat 
consisted ofrelatively well drained areas from about 0·5 rn up to about 1·5 rn above mean 
high tide Jevels. characterized by lichens, moss. Sphagnum spp .• Empetrum nigrum. Rubus 
chamaemorus. Sa/ix fuscescens and Ledum palustre (Hulten 1968). Areas about 0·5 rn 
above mean high tide levels were defined as lowland. We recognized two subtypes of 
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terrestrial lowland habitat: mudflat and meadow. Mudftats, which were adjacent to 
ponds. comprised 5% of terrestrial lowland habitat. These areas were characterized 
by bare mud or small. nearly pure. patches of either Puccirzel/ia phryganodes or 
Carex subspathacea. both of which were Jess than 5 cm tall. Nearly pure stands of C. 
mackenziei and Hippuris tetraphylla also occurred adjacent to ponds and mudftats. 
Meadows consisted of vegetation up to 20 cm in height. dominated by C. rariflora. C. 
ramenskii. Ca/amagrosris deschampsioides and Dupontia jisheri. Scauered individuals of 
C. mackenziei and Triglochin palus/ris (arrowgrass) occurred in both mudflats and 
meadows and arrowgrass also occurred in stands of C. mackenziei. 

Hatch dates 

We determined hatch dates of cackling goose clutches either by visiting nests during 
hatching. or by visiting nests during egg-laying and assuming a 26-day incubation period 
and an egg-laying rate of one· per day (Mickelson 1975). We added 1 day to the laying 
period for clutches of more than four eggs to account for 'skip-days· between eggs in larger 
clutches (Maclnnes 1962~ Mickelson 1975~ Cooper 1978). 

Vegetation sampling and analysis 

ln order to estimate vegetation biomass (standing crop) and to provide samples for 
chemical analyses. we established exclosed and unexclosed areas (7·6 x 7·6 rn in 1977 and 
3 x 5 rn in 19 78 and 1979) in a variety of vegetation types (Table 1). Ex clos ures were 
constructed of 1 rn high plastic mesh (2 cm between strands). Mixed-meadow samples were 

TABLE 1. Number of exclosed and unexclosed areas placed in each vegetation 
type during 1977-79 

Vegetation type 
Mixed -meadow 
Mixed-mudftat 
Carex mackenziei 
C. subspathacea 

1977 

Excl. 
3 

Ex cl. 
3 
2 
1 
1 

1978 

Une xci. 
2 
2 

Excl. 

2 
1 

1979 

Unexcl. 

2 
1 

TABLE 2. Sample sizes for estimation of standing crop and nitrogen content 

Standing crop• % Nitrogen~ 
Sample type l977E t978E 1978U 1979E 1979U 1977 1978 

Mixed-meadow 3 6t 4 - - 3 3 •• 
Mixed -mudftat - 4§ 4 4<' 4<" - 2 •• 
Carex subspathacea 1 2 - - - 1 1 
C. mackenziei - 2 - 2 2 - 1 

1979 

2 

2 

• Sample sizes in 1977 equal the number of exclosures. Sample sizes in 1978 and 1979 result from three 
lin two of three mixed-meadow exclosure and both mixed-mudflat exclosures on 13 June 1978) or two 
quadrats (ali other areas and dates) clipped in eac:h area. Table 1 contains the numbcr of exclosures and 
unexclosed areas in each vegetation type. 

t Samples from quadrats clipped within the same ueatment (e.g. mixed-meadow exclosure on the same date 
were combined prior to Kjeldahl analysis.. except in 1978 when samples from one mixed-meadow exclosure 
were analvsed separately from those from the other two. See above for numbcrs ofquadrats per treatment. 

t N = 8 on 13 June. 
§ N = 2. 5 and 2 on 7. 13 and 25 June. respec:tivel)· . 
.. N = 3 on 7 July. 
•• N = 2 and 1. for mixed-meadow and mixed-mudflat. respective!). on 1 June. 
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comprised of the species occurring in meadows while mixed-mudfiat samples consisted 
almost entirely of Puccinellia phryganodes. 

Samples of grasses and sedges were clipped to litter leve! at 7-12 day intervals from 
0-01 m 2 (1977) or 0·1 m 2 (1978. 1979) quadrats randomly placed within each of the 
exclosed or unexciosed areas. No quadrats were clipped more than once. The irregular 
sampling interval allowed us to clip vegetation coïncident with aircraft supply tlights so 
sampJes could be transported out of the field. Plant sampling from exclosed and unexclosed 
areas was begun on 23, 7, and 12 June and terminated on 12, 7. and 9 August. in 1977, 
1978, and 1979, respectively. Numbers of samples clipped from each area are indicated in 
Table 2. Exclosures provided samples of vegetation that were ungrazed while vegetation 
from unexclosed areas and hand-coUected samples were available to grazing geese. 
Standing crop is reported here on a dry weight basis. 

Individual arrowgrass plants were removed from J 978 mixed-meadow sam pies to 
provide a ·pure' sampfe of meadow arrowgrass for that year. Ali other arrowgrass samples 
were hand-collected from individual plants. in areas grazed by geese, on ten dates through 
the summer of 1979. The amount of material was insufficient for separate analyses 
representing each date, however. Therefore, five composite aliquots were formed for both 
mudflat and meadow arrowgrass by combining materiaJ collected on the following pairs of 
dates: 24 and 30 June, 4 and 7, I 7 and 21, 28 and 31 July, and 9 and 12 August. 

Productivity of graminoids was determined in 1978 by repeatedly clipping to litter leve! 
0·1 m 2 quadrats (initially randomly selected) in the C. mackenziei, both mixed-mudfiat 
exclosures and in two of three mixed-meadow exclosures. Productivity was estimated as 
the growth (g dry weight) since the previous clipping. 

Plant samples were frozen within 24 h and kept frozen until ready for analysis at the 
University of California, Davis, where they were blotted lightly with paper towels, weighed, 
and freeze-dried to constant weight. Dry samples were ground in a Wiley Mill to pass a 40 
mesh per inch sieve. Nitrogen content was determined by the macro-Kjeldahl method. 
Sedinger & Raveling ( 1984) provide more detail regarding sampling and analytical 
procedures. 

The lengths of the longest leaves on individual arrowgrass plants available for grazing 
were measured (one leaf per individual) to the nearest mm as plants were encountered in 
mudfiats and meadows used by geese. Measurements of the lengths of ungrazed 
arrowgrass individu ais were made on ali individuals in five 0·0 1 m 2 quadrats in the 
meadow exclosures and on individuals in one of the 3 x 5 rn mudflat exlosures. Arrowgrass 
productivity was estimated by measuring the growth (mm) between clippings to litter level 
of aU individuals within tive 0·01 m 2 quadrats in the meadow exclosures and within a 
subarea of the same 3 x 5 m mudflat exclosure used to measure lengths of ungrazed 
arrowgrass individuals. 

Foraging behaviour 

Habitat utilization by cackling geese was estimated by recording approximately once 
each day. the habitat (meadow. mudflat. or upland) occupied by ali feeding cackling goose 
families on our principal study area. Habitat use was recorded between 04-00 and 24.00 h 
(the period when geese were actively foraging) immedîately upon entering the observation 
tower. if four or more goose families were visible. If more than one habitat type was 
occupied by members of a family. the habitat occupied by the majority of family members 
was recorded. 
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Rate of pecking at food items by adults of both sexes of cackling geese (peck-rate) was 
determined by recording on a hand counter the number of pecks which occurred during a 
continuous bout of feeding, timed to the nearest 0· 1 s. We used only those feeding bouts 
that were uninterrupted by alert behaviour (i.e. intervals in which the head was 
continuously down searching for, or consuming food). Feeding bouts of Jess than 5 s were 
excluded from the analysis because errors in estimation of peck-rate due to miscounting by 
one peck were > 10% fo; shon bouts. Adult males and females we;e distinguished by the 
larger body size (cf. Raveling 1 978a) and greater frequency of alert and aggressive 
behaviour exhibited by males (Raveling 1970). 

Statistical ana(vses 

We used linear regression followed by /-tests to test for significance of seasonal trends in 
plant protein content and biomass. goose peck-rate and habitat use. Analysis of covariance 
was used to compare both slopes and adjusted mean levels of regression tines. We 
compared nitrogen concentrations and standing crops in exclosed v. unexclosed vegetation 
using two-way ANOVA. 

RESULTS 

Date of ha teh 

Cackling goose clutches hatched significantly later in 1977 than in 1978 or 1979 <xi = 
43-4, P < 0·001, 1977 v. 1978 and x3 = 60-4, P < 0·001, 1977 v. 1979, Fig. 1). Peak of 
hatching occurred on 4 July, 21 and 20 June in 1977. 1978, and 1979, respectively. The 
proportion of clutches hatching late was greater in 1978 than in 1979 <xi = 7-59, 
p < 0-025). 

Hatching was highly synchronous, especially in 1977, the year of delayed nesting. when 
93% of the clutches hatched over an 8-day period between 30 June and 7 July (Fig. 1). 
Hatching was Jess synchronous during 1978 and 1979 with 70% and 83% of clutches, 
respectively, hatching between 18 and 27 June. 

Plant phenology 

Standing crop of vegetation on mudftats was greater within exclosures than within 
unexclosed areas during 1978 (F1• 16 = 19·57, P < 0·001, Fig. 2). Standing crops in 
exclosed v. unexclosed areas did not differ significantly for any other vegetation type x 
year combination. 

Standing crop tended to increase between early June and carly August for ali vegetation 
types except 1978 unexclosed mixed-mudftat. These increases were significant (P < 0-05), 
except for 1977 exclosed mixed-meadow, 1978 exclosed mixed-muftat and 1979 exclosed 
and unexclosed C. mackenziei. Standing crops were smaller (four areas) or unchanged (one 
area) on the last compared to the penultimate sampling date in five of twelve areas, 
suggesting that above-ground standing crops began to decline in August. 

Nitrogen content of vegetation (per cent of dry weight) was not different in exclosed v. 
unexclosed areas for any year or vegetation type (P > 0-29. ali comparisons). so results 
from the two treatments were combined. Peak concentrations of nitrogen in plants either 
preceded (five cases) or coincided with (four cases) the hatching period of geese in nine of 
eleven vegetation type x year categories (Figs 3,4 ). Peak nitrogen concentrations in 
arrowgrass from meadows in 1978 and mudtlats in 1979 may have preceded the hatching 
period but no arrowgrass samples were collected from those habitats prior to the beginning 
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of hatch. Maximum measured nitrogen concentrations in 1978 mixed-mudftat vegetation 
and I 979 arrowgrass from mudftats occurred approximately Il and 7 da ys following the 
respective hatching periods in the 2 years. Plant nitrogen concentrations declined during 
brood-rearing (i.e. following the peak of hatch) in ali sequences of vegetation samples. 
significantly so in six of the eleven sequences (P < 0·05. Figs 3.4). Maximum nitrogen 
concentrations for vegetation x year categories ranged from 2·6% ( 1978 mixed-meadow) 
to 5-4% ( 1979 arrowgrass from mudftats). while minimum nitrogen concentrations ranged 
from 1·4% (1977 mixed-meadow) to 3·9% (1979 arrowgrass from mudftats). Maximum 
nitrogen concentrations in repeatedly clipped grasses and sedges occurred in early July on 
both mudftats (4·0%) and meadows (3·3%. Fig. 5). 

Growth rates of grasses and sedges peaked in mid-July at between 0·08 (mixed-mudftat) 
and 0·17 g 0·1 m-2 day-• (C. mackenziei. Fig. 6). Maximum productivity of arrowgrass in 
meadows occurred in Jate June (Fig. 6). Growth rate of arrowgrass in mudftats was not 
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measured prier to early July but maximum recorded growth rate occurred during that 
period {Fig. 6). 

The length of arrowgrass leaves protected from grazing increased until the end of July, 
then began to decline on both mudftats and meadows (Fig. 7). Those leaves subject to 
grazing, however, declined in length on mudftats in mid-July. Leaf lengths of grazed 
arrowgrass plants were significantly shorter (P < 0·05) than those of ungrazed arrowgrass 
plants over the entire sampling period on mudftats. Grazed arrowgrass leaves in meadows 
were not sampled during July but were significantly shorter (P < 0·05) than ungrazed 
leaves during August. 

Foraging ·behaviour 

Use of mudftats by cackling geese declined as brood-rearing progressed during ali 
3 years of the study, significantly so in 1977 and 1979 (Fig. 8). Rate of decline did 
not vary significantly among years (F 2• 73 = 2 ·42, P > 0·05) but the average per cent 
of foraging time spent on mudftats was greater in 1979 than in either 1977 or 1978 
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(Fus = 17 ·66. P < Q.QO 1). We did not detect any difference in foraging habitat use 
among different periods of the day for any year of the study (P > 0·1 for ali 3 years, 
Kruskal-Wallis Tests). Therefore, daily differences in the time at which habitat use was 
recorded did not bias our results. 

Feeding bout lengths incorporated into the analysis of peck-rates varied from 5 to 50 s 
and from 5 to 53·2 s for males and females, respectively. Mean lengths of these bouts 
varied from JO. 9 s (males feeding on mudflats in 1979) to 14·1 s (females feeding on 
mudflats in 1978). Length of feeding bout did not affect our estimate of peck-rate because 
number of pecks was linearly related to bout length. Thus, long bouts provided the same 
estimates of peck-rates as short bouts. 

Peck-rates of both sexes of adult cackling geese in meadows declined during the 
brood-rearing periods of both J 978 and 1979, although the relationship was not significant 
for males in 1979 (Fig. 9). Adjusted mean peck-rates in meadows were higher in 1979 than 
in 1978 for both males (F 1• m = 6-45. P < 0·025) and females (F1• 200 = 6· 79, P < 0·025). 
Peck-rates of geese feeding on mudflats also tended to decrease during brood-rearing for 
both males and females in 1 979 and for males in J 978 although the relationships were 
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significant only for 1978 males and 1979 females (Fig. JO). Adjusted mean female peck
rates on mudflats were higher in 1979 than 1978 (Ft.m = 19·44, P < 0·001). while there 
was no between year difference for males feeding on mudflats (F 1• 161 = 1· 20. P > 0· 10). 
Peck-rates of geese were higher. on average. on mudflats th an on meadows for males in both 
1978 (F1• 109 = 36· JO. P < 0·00 J) and 1979 (F1• 107 = 45 · 73, P < 0-00 1) and for fern ales in 
1979 (F1.m = 48·21, P < 0·001). We did not make this comparison for females in 1978 
because the slopes of the peck-rate v. time relationships differed between mudftats and 
meadows. 
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DISCUSSION 

Plant phenology 

Declining nitrogen. hence protein, concentrations in tundra graminoids, beginning 
shortly after spring emergence, have been documented at Barrow, Alaska (Chapin 1978) 
and on the west coast of Hudson Bay (Cargill 1981). High above-ground nitrogen 
concentrations in graminoids following the spring thaw result from rapid mobilization of 
nitrogen stored in below-ground organs which maximizes growth during the long days 
surrounding the summer solstice (Dennis, Tieszen & Vetter 1978). Nitrogen concen
trations of wh ole plants decline because of the •dilution' of rapidly growing tissue by more 
mature leaves (Chapin 1978; Mooney & Gulman 1982) and are maintained below 
potential Jevels because inorganic nitrogen is in short supply in many tundra areas (Ulrich 
& Gersper 1978; Chapin et al. 1981; Cargill 198 1). 
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FIG. 10. Seasonal variation in pecking rates (pecks per s) of adult cackling geese foraging on 
mudflats during 1978 and 1979. Analysis as in Fig. 9. 

Grazing may maintain relatively high nitrogen concentrations in graminoids during the 
growing season (Jameson 1963; Harwood 1977; Cargill 1981; Ydenberg & Prins 1981). 
This was true in our study as indicated by the delayed nitrogen peak in repeatedly clipped 
grasses and sedges (Fig. 5) compared with most other samples (Fig. 3). Also. in 
arrowgrass, which was more heavily grazed on mudftats than on meadows (Fig. 7). the 
nitrogen concentration peak was higher and lasted longer on mudftats than on meadows 
(Fig. 4). This delayed decline in nitrogen concentrations in grazed or clipped vegetation 
may have resulted in higher nitrogen levels in plants when goslings hatched than would 
have been predicted from data from our exclosures. However. the peak nitrogen 
concentration in heavily grazed arrowgrass stiJl occurred within a week of the end of 
hatching in 1979 (Fig. 4), and the decline in nitrogen concentration in repeatedly clipped 
grasses and sedges began either during or within 4 days of the 1978 hatching period (Fig. 5}. 
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The phenology of arctic graminoids results in their reaching peak nitrogen con
centrations from 10 days (at Barrow, 71° N, Chapin, Van Cleve & Tieszen 1975) to an 
average of between three and seven weeks (La Parouse Bay, 58°N, Cargill 1981; Y-K 
Delta, 61 ° N. this study) following the initiation of spring growth which is approximately 
coïncident with snow melt (Tieszen 1972, 1974)_ Since the initiation of nesting in Canada 
gee se is also usually coïncident with or immediately follows snow melt (Maclnnes 1962; 
Maclnnes er al. 1974; Mickelson 1975; Raveling 1978b) and a minimum of about 31 days 
(5 days for laying plus 26 days for incubation in cackling geese) is required for a female to 
hatch a clutch. most plant foods are already declining in nitrogen content before 
late-hatching broods start feeding. Since ali arctic and subacrtic species of geese begin 
nesting at about the time of snow melt (see Owen 1980 and Bellrose 1982 for reviews), 
these relationships should have general applicability to their foraging ecology. 

Hatch date may be even later relative to peak nitrogen content when nesting is delayed 
by a late spring thaw, as happened in 1977 (Fig. 1). Peak nitrogen concentrations in 
C. subsparhacea and mixed-meadow vegetation, however, were not noticeably later in 1977 
than in 1978 (Fig. 3). Plant nitrogen levels thus tended to be lower at a given gosling age in 
1977 than in 1978 (and probably 1979). 

Variation in nitrogen concentrations among parts of individual plants might have 
provided opportunities for geese to select foods higher in nutrient content than were our 
samples, which represented averages of the entire above-ground parts of plants. The 
nutrient content of various above-ground fractions (e.g. individualleaves, stems, etc.) needs 
to be measured but available evidence indicates that within·plant variation in above-ground 
nutrient content may be limited. The k nown d uration of leaf exsertion in arc tic sedges ranges 
from 20 to about 60 days (Tieszen 1978; Chapin 1981) and sorne new leaves could have 
appeared during the first 3 weeks of the brood-rearing period. However, younger leaves do 
not necessarily have systematically higher rates of photosynthesis (Tieszen 1978) and rates 
of photosynthesis are highly correlated with leaf nitrogen Jevels because 50-80% of leaf 
protein consists of ribulose-1,5-biphosphate carboxylase, which fixes C02 (Friedrich & 
Hutraker 1 980; Camp er al. 1982). Th us, our present knowledge of plant growth dynamics 
indicates that a steady supply of high protein content food was probably not provided by 
Jater exserted leaves. Furthermore, protein concentrations in those plant tissues actually 
available to geese may have been lower than out estimates (for the area we sampled) 
because meristem tissue, which was high in protein content (Williams er al. 1976), was 
located at the bases of stems and Jeaves (Rechenthin 1956) where it was Jess available to 
grazing geese. Thus, phenological patterns in plant foods probably resulted in declining 
nitrogen concentrations in available foods as brood-rearing progressed, especially in those 
plants that were not grazed until late in brood-rearing. We believe that higher nitrogen 
concentrations in oesophageal v. clipped samples (see below) were due to geese foraging in 
areas where plants had higher nitrogen concentrations (Ulrich & Gersper 1978). 

Jnrraspecific competition in cackling geese 

Arrowgrass predominated in the diet of goslings Jess than 24 days old (44% and 98% of 
the diet in 1978 and 1979, respectively. See Sedinger & Raveling 1984 for a description of 
the diet). Arrowgrass was eaten at four (on meadows) to live (on mudflats) times its 
frequency of occurrence in the environment which was related to its higher protein levels 
(compare Figs 3 and 4) and lower cell wall levels (23 · 7-29 ·1% of dry weight) th an grasses 
and sedges (47·6-58·3%. Sedinger & Raveling 1984). 
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Availability of arrowgrass on mudftats declined in mid-July 1979 (Fig. 7). This was the 
result of grazing by geese. as indicated by shorter leaf lengths of arrowgrass in grazed v. 
ungrazed areas (Fig. 7). Growth rates of repeatedly clipped arrowgrass peaked in late June 
(meadows) or early July (mudftats) (Fig. 6). Thus. the absolute decline in arrograss 
biomass by mid-July 1979 was the result of cropping rate exceeding growth rate during this 
period. This probably occurred even earlier in 1977 and 1978 because brood densities were 
higher in those years (twelve broods on our principal study area in 1979 1.'. seventeen and 
twenty-three broods in 1977 l_lnd 1978. respectively. J. S. Sedinger & O. G. Raveling. 
unpublished). Cackling geese also reduced the leaf lengths of arrowgrass in meadows 
(Fig. 7) which. in conjunction with increasing biomass of Jess preferred plants. caused the 
declining peck-rates in meadows later in the summer (Fig. 9). 

Reduction in availability of arrowgrass had at least three effects. First. peck-rates declined 
(meadows. Fig. 9) or had a slight tendency to do so (mudftats. Fig. 1 0). th us reducing rate 
of intake. Second. mudfiats were used Jess as brood-rearing progressed (Fig. 8). Finally. 
arrowgrass comprised a steadily declining proportion of the diet during brood-rearing 
( 1 7% of the diet of goslings more th an 41 da ys old in 1978, Sedinger & Raveling 1984 ). 
The magnitudes of ali three of these factors were related to brood densities. Peck-rates were 
higher in 1979 (lowest brood density year) than in 1978 for females feeding on mudftats 
(Fig. 10) and for both sexes feeding on meadows (Fig. 9). Mudtlats were also used more by 
feeding broods in 1979 than in 1978 or 1977 (Fig. 8} and arrowgrass comprised a larger 
fraction of the diet in 1979 than in the other 2 years (Sedinger & Raveling 1984). Because 
mudtlat arrowgrass was the most nutritious food available to cackling geese. these shifts in 
diet and habitat use and the lower rates of intake resulted in poorer foraging conditions 
later in brood-rearing and when brood density was high. 

We calculated the nitrogen content of the diet of goslings during the brood-rearing 
period (Fig. Il), taking the following factors into account: percent of each food type in the 
diet (arrowgrass. Carex mackenziei. mixed-meadow, mixed-mudtlat and Carex seeds; data 
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Fra. Il. Seasonal variation in calculated nitrogen content of the diet (percentagc of dry weight) 
of cackling goose goshngs: (e) 1977. <•1 1978. (À) 1979. See text for description of calculations. 
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from Sedinger & Raveling 1984), percent time spent feeding in mudftats v. meadows and 
per cent nitrogen content of foods. We calculated per cent time feeding on mudflats from 
Fig. 8. Nitrogen concentrations were measured directly in oesophageal samples of 
arrowgrass from goslings which had fed on mudftats (n = 3), meadows (n = 4) and on 
Carex mackenziei (n = 5). Nitrogen concentrations averaged 11, 41 and 51% higher in 
oesophageal samples than in clipped samples of these three foods, respectively (which we 
believe to be the result of foraging ih areas with higher protein content plants, see above). 
Because of this difference, we increased our estima tes of nitrogen concentrations in clipped 
samples (data from Figs 3, 4) by the appropriate correction factors (e.g. 11% for 
arrowgrass from mudftats) to estimate the nitrogen concentrations in foods consumed by 
geese. We used the correction calculated from C. mackenziei for other sedges and grasses. 
There were no significant seasonal trends in the correction factors. Our estimates of 
nitrogen concentrations in foods were probably overestimates because sorne of the 
differences between oesophageal and clipped samples were the result of contamination of 
oesophageal samples by saliva (Moss 1972). Composition of the diet was estimated from 
linear regressions relating per cent contribution to the diet by a food to the number of days 
foUowing peak of hatch (J. S. Sedinger & D. G. Raveling, unpublished). Calculated dietary 
nitrogen levels varied from between 5·3% (1978) and 5·9% (1979) at the peak ofhatch to 
between 2·5% (1977) and 3·5% (1979) at the beginning offtedging (Fig. 11). 

Calculated seasonal changes in dietary nitrogen were inftuenced primarily by reduced 
use of mudflats, where arrowgrass had the highest nitrogen content, and decreased 
consumption of arrowgrasses. Nitrogen would have declined from 5·6 to 3·9% of the diet 
(average of declines in 1977-79, a 31% decline) as a result of the observed changes in 
habitat use and diet alone, even if plant nitrogen levels had been constant (compare with 
the average 48% decline in Fig. 11). Thus, seasonal patterns in dietary nitrogen were not 
principally dependent on declining plant nitrogen levels. However, declines in dietary 
nitrogen late in brood-·rearing, due to shifts in diet and habitat use, were exacerbated by 
lower nitrogen levels in previously ungrazed plants (Hardwood 1977: Cargill 1981, see 
above). 

Scott ( 1973) recommended between 20% and 22% protein in the diet for maximum 
growth rates of waterfowl. About 55% of the nitrogen in anificially prepared diets is 
incorporated into tissue by poultry (Scott. Nesheim & Young 1976). Geese incorporate 
between 1 1% and 50% of the nitrogen in their plant foods into tissue (Marriot & Forbes 
1970; Sedinger 1984). If we assume that 30% (J. S. Sedinger & D. G. Raveling. 
unpublished) of dietary nitrogen is incorporated into tissue by geese, maximum growth 
rates would require overall dietary protein levels of about 40% (55/30 x 22%) or 6-45% 
nitrogen when feeding on green plants alone. Calculated levels of dietary nitrogen were 
below this leve! even under the best foraging conditions (Fig. 11). Thus. even early in 
brood-rearing. grazing conditions were suboptimal and goslings hatching 1 week after the 
peak of hatching had between 19% ( 1979) and 32% ( 1977) less protein in their diet during 
the third through to the fifth weeks of age (period of rapid growth) th an goslings hat ching 1 
week prior to the peak (Fig. 1 1 ). 

Early hatching broods thus experienced a superior nutritional environment at any given 
age compared with later hatching goslings. The reduction in dietary nitrogen levels was 
primarily due to shifts in habitat use and diet (see above) in response to reduced availability 
of high quality foods, which was the result of grazing by the geese themselves. Seasonal 
patterns in dietary nitrogen thus represented a case of intraspecific competition favouring 
those broods that hatched early (see below). 
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Nutrition during the growing period may ultimately influence the ability of animais to 
deposit fat (March & Hansen 1977) and protein (Moss. Simmonds & McNary 1964; 
Swatland 1977) as adults. Poor early nutrition may result in a permanent reduction in adult 
body size (Wilson & Osbourn 1960). The ability to accumulate fat and protein reserves is 
expecially important in geese because the size of the clutch laid by a female is directly 
related to the size ofsuch reserves (Ankney & Maclnnes 1978; Raveling 1979). Final adult 
body size may also influence the ability of males to attract mates (Ankney l977b). 
Jmproved earl y nutrition may· also reduce the age of first reproduction as indicated by a 
higher proportion of geese nesting as 2 year olds when they had hatched in a year with 
early as opposed to late nesting (Finney & Cooke 1978). Finally. early hatching les:>er 
snow geese. Anser caerulescens caeruiescens. were recruited into the breeding population 
at a higher rate than those hatching later in a season (Cooke. Findlay & Rockwell 1984). 
Both LiefT (1973) and Wurdinger (1975) demonstrated that nutrient levels in plants limit 
growth rates in geese. Thus. poorer nutrition later in brood-rearing. due to intraspecific 
competition and plant phenology. should provide strong selection pressure favouring early 
nesting. 

Mortality of incompletely developed goslings due to early autumn freeze-up in sorne 
years (Barry 1962. 1967) has also been proposed as an important factor favouring early 
arrivai and nesting in arctic geese (Coach 1958; Ryder 1967}. However. such gosling 
mortality was reponed only for years when the brood-rearing period was significarttly 
shorter than •normal' due to both delayed nest initiation and early autumn freeze-up. The 
best documented case occurred in 1959, when nesting was delayed 10 days and autumn 
freeze-up occurred 14 days earlier than the average for the other 8 years of the study 
(Barry 1967). Despite the abbreviated brood-rearing period in 1959, 55 days separated the 
hatching of the first clutch and autumn freeze-up. This was 5-15 days longer than the 
40-50 days required for brant young to ftedge (Barry 1962; Mickelson 1975). Thus. even 
during a short brood-rearing period, only the very latest hatching goslings were probably 
prevented from fledging and strengthening ftight muscles prior to autumn freeze-up. 
Furthermore. the failure to ftedge in late hatching goslings was probably also the result of 
slowed growth due to poor diet and so was a result of nutritional factors rather than strictly 
the shortness of the brood-rearing period. 

Early arrivai may be disadvantageous in sorne years because weather delays the 
availability of nest sites causing females to use stored lipid reserves for maintenance and 
consequently to lay smaUer clutches (Coach 1958; Barry 1962; Mickelson 1975; 
Maclnnes et al. 1974; Raveling & Lumsden 1977). Early nesters may also sufTer egg Joss 
due to inclement weather (Raveling & Lumsden 1977). flooding (Cooch 1958; Barry 1962) 
or predation (Findlay & Cooke 1982). The disadvantages of early arrivai and nesting act in 
opposition to the nutritional advantages of early nesting to produce stabilizing selection 
favouring dates of arrivai on nesting areas that, on average. aUow geese to begin nesting as 
soon as secure nest sites become available. The intensity of these opposing selection 
pressures has apparently been strong_ enough to produce the striking synchrony in nest 
initiation dates observed in arctic geese (Cooch 1958; Barry 1962; Maclnnes 1962; Ryder 
1972; Mickelson 1975; Raveling & Lumsden 1977). 
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Autumn staging of Cackling Canada Geese on the Alaska Peninsula 

JAMES S. SEDINGER and KAREN S BOLLINGER 

Introduction 

Knowlcdge of the biology of tlFeèdmg. and 
wintering gecse has increascd dramaucally 
during the last two decades. Until rcccntly 
our understanding of events occurring on 
prcmigration staging arcas lagged bchind 
that for brecding birds. This is undoubll:dly 
bccause gccsc often stop only briefly at 
staging areas which arc usually quttc 
rcmote. Howcvcr. reccnl studics on spring 
staging a reas showed that gccsc foragcd in a 
manncr that incrcascd protcin and cnergy 
intake (Ydcnberg and Prins 1981; McLan
drcss and Raveling 1981) while Ebbinge el 
al. ( 1982) demonstratcd that spring wcight 
gain on staging areas influcnced sub~equcnt 
reproductive succcss in Dark-bcllicd Brent 
Gcesc Branla bernicla bernie/a. ln the 
autumn Lcsser Snow Geesc Anser caerules-

BREE DING 

-··,~ 

WU .. LAMETTE 

KLAMATH BASIN!-
1 

1 

PRINCIPAL 
WINTERING AREA 

Figun 1. Locations or breflling. autumn staging 
and wint~ring ar~as or Cackling Canada Ge-ese. 

crn.~ caerulcscrn' al~n ... clcncd food~ h1!!h m 
nutncnt content (Prc\ctt c·r al llJ7lJ. 
Thomas and Prevett llJXII) ;snd Ju•·cnilc~ d1d 
not have sufficicnt hp1d rc~crvc<; to com
plete autumn migrat1nn untll <JIIcr stagmg 
on 1hc James B<•Y co<tst ( \\'ypkcma and 
Ankney 1979). 

Cackling Canada Gccs~· Uranlll cunadcn
sis m1niTna. the 'maik<;.~ suh,pecic'i of 
Canada Gecse. nc't on thc coastal fnnge of 
the Yukon-Kuskokwm1 Dell;~ and wmtcr 
primarily in the Central Valley of Cali forma 
(Figure 1 ). ln Octobcr th.:y l.:a\·c the Dell·• 
and fly directly to the north sidc of the 
Alaska Peninsula whcrc thcy n:main for up 
to thrce wceks. ln most ycars Cackling 
Gecsc fly nonstop from the Alaska Penin
sula to the Klamath BJ,m (~_l'llO km) on the 
Oregon-California border m Jale Octobcr 
(Nelson and Hansen J959l. A direct flight 
was confirmed in 19~ b,_ ob~ervation of a 
marked individual on the Alaska Peninsula 
and resighting of the samc indîvidual in the 
Klamath Basin 3 days latcr (H. McCollum 
pers. comm.). Sincc 1980 a significant frac
tion of the Cackling Goose population has 
begun wintering in the Willamctte Valley of 
western Oregon (J .C. Banonek unpub. 
1986) reducing the length of the autumn 
migratory flight by ca. 450 km. 

Recent declines in numbers of Cackling 
Geese (O'Neill 1979; Raveling 1984) have 
stimulated interest in thcir biology during 
ail phases of the annual cycle. Autumn 
staging is likely to be especially important 
for these geese because of the energetic 
consequences of their small size and the 
long overwater migration they undertake. 
This report concerns the behaviour of Cack
ling Geese staging at Ugashik Bay on the 
Alaska Peninsula during autumn. The im
portance of premigrarory staging for this 
population in view of the energetie cost or 
autumn migration. as evidenced by weight 
loss during the flight to Califorma. is also 
diseussed. Detailcd aceounts of migration 
chronology in relation to wcather patterns 
and an nuai variation in the cncrgetic cost of 
migration are currently under preparation 
by personnel or the Alaska Fish and Wild
lîfe Rescarch Center. U.S. Fish and Wild
life Service. 
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Study An:a 

Vir!u;.llly the coure p<lpulauon ol Cadling 
Gce~c i~ prc~ent on the Al;1~ka l'enln\ula in 
Octobcr ;~nd is rc~tricled tel two arca\, 
Uga~h·~ !lay and the mouth of the C.ndcr 
River (R. Gill pers. comm) Ali obscr· 
vation~ wcre made al Uga~h•k Bay whcrc 
Cackhng Gcc~c u~cd two prirKipal are;IS. 
The lir~l was a 10 km~ pcninsula formel! by a 
bcnd 111 the Uga~hik River a~ 11 cntercd 
Uga~h•k Uay (Arca A, F1gure 21 Th•~ arc;• 
con)l~tcd of a ta li ( 1 m) granunllld commun
ir y intcr~pcr~cd with ~hallow ( IU-.10 cm 
dccp) bracki~h pond~. Pond ~horc~ hall a 
~hallow gradient thal ~upp<lrlcd stand~ ur 
lllpfHUI> lt'lruf•h/1,1, Spa~ularw uuwJoni\, 
and l'uamdhu plrry~u11o.Jn Tngloâun 
pulwrm occurrcd ~por;ulically 111 thi~ hab•· 
lai. Gcc~c abo used an extensive tidal 
mudllat (Arca B. Figure 2) which containcd 
pure )(;mds or If. lt'lruplryllu and /'. phryga· 
noJ,•l, and O((a~lllnally u~cJ unvcgctatcJ 
mudll.tb along the uvcr h.cnl .md e~l'""'" 
bar~ in Uga)hlk B.ty 
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l\ll'lhttth 

Olhcrvations wcrc hcgun <Hl 7th and 5th 
lktohcr 111 IIJXJ and IIJX~. rc,pcctivcly, and 
fi111~hcd un !6th and 20th Ot·tuher in the two 
ycars. Uchaviuurs of gcc~c wcre classilied 
as: fnraging, drinking. locomotion (walk
ing, swimming and llying). maintenance 
(prccning and bathing), alcrt. rcsting and 
aggrc~~ivc interactions (chasing and 
llccmg). ln !'.IX~ time spenl in lhcse 
hchavinurs hy indtvidual gcc~c using in!and 
ponds (the only arca thal could be consis
lcnlly ob~crvcd) was cstimarcd by record· 
ing rhcir activiries al 1 minute intcrvals for 
periods ranging from Ill lo !Xli minutes(}(= 
~6 nunures). The percentagc of time spent 
in cach hchaviour for a given observation 
pcriod wa~ cslimalcd lo be lhc proportion 
of 1 minule samplcs on which each 
bchaviour was rccordcd. Proportions of 
rime spenl in cach hchaviour du ring a single 
ohscrv;,uon pcriod rhus prnvidcd a single 
dat;1 pomt fm statist~~:al anf)•sis. ln !lJXJ a 
continuous record Wil\ kepi of hehaviuurs 

J 

of focal individu<tls cxccpt thal behavinurs 
of !css than 1 minute duratinn wcrc not 
recorded. Becausc of the potenrial bias 
associatcd with this method results from 
1983 were not subjected to statistical analy
sis. The number of aggrcssive interactions 
during an observation period, in which a 
focal individual was involved, were counted 
and the rolc of the focal individual (aggrcs
sor or displaccd bird) was noted (191!4 
only). 

lndividuals were sclected for observation 
from among gcese wcaring plastic neck
bands with alpha-numeric codes thal 
allowed individual recognition, and con· 
sequently identification of age and sex. 
Neckbands were applied on the brccding 
grounds by personnel of the U.S. Fish and 
Wildlife Service, and in California by per· 
sonne! of the California Depart ment of Fish 
and Game and the University of California, 
Davis, as part of a study examining survival. 
Scx was dctermincd during baoding by 
cloaca! cxamination. Gccsc werc assigncd 
to one of threc age carcgorics for ana!ysis of 
behavioural data: adults, at !cast 27 months 
old; second-ycar, IS months old; and 
hatching-year, 3 months old at the time of 
the study. . 

Weights of Cackling Geese at Ugashik 
Bay wcre obtained from birds shot by 
huniers in 1980 and 1983. Wcights of gccsc 
from 191!0 wcrc providcd by R. Scllcrs, 
Alaska De pt. of Fish and Ga me, wh ile KSB 
weighcd gccsc in 1983. fluntcr-killcd gccsc 
wcre cla!i.~ified as cithcr hatching-year (3 
months old) or aftcr-hatching-yeoar (>IS 
months old). 

Comparison bctwccn sexes of the pcrcen
tagc of ti me spent in different bchaviours by 
adults and hatching-year birds was made 
using t-tests. Samplc sizes of sccond-year 
birds wcrc not sufficient for this ana!ysis. 
Thcsc analyses did not indicatc significant 
differences in bchaviour bctwccn sexes so 
data wc re poolcd and a 1-way ANOV A was 
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pcrformed tu examine differences in 
behaviour among ;tge classe~. Uchaviuural 
data wcrc collcctcd from sorne individuals 
on more than one occasion. Sincc data 
collected from the same individual on 
different occasions may not have providcd 
independent samplcs, data from individuals 
wcre ncstcd within age classes in the 
ANOVA. This analysis produccs a X 2 

statistic rcsulting from a maximum· 
likclihood test of the hypolhcsis thal thcrc 
was no variation in bchaviour duc tu age 
(Dixon 19M3). 

Results 

Samplc sizcs of Cackling Gccsc shot by 
huniers wcrc not adequate for asscssmcnt 
of wcight gain whilc at Ugashik Bay. 
Becausc the samplcs wcrc collcctcd 
throughout the staging pcriod, wcights pre· 
sen red he re may undcrc~llmatc peak de pM· 
turc wcights (Table 1 ). Ncvcrrhclc~s. Ctck· 
ling Goose adulls were al wcights c4ual tu, 
or cxcccding prc·laying spring wcights 
given by Ravcling ( 1979) of I,H7! g fur 
males, 1 ,890 for fcmalcs; young·of·the-ycar 
wcrc bctwecn 31!%-and 47% hcavier than 
llcdging weights givcn hy Scdingcr ( llJX6), 
of 1,2H4 g for males, 1,22X fur fcmalc~. 
lngcsta wcrc out rcmovcd frum gcc~c al 
Ugashik Bay, so wcights of thesc gee~e 
wcre possibly slightly inflated (hy abuut 4X 
g, if ingesla weight was similar to thal in 
birds during summcr, Scdingcr I'JI!6). 
Therc wcrc no significant difference~ 
among age and scx classes in wcight !mt 
during the flight betwecn the Alaska l'cnm· 
sula and the Klamath Basin (t·test, 
P>O.OS); Cackling Gccsc !ost hctwccn 400 
6011 gm during the llight, 23-33% of lhc 
starring wcight. 

Foraging was lhc predorninant activuy ul 
Cackling Gcc~c whilc at Ugashtk Uay 111 

T•ble 1. Welghts or Cackllng Geese durlng autumn (X !SE) 

Location Imm. males Atlull femalcs 
Wcight (g) of gecsc 

Imm. fcmalcs Atlult males 

Ugashik Bay 

Klamath Basin" 

1775±78 18041:62 21153±3'1 1'112±115 
(N=7) (N=9) (N;II) (N; 10) 

1360±24 121lll±21 14911±25 13211126 
(N;IJ) (N~IH) (N-~t..J (N-nJ 

---------· 
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Table 1. Perccnla&c of lime spcnl pcrformin& diffrrcnl bcha•loun 1 X ± s•:1 by Cacklin11 Gccse durin& 
aulumn ila&ina, 19~. al Uc11Jhik 811y, Ah"k11. 

Bchaviour 
A&c cia>s N" Fe cd Re 51 Main Drink Aleu loco Aaarcss 

Aduh 32 53) 17.2 15.5 11.7 b.S bb 0.2 

(46) ±611 ±5.2 H.ll :!:Ils ± I.IJ ±1.6 ±0.1 

Second· ycar 8 732 11.0 9.11 ou 1.4 6.11 I.S 
(12) ±Il 9 ±6.6 ±S.S ±0.11 ±IIIJ :!:2.5 ±Ill 

Harchin&·ycar 7 83 5 0.11 2.7 0.2 3.7 IJ6 0.4 

(IJ) ±4 7 ±0.0 :!:)0 ±0.2 ±16 ±3.4 ±0.4 

"Numbcr of individuais samplcd and 1o1al numbcr of focal >amples 10 parenlhc~e~. 

191!-l (Table 2). Males and lemales did nol 
differ in bchaviour bu& birds in 1he lhrce age 
classes differed signilicanlly IX2=6.99, 
P<O.OS) in &he proporlion of lime dcvoled 
10 feeding, wi&h halching·year birds spend· 
ing 8-l% of &he lime fceding compared 10 73 
and 53% for second·year birds and adulls. 
respec1ively. ln 1983 hatching·year gecsc 
also spcnl more lime feeding (91!% of 5 
obscrvalion pcriods. rcpresenling 3 indi· 
viduals) &han adulls (61!% of 13 observalion 
pcriods. represen&ing 9 individuals). The 
increased lime devoled 10 fecding by 
hatching·year birds resullcd in lhcir spend· 
ing less lime res&ing and performing main· 
1enance behaviours &han adulls or second· 
ycar geese, allhough &hese differences were 
nol signilicanl. 

Analysis of aggressive inlerac&ions i~ 
res1nc1ed lo adulls owing lo small sample 
sizes for &he olher age cla>sc~ (Table ]). 

T11blc l. AccrtOui•c inlcracliuni ur 11dull m11l10 
and rcmalc Cacklinc Gccse 111 U&••hik B11y. 

No. No. 
SCl 1imc5 a&&reuor limes displaccd Tolal 

Males 22 7 29 
Fcmalcs 8 26 34 
Tor al )0 33 66 

Males and femalcs did nol differ in &he 
number of aggressive inleraclions pcr mi
oule: 0.06±0.02 and 0.04±0.02 inlerac&ions 
for the two sexes respectivcly (Hest, 
P>O.OS). However, a signilicanlly .higher 
proportion of male inlcrac&ions resullcd in 
displaccmenl of 1hc nonfocal individual 
&han was lhc case for females. which were 
usually displaced (X2=6.41. P<0.02). 

Discu~ion 

Aulumn slaging is cssenlial for premigra
lory wcighl gain in Lcsscr Snow Gecsc; 
ha&ching-year birds did nol have suflicicnl 
lipid reserves prior 10 aulumn staging 10 
complele aulumn migra lion (Wypkema and 
Ankncy 1979). Il is likcly &hat this is also 
lruc for Cackling Gccsc. To cslimalc the 
energy co~l of &he au&umn migra1ory ftighl 
from lhe Alaska Pcninsula lo the Klamath 
Basin il was assumcd thal lipids yiclded 9 
kcallg whcn oxidized (Ricklcfs 1974). Il was 
also assumed thal ftighl muscles convened 
chemical lo mechanical cnergy with an 
eftidency of 25% (Greenewalt 1975). The 
laucr"s models wcre uscd 10 eslimale the 
cosl of Highl bccausc the ir predictions were 
closes& Jo eslimales of cncrgy cxpendilure 
in flying birds made using doubly·labcllcd 
waler (flinl and Nagy llJX4). Using Jhcsc 
modeh of &he cnergy requircmcnls for Highl 
and a~suming lhal Cackling Gccse Hcw al a 
spccd of 31!.9 km/h (lhus complcling lhc 
2,!!1111 km migr:uion in 72 h as obscrvcd) an 
average of 483 g of lipid wcrc rcquircd lo 
power the autumn migralory flighl. An 
addilional 35 g of lipid wcre rcquircd to 
mainlain 1he birds during lhc flighl, based 
on the model of the rclalionship be&wcen 
wcighl and basal mctabolic rate of Ashchoff 
and Pohl (1970). Th us a 101al wcightloss of 
518 g is prcdiclcd by lhc modcls. This 
estima le is wilhin 5% of &he ove rail average 
migratory weighl loss indica&cd by the data 
in Table 1 (543 g). This may have been an 
undcrcstimalc bccause Alaska wcighls may 
not have represcnlcd peak premigralory 
condilion and sorne weighl may have been 
regaincd in California prior lo collection 
(D.G. Ravcling pers. comm.). Considcring 
also lhal olhcr faclors migh1 have affccted 
the cosl of migralion (c.g. differcnl flighl 

spced, impcrfecl navigalion, wind) lhcre is 
reniarkable agreement. Cackling Gccsc 
would require only 392 g of lipid 10 com
plete aulumn migralion if they flew al 58 
km/h, the specd of minimum COSI of lrans· 
pori. 

Before Jeaving the Yukon-Kuskokwim 
Della Cackling Geese feed heavily on 
Empetrum nigrum benies (C.P. Dau pers. 
comm.) which contain high concentrations 
of both lipids and soluble carbohydrates 
(Scdinger and Raveling 1984). Cackling 
Geese undoubtedly deposil large amounts 
of lipid before deparling. However, given 
the energy cosl of the ftight from the Alaska 
Peninsula 10 the Klamath Basin il is unlikely 
thal these geesc could fly direclly from the 
Yukon-Kuskokwim Della to winlering 
areas, which would entail a 20% longer 
ftighl. Therefore,lhe Alaska Peninsula is an 
esscnlial slaging arca for Cackling Geesc in 
autumn. This may be espccially truc for 
hatching-year birds as indicated by their 
intensive feeding al Ugashik Bay. The diel 
there includcs aubers of Triglochin palu.rtri.r 
(D. Timm unpub. 1982) which have becn 
shown 10 be a good source of energy for 
geese staging along the coast of James Bay, 
Ontario (Thomas and Preveu 1980). Never· 
theless, one halching-year bird shot by 
huniers weighed only 1,400 g, which is 
barely 100 g abovc average lledging weighl 
(Sedinger 1986). Given the average wcighl 
Joss du ring migration il seems unlikely thal 
this individual contained suflicient reserves 
10 complete the migration. Howcver, al 
present wc have no cslimalc of the number 
of individuals thal fail succcssfully to com
plete the flighl from the Alaska Peninsula 10 
wintering iueas. 

Raveling ( 1970) showed thallarger social 
unils were dominant lo smaller ones in 
winlering flocks of other Canada Geese B. 
c. interior. Wc observed associations of 
marked birds thal were banded together 
and likely represented families. Howcver, 
associations were seen al a lower rate &han 
would have been expected, using unpub
lished data, if most families were still intact. 
If Cackling Goose families had been inlacl 
al Ugashik Bay, we should have observed a 
more even distribution of outcomes of 
aggressive interactions between males and 
females (Table 3) owing 10 the association 
of females with other family members. The 
disparily between males and females in lhe 
outcomes of aggressive inleractions sug
gesls thal members of pairs were nol associ-
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alcd with thcir males. The obscrvalions of 
wcak family associalions during aulumn 
staging were consistenl with those of John
son and Raveling (1987) who observed 
similar Pllllerns in Cackling Gcese during 
winlcr. Family break-up has bccn rcponed 
du ring aulumn slaging on the Alaska Penin
sula for anothcr small goose, lhe Black 
Brant B. b. nigricans (Joncs and Jones 
1965), suggesling thal the benelits of social 
bonds may nol outwcigh the costs of 
reduccd feeding due 10 lime spent in main· 
lenance or such bonds. 

Despite the imponancc of lhc aulumn 
staging and migration period to lhcir annual 
energy budget, wc stiJl have a rclativcly 
poor understanding of the biology of Cack
ling Geese du ring this period. Sorne energy 
must be stored by gcesc on the Alaska 
Peninsula but wc do nol know how much 
weighl is gaincd prior to dcparlurc from the 
Yukon-Kuskokwim Della, nor do wc know 
whelher Cackling Geese can comple&cly 
compensale for low lipid stores upon arrivai 
on the Alaska Pcninsula in ycars when they 
deparllhc Delta carly. Funhcrmore, wc do 
nol undersland the cnergetic implications 
of variable wcather conditions during 
deparlure of gcesc from the Alaska Penin
sula. Do geesc departi he Alaska Pcninsula 
in sorne ycars withoutthe bene Iii of favour· 
able winds, and if so, how docs lhis affccl 
the cncrgctic cosl of migra lion? Answers 10 
lhcsc questions arc importa ni for lhe erree· 
live managcmcnl of Cackling Gccsc. 

The population of Cackling Gccse i~ 
prcscntly at aboul 15% of hisloric levcls 
(O'Neill 1979; Raveling 191!4). Il is appa· 
rcnllhal Ugashik Bay and Cindcr River arc 
espccially important 10 Cackling Gccsc. 
parlicularly thosc in younger age classe>. 
These Iwo arcas have only minimal pro· 
lcction and arc unique along lhe Alaska 
Peninsula (R. Gill pers. comm.). Givcn the 
precarious condition of the population and 
the very restricted nature of ils aulumn 
slaging arca, sleps should be laken 10 en· 
sure thal these areas rcceive suflicienl pro· 
lection while biologisls are gaining a belier 
underslanding of lheir imporlance. 
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Summar~ 

Cackhng C;mada Gcc~c Rrunru etm.ud~n.m 
nunmw umkrgn a long (2.11110 km) m1gra11nn 
hct"'c•·n th,·n autumn Magmg arca' on the 

R•r•r•ncrs 

Ala~ka Pcmnsula and wmtering arca~ in Oregon 
.and Cahforma. Adulh and young lo~t an average 
nf 54J g dur~ng th1~ m1gratory fl1ght. We1ght gain~ 
hctwccn flcdgmg and auiUmn m1grat1on arc 
c''cnual for the ~uccc~sful complcllon of the 
fl1ght. Autumn stagmg '' •mportant for the 
;,u.:qu~'•••nn nr mi.l1n1c:nanc .. ~ ul .. ·ncr~~ \Cnrc~. 

partKulinl\ tm ~-uunj! ni the ye;n. "' ,·ndcnccd 
t-., the lniL'n'c lcedm!! nf th""!!'' cl;~" at Uga~h1l 
Ba~ Factor' a''nc1ated wllh the ;~rnval and 
dep;~nur•· ut CackhnJ! Gcc'o: 011 ÜJ!ol'hll Bay arc 
prc,•·nth unlnn~>·n 
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Wedands in California historicall y have 
hosted one of the largest concentrations of 
wintering waterfowl in the world. In the 
mid-l800s, an estimated 2 million ha of 
wetlands were present in California, and 
early explorers reported vast concentra
tions of waterfowl and ocher marsh and 
shore birds (California Department of 
Fish and Came 1983). As recently as the 
1970s, an estimated 10-12 million ducks, 
geese, and swans wintered in, or migrated 
through, California (U.S. Fish and Wild
life Service 1978). 

Wetlands in California occurred prim
arily in the Central Valley (Fig. 1), as did 
most waterfowl. Other significant water
fowl habitat was present in the Modoc 
Plateau, Klamath Basin, Big Valley, 
Honey Lake, Surprise Valley. coastal salt 
marshes (particularly Humboldt and San 
Francisco Bays). Owens Valley, Colorado 
River drainage. and the Imperial and 
Coachella valleys. 

More than 95% of the historie weùand 
area in California bas been destroyed or 
modified (Gilmer et al. 1982). Of the 
115,000 ha of wedands that remain in the 
Central Valley (U.S. Fish and Wildlife 
Service 1987a; Fig. 1), two-thirds are 
privately owned and managed for duck 
hunting; the remaining one-third is 
divided between state and federal owner
ship and managed by the California 
Department of Fish and Came (CDFG) as 

1Prcscnt address: Califomia Watmowl Associa
ùon, 3840 R.osin Court, Suite 200, Sacramento, CA 
95834. 

1Prcscnt addros: Ducks Unlimited, Inc., 9823 O~d 
Winery Plaœ, Suite 16, Saaammro, CA 95827. 

wildlife management areas (WMA) or by 
the U.S. Fish and Wildlife Service 
(USFWS) as national wildlife refuges 
(NWR) (Cilmer et al. 1982). Most of these 
wetlands are intensively managed; the 
cost for management may exceed that for 
any other welland area in North America. 

The purpose of this paper is to review 
existing information on the management 
of wetlands for waterfowl within the 
Central, Imperial. and Coachella valleys 
of Califomia. These areas contain the 
majority of wetlands and wintering water
fowl in California. We describe historical 
and present wedands; the evolution of 
management goals and strategies; current 
management goals relative to the nutri
tional and social requirements of water
fowl; and economie, political. and physi
cal problems impeding management. 
Finally, we suggest needs for future 
research and information. 

HABITAT CHARACTERISTICS 
The Central Valley of California aver

ages 64 km wide by 644 km long and is 
comprised of 2 lesscr valleys (Saaamento 
in the north, San Joaquin in the south) 
and a delta where the two drainages meet 
(the Sacramento-San Joaquin River Delta 
[referred to as the Delta], Fig. 1). The 
Imperial and Coachella valleys adjoin the 
Salton Sea in southem California on the 
south and north, respectively (Fig. 1). 
The Central, Imperial, and Coachella 
valleys stretch over 7 degrees latitude and 
encompass a great diversity of geology. 
physiognomy. and di mate. Because of 
this diversity, hydrology and plant com-
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Fig. 1. Valleys of California and the distribution of historie (A) and current (B) wetlands and 
grasslands. Adapled from Roberts et al. (1977). U.S. Fish and Wildlife Service (1978), Madrone 
Associates (1980), and Barry (1981). 

munities vary regionally and impose 
diHerent constraints on wetland manage
ment. Hence, this paper describes charac
teristics of, and discusses management 
activities within. each region separa tel y 
(i.e., Sacramento V&~lley, San joaquin 
Valley, Sacramento-S<m joaquin Ri\·er 
Delta and Suisun Marsh, Imperial and 
Coachellél valleys). 

Sacramento Valley 
The climate of the Sacramento Valley is 

typically mediterranean with cool, wet 
winters and hot, dry summers. Average 
annual rainfall is 50.8 cm, falling mostly 
between November and February (U.S. 
Department of Commerce 1986). Temper
atures &~verage 5 C in January and 23 C in 
july, the coldest and houest months, 
respectively. Annually, there are <15 da ys 
of below-freezing temperatures. 

The Sacramento Valley is drained by 
the Sacramento River and its tributaries 
and is bounded by the Klamath Mountain 
Range to the north, the Sierra Nevada to 

the east, and the Coast Range to the west. 
Peak runoff and discharges down the 
Sacramento River occur in March (Kahrl 
1979). With the exception of the lower 
reaches of the Mississippi River and 
cen&~in areas of the Columbia and Ohio 
ri\·ers, flood waters of the Sacramento 
River are greater than any other river in 
the United States (U.S.) (Scott and Mar
quiss 1984). 

H istor ically, many small creeks and 
sloughs were braided throughout the 
S&~cramento Valley floor. Sorne creeks 
ended in lower depressed "sinks" and did 
not join the main network of the Sacra
mento River except during floods 
(Thompson 1961, Scott and Marquiss 
1984). Sedimentation and scouring asso
ciated with frequent flooding created 
mosaics of natural levees, abandoned 
channels, sinks, lowland swamps, and 
hummocks over the otherwise relatively 
flat floodplains (Lapham et al. 1909, 
Keller 1977, Scott and Marquiss 1984). 
The extent of these floodplains varied 
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Table 1. Area (ha) of welland habitat (percentage of wetland area ln parentheses) managed for 
permanently flooded-summer water (PSW), seasonally flooded-tule (SF-n. seasonally flooded moist 
soil (SF-MS), watergrass (Echinochloa spp.) (WG), riparian (RIP), and upland (UP) habitat types on 
private duck clubs and public waterfowl areas in Califomia during 1986-87. 

$acnntft110• San Joaquin• lmpori.al and O.ha and 

Habiuo1 
VaiWy Val~ Caoclwlla walkyl' Sutaun MJ.nh• 

lypr Priva te- Public Pr•vacc- Public Priftat Public Prin.tt Public 

PSW 1.296 (S.1) ru r9.5J 2.SI2 (12.9) 209 (1.1) 5S5!2UJ 524 (ll.t) 1.212!24-S) 1.115 (54.1)' 
SF·T 11.071 (tHJ 5.951 (SCl.S) 5.470 !28.2) 1.506 (27 .5) S26 (27.1) 511121.6) 4.900 (28.S) 1.620 (50.0) 

SF·MS 1.505 !5S.I J 2.201 (28.3) 11.321 (51.2) 2.618 (St.6) 110(42.1) 519 (22.1) 7.006 (40.1) 1.742 (52.2} 
wc 2.261 (9.4) 908 (11.7) 122 (0.6) 215 (5.1) St (1.1) 666 (57.1) 101 (0.6) 61 (1.1) 

R.IP I.OSS (1.1) 16 (0.2) 20 (0.1) 11S 1.7) 2.00S' 111 1 972 (S.7J 154 (2.SJ 
UP 1.122 2.7S1 7.5S1 2.779 S26 676 2.711 I.%1S 

'nat~ adaplftl fmm Sacramm1o Val~ Wa1m-1 Habit~l Ma..._,., Commi11~ 1911; Sacramm10 NWR. Complex unpubli•h<d ....,....., 
H<inMyn. unpubliahod dat~. 

'Only Wftl cruolaftlh. O..t~ adap<<d from 1979 Soil c..o...nvalion Snvict _.land """lftali~ woowy; unpubh•h<d C..liiD<nia Dop. Fiah and 
CalM (CDFC) ..._., pnwid<d by J. hm; and U.S. Filh and Wildlil< Snv•n- (USFWS) ........U 1uppli<d by C. Z..hm. 

'Dat~ adap<<d from Fr<dricbon (1980); CDFC amal woowy n1ima1<>. Oa·Mar 1911-17; USRVS ........U •uppli<d by C. Kramn; CDFC 
numal<S pmvided by B. Hmry; and lmpori.al lrriplion DiHricl ftlimal<> p!O>icl<d by C. Holmn. 

'Combin<d O.lca Suiaun am. O..ca ID< 1h< Suiwn Na<lh from Nil ln <1 al. ( 197S) wioh adjuwmmu pmvided by r. Wnnftt. Daca lor <h< O.lca 
P'""id<d by F. W<m<~L 

'Primarily on Shennan bland WNA. 
1MDHiy uh n-dar uoncari•k (T•,..nx ,....,....,,.). 

from a few hundred meters to severa) 
kilometers wide (Thompson 1961, 
Katibah 1984). 

The extent of weùands in the Sacra
mento Valley in the mid-1800s is not 
entirely known, but probably exceeded 
600,000 ha (Fig. 1). Riparian forests and 
semipermanently flooded tule marshes 
composed >75% of these wetlands 
(Thompson 1961, Kaùbah 1984). At pres
ent only 32,000 ha of weùands remain; 
these are dominated by semipermanently 
flooded tu1e marshes (Table 1). Most 
weùands have been drained for agricul
ture or have been altered by land leveling 
and consttucùon of levees, removal of 
riparian forests, and controlled water 
regimes. Approximately 65%, 26'ï, and 9% 
of remaining weùands are in private, 
federal, and state ownership, respecùvely. 

Riparian forests formerly were present 
adjacent to rivers and creeks. Sloughs, 
oxbows, and mean der scars were 
interspersed within riparian forests. 
Riparian forests were flooded by river 
overflow waters during periods of 
increased precipitaùon and runoff in 
win ter, and from snowmelt runoff from 
surrounding mountains in spring. Floods 
also occasionally occurred in fall (U.S. 
Department of Commerce 1986). & high 

water receded in la te spring and summer, 
water drained from riparian forests but 
became trapped in low depressions 
behind natural levees and created perman
ently or semipermanently flooded 
marshes. 

Plant communiùes in permanently and 
semipermanently flooded wetlands were 
dominated by dense emergents, whereas 
those in seasonally and ephemerally 
flooded wetlands were doiiiinated by 
moist-soil annual and perennial plants 
(Table 2). Grassland communities were 
located on alkaline soils at higher eleva
ùons of seasonal weùands and supponed 
extensive saltgrass flats dotted with vernal 
pools (Crampton 1976). These grasslands 
often were flooded by late winter and 
spring rains and occasionally were 
flooded from river overflows in wet 
winters. 

Presenùy, 162,000 ha of agricultural 
lands in the Sacramento Valley are subject 
to flooding from river overflows and local 
runoff during wet winters. More than 
32,000 ha of harvested rice fields are 
intenùonally flooded for waterfowl hunt
ing during faU and winter (Califomia 
Department of Fish and Game 1979). 
Also, 2 major flood-control bypasses 
adjoin the Sacramento River and flood up 
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Table 2. Plant species commonly occurring in 
welland habitai types in the Sacramento Valley 
(SAC). San Joaquin Valley (SJ). Suisun Marsh 
(SU). and lmperiai-Coachella valleys (IC)'. 

R~tun 

H;.ahU4tl •n··· .;~nd • '"1unun ,,.,.If'" ,,\C 'l 'l' IC 

Riparian Furt"st 
Boxt"IMr (Aar negundol + + 
Aider (A/nus ~pp.) + 
Ruuonwillow (Cephala•llhus 

uaideutalu} + + 
Oogwond~ (CurnuJ spp.) + 
Oregon ash tFraxmus lat•fol>a) + 
Fremont·~ «llwnwuod (Populw 

frt'mUUIIII + + 
Calilnrni;o '" .unort" (Piatn>lld 

ract•musa) + + 
Valley oak 1Quncus lobata) + ·~ 

Poi>on '"'" tUhu.s dwnsdubn1 + 
Wildrosl' (Ro.<n cal•jor111ca) + + 
Blilckb<-rrit•s tRubus spp.) + + 
Willows (Salu: spp.) + + 
Elderberry (Snmbu.-us spp.) + 
Salt c!'dar tamausk + 
Wild gmpe ( 1 ltis califorrucai + + 

Permanem/5ummer marsh 
Water fern (A:olla spp.) + + 
Water hyssnps (8acopa spp.J + + 
Muskgrass (Cilara spp.) + + + 
Marsh pc·nnn.-nn (Hydrocolv.lr 

spp.) + 
Wa1er primmSC' (jussiaea 

califomirnJ + + + + 
Ourkwt'f'tb ll.t>mna spp.) + • 
Ftng frui1 11-•PP•a 5pp.) + 
W<tlt"r-lum·huund (Lycopus spp.J + 
Marsilea (llfani/en mucronala) + 
MiHoils (Myriophyllum spp.) + 
Willer nymplu (Najas spp.) + + 
C.ummon rnod (Phragmites 

rommunis) + 
Pond weeds (Potamogeton spp.J + + + 
Widgeon grass <Rupp1a 

marilima) + + 
Arrnwheads (Sagittaria spp.) + + 
Tu le bulnuh (Scirpus arutus) + + + 
Cotliforni;t bulr•~sh (Scupus 

ca/ifornica) + 
Olney bulrush (Srirpu.s olttry>) + 
Alkali bulrush (Srirpu.s robu.<tu.s) + + + 
c ... uaih (Typha spp.) + +- + + 
Vervains (Vnbena spp.J + + 

SeaS<mal M;tnh 
Horned pcmdweed (lanrucht'll>a 

pa/ustris) + + + 
Jodine bush (Ailenro/fea 

ouidmlalis) + 
Ammania (Ammania spp.) + + 
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Table 2. Continued. 

Rf'KICIIft 

H01hu.,, t\111r'
1 

01nrl c • ""'"'.., IIJf"'f"tr' SAC: SJ Str IC: 

+ Fa1h~n (Atflpie" patu/a) 
Carex sedges (Carex spp.) 
C".t"ntromedra (Centromt>dia 

+ + + + 

pungl'ns) 
Brass butwm (Cotula 

cornop•fol•al 

+ 

+ 
Prickl~grass (Crypsi.s 11iltaca) 
B~rmuda grass (Cy•wdoll 

+ + + + 

dactvlo•tl 
Nu1grasses (C,·pt>ru.s spp.) 
Saltgrass (DUIIChilu sp~eata) 
Watetgras., 
Sprkrr usht"s 1 E/t'ocharu spp.) 
Gumplant (Gmtdel>a spp.) 

+ + 
+ + 
+ + 
+ + 
+ + 

+ 

+ + 
+ + 
+ + 
+ + 
+ + 

Swamp timoth\' (Helt'och/oa 
.scht'nr)ldrs, + 

Ru~llt"s (ju11ru.s ~pp.) + 
Rahit rush (jutiC'Il.S baltiCu.S) 
Smarrwf't'ds 1 Polygonum spp.) + 
Oocks (Rumt'x spp.) + 
Tuk hulrush + 
Alkah lwln&>h + 
Alkali maJim,· (Sida hederaua) + 
C.altilils + 
C.ocklebur (.\nnthium spp.) + 

Gra~slanch·H·rnal pools 
Allocar~a (,-11/ocarya spp.) + 
Soft t·hess IB•omus mollis) + 
Cul'x sedge> + 
Pricklegrass + 
S;oltgrass + 
()uwrungr.r c/)uumiPigln spp.) + 
b;mkl'nr;r (f ranlcePiia grandifo/u) + 
Sw<o~mp ummhy (Hele'JC/oa 

+ + 
+ + 

+ 
+ + 
+ + 
+. + 
+ + 
+ 
+ + 
+ + 

+ 
+ 
+ 
+ 
+ 
+ 
+ 

schnw1dt's • + + 

+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 

•t·t~m• , ...... ,., .... ,, .. ,,. l•tllttWa M., ... , Cl9~71 aeMI Mun1 iiiKI KnL 

n~n~u o .. , .. arr hmn 1'1*'" UM!!J. 1-i~lll'""m t1909). 8f!".tnt ti~U-IJ. 

'-•.tl""'' '"' .tl 1 l~ft IJ. H••wn ct9J!IIJ. C""a"'IM•Mt C 1~. IY7bJ. 
Thmnl...-"' (19ril '· .\tl.lc.,· 11!162). Molli (l!W'I91. Gtl1 o.nd R.NLnt.en 

1 197·11. MoU., ro "' 1197~1. C:..o;ood ro ~1. t1977J. Krlln {19771. M.., 

n. .. a..ld IIIJ77L :\t .. lnNtr ""-"• 1011n CI9MCh. 7.rdln f'l ;;~1. fi9112J. 
1,.._,..,..1, .. tl~bC1i .• md Ko~n~h CI'!IM4J. 

•RIJ\oUI..tlt lcMt...,l~ otl.. la..hit.olh ciiMnU ... tnf hy Wt•111.ly JCIUWih 

•••utunx nttnl"'tottc•h ioldpfttl lU IIOIIUI:.I Willn •tMtl~ IWTtno.tiMU 

'"'"'"'"~ m,,,,h "'" ,.,·rdotnd~ due11inwud hy """K"" ~""'" .. ' .;,nd 
utttrotuunK -·.urt 1 ... muu. nt 41111. •Il lhr wr.n; ,.....,.,...,..,, llftolt.h 01rr 

'-oTtl..tMI"' tl.ttntU.tlt•d h\ ~ .. II'I•MotiUit" oamtta..l ott"l J•TrtU,io.l ""JtM:IIhttl 

.md li•••le1.l h•"" l·K tnntuh,_, ;anntUII). l!ttu-.ell~ hum f"'.ld~ bll 

thuttt!Ch t·.ult "-tllmK; KfiiW..tedl""''""' , ... .-, oarr ttt.l.ottt~~l :.nd 

t"tllltiH'fnM;eU~ ll•••h .. l tlrJM'..,..MMh dttmÎtlôltrd h,. KUIUin. •• .. muul 

U't;t'l,tlltNt. hltu.tlh flt•.Jn.l (tM < 2 lfttttllht. lU lttt• WÏttiC"f 011MJ r-otth ,, ..... -.:; 

to 26,000 ha in an average of 3 of every 5 
winters (Kahrl 1979). Lands within the 
bypasses are mostly farmed for rice and 
row crops, but idle lands, ditches, pas-
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turelands, and sorne marshes are also 
present. Reservoirs constructed on the 
Sacramento River and its tributaries also 
provide sorne sanctuary habitat. 

San Joaquin Valley 

The climate of the San Joaquin Valley 
is arid; mean annual rainfall is <23 cm 
and occurs primarily from October-Febru
ary (U.S. Department of Commerce 1986}. 
Temperatures average 6 C in January and 
25 C in July. Typically, there are few, if 
any, da ys with below-freezing tempera
tures. 

The San Joaquin Valley is bounded by 
the Delta to the north, the Tehachapi 
Mountains to the south, the Sierra Nev
ada to the east, and the Coast Range to 
the west. It is divided into 2 distinct 
basins: the San Joaquin (northern two
thirds) and the Tulare (southem one
third). The San Joaquin River and its 
tributaries drain the San Joaquin Basin. 
The Tulare Basin. is separated from the 
San Joaquin Basin by an elevational 
uplift aeated by the merging alluvial fans 
of the K.ings River and the Los Gatos 
Creek. Historically. waters from tributary 
rivers flowed into the Tulare Basin, 
which bad no ouùet to the sea. During 
long-tenn .. wet cycles."' Tulare Lake in 
the Tulare Basin filled ro a depth of 27 m 
and diverted water from the Kings River 
and the Tulare Basin into the San 
Joaquin River. 

Peak water flows and associated river 
overflows are lower (Fig. 2) and later in 
the San Joaquin Valley than in the 
Sacramento Valley (Kahrl 1979}. Conse
quendy. deposition of sediments and 
formation of natural levees and flood
plains were Jess extensive (<.81,000 ba) in 
the San Joaquin Valley (Strahom et al. 
1914, Arkley 1962). and riparian wetlands 
were generally confined to narrow strips 
immediately adjacent to tributaries 
(Kaùbah 1984). 

Although water flows were low in the 
San Joaquin Basin, when flooding did 

e~a.&MII:Jn"' ..... ~· 
aAJII .IOAOUIJII 
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Fig. 2. Average annual streamflows in major 
streams and rivers in California (from Warner and 
Hendrix 1985). 

occur, waters easily breached low natural 
levees and spread over extensive areas of 
the relatively flat valley floor. Depressions 
behind natural levees or in old meander 
scars held water until early summer and 
supported dense stands of cattail and tules. 
(Table 2). Higher elevations usually 
became flooded only for short periods 
during late winter or spring. and histori
cally supported a variety of herbaceous 
plants, sedges. and grasses tolerant of the 
highly alkaline soils (Table l, Wester 
1981}. Vernal pools were also common at 
higher elevations and were usually inun
dated from December-February (Cramp
ton 1959, Holland and Griggs 1976). The 
historical extent of wetlands in the San 
Joaquin Basin probably exceeded 400,000 
ha, most of which was seasonally flooded 
grasslands (Fig. 1 ). 

Weùands within the Tulare Basin were 
historically confined to Tulare, Kem. 
Goose. and Buena Vista lakes, which 
covered 253,000 ha and were flooded for 
most of the year. except during extreme 
drought (U .S. Fish and Wildlife Service 
1978). These lakes received most of their 
annual water input in spring from snow
melt from the Sierra Nevada. Following 
wintcrs with heavy snows, the basins of 
ali of these lakes were connected by 
sloughs. Derby (in Dasmann 1966:154-55) 
described these lakes in 1849-50 as large 
bodies of shallow open water surrounded 
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by wide bands of dense tule marsh, 
sometimes up to 16 km wide. Seasonally 
flooded grasslands were also present on 
the south side of Tulare Lake. 

At presc:nt, <51,000 ha of wetlands 
remain in the San joaquin Valley (Table 
1 ); most of these are seasonally flooded 
ponds in the San joaquin Basin (Grass
land Water District 1987). In late spring 
and summer. evapotranspiration can be 
as high :as 1.5 cm per day. Where a 
wetland is supplied with water during 
summct. the transition zone between 
marsh and desert is usually only a few 
meters. 

The majority of the once vast marshes 
of the Tulare Basin have been drained 
and <ml\ nted to agricultural croplands 
(lJ.S. Fish and Wildli{e Service 1978). 
Crops. especially barley, in the Tulare 
Basin olwn are flooded for a few weeks 
following harvest and prier to planüng 
another crop (referred to as preirrigation}; 
this shallow flooding provides sorne habi
tat for ducks in early fall (jones and 
Stokes thsociates 1988). Ponds used for 
evaporation of irrigation drain water are 
also present. Lakes on tributaries of the 
San Joaquin River provide sorne water
fowl habitê:lt, mostly used as loafing areas. 
Ownetship of San joaquin Valley 
wetlands is 63% private, 25% federal, and 
13% statt". 

Sacramento-San Joaquin River 
Delta and Suisun Marsh 

Temperatures in the Delta and Suisun 
Marsh average 8 C in january and 22 C 
in July. Mean precipitation is 20 cm and 
occurs mostly between November and 
March (U.S. Depanment of Commerce 
1986}. 
~ha.- The delta is an inland 284.000-

ha net wor k of sloughs and islands ·that 
formed <Il the confluence of the Sacra
mento, San joaquin, Mokelumne, and 
Consumnes rivers. Historically, the delta 
was comprised of nearly 100 islands 
separated by a labyrinth of sloughs and 
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channels. Tidal freshwater marshes 
covered most of the islands (Thompson 
1957, Atwater 1979, Madrone Associates 
1980). These marshes ranged from dense 
tule marshes immediately behind alluvial 
levees to riparian forests at higher inlanà 
elevations ( Madrone Associa tes 1980). 
Most lands in the delta were close to 
mean sea level (MSL). with highest 
points only 4.5 rn above MSL Whe11 
flood and runoH waters reached the delta 
from December-May. the entire a rea was 
inundated (Basye 1981 ). 

or the original 284,000 ha of wetlands 
in the delta, only 7.290 ha remain (Fig. 
1 ). Beginning as earl y as 1852, levees were 
constructed, wetlands drained, and lands 
farmed on delta islands {Thompson 195ï). 
Currently. ali islands except Frank ·s Tr~u 1 

and portions of Mildrid and Sherman 
islands are protected by large levees; the 
elevation of many of the islands is >4.5 m 
below MSL Lands in the delta are 
(armed for corn. wheat, rice, safflower. 
and milo (Smith 1979). About 8,100 ha of 
these croplands are flooded each winter 
for waterfowl hunting. or to leach soil 
salts, and to provide sorne seasonal 
wetland habitat (C..alifomia Department 
of Fish and Gamt- 1979). Levee breaks and 
floods also ha\!f' inund:ned sorne islands 
in recent years and created additional 
temporary wetland habitat. 

Suisun Marsh.-The Suisun Marsh is 
an estuarine wetJand created 6.000-7,000 
BP when sea levels rose and expanded 
into San Pablo and Suisun bays (Atwater 
et al. 1977, josselyn 1983). The Suisun 
Marsh was then comprised of 12 tidally 
flooded islands and inland areas, inter
woven by numerous sloughs and the 
Sacramento River. 

HistoricaJiy, most of the Suisun Marsh 
was brackish (josselyn 1983). A gradient 
or tidal inriuence. sai inities. elevations. 
and marsh vegetation existed from Suisun 
Bay inland to the surrounding hills. 
Below mean low-tide level, vegetation 
was dominated . by Califomia bulrush. 
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Betwecn the mean low-tide and mean 
high-water levels. a mixture of cauails, 
Calirornia l>Uirush, tule bulrush, Olney 
l>ulrush, and alkali l>ulrush was present. 
Al>ovc the high-watcr levcl, a varied 
group of halophytes occurrcd. Wherc 
salinities werr high, pickleweed, salt· 
grass. fatht"ll. and gumplant were round. 
ln arcas wht"rt' salinity was lower. l>ras!> 
buttons élnd haltic rush were commun. 

Currently. tidc ga tes and levees protee! 
most of the Suisun Marsh from flooding. 
Salinities have g-radually inc-reascd in the 
rnarsh as watr" havc l>een divcned hom 
the Sacrarn<'nlo <rlld San Joaquin riv<·r~ 
(Malt 1969). r\uempts to farm many of 
the diked lands i11 lht' Suisun Marsh w<~rt· 

made in the 1!120~-310s: however. high soil 
and water salinitH·~ preduded most nop 
produnion. an·l l.111ds now are maiii
Lamed éts ''Ttbnd~ and managed <t~ thu J... 
clubs. V<·gt'tillrou 111 the Suisun Marsh r~ 

prescntly tlornrrtatt"cl l>y relatively salt
LOlerant rolHr!>t c·mt·rgents (Table 2). PK· 
kleweed. bras!> buuom. and fathen occur 
near high tid<· k,·cl. and sahgrass, baltic 
rush. and common reèd occur above thc 
high tide levet. 

The currem \\'('tland area in the Suisun 
:\1arsh (22 .000 ha 1 is only slightly reduc-ed 
hom the-hi~toric arca (24,300 ha) (li.S. 
Fish and Wildlif<- Ser\'ice 1978). l'rban 
expansion aud ••grindtural developme11t 
destroyed some marsh lands, but creation 
or private duck clubs has been primarily 
responsible for saving these wetlands. The 
Suisun Marsh Protection Act of 1977 and 
the 1987 "Suisun Marsh Preservation 
Agreemem" cu rren tl y provide adequate 
water quality in tidal sloughs. This water 
quality is maintained by large salinity 
control gates at the east end of Monte
zuma Slough-the principal water course 
into the marsh. Ownership of Suisun 
Marsh wetlands is 84% private and 16% 
state. 

Imperial and Coachella Valleys 

The climate of the Imperial and Coa-
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chelia' valleys is arid. Average <~nnual 
rainfall is <5 cm and tempcralllrcs aver· 
age 10 C in January and 32 C in July. 

The Imperial and Coachella véllleys and 
the Cahuilla Basin (thc presem Sahon 
Sca) werc ncatcd along the San Andrea!> 
[ault and representee! an t"Xtension of the 
Gulf of C.alifornia <Carpdan 19<il ). Dur· 
ing the Pleistorcnc. tiiC' Colorado River 
rn·atcd a fanlikt delta ~t·paratiug the 
\'<dleys from the occilll. itlld <IS the river 
flow<•d over the almost flat delta. it 
sornctimrs flowed soutlr\\·;nd 11110 the 
Culf of C;-alifnrtll.t ;and ;tt Ollrt·a llln('~ 

northwanl 1n10 tlw lmp!'la;tl ;nul C:oil· 
the lia \·;dit'\~- \\'lwn llolllrw;ud flow, 
IKCuned. ;a larg<". nd.111d lae~ln,·.lln lake 
lthe Salton Si11J...1 "·" c n·.ut·d .. \t othea 
times. !lw n:llt'ull"h .nad ,Jianatt· of tlu· 
an~i1111 dr inl t·xa,tnt~ '"·al.nuJ, .uul an<ain· 
t;aiatetl a dt·,ert t"t '"' .,, ... , 

Tht" last kno\\·n J.a,t<lll!.tl llow ol !lw 
Colorado Rivet 111111 tlu- lmpt·a i;tl and 
Coachella 'alle\~ ... • unt·tf i11 IH91 and 
crcated a lake ol -10.000 ha (C..arpelan 
1961 ). Wht"n this lake· "·;uc·r naJx•ratf"d. a 
shon-Ji,•ed inland ,,dt rn<trsh was created. 
lt subsequently dawd. lt·aving IJehind 
huge salt deposits In 1901. Colorado 
River watt'r was di\!·rtt·d into the hnpr
rial Valley through .an old rin·r channel 
to supply irrigation \\";llt'l. ln 190:1. this 
dtversion f<alt<'n·d .and ,,,u.-r lrnn1 tht" 
Colorado River rlO\\t"d into tht· Imperial 
Valley. crea ting the present Sa hon Sea. 

Since 190ï. watc·ro; of tht" Colorado 
River that enter S.alton Sea have been 
controlled by an t:bboratt· irrig;uion sys
tem originating nc;u Yurna. Ariwm1. In 
the early 1900s, tlu· permanent w;uer in 
the Salton Sea and sc-<ut<·rrd we1lands on 
the Colorado Ri,·er Delta attracted 
migrating and wintt·ring waterfowl to the 
Imperial and Coachella valleys for longer 
periods than in pn·,·ious ycars (Fredrick
son 1980). This increased watl'rfowl pop
ulation subsequently t'ncouraged privatr 
groups to flood lands and errait" fresh
water ponds for watt:rfowl hunting. These 



't82 

artificial marshes, which total 3,683 ha at 
present (Table 1), created "new" wetlands 
in an otherwise dry. desert environment. 
Private duck clubs compose 52%, and 
public lands compose 48%. of these 
wellands. Vegetation present in these 
"new'' wetlands consists mostly of salt
grass, alkali bulrush, swamp timothy, 
bermuda grass, smartweeds. and dock 
(Table 2). ln areas where water is fresher 
and more permanent, cauail and common 
reed occur. Levees are often overgrown 
wirh salt cedar tamarisk and arrow-weed 
(Pluchea sericea). 

HABITAT IMPORTANCE 
RELATIVE TO WATERFOWL 
REQUIREMENTS 
Abundance, Chronology. and 
Distribution of Waterfowl 

Some waterfowl are presem in the 
Cemral, Imperial. and Coachella valleys 
year-round. Mallards (Anas platyrhyn
chos) are the most common breeding 
waterfowl. Other species thar commonly 
nes1 in California include Great Basin 
Canad~ geese (Branla canadmsis · mof
jztti). cinnamon teal (A. q•anoptera), 
gad wall (A. strepera), nort hem shoveler 
(A. cl)•penta), wood duck (AD: sporzsa), 
redhead (Aythya americana), ruddy duck 
(Oxyurn jamaicensis) and, in sorne loca
tions, northern pintai! (A. acuta) and 
AmerÎC"clll wigeon (A. americana). Post
breeding dispersals of breeding aduhs and 
young concentrate severa! hundred thou
sand ducks, especially mallards, in the 
Klamath Basin and Sacramemo Valley in 
late summer and early fall. 

Warerfowl concentrations are greatest in 
Californi•• during fall and winter when 
migrants from nonhern latitudes join 
locally breeding or produced birds (Kozlik 
1975, Bellrose 1980). The Central, Impe
rial, and Coachella valleys wintered 3.5 
million ducks, and 0.5 million geese and 
swans, annually during 1978-87 (Table 3). 
This represents >60CX. of ali waterfowl 
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(excluding sea ducks) wimering in the 
Pacifie Flyway. and about 20% of those 
wintering in the entire u.s. or special 
importance, California wintered >20% of 
ali ma liards. wigeon. green-winged teal, 
shovelers. canvasbacks, and ruddy ducks; 
>30% of ali lesser snow geese and tundra 
swans; >50% of ali pintails. white-fromed 
geese, and Ross· geese; >80% of ali 
cackling and Gre;u Basin Canada geese; 
and 100% of rht> Aleutian C.anada and tule 
geese in rhe U.S. 

Migr~nls begin &uriving in the Central 
Valle' in early August (Bellrose 1980). 
Early migr~ms are rnainly aduh male 
pinraib and most concentrare in rhe 
Sacrarnen10 \'alle' (also. formerly in the 
Tulart· Basin) (:\lilier 1985). By Onob<·r. 
hu·g<' numiJn~ ul h·mal<' anc.J young 
pimails. &md ;11l sext>s and ages of 
wigeon. sho\·clers, gadwalls, green
wingt>d teal. and ruddy ducks have 
arrived. ln contrast, most locally nesting 
cinnamon teal ha,·e migrated south into 
the 1 rnp<'ri<il and Coachella valleys and 
Mexim by mid-October. Tundra swans 
and most gt>t:St' arrive in the Sacramento 
Valley by mid-NO\·ernber: however. many 
may remain in the Klarnath Basin in 
smne yeélrs. \\'hite-fronted geese arrivt> 
earl it·r thém ulll<'r gt"<"st' and swans. 
Srnaller numl>t:rs of ring-necked ducks, 
bufflehcads. redheads, and canvasbacks 
also arrive in November. Peak numbers of 
most species occur in mid-December. 

Most mallards. tule geese, snow geese, 
large Canada geese, wood ducks. and 
wigeons winter in the Sacramento Valley; 
but most shovelers, green-winged teal, 
and gadwalls winrer in the San joaquin 
Valley (Table 3). Ross' geese, cackling 
Canada geese, Aleutian Canada geese, 
tundra swans. and white-!ronted geese 
traditionally begin the winter in the 
Sacrarnenro Valley, but by la te win ter, 
most have moved to the Delta or the San 
joaquin Valley (Rienecker 1965, Mcl..an
dress 1979, Woolington et al. 1979). 
Dabbling ducks, especially pintails, move 
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Table 3. Mean number of waterfowl counted in the Central, Imperial, and Coachella valleys of 
Califomia during U.S. Fish and Wildlife Service mid-winter inventories, 1978-87. 

R<J:oon , ... 
lnr(ltTI"I P.-nru 

~""""""'" S..n jn;,qmn S.ur~oun c:.lil('twtl.- n, •• , 

~-'" Vo~Ur<r \'o~llry Mo~nh llrhot .... uf', .. 197).M(, AWf> 

Ma liard 311.712 30.138 ·~.221 1.667 31!9 21 
Gad wall 11.698 23.137 602 2S 16~· 83 
Amc.-ric:an wigl'on 103.038 10.913 9.318 847 S.62~ 61 
Grc.-c.-n·wingc.-d tc.-al (Aruu crt'cca) 16.336 90.179 6.913 961 3.()<)2 119 
Cinnamon tc.-al 131 2.S·tl 42 2 212 71 
Northc.-rn shovc.-lc.-r 122.SS7 209.142 28.1~6 3.022 12.670 77 
Northc.-rn pintai! 1.429.698 238.191 60.317 111.190 11.091 79 
Woodduck 1.062 IS 76 
Rc.-dhc.-ad IH 87 Ill Hh 3 
Canvasback (llythya IJQ/Umt'r~a 1 11.n~ 2.036 3.416 7.06:'> 1.691 39 
Scaup (A. aflmù itnd A. marlia) 217 36R 1.7 Il 9(j(l 1.7W ·1 
Ring-nc.-ckc.-d l>uc-k (A. collaru) 3.896 717 101 ~~~. lill '•f• 
Rulllc.-hc.-ad (Ruuphala albt'o/a) 99 173 S1 RI ~·~ 
Ruddy Duck 16.3fil IS.!I!!) 2.SS8 2.11H lh.2li'l ·19 
Canada gc.-c.-sc.-• 3.!!07 1.802 5!!6 Hl! ~ .2'1h 
Whilc.--fromc.-d gc.-c.-s!' 

(A 1Ut'r alb•fmru) 20.0!12 ~.8114 li.·l91 20.ïtill 1!'1 
'\now and Ross· geest 

(Cht'n Cat'rUISUIIS and r.. TOHll) 30-1.:110 :15.397 H2 19.2711 lli.ll:l'• Rtl 
Cackling Canada gc.-c.-sc.-

(Branla car1adt'nsu mm1mn) 10.792 1.128 2520 1!30 KO 
Alc.-utian Canada gc.-c.-sc.-

(8. c. lc.-ucoparc.-Ja) 360 1.03'i 72 59 100 
Tundra swan (Cygnw columbumwl 21.283 3;7 1 19.999 66 

•Mmd,. Cn'71t bim C:O.n..dol ~· 
•pncnu~«n nf Pac-ifir Flvway tnco~h ;,rf' nut c-.Jirul<~cf'd ht'C"oiUW ni ~·.,•-un~ f•~l•ut~unr• .. JMrtonsl 

among valley areas during wimer (Rie
necker 1976, 1987); movements are erratic 
depending on disturbance. food availabil· 
ity, and welland conditions. 

Shifts in the winter distribution or 
many species have probably occurred 
since the late-1800s in response to habitat 
and land-use changes. For example, 
market hunting records indicate that large 
numbers of snow and Ross' geese were 
present in wetlands surrounding San 
Francisco Bay in the late 1800s (Stine 
1980). With the large increase in small
grain production in the Sacramento Val
ley and major lasses of coastal wetlands, 
snow geese are now nearly absent from 
San Francisco Bay and Suisun marshes, 
but abundant in the Sacramento Valley. 
The abundance of small grains, and 
habitat loss in other areas, have probably 
also attracted and held larger numbers of 

pintails. mallard!', green-win~ed teal. 
wigeons. and small Canada gl'l'Se in th(' 
Sacramemo Valll'v in recent y<'<~r~. 

Pintails are the first ducb 10 begin 
migrating out or the ('..entrai \'ailey in 
spring; major movements northward 
begin in mid-February (Bellros<· 1980). By 
March. most pintails have leh. and large 
numbers of wigeons and gt't'se have 
migrated northward into the Klamath 
Basin, the Modoc Plateau, and the Wil
lameue Valley of Oregon. By mid-April, 
most shovelers, gadwalls, ruddy ducks, 
green-winged teal. and bu(fleheads have 
migrated nonhward, whereas cinnamon 
teal have returned to the Central \'ailey. 

Resource Requirements 
and Availability 

Waterfowl undergo several biologically 
important and nutritionally costly pro-
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cesses throughout the year (e.g., molt, 
migration, pairing, nesting, and brood 
rearing). These physiologie and behav
ioral events require different quantities 
and qualities of nutrients, and impose 
diHerent social and behavioral constraints 
on individuals (e.g., Weiler 1975, Ravel
ing 1979, Heitmeyer 1985, McKinney 
1986, Fredrickson and Heitmeyer 1988). 
Species meet these requirements by vary
ing habitat use, food consumption, flock
ing structures, and dai1y activities 
mediated by morphological and behav
ioral adaptations. The chrono1ogy and 
number of annual events that occur in 
California vary among species. and 
within spenes by sex and age. and in 
relation to habitat and climatic condi
tions (Heiuneyer 1985, 1987, Miller 1986). 

Although most waterfowl hne similar 
requirements during each annual event 
(e.g., ali species have increased protein 
requirements during egg laying and 
molt), strategies exhibited by species to 
.meet these requireménts are diHerent. 
Historically, the abundance and wide 
diversity of wetland habitat types present 
in California provided large quantities of 
foods and habitats necessary to support 
large numbers of waterfowl throughout 
the year. 

The resources needed by wat~rfowl 

during annual events in California are 
provided in different habitat types (Table 
4). Permanently and semipermanently 
flooded habitats such as tule marshes and 
_backwater sloughs provide tubers from 
plants such as arrowheads, abundant 
floating and submergent plants, aquatic 
insects and their larvae, snails, and 
zooplankton (Usinger 1956, josselyn 
1983, Reid 1985, Mur kin and Kadlec 
1986). Permanently flooded habitats pro
vide dense emergent cover used for protec
tion by wintering birds from winds, 
rains, and predators. These habitats also 
provide nest sites for over-water nesters 
such as redheads, and escape cover for 
broods and flightless adults. 

PACIFIC FLYWAY 

Seasonally Ciooded marshes range from 
those that support an interspersion of 
scauered cauails and tules (referred to as 
tule mix habitats) to those that primarily 
support annual plants such as watergrass, 
swamp timothy. pricklegrass, alkali bul
rush, and smanweeds (collectively referred 
to as moist-soil habitats). Seasonally 
flooded habitats usually provide abundant 
seeds, tubers, and aquatic insects and 
their larvae (Table 4). Terrestrial inverte
brates also are available when wetlands 
are first inund<ned. Abundance, biomass, 
and types of invt'nebrates in seasonal 
marshes depend on plant species compo
sition, length of flooding, detrital mate
rial, and decomposition rates of dominant 
plams (Grodham 1980, Murkin et al. 
1982, Nelson and Kadlec 1984, Reid 1985, 
Murkin and Kadlec 1986). Stems and 
leaves of sedgt"s, bulrusht's, and grasses 
provide forage for geese and wigeons. 
Dense stands of annual wetland plants 
also provide nest sites to ducks during 
drawdown stages (McLandress and Yarris 
1987, McLandress et al. 1987). 

Uplands, sedge meadows, and vernal 
pools provide forage for geese and 
wigeons, and when Hooded, these 
uplands and vernal pools also provide 
seeds, terrestri;Jl insects, earthworms, and 
spiders (Alexander 1976, Holland and 
jain 1977). V plands a Iso provide nest 
sites for many waterfowl, especially where 
spring vegetation is dense (Mcl..andress 
and Yarris 1987). 

Riparian forests provide acorns, sama
ras, berries, moist-soil seeds, benthic 
crustaceans, and fingernail clams (Pisi
dium spp.) (Table 4, Batema et al. 1985, 
White 1985, Fredrickson and Heitmeyer 
1988). Riparian forests also supply nest
ing and roost sites to wood ducks (Parr et 
al. 1979, Bellrose 1980), and courtship 
and pairing habitat for mallards and 
wood ducks (Armbruster 1982, Heitmeyer 
1985). 

Croplands supply residual and waste 
grains that are especially attractive to 

.... ,' 
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Table .c. Aesources provided in various welland habitai types present in California. Number of plus 
signs denotes relative quantities of available resources. 

~-" Mnt&t·ttNI 
t4 .. hu_.. •• «r~un• -· Anwn' l ubrn C:.rJI« 

PSW + + 
~;uon<tl 

Tuk mik ++ ++ + 
\Vourrgr<~~~ +++ + 
Moisr·sOII +++ ++ + 
All>~li uulru'h ++ ++ + 
Pu ldcwt"('(l + + 

l'pl;mds +. + +++ 
Rrpari01n + +++ + 
Croplilncl +++ + + 

AqtMIK 

pl~n•• 

+++ 

+ 

+ 

+ 

ln,'C"'ftfttrJitft 

++ 

++ 
+ 

+++ 
+ 

++ 
+ 

+++ 
+ 

Thnm .. l N..., ....... '''" 
+++ +" 

+++ +"' 
++ 
+ +' 

++ +' 

+++ 
++ +' 

+ 
•1"'\\' :. l•"ttll,uk-.uh. lluuckod o.~nd ,utntftf't ..,.,tr• . ..,. ........ ,_,,:. ., .• ,.,. .. ,.lh 11-t•tdrri •nd dutnut .. tr-d lu e.111.uh .. nd tulr' 1lulo· :Ut.-.J ,... .. u·t-:r .... , 

-• 

... "'''''' ... ,,, 1'1.'"''" •• U ... II hulru"'l1. "'"t IUf .. lrwt...U ..... ...... " ........... , .... ,.,..,., ~ ... ... 
"If ""olll 1 t,. IUII f"""""'tll 

~\\"lu·u la..,t,,l 

dabblin~ ducks when shallowly floodrd. 
Somc moist·soil "weeds" (e.g., waiC'r~rass) 
also <ommnnly grow in cropland~. cspr· 
cially in rin~. C'.ommon invrnrlllatcs in 
riec fields indude aduh and lan.·al insects 
(rspenally Chironomidae) and ~prdrrs 

( Arantae) (Da rb y 1962). Flooded rrce 
fields are used by aduh mallards during 
prelaying and laying periods, and by 
newly hatched broods. In early spring. 
crops su ch as winter wheat, bar ley. and 
alfalfa (M~dicago sativa) prO\•ide forage 
for gcot"'>'" ;md wigeons, and, latf'r in 
spring. tht'y provide nesting sites to 

locally 1\l.'~ting ducks. 
The t'xistcnce requirements of water

lowl \'1.-'itllering in the Central, Imperial. 
and Coachf'lla valleys of California can be 
estimated and compared to estimates of 
food provided in existing wetlands. An 
average of 75 million use-days by geese 
and swans and 500 million use-days by 
ducks occurs from September through 
March in the Central, Imperial, and 
Coachella valleys (calculated from chro
nology and survey data in Table 3, 
Bellrose 1980). The basal metabolic 
energy requirements (BMR) (calculated 
using the equation of Aschoff and Pohl 
1970) of these waterfowl are 35.6 X 10' 
kea! for geese and swans and 100 X 109 

kea! for ducks. If natural foods have an 

apparem rner;riJOI i1allle en erg v of 2.5·~-~ 
kcalig (Milkr 198ï '· then an ;rvcoragr ot 
237 kg of ;1\arlahlr food/h;r must lw 
provided on tht• 1:.!0.000 h;r ur welland, 
(excluding rin· art'.tS) remaining in thr 
vallt'ys of LJiifornra just 10 sau,h 
requirements. Productive pron·sses sud1 
as moh, migration. and reproduction of 
waterfowl are usuallr sevcral times thf' 
cost of BMR. ho\,·e,·er. and when daih 
flight lime is also considered, the food 
production on wetl;mds neccssary to sup
port currenr wintering and loc;ll breedmg 
populations is estimated at 700-950 kg 
ha. \\-'e emphao;ilt' rhat waterfowl numht'r' 
\\'ere much gu·;.ut·r in years previous 10 

the last 10; therefore, food requirements 
were also greater during these earlier 
years. 

Impacts of Habitat Alteration 

Severa! examples illustrate the impact 
of habitat Joss or alteration on waterfowl 
in California. First, the large reduction of 
permanently flooded freshwater wetlands 
has reduced the amount of habitat avait
able for nesting sites for over-water 
nesters such as rudd' ducks and redheads. 
The ~duction of these wetlands also has 
reduced cover and food for broods of ali 
species that nest locally, and aquatic 
plant foods needed by breeding and 
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wintering canvasbacks, redheads, wigeon, 
and gadwalls. Loss of permanent 
wetlands has reduced nesting auempts 
and local production by ali waterfowl. 

Second, the destruction of >9S% of 
riparian wetlands in California has 
reduced habitats needed by wood ducks 
throughout the year and by mallards and 
tule geese in winter. Wood duck and tule 
goose numbers presently are low in 
California. Mallards have adapted 10 1he 
loss of riparian habitats by switching w 
waste grains to supply high-energy foods 
in midwinter. Protein Î!i availabk w 
mallards from the invenebrates found in 
remnant riparian areas, in seasonally 
flooded marshes, and in rice field~. :b 
mallards have switched to modified hahi· 
tats to acquire resounes, they must 
compete with many other specit-s of 
dabbling ducks for invenebrate~ in 
marshes, be exposed to unknown biomag
nification of pesticides from invenebra1es 
consumed in rice fields, and (ace possible 
nutrient deficiencies because small grains 
Jack adequate protein, minerais, and 
vitamins. The Butte Sink (Fig. 3}, which 
contains the largest remaining area of 
ri parian habitat in the Central Va li<'', 
supports large numbers of mallards and 
wood ducks in winter. Funher reduniun 
of this habitat in the Butte Sink could be 
devastating for these species. 

Finally, changes in water quality from 
increased contaminants or salinity have 
changed plant and invertebrate communi
ties, and thus have directly affected 
waterfowl populations in severa! areas of 
California. Increases in salinity in the 
Suisun Marsh have resuhed in lower seed 
production of waterfowl food plants and 
caused a shift in plant species composi
tion toward more salt-tolerant species 
(Malt 1969). Similarly, increased contami· 
nation by natural salts has occurred in 
the San joaquin, Imperial, and Coachella 
valleys (Fredrickson 1980, Grasslands 
Water District 1987). Selenium contami
nation in the San joaquin VaJiey has 
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rcduced or contaminated invenebrates and 
sceds needed by wintering and breeding 
waterfowl and created mutational defor
mities in embryos (Ohlendorf et al. 1986a, 
Zahm 1986). These changes in food 
resources may have been panly responsi
ble for reduced waterfowl populations in 
the Suisun Marsh, San joaquin, Impe
rial, and Coachella valleys in recent years. 

HABITAT MANAGEMENT 

Historical Development 

The management of wetlands for water
fo"·l in California has a long and varied 
history. We consider this management as 
occurring in 4 eras: (1) 1880-1935: early 
decline of "·aterfowl populations, mos
quito abatemem, establishment of duck 
dubs; (2) 1936-1960: crop depredations, 
establishmem of refuges: (3) 1960-1980: 
stabilizeù duck popuhuions, enhancement 
of food production; (4) 1980-present: 
decline of water(owl populations, man
agement of marsh complexes, enhance
ment of breeding eHons. 

1880-1935.-Spon hunting of waterfowl 
first became a common activity in Cali
fornia in the 1840s and ISSOs (DeWitt 
1910. Exley 1931, Stine 1980). The (irst 
duck club in California was established in 
l8ï9 in the Suisun Marsh (McAilister 
1930, Stoner 1937). Market and sorne 
sport hunting were also common in the 
Delta (Stine 1980), Sacramento VaJiey 
(McGowan 1961 ), and San joaquin Valley 
(Exley 1931) in the late 1800s and early 
1900s, but establishment of duck clubs 
and eventual management of wetlands in 
these areas were later than in south San 
Francisco Bay, Napa, and Suisun 
marshes. 

Reductions in water(owl numbers 
(apparently because of market hunting 
and decreased wetland habitats) were 
noted throughout Cali(ornia as early as 
the 1870s. One of the first game laws in 
California outlawed shooLing of wood 
ducks (Grinnell and Bryant 1914), and 
Lake Merritt in Oakland was established 

..... .' ., .. , 
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Fig. 3. Seasonally flooded emergent wetland typical on private duck clubs in the Butte Sink of the 
Sacramento Valley. Emergent vegetation is primarily cattail and tules: trees are mostly black willow 
(Salix nigra). Water is generally present from September through May or June. 

as the first state waterfowl refuge in 1870 
(Richards 1916). In 1913, the Ca.lifomia 
legislature passed the Flint-Cary Law 
outlawing market hunting. This law was 
overturned in 1914, and it was not until 
the 1918 enactment of the Migratory Bird 
Treaty Act and the 1923 passage of 
legislation by the Ca.lifomia legislature 
that it became illegal to sell wild water
fowl. 

Drought in the Ca.nadian prairies 
further reduced duck numbers in North 
America during the late 1920s and early 
1930s (Farrington 1945). Wetlands con
tinued to be drained in the 1920s, and by 
1926, much of the remaining welland 
habitat was in duck clubs (California 
Department of Fish and Came 1983). 
Because of concern over the lack of 
wetlands and sanctuaries, 4 state water
fowl refuges were purchased from 1929-31 
(Table 5). 

In the 1910s and 1920s, mosquitos and 
the diseases they carried became a concern 

for growing urban populations, many of 
which were located near historie wetlands 
(Elbright et al. 1916). Mosquito abate
ment districts became established and 
enforced regulations prohibiting the fluc
tuation of water levels in wetlands from 
spring through fall. Additionally, ditches 
were constructed to drain many welland 
areas, and pesticîdes such as DDT were 
commonly used to comrol mosquitos. 

1936-1960.- In the late 1930s and early 
1940s, Canadian prairies became wet 
again, and waterfowl populations 
increased dramatically (Fairington 1945). 
As many as 50 million ducks and geese 
may have wintered in California in the 
1940s (Arend 1967); however, wetland area 
in California bad been reduced to 
<400,000 ha by that time. By 1945, 97,200 
ha of rice were grown in California. The 
combination of increased waterfowl pop
ulations, decreased welland area, shortage 
of ammunition during World War II, and 
wet weather that delayed crop harvesting 
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Table 5. Chronology of waterfowl habitat acquisi
tion• by the U.S. Fish and Wildlile Service (NWR) 
and the Calilornia Oepartment of Fish and Game 
(WMA) in California. 

lnc.tl \\t'tl.trttl ,, ... , ....... 
ihr·o~ '"''·tl•la .. ltt"l .\tt.IUhMh tholt , ..... 
Sacramemu v .. u,., 
Cray Ludgc· 

WMA l~lll 19~2-il :UII:! 1.82:! 
Sllcramt"tllu 

:"'WR 1•m 19ïl ~.371 :?.I!JI 
Suuer N\\'R I'J.Il 19.'•:!-~ti 1.0·19 1.011 
C.olusa N\\'R ICJ.I'• 19·19-53 l.ti56 1.0111 
Oele ... an N \\" R l'IIi:! :?.:?111 1.2~1! 

Buue Sinl N\\"R I11MCI 191lï ~12 :!ïU 
San joaquin \';rlln 

Los Banu• \\'!\1.\ ICI:!CI 19ti:O J.:?!I'J g-., . ,_ 
Merced N\\"R ...... I.Olll li:!U 

Mendma \\"!\1.\ 1., .. , I'F,:•-:"'•tl :1.1!2.'1 ~.ti1:! 

Kern N\\"R l'lftll 1.:100 1.:.~ ... 
Vollil \\"!\1.-\ ~~ ... ~. 1.09·1 l.lfr:l 
S;m Luis :-.î\\"R 19t•ï 1!1711 :?.973 1.111111 

Kestt"r:><nt !1<\\"R I!IÏII :?.:!90 1 .ll'o!l 
lmperiai·\Aoadwll;r \";clic•, 
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\\'MA l1 l'oll :l..'l.'lti 2.·1111 
Shr-rrnau hbncl 

\\'l\·IA 11tti:"'J l.:?:oti li/Ill 

"fh•:tn·• ... lupln 1.-. url• 

created large nop d<·predations by wat<>r
rowl in litt- San~llll<.'ll!O, San joaquin, 
Imperial. and Coachella valleys in tht> 
1940s. Crop damagt>s caused by waterfowl 
peaked <tt SJ.7;, million during 19·13 
(Horn 19·19, Bil'hn 1951). Sacramento 
NWR was t>Stal>lished in 1937 to help 
alleviate depredations with funds from 
the Emergency Conservation Fund Act of 
1933 and wirh runds from Emergency 
Relief Appropri<ttions from the Depart
ment or Agriculture during 1935-38. 

Waterfowl management committees 
recommended increased Canning on 
refuges, leasing of farmlands in the 
Colusa Trough and Sutter Basin, and 
feeding or grains on Clooded areas, espe
cially in the Imperial and San joaquin 

... 
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\'alleys to help alleviate crop depredations 
(California Department of Fish and Came 
1983). Passage of the Lea Act of 1948 
authorized the acquisition and develop
ment of management areas in California 
sulely (or the purpose of alleviating crop 
damage. Subsequently, Col usa and Su uer 
NWRs were purchased, and the Salton 
Sea NWR was enlarged. A management 
plan to protect water(owl and agriculture 
,,·as developed in 1950 (Gordon 1950), 
and shortly thereafter, the Grizzly Island 
<llld Mendota WMAs and Merced and 
Kt-m NWRs were created (Table 5). 

During the 1940s, pressure to relieve 
nnp depredations stimulated the begin
ning of moist-soil manélgement for water
lmd food production. Large stands of 
\'olunteer annual plants, especially water
~r&~ss, occurred in cropl<mds, and manag
t'l!'o gradually managed ponds for both 
,,·atergrass and grains. Management 
t•mphasis gradually swilched to water
grass because its production required only 
h<tlf as much water as production of rice 
during summer when water was limited. 
Summer irrigations were used to increase 
,,.<llergrass yields, but these irrigations 
;!Iso encouraged cattails and tules, which 
ofrrn becamt- dense within a few years. 
Consequent! y, pond management gradu
a li y incorporated rotational planting sys
tems and burning, mowing, or disking to 
control dense emergents. 

A consequence of large waterfowl con
centrations, drainage or native marshes, 
and irrigation of agricultural crops was 
the death of severa) hundred thousand 
water(owl caused by avian botulism 
(Cioslridium botulinum Type C) in the 
Tulare Basin in summer and fall 1938-41 
(McLean 1946). Flooding and heavy rains 
in 1937 and 1938 broke many levees and 
nooded thousands of hectares of farmland 
in the Tulare Basin. These flooded cro
plands attracted up to 4 million ducks, 
and as waters were pumped or receded 
from croplands, large expanses o( mud
Ciats and decaying vegetation occurred 
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and (acilit~ued botulism outbreaks. Water· 
(owl continued to be attracted to this area 
in summer and (ali 1939-41, when (armers 
irrigated croplands (ollowing harvest in 
late summcr, and held watcr on lands for 
up to severa! months. These hot, shallow 
nmditiom facilitatcd (unher botulism 
outbrcëtks. pcaking with the Joss of 
250.000 birds in 1941. Efforts wcre under· 
ta ken tu control thesc lusses by CDFG. 
;md these eHuns initi;ued a precedent for 
discase nmtrol in California. Control 
methods induded picking up dead and 
dying ducks. placing ~ick birds in pcm 
whnc· o;h<Hk and fH·~h watt>r wcrc supp· 
lied. ;md ~ivin~ IHrds potassium pt>rman· 
g<matt· (1\by' 19·11) ln 1942. new preini· 
gation p:;Htin·' \\Til' inuiated 111 the 
Tulan· B;l';in. Thi, pre-irrigation con
,j,wd ul 1 ioqJing l;mds onl y until o;oils 
\\TH' ~;uu•att·d and tht'n draining \,·,uer to 

nthc• fit'lds. Thi' pranice decreascd the 
auraniH·nc:.s of the· ;m:a 10 ducb and 
also dc·uTased stagnation that facilitated 
botulism outbreaks. 

ln addition to crop depredation and 
diseasc probl<'ms. procurement of water to 
flood ami manage wetlands became diffi
cuh in the· 1940~ and 1950s. ln the 
S<~c-ramt·nto. lmpt'rial. and C.oachella \'al
kv,, ini~;.uion watel~ were made availa
hlc· lu rdugr' and dw k clubs w help 
•c·chtcc· nop deprc·d;uion (Gordon 1950, 
A rend 1967 ). ln the San joaquin Valley. 
however. v.·here water shortages were 
critic;ll l;ugely becau~e of overdrafting of 
ground\''<Ht>r tables. water for wetland 
management was often limited to unpre
dictablc surpluses (U.S. Department of 
the lnterior 1950). Through the effortS o( 
private duck clubs. the Crassland Water 
Bill (PL 674, 68 Stat. 879) authorized the 
Secretary of the lnterior to deliver sorne 
Central Valley Project (CVP) water, 
mainly surpluses, to the grasslands begin
ning in 1953. The definition of "surplus" 
water was never (ully reconciled; however, 
the dt'livery of 61 million m1 o( CVP 
water each fall was established and has 
since been maintained. 

489 

Breeding by many species of waterfowl 
in California had long been recognized 
(Bryant 1914), and e((ons to investigate 
the numbers, distribution, habitat use, 
and success of nesting were initiated in 
the late 1940s and early 1950s (Hunt and 
Naylor 1955, Mayhew 1955. Anderson 
19S6. 1957. 1960, Rieneckcr and Anderson 
1960). Thesc studies concludt·d that pro
duction was gre<uest in northcastern Cali
fornia and wao; often lirnited in the 
Central Valley. Thesc findings caused 
étdministrators to place primary emphasis 
on tn<tnaging habitats in California for 
witllCt ing rather than brccding water(owl. 

1960-1980.-The acquisition of wet· 
land~ in Cali(ornia by the LJSFWS and 
COF(; in the 19-tOs and 19:,o~. and the 
rrKrc·a~ed water supplied 10 the San 
Joaqllln Rasin t·ach (ail. allt·\·i;ued muel. 
of thC' ckpred<lllon problcms. Biologist~ 

subs<·quently turned to developing 
imp•m·cd techniques 10 maxirnize food 
production. A rna• sh management projen 
was established by CDFG in 1956 and 
continued to sorne degree until 1979 
(Miller and Arend 1960, George 1963. 
Errnacoff 1969. C .. onnelly 1979). 

Wiruering waterfowl populations 
n·rnained relati\'t-ly stable in Cali(ornia 
(rorn 1960 to 1980 (LeDomw 1980). Man· 
agcrnt>rH com inm·d to c.-rnph:rsize small· 
grain production on publi,· lands and 
shallow (iooding during hunting seasons 
on duck clubs. The high priee of water. 
land, and levee repair frequently discour
aged intensive management. and sorne 
clubs convened existing wetlands into 
rict> fields in an effort to offset costs while 
providing hunting. This conversion des
troyed an additional 10,000 ha of 
wetlands in the 1970s. 

Attempts to acquire additional public 
wetlands in California for waterfowl 
management in the 1960s-70s were largely 
unsuccessful. High land t:osts, govern
ment programs that encouraged agricul
tural production, and the perceived Jack 
of need because o( adequate waterfowl 
populations precluded public acquisitions 

b. 
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of wetlands in the 1960s and 1970s. 
Exceptions were the purchase of the San 
Luis NWR and additions to Gray Lodge 
and Los Banos WMAs (Tablè 5). :\Iso, the 
U.S. Depanment of Agriculture estab
lished a \\'ater Bank Program in Califor
nia in the early 1970s. ln California, the 
Water Bank Program was used to encour
age private landowners 10 protect and 
improve important wetlands. The empha
si~ in 1988 of tht' Water Bank in 
California was to pro,·ide pair and brood 
habitat. and required thal <Il lt-ast 20% of 
the wetland area rt"main rlnoded until 15 
July each year. 

1980-1988.-The laisse1.-faire attitude of 
wetland manageme111 in C.1lifornia dur
ing the 19GOs and 19ï0) t·nùed in the late 
1970s. llw primary stimulus for change 
was a dt•dine in ,,.;ll(•rfowl numbers, 
partindarly pintaib ~md arnic-nesting 
geese (li.S. Fish and \\'ildlife Service 
1978, Ravding 1984, L'.S Fish and Wild
life Service and Canadian Wildlife Service 
1986). Reduced number) of birds made 
hunters Jess successful. especially on 
poorly managed or m<uginal propenies 
such as rdlooded rice land). Duck clubs 
began seeking information on how to 
manage to attract more ducks. and the 
L'SFWS and CDFG imensified manage
ment for natural foods. Concern over the 
destruction of wetlands peaked when the 
relationship between winter habitat quan
tity and quality, and '''&tterfowl recruit
ment was demonstr.ued ( Heiuncyer and 
Fredrickson 1981 ). 

Efforts to secure and protect more 
wetlands were accelerated in the 1980s. 
lmponant implementation programs 
included a <·onservation easement pro
gram by the USFWS under the authority 
of the Migratory Bird Conservation Act; 
recategorizing Central Valley wetlands as 
the top priority for waterfowl habitat 
preservation in the U.S. by the USFWS; 
and the passage by California voters of 
Proposition 19, a $60-million bond issue 
passed Cor wetland acquisition and man
agement. Additionally. increased support, 
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both financially and legislative! y, from 
the private duck hunting sector of Cali
fornia, primarily through the California 
Waterfowl Association (CWA); increased 
research on wetlands and waterfowl by 
pri\'ate, university, and government sec
tors; and development of wetland projects 
in California by Ducks Unlimited and 
CWA accelerated welland protection. 

Two additional developments stimu
lated increased interest in wetlanJ man
agement in California in the 1980s. First, 
,,·as the "rediscovery" of large nesting 
populations of sorne waterfowl. especially 
mallards, in the Central Valley. Research 
documented that nesting success was 
high. local production accounted for a 
lai·ge portion of the mallard harvest in 
California, and management of upland 
nesting cover and freshwater wetland in 
spring could increase recruitment 
(McLandress et al. 1987). Second, was the 
recognition that duck hunting was beuer 
on well-managed wetlands than on 
Clooded rice fields, and that rice lands 
could readily be converted back to 
welland habitats. Rice lands are especially 
easy to conven because most exist on 
former wetland soils, water-control struc
tures and delivery systems are already in 
pla et·. and moist-soil seed banks are 
already present. The potential conversion 
of rice lands into wedands is currently 
facilitated by the low priee supports and 
general poor economy of rice farming, 
the reduced value or lands for rice 
production but increased values for water
fowl hunting, and current Agriculture 
Stabilization and Conservation Service 
[arm programs which remove a propor
tion (25-35~ in recent years) of existing 
rice lands from production. 

SPECIFIC MANAGEMENT 
APPROACHES AND 
CONCERNS 
Sacramento Valley 

Active management or wedands in the 
Sacramento Valley began during the 1920s 
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by 'private managers and consisted prim
arily of flooding ponds immediately prior 
to hunting scasons. and then draining 
them immediately alter the seasons 
(Sacramento Valley Waterfowl Habitat 
Management Comminee 1984). Small 
arcas of wetlands werc naturally subject 
to prnlon~ed flooding and were ohen left 
prrmancntly floodcd (Arend 1967). 

At present. most wetlands are· managed 
as p<·rrnanemly flooded. summer wa.ter. 
and seasonally flooded habitats (Table 1 ). 
ln the past. thesc habitats have becn 
rotated with riec production on public 
areas. ln ~encrai. ~oil saturation and 
standing water on ur for longer periods of 
the year in the S;u ramcnto Valley than tn 
othcr <Heas of th!' state because of greater 
'''IIIH"t prt'Cipitatiorr and more regular 
r ivn o\'erflm,·, I'ht·,r hydrological char
.rncr.-tics often t'Ill ourag<' tule bulrush 
and cauail growth ('\•en when water is not 
managcd. and ha~ lt·d 10 a preponderanc(' 
of thcse emergcrrt habitat types (Table 1 ). 

ln permanently flooded ponds, water is 
held year-round at depths up to 2-3 m. 
Many managers dr-.in these ponds every 
:1-l 0 years w comrol the dense stands of 
<·auail or tules that develop. Burning. 
mowing, and di .. king are the method~ 

most often ust'd 10 open up dense 
emcrgem ~tands. 

ln summer watt•r management, ponds 
are flooded from June through February 
or March. Drawdowns in March encour
age sorne germination of moist-soil annu
ah; however. these summer water ponds 
usually develop dense stands of cattail or 
tules within 5 years. As with permanemly 
flooded ponds. summer water habitats 
usually require control of emergent plants 
within 5 years. 

Seasonally flooded habitats are flooded 
from early Cali (usually just prior to 
waterfowl hunting seasons) through late 
wimer or spring. Late-wimer or early
spring drawdowns (January-March) 
t'ncourage germination of dock. slender 
aster (Asta exilis). and smartweeds (Fig. 
4). Drawdowns in April and May encour-
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Fig 4 Flooding and drarnrng schedules of 
management for various welland habitat types in 
California. Oescrrptions of habrtat types and 
assoc1ated plant species are m the text. Diagonal 
lrnes represent the chronological range of flood
ing or drying. ALL = ali valley regrons. SAC = 
Sacramento Valley. SJ = San Joaqurn Valley. SU 
= Suisun Marsh. IC = lmperrai-Coachella valleys. 
SF = Seasonally Flooded. lrngatrons consist of 
saturatmg soils for 1-2 weeks. leachmg consists 
of repeatedly flooding and dryrng ponds with 
each inundation lasting up to 1 week. 

age germination of pricklegrass. swamp 
timothy. and watergrass. Drëlwdowns in 
Ma~· and june encourage tult· ;md cauail 
growth and germination or ( ockleburs or 
alkali bulrush (Fig. 4). Seasonally Clooded 
ponds are usually Clooded 10-30 cm deep 
in early fall. 

Ponds managed for watergrass are typi
cally flooded from October w mid-spring 

-
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and are irrigated at )east once during 
summer (Fig. 1). Sorne watergrass units 
are not irrigated during summer. but are 
flooded in earl y August; however. seed 
production is lower in unirrigated than 
in summer-irrigated units. \\'atergrass 
habitats on public lands were historically 
floocled in September or October 10 

provide foods for early fall migram~ ;md 
to deter potential depredation. Depreda
tions have been minimal in ren·ru ye;n~ 
because of low waterfowl populations. 
presence of flooded high-energ' food~ orr 
refuges. and early mat~ring ,·arit-tit>s of 
rice. As a resuh, rlooding of rnam 
watergr;rss fields on public land~ has 
receruiy been delayed umil 1'\0\embt·r. 

Ahhough management ha~ tc-rrdnl '" 
emph<rsiœ plant production. irm·rest 111 
managing fm invertebrates has irH rc;r~t·d 
(Elrlis~ ;rnù Crodt.aus 198i). lmt·rwhrat(' 
managernem is still in its in fa ney. but 
rlooding srnall ponds in late sumrner 
severa! weeks prior to marsh flood-up in 
[ali m;ry provide brood stock ponds for 
invenebr a tes and increase biomass ( F..ul iss 
and Grodlmus 1987). This early flooding 
(i.e .. Septernber) of brood stock pond~ i~ 

gener;rlly consistent with mosquito-con· 
uol practict-s that lirnit water flunuations 
from Mard1 through September (C;rrc ia 
and Des Rochers 1985 ). 

Providing ;r combination of thf' abon· 
habitats plus managed uplands is ohen " 
goal on public management are;ts. 
Resources in this complex of habitat 
types provide an abundance of moist-soil 
seeds. invertebrates, forage. tubers, and 
nesting and brood-rearing habitats (Table 
1). 

ln contrast to public lands. most 
private duel clubs Clood their ponds 1-2 
weeks before hunting season, and drain 
ponds within 3 weeks following the close 
of hunting seasons. However. recem 
interest in providing pair and brood
rearing habitats to locally breeding mal
lards, and in providing late-winter habi· 
tat for migrants, has inCiuenced this 
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management. Sorne managers now hold 
water in ponds through spring. Addition
ally. private clubs managed under the 
l'SDA Water Bank Program are required 
10 be flooded from 1 january through JS 
July. Watt-r tu flood most private 
wetlands is primarily available during 
carly fall when rice fields are drained. At 
other times, waters often are limited to 
irrigation surpluscs. local runoff. and 
rlooùs. 

ln permaneruly flooded wetlands, water 
r~ often circulatt>Ù horn August through 
October to avoid swgnant water condi
tions conducivt' w ël\·ian botulism (Sacra· 
rnento Valley \\';uerfowl Habitat Manage
ment Comrnitt('t' 1981). When botulism 
outlm·aks do ucnrr. ùt·ad and dying birds 
an· rcmuved and w;rtt•r is either drained or 
llushed (Rosen 1965). Actions used to 
control avian dlCllera include the above 
mt-thods plus hazing birds from an area 
and treating contaminated ponds with 
copper sulfate (Humer et al. 1970, Titche 
1979). 

Management uf uplands in the Sacra· 
nwnto Valley h<ts generally been neg· 
lec:ted. Small a reas of upland habitat are, 
howc\'eJ', managt"d as grazing areas for 
~t·e~e or as dense nf'sting cover for ducks. 
Burning most cmnrnonly is used to 

enhance new growth of upland grasses 
and sedges (Sacramento Valley Waterfowl 
Habitat Management Commiuee 1984, 
Mensik 1986). Little direct seeding of 
annual grasses ur legumes occurs, 
although win ter wheat, barley, clover 
rTrifolium spp.), and alfalfa have been 
sown on a few areas. Uplands managed 
for nestlng cover are sometimes seeded to 
tall wheatgrass (Agropyron elongalum), 
vetch (Vicia spp.). or ryegrass ( Lolium 
spp.), but usually naturally occurring 
vegetation is simply allowed to grow 
undisturbed. 

Production of rice provides considera
ble habitat for waterfowl. Rice fields are 
generally laser-leveled and diked with 
contour levees. Seed beds are prepared in 
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late spring or early summer (Mar-May) by 
disking or plowing, applying fertilizers, 
herbicides, and pesticides, and by flood
ing fields 5-10 cm deep (Rutger and 
Brandon 1981). Rice seed is treated with a 
fungicide and applied aerially. Water is 
added to rice fields during surnmer to 

reduce evap01ranspirarion losscs. Pesti
cides such as parélrhion. copp<·r sulfate. 
and c.arl>amate (and former! y. furadan) 
are applied to conrrol rice w;uer weevils 
(Lissorhoptrus oryzophilus). tadpole 
shrimp (Triops longicandatus). and crayf
ish (Procambarw spp.J; and dllo«nbam· 
<lit' and phenoxy herbicides arc .q>plred ro 
corurol warergrass élnd spranglcrop Mo~• 

currcntly planted rice varietit·, rn.11ure in 
120-1·10 days, éllld warer is drdrnt·d from 
fields 20-30 da ys befon· h;u \'t''' H;rrve~• 
~t·nnall\' is iniri.11ed when du· ~1.1111 has •• 
<~·l"~ content of rnoistu~t· . .-\lrn har \'t'SI. 

rno!'.l fields are burned to d('sllm srraw 
1ha1 harbors the fungus Sc/{·mtttllll ory:..nc 

that cause~ stem roi. Bee<IU\t' of recenr 
concerns wilh air pollution. \tubble is 
sometimes leh standing, disked. or rolled 
instead of being burned. Flooded rice 
fields IHO\•ide significant habitat for 
bret-di ng Wélterfowl and broods: hO\n•,·er. 
thf' effens of pesticide biom;rgnification 
111 food chains are not w<-11-l..nown. 
H<rn·<·sted rice fields providt' ,,·inrt<r food' 
and habilats 10 waterfowl. t'Specially if 
they are shélllowly flooded éther han•est. 
Sorne duck clubs leave fields unburned in 
fall and rnow or disk areas arourrd blinds; 
orhers Hood burned fields only during 
hunting seasons. 

Wild rice also is planted in Calïrornia 
(in 1988. 10,000 ha). Methods of gro,~ing 
wild rice are similar to regular rice 
production except thal fields are planted 
and flooded in la te March. Therefore, 
these fields may be especially important 
as early brood habitat. 

San Joaquin Valley 

The earliest wetland management in 
the San joaquin Véllley occurred in the 
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1880s when the Miller and Lux Corpora
tion irrigated large tracts of grassland 
habitat (Ex ley 1931 ). These irrigations 
shallowly flooded grasslands on flood
plains that werc norm&rlly dry during 
summer. and encouraged vegetation that 
provided abund&mt moist-soil seeds, for
••ge. and i rl\'<'rl<'brat<•s us(•d éiS food by 
"''ntering ducks ;md gees('. f.arly winter 
rarns {unhcr stirnulélted gmwth of grasses 
and sedgt•s and provided forage {or water
fmd. ln 1926. Miller and Lux ~old muc:h 
of Il\ land. bur retairl<'d w;rter ri!!;ht\. 10 

rndl\ idual~ \\ho opt'rat<'d th<' (;urd as 
shomirr~ ( luh\ ;urct:or c·;rttlc r;mdt('' (l'.S. 
Orpanmt·nr of tiH' lrrtt·rior 19.i0). :\lillt·r 
arrd Lux ('\'t'lltll<~lly ~old rhl' '"'11<'1 righi\ 
lw rhi' brui lt• tlw l'.S. Hurc·au of 
Rt·dam;rlron. hui rlw htrll'<lll h;ul rro 
pbrt· 111 .. dl rh(' \\<11!'1 from 19:19 ururl rht· 
h r.mr-ht·rrJ Carwl \\'as <ornpll'ted in 1!1:"•~-
0wirrg thi., periud. the bureau lt•t < luh\ 
;111d rarrchn~ ha\!' water al rhe prt·\·iou~ 

Jo,, 1 a te. and w;ller was nrostly managed 
b~ the Gras.,lands Mutual \Va ter A~~o< i;r
tion 1 l: .S. Ot•p<rrtment of the Interim 
1950 r. Sinn· l9:l~ _ tiH' pn•,·iously Ill t'Ill i
oned Gr;rs,lamb Watt'r Bill has rnadl' 
prO\ isiom fm Sll pplying (:VP \~';11!'1' to 
San Joaquin \\'l·rlands. :\lost \\'t'rl<rrl<" 
mn1ed h' dw k duhs wert· gr<rz<'d by ca11l1· 
un 1 JI t'ar h t;d 1 "h<"ll l;urds wert' flooded 
for dutk huming. Howevt•r. heavy gr;ll
ing reduced biomass and seed production 
of de:.irable moio;t-soil plants. Many clubs 
no longer ;rllu"· c;utk w graze wetlands. 

ln the 1970s. atternpts wt•re renewed to 

increase food production from nélti\"e 
marsh plant!>. and new techniques to 

grow swamp timothy and spikerush were 
de,·eloped (Connelly 1979). Most wetlands 
in the San Joaquin Valley are currently 
managed as seasonally flooded habitats 
(Table 1 1- ~lost ponds are drained in earl y 
spnng tn stimulatc germination of 
swamp timothy ;md pricklegrass, and 
typically at lcast 1 irrigation is made in 
midsummer to increase seed production 
(Fig. -1). This irrigation is usually done 

• 
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\\'hen swarnp timothy leaves stan to show 
necrosis and when plants are Clowering, 
thus prevt'nting infertile seed heads. Sorne 
ponds are drained in late spring to 
t'nhance production of watergrass and 
alkali bulrush. Newly created or planted 
stands of watergrass and alkali bulrush 
usually need 2 summer irrigations to 
stimulatt' growth and seed production; 
howt'ver, exisling stands usually rt'quire 
only 1 irrigation. Sorne wetlands also are 
pennanently Clooded to providt' brood 
and pair habitat. These wetlands quickly 
become dominated with cattails and tules, 
howt•ver. and must be drawn down and 
thinned at !east once every 5 years. 
Disking. burning, prolonged dning, 
grazing by :.ht'ep and ca tt le, and mowing 
are used w control undesirablt' cattails 
and tu les ( F.rmaco[f 1969). 

:\1any duck clubs in the San joaquin 
\'ailey manage almost exclusively for 
short annual vegetation such as swamp 
timothy or pricklegrass. This manage
ment is highly attractive to pintails and 
also reduces the demand for water, which 
is often unavailable, of poor quality. or 
expensive. Clubs frequently mow any 
em~rgent growth that stands above 20-30 
cm. thus rrt'~lling a shallow "sheet water" 
appt';u;mct' that is desired for pintait 
hunting. These sheet water-timothy habi
tats pro\'ide abundant seeds in early fall 
and invertt'brates in spring (Severson 
1987). Disease outbreaks in the San 
joaquin Valley, wilh the exception of 
major die-offs from botulism in the 
Tulare Basin, have not been as great as in 
the Sacramemo Valley. When disease 
outbreaks occur, the disease control tech
niques previously described are used. 

Availability of good water quantity and 
quality remains a problem in the San 
joaquin Valley. Agricultural crops 
requin· large amounts of irrigation water; 
however, salts accumulate in the surface 
soi! as a result of evaporation and must 
be removed by leaching. Percolation of 
water into aquifers and deeper soi! layers 
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is inhibited by impermeable clay layers, 
and soils becomes waterlogged or laden 
with salts, thus inhibiting plant growth. 
Subsurface drains have been constructed 
throughout much of this agricultural 
land to alleviate the problem (Letey et al. 
1986). 

The potential for using agricultural 
drainage water for wetland management 
was suggested in the 1940s and 1950s 
(Leach 1960. Jones and Stokes Associates 
1977, Letey et a 1. 1986). The Grasslands 
Water District began accepting drainage 
water for flooding of wetlands with the 
stipulation that it contain <3,000 ppm 
salt, feeling that the salt could be ade
quately diluted with the CVP water they. 
received each fall. This worked success
fully as long as the accumulating salts 
were nushed from wetlands each winter. 
However, toxicity problems became acute 
in the early 1980s when reservoir ponds 
on the Kesterson NWR were turned into 
terminal evaporation sumps rather than 
holding or regulating reservoirs as origi
nally intended (Letey et al. 1986, Zahm 
1986). Since drain waters began flowing 
into Kesterson in 1978, the extreme 
toxicity of drain waters, particularly from 
naturally occurring selenium, bas been 
recognized (Hamilton et al. 1986, Ohlen
dorf et al. 1986a, b). Since 1985, use of 
drain waters to flood private and public 
lands bas been reduced. Litigation and 
proposais to dispose drain waters, prevent 
contamination of wetlands and ground 
water, and provide "good quality" alter
nate water sources (such as more CVP 
water) were pending in 1989. 

Sacramento-San Joaquin 
River Delta and Suisun Marsh 

Management of wetland habitat in the 
delta area is mostly restricted to the 
Suisun Marsh. ln the delta, approxi
mately 4,900 ha are Clooded for duck 
hunting, but >80% of these lands are 
harvested corn, milo, sunflower, and rice 
fields. Flooding of these croplands usu-
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ally occurs (rom October-February; little 
additional management occurs. Whcat is 
also grown in the delta and providcs 
(orage for geesc and swans. The small 
arca of marsh that exists in duck clubs in 
the delta is mostly managcd for scasonally 
flooded tulc habitats, but a re ..... pcrman· 
cntly floodcd ponds <"xist. Watcr managr
nwnt regimes and emergem pl<trll cor111"l 
arc similar to those uscd 111 tht· S<lrr<~

mcnto Valley. 
Early (1900-1925) management of 

wetlands in the Suisun Marsh n>nsisted of 
placing low lever~ around pond' and 
controlling wat!'l lc•,·el\ \\'Jih rcdc garn 
(MoHitt 1938). "Ow-rflow" lands w11h111 
Jc,·eed a reas Wt'l'(' flooded f 10111 ~l'f>ICrnbt'l 

to February: uni~· subsoil lllOI~Illrt· "''" 

provided in summet. Thi' '''<11!'1 lll<lnagc-
nwnt initio.tll) r·nc otrr<r~c·d grcm th 11! 
de.,irablt> plant-.. hlll whnr llrr-. "d" · 
,,·atel regime managrm<'m w;rs COilliiHrC"d 

m·f'r many year'> without adt"qu<ll<' flusl•· 
mg. scasonally floodcd ponds hc·canw 
saline and acidic. and only the most salt· 
tolerant plams ~uch as sahgrass ami 
pirkleweed survived. Somc duck duh., 
impounded freshwatrr that flowed mto 
the delta during May éllld June. and l<ue1 
added this '''ill<'t co morC" 'aline h;r\ 
w<tters for floodin~ of pond5 (\lol1111 
1938). Sonw iiiC'él\ wc·t(' pc·1manC'ncl' 
fluuded and c·quippt·d ,,·Hh g<III'S th.n 
continually circulated water through the· 
ponds to keep them as fresh as possibk. 
These ponds comained abundam s;1go 
pondweed, water nymph. and ,,·idgt•on· 
grass until carp (C)'pri11us cnrp1o) popu
lations became excessive. Experimentation 
on the joicc Island Duck CluiJ ponds 
during the late 19SOs proved that draining 
the ponds completcly in February and 
thcn rc-flooding them in March con· 
trolled the carp problem. Pickleweed ,,.,1s 
considcrcd undesirable by most clubs and 
was discouragcd by disking and Clooding 
(MoHitt 1938). Many duck clubs allowcd 
caule to graze on marsh vegetation during 
summer. Attcmpts were made to fann 
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lands within the Suisun Marsh (rom 1900 
to 1930; howcver, incrcases in soil salin
ity, low pH. and 3 major floods in the 
t'arly 1900s vinually eliminated the grow· 
in~ of crops by the carly 1930s, except on 
Crinly l~land (Mali 1969, Miller et al. 
197!i). 

Du11n!-; Ill<" 19!i0s and 1960s, tedmiqucs 
\\'l'Il' dnc·lopcd within the constraints of 
111o\qu11o aiJatement regulations to 
dc·nt·;1.;r 'oil salinity and incrcasc produc· 
t11111 of aiLtli bulrush. fathcn, and brass 
hurton' r(;c·nrge et al. 1965, Mali 1969, 
.\Jal kt r·1 .ri 197:,, Roll ms 1981 ). Manag
c·l, '' c·11· r'JHouragt'd ro n·pe;uc·dly flood 
;nHI dl\ marshcs from the (•nd of duck 
,c··""'• 1" rh(' firo;t of April to leach salts. 
l'lu· km:rh of thr!ic· lt•aching cycles 

c ""'1"llnl rlw \'C'grtalloll nunposruon 
• ft~ i JZ,JJ:m 197:~! lh maint.uning dry 
1 ""d'11"11' ;n pond bottnlll., during 
'umuu'l. t.lllélil and tule growth was 
lt',lllllnl .111d llt'a\'y t"quipment nmld be 
mnl tr • dt,!,. pond IJottoms fm vegetation 
<onuol. \tands of sallgrass were fre
quc·nth hurncd to prevent den!'>t' mauing, 
,,·hic h <lllowt·d it to outcompetc more 
dni1;tl>lt- plillll!i such as br.1ss buttons and 
brhc·1r. .\ll<lli bulrush was encouragcd 
lwc ;ru-r· 11 ,, .... , toln;mt of !krlinc· snils and 
1 uu,idn ni 111 bt· ;1 tl('sirablc· duck food 
;(;,.,.1!.!• 11ui:>. :Vtrll 191i9. Mélll and Roi
lu" 1'17:.!. Roll in!> 1981 ). 

.\lan.1gt'l ~ and biologists now recognizc 
lltéll lll<lllllaining extremely dry soil con· 
ditim.- throughout summer on the cal 
c 1;1\ sods that underlay much of the 
.\1mun .\l;ush can drastically alter soi! 
ami ,,·art"r chemistrics (Necly 1958, 1962, 
Lynn 1963. Crapucheues 1987), and that 
<clkali bulwsh seeds arc poorly metabol· 
ilt'd b' '''llcrfowl (Swanson and Bartonck 
1970). lntt>rest in managing for inverte· 
brat('S ho.r5 a Iso increased (e.g.. Con nelly 
ami Cht'~t"more 1980. Euliss and Harris 
19Hï . .\lilier 1987), and sorne managers 
now encourage picklewccd, which was 
forrnerh considcrcd undcsirablc (Mo[[itt 
1938). 

• 
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Soils and vegetation within the Suisun 
Marsh evolved under tidally flooded 
regimes and high soi! moistures. Com
pletely drying soils causes accelerated 
decomposition of marsh litter, subsi
dence, oxidation of soils, and drastically 
lowered pH (Neely 1958, 1962, Lynn 
1963). When alkaline waters inundate 
these low pH soils, dissolved iron 
becomes suspended and eventually precip
itates as ferric hydroxide (causing "red 
water," which is toxic to sorne plants and 
invenebrates) (Lynn 1963, Crapuchettes 
1987). Red water conditions can be 
avoided by flooding ponds throughout 
the year, by rotating flooding and drying 
ponds in ahernate summers, and by 
maintaining high soil moistun· tluough
out the year by holding water at higher 
levels (i.e., < 10 cm from the soi! surface) 
in water delivery ditches. Maimaining 
high soil moisture and more permanent 
water regimes increases growth of alkali 
bulrush, tules, and cattail, and these must 
be controlled if undesired. Consequently. 
ahernate yearly flooding and drying may 
provide the best management strategy by 
reducing acidity and permitting managers 
to control undesired vegetation during 
dry periods. 

Mallards nest in the Suisun Marsh. 
Managers in 1988 provided pennanemly 
Clooded wetlands for pairs and broods, 
maintained dense upland cover for nest
ing, and grew watergrass as high-energy 
food (Mcl.andress et al. 1987). These 
habitats combined with traditional winter 
seasonally Clooded marshes provide the 
complex of habitats necessary to support 
both breeding and wimering waterfowl. 

Imperial and Coachella Valleys 

Early attempts at wetland management 
in the Imperial and Coachella valleys 
consisted primarily of Clooding diked 
ponds from October through March 
(Fredrickson 1980). A rise in the leve! of 
Sahon Sea inundated most of Sahon Sea 
NWR in the 1940s, and by 1950, 
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extremely saline conditions (35 ppt) were 
present. Widgeongrass grew along the 
south shore of the Sahon Sea, where 
dilution kept salinities at <24 ppt umil 
1956; however, Cluctuating water levels of 
the Sahon Sea, coupled with meandering 
tendencies of the New and Alamo rivers, 
precluded most management from 1930 to 
1950. and the Salton Sea NWR became 
primarily an open water refuge area. 
Shoalgrass (Halodule wrightii) was intro
duced in the Salton Sea as early as 1957. 
and St'\"f'l al truckloads of sod were trans
plamed from the Laguna Madre in Texas 
in tht- eëuly 1960s. Shoalgrass persisted for 
a few years, but rapidly rising water and 
l.u k or tidal currents eventually elimi
natt'd it. The Imperial WMA was origi
nally managed as a sanctuary, and no 
huming was allowed. Here, water was 
held on ponds umil early summer, and 
dense stands of tules and cattails deve
loped (California Depanment of Fish and 
Came 1983). 

Crop depredation problems in the 
Imperial and Coachella valleys in the 
early 19·10s encouraged the USFWS and 
CDFC 10 plant crops on their own or 
lt>ased lands. ln 1948, the Imperial lrriga
tu•n District leased up to 9,800 ha within 
the Sahon Sea Reserve to the USFWS and 
CDFC for waterfowl management, prim
i.lrily for the provision of row crops 
(Cordon 1950). These lands were leveed to 
protect them from Clooding by the rising 
water Je,·els of the Salton Sea. 

In 1947, the USFWS began placing feed 
on refuge lands to discourage crop depre
dations. This feeding program continued 
through 1978. In 1953, the CDFG adopted 
regulations to permit duck clubs to feed 
waterfowl on their lands during the 
waterfowl hunting season to help alle
viate depredations. This feeding program 
was suspended in 1958, but was reinsti
tuted in 1959 and continues to the 
present. Feeding is currently restricted to 
9 southern California counties (Fredrick
son 1980). The legality of the California 



Feeding Program has been challenged by 
the USFWS since 1961, and controversies 
continued in 1989. 

Depredation problems in the Imperial 
and Coachella valleys have been minimal 
in recent years; feeding programs have 
apparently done little to minimize depre
dations, and harvest does not seem to be 
affected by feeding, but rather by effective 
marsh management that provides abund
ant natural food.s (Fredrickson 1980). As a 
result, many managers now expend more 
effort in managing ponds for natural 
plants than in the continuance of "feed
ing". However, the high cost of water, 
the salinity of soils and agricultural drain 
water. and evaporation rates make man
agement costly and difficult. Club manag
ers that have access to artesian waters in 
the Coachella Valley can flood and circu
late water more easily and cheaply, and 
therefore grow .more moist-soil plants 
than most clubs in the Imperial Valley 
(U.S. Fish and Wildlife Service 1987b). 

Managers promoting moist-soil plants 
usually flood ponds from September to 
March (Fig. 4). When water is available. 
salinity is decreased by circulating water 
through ponds. This regime encourages 
swamp timothy, pricklegrass, dock, and 
sprangletop. Watergrass and Japanese 
millet are grown on a few clubs; however, 
watergrass production requires summer 
flooding which increases soil salinity and 
encourages growth of cattails, salt cedar, 
tules, and sesbania (Sesbania spp.), which 
are of ten considered undesirable. Dense 
~mergents and salt cedar are controlled 
:::>rimarily by burning, disking, and mow
.ng. Sorne permanently flooded ponds are 
:>resent near the Salton Sea where the sea 
Jrecludes drainage, but fresh water must 
>e added periodically to maintain low 
.al inities. Presently, the Salton Sea is 
nuch saltier than the ocean (i.e., >40 
>pt). 

~ONCLUSION 

Wetlands and agricultural lands in the 

Central. Imperial, and Coachella valleys 
of California support 20% of ali (and > 
50% of severa! species) wintering water
fowl in North America. No other area in 
North America is as important for winter
ing waterfowl, yet paradoxically, no other 
wintering area has experienced as great a 
wetland Joss. The obvious question is: 
will the limited wetland base that remains 
be adequate to support current and 
desired future populations? 

Wetlands are among the most produc
tive (biomasslarea) ecosystems in the 
world (Mitsch and Gosselink 1986), but 
food production on California's highly 
modified wetlands varies widely depend
ing on location and management activi
ties. Provision of an average of 750-950 
kg/ha of food (calculated earlier as the 
amount necessary to support current 
waterfowl populations) in ali wetlands in 
California of the seasonal qualily neces
sary to meet requirements of waterfowl 
annual cycle events seems unlikely. Sorne 
intensively managed wetland complexes 
may exœed this theoretical need, but 
most do not. Hunting probably restricts 
waterlowl use of many private wetlands 
and hunting areas on public lands during 
hunting seasons. Because of limited 
wetland resources, it is apparent why the 
large waterfowl populations that were 
present prior to the 1980s readily supple
mented food.s obtained in weùands with 
waste agricul tural grains. We doubt that 
the large waterfowl populations winter
ing in California in the 1940s-1970s could 
have been maintained without large areas 
of small-grain crops. Although most 
waste grains are good sources of energy, 
many Jack essential nutrients. Conse
quendy, foods provided in wetlands that 
have proper complements of amino acids, 
fatty acids, minerais, and vitamins are 
crucial to survival and reproduction of 
waterfowl. We suspect that the availabil
ity of foods in wetlands was possibly 
limiting to waterfowl populations during 
years or seasons of drought, even as 
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recently as the mid-1970s. The quantity 
and quality of foods on both wetlands 
and agricuhural lands increase when 
precipitation and associated river over
Ciows are high in winter. Correspond
ingly, greatt'r availability of resources in 
wet winters allows birds to attain better 
physiological condition (Miller 1986), 
proceed thmugh annual cycle events more 
rapidly (Heitmeyer 1985, 1987), and sur
vive and rf'produce more successfully 
(Raveling and Heitmeyer 1988). 

Consideration of the requirements of 
waterfowl must not be limited to nutri
tional needs or w diurnal periods. Social 
systems v;rry among species (Kear 1970, 
McKinney 198fiJ. and consequently. habi
tat use, flod:ing structure, and philopat
ric tendencies also vary. Maintenance of 
wintering <llld breeding traditions to spe
cifie areas is dependent upon the availa
bility of refuges where waterfowl have 
freedom from disturbance, mortality, and 
predation (Ravcling 1978, Cowardin et al. 
1985). Waterfowl also commonly use 
different habitats and have different activ
ities du ring the day and night (e.g., 
Euliss and Harris 1987). Sorne habitats 
used at night may provide food for 
certain spcrit•s (e.g., green-winged teal), 
but only proville thermal cover or protec
tion from noournal predators for .others 
(e.g., wood ducks, mallards). Conse
quent! y, provision of adequate resources 
and habitats may often require a diversity 
unappreci;Jted solely by daytime observa
tion. 

The above considerations lead us to 
believe that management oC wetland com
plexes, where sanctuaries also are pro
vided, is essential and exhibits the grea
test poteruial for maintaining waterfowl 
populations in California. By managing 
welland complexes where a variety of 
foods and habitats are available adjacent 
to existing private agricuhural lands, the 
annual cycle requirements of many spe· 
cies can be met. The "magic" size of areas 
where ali habitats must be present is 
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poorly understood. If ali habitats can be 
provided within an area, such as a large 
(>200 ha) duck club, we fee! the response 
by waterfowl would be especially noticea
ble, biologically valuable, and financially 
justifiable. 

Attainment oC wetlands that provide 
adequate resources to waterfowl will 
require knowledge of annual cycle 
requirements and will require intensified 
management of existing private and pub
lic wetlands. Private and public lands 
olten have different priorities and con
straints, thus management should not 
necessarily be the same on lands of 
diCferent ownership; management that 
complements values on adjacent lands is 
especially desirable. Managers of public 
lands olten have the flexibility· to provide 
resources that are absent or limited on 
private lands. Techniques and conceptual 
strategies for management of breeding 
(Mcl..andress et al. 1987, Mcl..andress and 
Yarris 1987) and wintering (Heitmeyer 
1985) waterfowl in Califomia are availa
ble, but transfer of information among 
managers and researchers is currently 
insufficient. 

The diverse climate, topography, geol
ogy, and water quantity and quality 
available within Califomia require differ
ent management strategies within regions. 
Management is often most successful 
when il auempts to emulate natural, 
hydrologie conditions. Valuable )essons 
were learned from attempts to manage 
wetlands in a way that varies considerably 
from natural flooding regimes (e.g., pro
longed drying of Suisun Marsh soils, 
which inaeases soil acidity and reduces 
productivity). 

For wetland management to be success
ful, the natural structure and function of 
wetlands must be maintained. Because 
wetlands are dynamic and complex eco
systems, management should make provi
sions for periodic change (such as occa
sional drawdowns) to alter nutrient 
dynamics, vegetation communities, soi! 
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and water chemistry, and associated bio
logical productivity. EcologicaJ studies of 
wetlands in California have been neg
lected. lntegrated investigations of out· 
rient, plant, invenebrate, and chemical 
aspects of wetlands and the effects of 
management will be productive avenues 
for research. 

Wetland management in California is 
currently reaching a new leve) of sophisti
cation, but is also faced with problems. 
Increased urban populations in California 
and worldwide demands for agricultural 
commodities will accelerate demands on 
already limited water supplies. Although 
provisions for water to flood managed 
wetlands have been made in the past, 
Jitigation and compromise have been 
required and likely will be necessary in 
the future. Problems related to water 
quality have recently been brought to the 
forefront, as exemplified by selenium 
contamination at the Kesterson NWR. 
Water that is contaminated with pesti· 
cides, heavy metals, salts, or that contains 
extremely high nitrogen and phosphorus 
or low oxygen concentrations may exacer
bate failures of reproduction, reduced 
survival, and disease outbreaks among 
waterfowl. Disease outbreaks and their 
impacts on waterfowJ, and their relation 
to wetland management, remain poorly 
studied. 

Reduced waterfowl populations result 
in poorer hunting, which discourage 
many hunters. As hunter numbers 
decline, wetland and waterfowl preserva
tion in Califomia likely will suffer. 
Without the considerable financial and 
political support of waterfowl hunters, it 
seems doubtful that wetlands of value to 
waterfowl will remain. On the positive 
side, reduced waterfowl numbers also 
often raise the consciousness and resolve 
of both private and public groups to 
protect and increase wetland habitats 
upon which waterfowl populations 
depend. In this light, financial and 
political support from the private sector 
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and state and federal governments in 
Califomia has recently increased. Recog
nition of biological requirements of 
waterfowl and the promise that this 
understanding offers to better manage
ment also are currently reaching an all
time high in California. 

Also, the North American Waterfowl 
Management Plan (NAWMP) calls for 
action to improve, protect, and restore 
wetland habitats in the Central Valley of 
California (Canadian Wildlife Service and 
U.S. Fish and Wildlife Service 1986). A 
Central Valley Habitat Joint Venture of 
the NAWMP was initiated in February 
1988 and adopted the following objec
tives: ( 1) protect an additional 32,400 ha 
of existing wetlands through fee or 
perpetuai easement acquisition; (2) secure 
an incrementai firm 50 million m3 

(410,050 acre-ft) of water; (3) secure CVP 
power for NWRs, WMAs, and the Grass
land Resource Conservation District; (4) 
increase wetland area by 48,600 ha; (5) 
enhance wetland habitats on 117,450 ha 
of public and private lands; and 6) 
enhance habitat on 182,250 ha of agricul
tural lands. 

SUMMARY 
Wetlands in the Central, Imperial, and 

Coachella valleys of Califomia provide 
resources that support the largest concen
tration of wintering waterfowl in North 
America. Despite the importance of these 
wetlands, only 115,000 ha remain; most 
are privately owned and managed for 
duck hunting. 

Wetlands in the Sacramento Valley total 
32,000 ha. These wetlands occur primar
ily in floodplains of the Sacramento River 
and its tributaries and typically flood 
more permanently than wetlands else
where in Califomia. Management of 
wetlands in the Sacramento Valley bas 
evolved from primarily flooding during 
waterfowl hunting seasons and attempt
ing to discourage crop depredations in 
the early and mid-1900s, to providing a 

• 
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complex of [)ooding regimes and habitat 
types in the 1980s. Harvested rice fields in 
the Sacramento Valley provide waste 
grain to waterfowl, and 162,000 ha of 
farmlands are subject to flooding in 
winter. Additionally, 32,000 ha of rice 
lands are intentionally flooded for water
fowl hunting each fall. 

Wetlands in the Sacramento-San joa
quin River Delta have mostly been des
troyed; only 7,290 ha remain. Delta 
wetlands are managed similar to those in 
the Sacramento Valley. About 8,100 ha of 
croplands are rlooded each winter for 
waterfowl hunting or to leach soi! salts. 
The Suisun Marsh is a tidally influenced 
estuarine wetland complex that encom
passes 22.000 ha; 84% is privately owned. 
Techniques have been developed in the 
Suisun Marsh to decrease soil salinity and 
increase production of al kali bulrush, 
fathen, and brass buttons. Repeatedly 
flushing wetlands in late winter and early 
spring created effec;tive leaching cycles, 
and the timing of these flushes controls 
vegetation composition. 

Wetlands in the San joaquin Valley 
occur in the northern San joaquin Basin 
(49,000 ha) and the southem Tulare Basin 
(2 ,000 ha). Most wetlands in the San 
joaquin Valley are seasonally flooded, are 
often alkaline, and support Jess emergent, 
but more annual grassland plants than in 
the Sacramento Valley. This is because of 
the more arid (<23 cm of annual precipi
tation) climate in the San joaquin Valley 
than in the Sacramento Valley. The arid 
climate has encouraged management that 
conserves water and encourages annual 
vegetation. When flooded, these wetlands 
have a shallow sheet water appearance 
that is attractive to pintails. 

Wetlands in the Imperial and Coachella 
valleys were mostly created by man in the 
early l900s aher Salton Sea was created. 
The extremely arid (<5 cm of annual 
precipitation) climate and saline soils of 
the area often preclude marsh manage
ment, and many wetlands are simply 
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flooded during waterfowl hunting sea
sons. 

If numbers of wintering waterfowl in 
California retum to mid-1970s level~. 
management of wetlands will have to 

increase production and quality of resour
ces to meet waterfowl requirements. 
Breeding mallards in California also 
bring responsibility and the challenge to 
manage existing wetlands and uplands 
for both breeding and wintering water· 
fowl. 

Many problems impede eHective man· 
agement in California; these include 
increased urban populations and develop
ment, inadequate quantity and quality of 
water, disease outbreaks and resourn· 
limitations imposed by increasing conc<'n· 
trations of waterfowl' on reduced habitat 
bases, and reduced humer numbers and 
incentives for privately ownec.l wetland 
preservation. Despite these problems, 
financial and political support from the 
private sector remains high. The Central 
Valley Habitat joint Venture of the 
NAWMP seeks to impact over 400,000 ha 
of wetlands, uplands, and agricultural 
lands for the benefil of waterfowl. 

Future research avenues that seem most 
productive include identification of spe
cifie resource requiremems of waterfowl 
species during annual cycle events. and 
integrated studies of nu trient, plant. 
invenebrate, and chemical aspects of 
wetlands. 
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13.1.3. Life History 
Strategies and 
Habitat Needs of the 
Northern Pintai! 

Leigh H. Fredrickson 
Gaylord Memorial Laboratory 
The School of Natural Resourœs 
University of Missouri-Columbia 
Puxico, MO 63960 

and 

Mickey E. Heitmeyer 
Ducks Unlimited 
9823 Old Winery Place, Suite 16 
Sacramento, CA 95827 

The northem pintail (hereaft.er pintai!) is a 
common dabbling duck distributed throughout the 
Northem Hemisphere. Sinœ 1955, the breeding 
population in North America has averaged 
5,566,000, fluctuating between 10,124,000 (1956) 
and 2,471,000 (1989; Fig. 1). Pintail numbers are 
especially sensitive to habitat conditions that 
reflect the wet-dry cycle in the ahortgrasa prairie 
breeding areas of aouth-œntnù Canada and the 
northem Great Plains of the United States. 
Populations of pintaila alao are affected by habitat 
conditions in key wintering areas, auch as the 
Central Valley of California and Gulf Cout 
marahea. When wintering areas are fairly dry, 
birds have fewer resourcea and subsequent apring 
recruitment is lowered. 

Through the 1970'a, continental populations 
recovered when wetland conditions on breeding 
and wintering areas were good but feU when the 
prairies were dry and wetland conditions in 
wintering areas were poor. Unfortunately, habitat 
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Speciea Profile-Northem Pintall 

Scientific name: Anas acuta 
Weight in pounda (grama): 
Adulta-male 2.3 (1,040 g), female 1.9 (860 g) 
Immaturee-male 2 (910 g), female 1.8 (820 g) 
Age of lint breeding: 1 year 
Clutch aize: 8, range 3-14 
Incubation period: 22-23 daye 
Age at .Oedging: 36-43 daye in Alaska, 
42-57 daye on prairies 
Neat site.: Low, eparse vegetation, often far 
from water 
Food habita: Omnivore; primarily moist-aoil 
aeeds, as well as chufa nutlets; cultivated 
graina, eapecially riœ and barley. Animal 
fooda: aquatic insecta, eapecially chironomids, 
anaila, terrestrial earthworma, and spiders. 

losaea and degradation of prairie habitats caused 
by agricultural practioes have coincided with 
prolonged drought sinœ the early 1980'a. This 
combination of detrimental factors resulted in 
declining pintail numbera in the put decade. The 
long-term downward trend in pintai! numbers has 
focused renewed attention on this species. 

This leaflet deacribes aspects of pintaillife 
history that may be important for pintail 
management. It is not intended as a general 
reference on pintai! biology. Readera interested in 
this should consult Bellrose (1980). 
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Fic.1. Fluc:tuationa iD the 
continental population of northern 
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Distribution 

The northem pintail is the most widely 
distributed dabbling duck in the Northem 
Hemisphere. Although pintails regularly breed in 
the shortgrass prairies of the northem United 
States and southem Canada, their breeding 
distribution in North America extends from the 
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Great Basin into the northem boreal forest and the 
arctic coastal plain of Alaska and Canada (Fig. 2). 

ln recent yeara, about 16% of the continental 
population ofpintaila (counted in May) occurred on 
the 26,000 square miles of high·latitude wetlands 
along the arctic coastal plain in Alaska. Pintaila 
compose 90% of the dabbling ducks that use these 
habitats; thus, they are the most abundant 
dabbling duck in this region. Drakes account for 
about 32% of this total, whereas pairs account for 

Fic. 2. Distribution of important breeding, wintering, and migration areaa for northern piDtaila. 
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12% and groupa about 57%. Pintails are well 
k:nown for overflight into more northern wetland 
habitats when wetland habitat conditions on more 
southern habitats are poor; therefore, their 
numbera 1luctuate en-atically in Alaska. 

Most pintails in the Pacifie Flyway have 
traditionally wintered from the Central Valley of 
California to the west coast of Mexico, but the river 
deltas of the Pacifie Northwest also provide 
important habitats. Large numbera of piiÏtails also 
winter in coastal marahes and rice belt habitats in 
Teus, Louisiana, Arkansas, and the Atlantic 
Coast, especially South Carolina. 

Spring Migration and Breeding 

Pintails migrate early in spring and move 
northward as soon as wetlands become ice-free. 
They normally initiate nesting earlier in spring 
and summer than other dabblers (Fig. 3). Theae 
early-nesting females often encounter light 

Jul 

May 

Apr · .. 

snowfall while laying and incubating. Open 
habitats with sparse, low vegetation provide 
favored nesting sites. The shortgrass habitats of 
the Canadian prairie provinces have traditionally 
held the highest breeding populations. In the 
northern United States and southern Canada, first 
nesta appear in early April during normal yeara, 
but inclement weather can delay nesting until the 
eecond week of May. Nesting activity in the more 
northern prairies peaks during the fU"St 2 weeks of 
May. Pintails nest later in the boreal forest; the 
peak of ru-at nesta in Alaska's interior OCCUl'8 

during mid-May. Birds moving to tundra habitats 
on the Yukon-Kuskokwim Delta and the North 
Slope do not nest untillate May or as late as 
mid-June. 

Pintails lay an average clutch of 8 egga, but 
clutch aize :ranges from 3 to 14. Incubation lasts 22 
or 23 days. Pintai! brooda can move long distanœe 
between the nest site and rearing habitats or 
among different brood habitats. Recent studies 
suggest that pintails are well adapted to making 
these movements and that neither mortality nor 
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········· ... \ 
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Nov .. .. 
Preï:;.·i;-, -

SprinJ •• Molt 

M-~ / 
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Fig. 3. The chronology of important lüe hiatory eventa in the annual cycle of the northern pintail:. 
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body condition of ducklinga is greatly influenced by 
movements of lesa than 3 miles. Fledging time 
varies with latitude and is undoubtedly influenced 
by the length of daylight and the daily time 
available to forage. Femalea stay with the brood 
until the young reach flight stage. Soon after, the 
female initiatea the aummer molt and becomes 
flightlesa (Fig. 3). 

Postbreeding Dispersal arid Fall 
Migration 

Males c:ongregate in poatbreeding flocka once 
femalea begin incubation {Fig. 3). Males may move 
to southern or northem habitats, where they olten 
form large aggregationa and begin the Prebaaie 
molt, bec:oming tlightleaa for about 3 weeka. Alter 
regaining flight in August, they olten migrate 
south to the ultimate wintering areaa. For some 
pintaila, the fall migration is a more graduai shift 
south that extenda over aeveral montha. Early 
migrant males begin to move southward in 
abundanoe in late August or early September and 

Fall Migration Winter Unpairecl 

Sprinr Mirraüon Prelayiq 

usually c:onoentrate on aeaaonally flooded wetlanda, Q 
where they select aeeda from native vegetation or \ 
from agrieultural c:ropa, eapecially rioe. · · 

Following brood rearing, auoœasful females 
form amall flocka, enter the molt, become flightlesa, 
and regrow their flight feathera in rapid auc:œsaion 
(Fig. 3). Beeauae males generally leave the breeding 
area before females are flightlesa, the latter use 
habitats diatinctly different than thoae uaed by 
males for aeveral montha. During this time, femalea 
remain on more northern habitats and feed in 
aemipermanent marahes, where invertebratea are 
important in their diet (Fig. 4). Femalea gradually 
join males on migratory and winter sites in Oc:tober 
and November. As fall progreaaea, the two eexea 
gradually intermix and pair formation begina. 

Winter Behavior and Pairing 

Pintails are highly eoeial and have looaely 
formed pair bonda c:ompared to mallards and most 
other Northern Hemisphere dabblera. Pair 
formation by pintails begina on the win~ 

• 

Winter Pairecl Female PNbuic (Winter) 

Layq Poat.layq 

"" Ne.tinr Female. J 

(; 

F"ac. 4.1Dvertebrate coosumption by nort.hern pintaila durïn, aelec:ted eventa in the annual cycle. Includee both aexea unleu 
indicated otherwile. 
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grounds, and most females are paired bY January. 
Courtsbip flights often contain large numbers of 
males and traverse great c:listances, reach great 
heights, and last for extended perioda. On the 
breeding grounds, these spectacular flights were 
once believed to distribute the nesting pain widely 
among available habitats, but recent studies have 
not always confirmed thia assum.ption-instead, 
they suggest active competition in mate selection 
and breeding opportunities among males in apring. 

During winter, pintaila undergo aeveral 
important events in the annual cycle {Fig. 3}. Alter 
completing the Prealternate molt, they form pairs; 
then, females initiate the P.rebasic molt. By late 
winter and early spring, both sexes have 
accum.ulated large body fat reserves subsequently 
used in migration and for breeding. Females 
departing from the Central Valley of California to 
Tule Lake in late winter reach weights of 950 g, and 
of thia total, 220 g is fat neœssary to fuel migration 
and eventual reproduction. 

Pintails are early migrants in spring and are 
especially attracted to large expanses of ahallow 
open water where viaibility is good and amal.l seeds 
and invertebratea are readily available. 'Iheir 
prefen-ed prajrie neating areas are short grasaea 
where temporary ponds are abundant nearby; 

Nesting habitat requirements in boreal forest and 
tundra habitats are lesa well known. 

Foraging Ecology 

Pintaila are opportunistic omnivores. They 
primarily consume emall seeds, but underground 
plant parts or amal.l tubera, such u chufa nutlets, 
also are important (Table 1). If available, native 
fooda are predominant in the diet, especially thoae 
asaociated with moist-soll habitats, including millet, 
smartweed, bulrush, toothcup, panicum, and 
swamp timothy. Pintails also exploit eeeds and 
tubera of aquatic pondweeds and bulrushea. 
Although they consume seeds of all aizea, they are 
particularly adept at harvesting smaller seeds such 
as toothcup, panicum, swamp timothy, and 
sprangletop. Tbese native fooda provide a 
well-balanced diet to meet nutritional needs 
(l'able 2). Favored cereal grains include riœ and 
barley; pintaila are leBB likely to eat com than are 
mallarda. 

Animal.fooda are important throughout the life 
cycle but part.icularly so during molt and egg laying 
(Fig. 4). Some of the mare important invertebrat.ea 

Table 1. Foods appearing in northem pintail diets during different events in the annual cycle. 

Fall W"mter Prebuic Sprinc Summer Fall 
Food miJration Unpaired Paired molt mip-ation Neatinc Ducklinp molt .tqing 

Plant 
Millet ++ ++ ++ ++ ++ + + 
Swamp timothy ++ ++ ++ ++ 
Smartweed ++ ++ ++ ++ ++ + + 
Sprangletop + ++ ++ ++ ++ + + 
Toothcup + ++ ++ ++ + + 
Curlydock + + + 
Panicum ++ ++ ++ ++ ++ + + + 
Buhuah ++ + + + ++ ++ ++ ++ 
Chu!a + ++ ++ ++ 
Fbndweeda + + ++ ++ ++ ++ 
Sedgea + ++ ++ + ++ ++ 
Agric:ultunl 

traiDa ++ ++ ++ + + ++ 

Animal 
Chironomida ++ ++ ++ ++ ++ ++ ++ ++ ++ 
Snaila ++ ++ + ++ ++ ++ + 
Odonatea + + 

. O.tn.coda + 
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consistently appearing in the diet are ma.ila and 
cbironomids. Cbironomids, especially, are preferred 
by pintaila and are extzemely abundant on 
emergence from sballow wetlands immediately 
after ice-out. The anivai of pintaila on many 
migration and breeding habitats tends to coïncide 
with this period of emergence, and pintaila forage 
voracioualy on chironomida in auch newly thawed 
wetlands. 

Pintaila &trip aeeda from the cu1m.a of native 
vegetation before aeeds drop in fait. Once aeeds 
have dropped onto the subatrates, pintails dabble 
for theae fooda in aballow water (4 to 6 incbea). As 
water deepena, pintaila forage by upending, but 
this mode of feeding ia :reatricted to waters <18 
incbea deep. Pintails bave a tendency to avoid 
areaa tbat are flooded too deeply ü sballow sites 
aiao are present. 

Habitat Management 

Migration and Winter 

Pintaila are noted for their use of large 
expanaea of aballow, open habitats. Theae wetlands 

often provide an abundanœ of food and gooc:l 
viaibility for avoidanœ of predatora and otber 
diaturbanœa during the day. At nigbt, habitats with 
greater, robuat èover are often aougbt. Although 
they forage in openinga in aouthem hardwooda, 
pintails generally do not use flooded sites in the 
forest interior. Similarly, they are lesa apt to use 
woody ri parian conidora than are mailarda or wood 
dueka. 

Many well-managed wetlands have the 
potentiai to provide an abundant supply of 
bigh-energy and nutritionally complete fooda for 
pintaila wben water deptha are <18 indlea and 
preferably <6 incbea. Graduai flooding and drain.ing 
of impoundments at appropria te timea during 
apring and fall migration c:reate conditions that 
allow optimal foraging opportunities over extended 
periods. Wben impoundments vary in deptb by 
more tban 18 inchea, graduai flooding inc:reaaea the 
potentiai for pintaila to consume more available 
aeeds. Waters > 18 incbea can &till provide important 
roost aitea and give aecurity from predatora. Newly 
developed wetland areaa are more eaaUy maiÎaged 
for pintaila ü leveee and otber water control 
llb-ucturea are comlgUJ'ed to provide the maximum 
area in optimal foraging deptba of S18 indlea. 

Table 2. Nutritional values0 of some important foods conaumed by northem pintails. 

Enenzvk~c Percent 
Plant food& Grou Metabolized Fat Fi ber Aah NFE& Protein 

Nodding amartweed 4.6 - 2.7 22.0 7.5 - 9.7 
Big-Meded IIDW'tweed 4.3 1.1 2.6 19.1 3.8 67.3 10.6 
WJld millet 3.9 - 2.4 23.1 18.0 40.5 9.1 
Walter'• millet 4.5 2.8 3:9 13.7 5.8 55.7 16.8 
Stic:ktight. 5.0 - 13.2 20.9 8.9 27.5 23.1 
Rice c:utgraM 3.9 3.0 2.0 10.6 9.3 57.8 12.0 
Fall panic:um 4.0 - 6.1 16.8 16.1 50.1 12.0 
Hairy c:rabJr&U 4.4 - 3.0 11.1 9.7 59.4 12.6 
Redrooted Ndp 5.2 
Curlydock 4.3 - 1.2 20.4 6.9 - 10.4 
Bulruah 3.5 0.8 3.0 23.6 4.3 59.1 7.2 
Pondweed 3.9 0.4 2.1 20.6 15.0 50.6 14.0 
ChufaMeCÙ - - 22.0 5.6 5.1 58.9 8.4 
Chufatuben 4.3 - 10.6 7.3 3.1 57.1 7.0 
Barley - 2.9 2.1 7.1 3.1 - ·-20.0 
Ri ce - 2.3 9.3 11.4 9.7 73.5 10.8 
Corn 4.4 3.7 ... 4.0 2.3 1.5 77.4 11.6 

• Value. are a-verqm calculated from publiahed intonnation. Bec:a~~~~e ofwide variation in value. far 8011le eeeda and ioconaiatency in aample 
. aize. for eacb nutrient. the aum ol value. may nat be 100%. 

b NFE • Nitroten·free estnct (birhly dipatible carbobydratea) 
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Because waste grains from agricultural 
production are of great importance to pintaila, 
refuge or farm programs that make theae graina 
avaüable after harvest have special value for 
pintaila in certain areaa. Pintaü use ia inc:reued by 
shallow flooding of any crop or by manipula ting riœ 
atubble by rolling or burning. Barley and riœ 
uaually are preferred over corn, although corn ia 
conaumed extenaively in aome locations sucà u thé 
Sacramento-San Joaquin Delta of California. 
Maintaining ideal foraging conditions throughout 
winter and during apring migration providea 
required re80Ul'œs for molt, migration, and 
deposition of reserves for breeding. Stable water 
levels are undesirable, but graduai drawdowns have 
the pc)tential to increaae the vulnerability of 
invertebrate prey and to make aeeda within mud 
aubstratea acœasible. Furthermore, aome good 
foraging sites should be protected from diaturbanœ 
by hunters, bird watchers, aircraft, and boatera, u 
weil as from management activitiea throughout fall 
and winter. 

Breeding 

The highest nesting denaitiea oocur in open 
habitats where veptation is low and spane. 
Common plants in theae locations include prairie 
grasses, whitetop, nettie, spike rush, rushes, and 
buckbrush. Pintaüs nest in agriculturallanda more 
frequently than other dabblers and readily use 
pastures, stubble fields, roadsides, hayfielda, fallow 
fields, and the edges or margina around grain fields. 
In the boreal forest, nesting ia conœntrated on more 
open areaa with aedge or grass meadows. 

Establishment oftall, dense cover ia a common 
practiœ to provide nesting sites for aome dabblers. 
This practiœ ia Jess valuable for pintaila becauae 
they prefer sparser cover for nesting. Grazing 
programs that leave good residue ground cover but 
remove robust growth can enhanœ nesting cover for 
pintaüs. Well-conceived farm programs that protect 
habitats and ephemeral wetlanda are especially 
important for breeding pintaüs. Because pintaila 
regularly nest in agriculturallands, programs that 
provide benefits to farmèrs for delaying haying or 
for protecting nesting cover surrounding wetlanda 
have the greatest potential to increaae pintaü 
recru.itment. 

Summary 

Pintaila ofi'er a great challenge to waterfowl 
managers because they asaociate with many 
habitats that are uaed intenaively by agricultural 
interests. Their preference for open areas and 
small, shallow wetlands in areu with little rainfal1 
and recurring droughts puts a large part of their 
breeding area in jeopardy l"egarding conàiat.ent 
conditions. Developing farm programs oompatlôle 
with pintaü life history requirements offers the 
greatest opportunitiea for habitat enhanœment, 
and therefore population :reooveries by pintaila on 
the prairies. Northern boreal and tundra habitats 
must be protected from lou or degradation. 

Adequate migration and wintering habitats 
must be protected, restored, and enhanced. This 
will requiJ'e continued acquisitions ar other meaD8 

of protection of key habitats and more effective 
management of public and private wetlands. Oua of 
the greatest opportunities to enhanœ winter:ing and 
migration habitats ia to identify sœnarioe that will 
benefit riœ culture and simultaneously provide 
needed l"eSSUJ"Ces for pintails. This adaptable, 
highly mobile species bas a histary ofreaponding 
rapidly to good habitat conditions ac:roaa the 
continent. By providing theae habitats to pintails, 
we can 888UJ'e their survival and abundance in the 
future. 
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Appendix. Common and Scientific Names of Plants and Anhnals 
Named in Text. 

8 

Planta 
Toothcup or Ammania 
Sticktighte 
Sedpa 
Redroot 11ataedge 
Chufa 11ataedge 
Hairy erabgrau 
Japaneae millet 
Walter'• millet or wüd millet 
Spik.eruah 
Swamp timothy 
Bar ley 
Rush 
Rice cutgrau 
Sprangletop 
Rice (cultivated) 
Panicum or panic grau 
Nodding amartweed or smartweed 
Big-eeeded amartweed or Pennsylvania smartweed 
Pondweeda 
Curlydock 
Bulruah 
Whitetop 
Buckbruah or mowberry 
Nettle 
Corn or Inc:lian corn 

Birda 
Woodduck 
Northern pintail 
Mallard 

Invertebratea (Familiea) 
Chironomids 
Earthworms 

Ammania cocci1u!a 
Bic:len6 ap. 
Caruapp. 
Cyperw erythrorhizoll 
Cyperw aculentru 
Digi.taria 8CUII1UinalÏ. 
Echinochlœ crwga.lli 
Echinochloa walteri 
Ekochamap. 
Heleochloa achoen.oidea 

· Hordi!U.m wlgœe 
Juncusap. 
Leersia oryzoid.u 
4Ptochloa app. 
Oryza Bativa 
Panicum app. 
Pol.)JfDnum lapathifolium 
Pol.)JfDnum ]iensylvanicum 
Potamogeton app. 
.Rumcapp. 
Sci'l'piU ap. 
Scolochloa festuc.acea 
Symphorica7p011 app. 
Urtica. spp. 
Zec'maya 

AixspoTUIIl 
Anas acuta 
Anas platyrhynchos 

Chironomidae 
Lumbricidae 

UNITED STATES DEPARTMENT OF THE INTERIOR 
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13.2.1. Waterfowl Use of 
Wetland Complexes 

Leigh H. Fredrickson and Frederic A. Reid 
Gaylnrd Memorial Laboratorg · 
School of Forestry, Fisheries and Wildlife 
University of Missouri-Columbia 
Pu:cico, MO 63960 

Waterfowl are a diverse group of birds that 
have widely divergent requirements for survival 
and recruitment. Whistling-ducks, geese, and swans 
(Anserinae) and ducks (Anatinae) have contrasting 
lüe history requirements. 

Severa! goose populations have expanded great
Jy despite extensive continental wetland losses and 
degradation. Most expanding populations nest in 
arctic areas where modifications or disturbance of 
nesting habitats have been minimal. These grazers 
often find suitable migratory and wintering habi
tats in terrestrial or agricultural environments. In 
contrast, ducks are less terrestrial and populations 
are influenced more by wetland characteristics, 
su ch as quality, total area of wetland basins, and 
size and configuration of these basins. Because 
many dabbling ducks nest in upland habitats sur
rounding wetlands, recruitment of waterfowl is 
closely tied to both terrestrial and wetland com
munities. Their primary upland and wetland nest
ing habitats, as weil as migratory and wintering 
habitats, have been severely degraded or lost to 
agriculture. 

Management for waterfowl in North America is 
complicated further because each of over 40 species 
has unique requirements that are associated with 
different wetland types. Likewise, the requirements 
for a single species are best supplied from a variety 
of wetland types. 

... ~ • 
~ _mr-•-.. - ·-- J 

ln recent years, the relations between migrat
ing and wintering habitats have been identified for 
mallards and arctic-nesting geese. These cross
seasonal effects emphasize the importance of habi
tats at different latitudes and locations. Thus, 
effective management requires an appreciation of 
the general patterns of resource requirements in 
the annual cycle. Recognition of the adaptations of 
waterfowl to changing wetland systems provides 
opportunities for managers to meet the diverse 
needs of waterfowl. 

The Annual Cycle 

Waterfowl experience events during a year that 
necessitate energy and other nutritional require
ments above the maintenance level (Fig. 1). These 
additional requirements, associated with processes 
such as migration, molt, and reproduction, are ob
tained from a variety of habitats. Other factors 
that influence wetland use include sex, dominance, 
pairing status, flocking, and stage in the life cycle. 
Ali these processes influence the resources needed 
as well as access to habitats where required re
sources are available. 

The large body sizes and high mobility of 
waterfowl allow them to transfer the required 
nutrients or energy among widely separated 
wetlands. The general pattern of reproduction in 
waterfowl is unusually costly for females at the 
time of egg laying because eggs (and often 
clutches) are large. The large egg size of waterfowl 
requires rapid transfer of protein and lipid stores 
from the female to the developing egg .. In the wood 
duck, daily costs of egg production are high and 

~ 
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Breeding 

~ ~ 
molt 

) 
reproduction molt 

\ ) 
reproduction 

{ 
migration migration nügration Ddgration 

"-.,molt/ '...__/ 

Win ter 

MALLARD CANADA GOOSE 

Figure 1. Major annual events in the life cycle of a 
mallard and a Canada goose. 

can exeeed 210% of the basal metabolic rate (BMR) 
during peak demand. The daily protein requirements 
for egg laying are smaller than lipid requirements, 
but the females must meet these requirements by 
consuming invertebrates where they may be limit
ing. Parental investment after the time of hatch is 
small, however, compared to bird species that must 
brood and feed their offspring. 

Flight is energetically expensive and is usually 
estimated at 12-15 x BMR (Table 1). For example, 
a mallard weighing 2.5 lb would require 3 days of 
foraging to replenish fat reserves following an 8-hr 
flight if calorie intake were 480 kcal/day (Fig. 2). 
However, if food availability were only equivalent 
to 390 kcal/day, then the mallard would need 
5 days to replenish these reserves. If mallards must 
fly to reach food, the time required to replenish 
lost reserves is even longer. These time differences 
indicate the importance of well-managed areas and 
the need to protect waterfowl from disturbances. 

The requirements for molt are poorly known or 
little studied, but recent information suggests the 
total cost of winter molt in female mallards is near
ly equivalent to the energetic cost of egg laying 
and incubation. Not only is the loss of feathers in
volved, but there are thermoregulatory and forag
ing constraints during molt that are difficult to 
monitor in the field. 

Waterfowl Reproductive Strategies 

Each waterfowl species bas a unique reproduc
tive strate gy. These strategies range from those of 

-·--· .. ---- .. ··-· ----------------

Table 1. Estimated energetic costs of some commcm 
waterfowl activities in relation to basal meta,. 
bolic rate (BMR). Values represent averages 
from the literature. 

Activity 

Resting 
Alert 
Comfort movements 
Oilinglpreening 
Courtship 
Social interactions 
Swimming 
Diving 
Flying 
Egg laying 

Early follicular growtb 
Maximum during egg-laying 
Last egg 

Estimated eost 
x BMR 

1.3 
1.5 
1.5 
2.0 
2.0 
3.2 
3.2 
5.0 

12.0-15.0 

16.7 
20+ 
10.2 

arctic-nesting geese, which transport large fat re
serves to breeding habitats, to those of common 
eiders, which acquire ali necessary reserves for 
reproduction on the breeding grounds (Fig. 3). The 
locations from which arctic-nesting geese acquire 
the different components for breeding have not 
been completely identified, but evidence indicates 
that most, if not ali, of the lipid and protein 

Figure 2. Time required to replenish endogenous 
fat reserves following an 8-hr migratory 
move (for a duck weighing 2.5lb). 

No Witb No With 
disturbance disturbance disturbance disturbance 

(e.g., 2·hr (e.g., 2-hr 
flight) tlight) 

Good quality Good quality Poor quality Poor quality 
habitat habitat habitat habitat 

480 kc:allday 390 kc:al/day 

1 1 1 3 days 

5 ci4lys 5 days 

8 days 

r-) 

(' . ) 

'-
1 
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Snow Wood Common 
goose Mallard duck eider 

BREEDING •• ··1 Il Il -- -· MIGRATION 

WINTERING -- -· L p L p L p L p 

L • Lipids Endogenous -
P • Proteins Exogenous -

Figure 3. Reproductive strategies of four water
fowl species in relation to time in the 
annual cycle when the lipids and pro
teins for breeding are required. 

resources are transported from migratory and 
wintering habitats as body reserves. Environmental 
conditions in different seasons and on widely sep
arated habitats may have an important influence on 
the success of sequential activities in the annual 
cycle of these arctic-nesting geesê. 

Mallard breeding strategies differ from stra
tegies of snow geese. Most of the lipid reserves 
and as much as half the protein required for repro
duction in mallards are transported to the breeding 
grounds as body reserves. Wood ducks differ from 
mallards and geese because they acquire lipid and 
protein reserves for reproduction primarily from 
breeding habitats. Lipid reserves are acquired from 
breeding habitats before laying begins, but protein 
requirements are obtained solely from daily forag
ing. Common eiders are like wood ducks in that 
they acquire reserves for egg laying on the breed
ing grounds. But, unlike wood ducks, they acquire 
protein and lipid reserves for breeding and store 
them as reserves before laying begins. 

An understanding of the range of strategies 
and the timing of these needs enables wetland 
managers at different latitudes to produce the 
desired resources in a timely manner. 

Relation Among Habitat Variables 
and Waterfowl Use 

Waterfowl managers have long recognized the 
relation among habitat structure, water depth, and 

Table 2. Water deptks and vegetative characteristics 
at foraging sites of SO'IM North. American 
waterfowl. 

Water Vegetative 
Species depth structure 

Small Canada dry, mudflat Short herbaceous 
geese 

Large Canada dry, mudflat, Short herbaceous, rank 
geese <10 inches seed-producing annuals 

Northem <10 inches Open water with short, 
pintail sparse vegetation 

Mallard <10 inches Small openings, tolerate 
robust vegetation 

Ring-necked >10 inches Scattered, robust 
duck emergents 

Lesser scaup >10 inches Open water, scattered 
submergents 

water use by waterfowl. The stage in the annual 
cycle and the associated behavioral adaptations of 
waterfowl determine which resources managers 
must provide. 

Appropriate water depths should be available 
for effective waterfowl management. Shallow water 
is essential for dabblers because the optimum for
aging depth is 2-10 in. (Table 2). Although diving 
ducks can exploit deeper water, there is little jus
tification to provide deep waters when they can 
reach food resources in shallow water. Such stra
tegies decrease costs associated with pumping or 
supplying water for waterfowl. 

Waterfowl have various tolerances for the 
height and density of vegetation. Sea ducks and 
divers are adapted to large bodies of open water. 
Mallards, wood ducks, and blue-winged teal readily 
use habitats with dense vegetation; northern pin
tails prefer shallow, open habitats where visibility 
is good and vegetation sparse. 

Little information is available on how water
fowl make decisions relating to where they feed 
and which foods they select. Nevertheless, geese 
are known for their seeming ability to select forage 
of high nutritional content. Complex habitat and 
nutritional requirements, in conjonction with recent 
]osses and degradations of wetland habitats, re
quire managers to consider a wide array of factors 
when attempting to optimize use by waterfowl 
(Table 3). 

When conflicting factors are apparent, ad
vanced planning is essential to optimize and main
tain desired use of habitats. Such conflicts are 
apparent to managers facing difficult decisions 
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Table 3. Important considerations to ensur~ optimum 
use of wetland complexes by waterfowl. 

1) Life cycle event 
Molt 
Reproduction 
Migration 

2) Behavioral activities 
Roosting 
Social behavior 
Foraging 

3) Habitat structure 
4) Water depth/regimes 
5) Food quality/type 
6) Wetland comple:x 
7) Diseaae 
8) Habitat degradations 

Habitat )osses 
Habitat perturbations 

Toxicants 
Turbidity 
Modified hydrology 
Modified structure 

9) Disturbanee 
Hunting 
Other recreation 

Fishing 
Water skiing 
Bird watclùng 

Aircraft-military and commercial 
Researchlmanagement 
Industriallcommercial 

beeause the site may provide habitats for breeding, 
migra tory, and wintering waterfowl. Determining a 
reasonable balance of the resources required to 
meet seasonal requirements of ali populations of 
waterfowl using a specifie refuge undoubtedly is 
more challenging than determining the species of 
plants needed to provide food and eover. 

Resource Availability and 
Exploitation by Waterfowl 

By understanding how waterfowl use resources, 
managers are able to attract and hold waterfowl on 
managed habitats. Monocultures should be avoided, 
whether natural plant eommunities (such as large 
expanses of dense cattail) or agricultural crops. 
Manipulation of soil and water to produce habitat 
structure or foods essential as life requisites may 
be a necessary part of refuge management. Produc
tion of these requisites does not ensure that water
fowl will use the resources. 

Foods are only accessible if (1) appropriate 
water depths are maintained during critical time 

periods, (2) habitats are protected from distur
bance, and (3) habitats that provide protein and 
energy are close to one another. Disturbance is 
particularly damaging, because it affects access to 
and acquisition of requirements throughout the 
annual cycle (Table 2, Fig. 2). The subtle effects 
of bird watchers, researchers, and refuge activities 
during critical biological events may be as detri
mental to waterfowl populations as hunting 
or other water-related recreational activities 
(boating, etc.). At certain locations, predators or 
activities associated with barge traffic, oil explora· 
tion, or other industrial or military operations are 
detrimental. 

Identification of the proportions of each wet
land type within refuge boundaries, and of the 
potential for management within each wetland 
type, is essential. Wetlands on private or other 
public property within 10 miles of the refuge 
boundary should also be used to estimate resources 
within the foraging range of most waterfowl. As 
wetlands are lost on areas surrounding refuges, 
managers will be able to identify special values or 
needs for certain habitat types on refuges. For 
example, producing only row crops on refuge lands 
in extensive areas of agriculture may be Jess 
valuable than supplying natural vegetation and 
associated invertebrates to complement these high
energy agricultural foods. Furthermore, the pres
ence of toxicants or disease may preclude use of 
sorne wetlands. 

An important part of management is identifica
tion of wetlands that are productive and unmodi
fied. These wetlands should be protected in their 
natural state rather than changed by development. 
Where man-made or modified wetlands are man
aged, manipulations that emulate natural wetland 
complexes and water regimes provide diverse 
habitats for a variety of waterbirds. Well-timed, 
graduai changes in water level are effective ap
proaches that provide good conditions for produc
ing foods and desirable foraging depths for game 
and nongame birds. In fall, many southem habitats 
are dry, but having pools full bef ore waterfowl ar
rive and maintaining pools at capacity until after 
their departure may reduce access to many re· 
sources by waterfowl. By providing changing water 
depths in greentree reservoirs or elsewhere, man· 
agers can enhance cost-effectiveness by assuring 
that resources produced are also used effectively. 
For example, a management scenario for modifying 
the time and pattern of fall flooding in a greentree 
reservoir or a moist-soil impoundment might in
elude four or more approaches to flooding (Figs. 4 
and 5). 
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l "Normal" Greentree Reservoir 
Fun 
Pool 

Water 
Depth 

Earl y 
Fan 

Hunting Season Earl y 
Spring 

Rationale 

Year 1 - Graduai flooding to provide access to food 
resources on a continuing basis throughout the hunt
ing season. Graduai drawdowns commence before 
the end of the waterfowl season. 

Year 2 -Graduai flooding but water levels never reach 
·full pool. Graduai drawdown extending into spring. 

Year 3 ·No flooding. 

Year 4- Similar to Year 1, but full pool not reached 
until end of hunting season. Graduai drawdown 
extending weil into spring. 

j Figure 4. Suggested flooding regimes for southern greentree reservoirs. 

Water 
Depth 

Rationale 

Full 
Pool 

ürly 
Winl~r 

Normal - Typical midswnmer drawdown to establish 
moist-soil vegetation. Fall and winter flooding for 
waterfowl. 

Year 1 - Graduai drawdown to optimize use by late 
spring migrants. Graduai reflooding for rails and 
waders. 

Mid 
Summ~r 

~----- Year 1 

~-----Year 2 

~---Year3 

Lat~ 
Winter 

Y ear 2 - Graduai drawdown lasting into midswnmer to 
optimize use by late spring, migrant waterfowl, 
shorebirds, and waders. Graduai reflooding in fall to 
optimize use of seed resources. 

Year 3 - Increasing water depths in spring to make 
food resources available. Graduai drawdown by late 
spring, followed by graduai reflooding in fall to 
shallow depths. 

Figure 5. Suggested flooding regimes for seasonally flooded wetlands of the Midwest. 
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By recognizing the importance of natural wet
land complexes throughout the annual cycles of 
waterfowl,-managers can provide waterfowl with 
required resources. 
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Appendix. Common and Scientific Names of Animais Named in 
Text. 

Wood duck ................................................... . A ix sponsa. 
Northern pintail ................................•............. . Anas a.cuta. 
Blue-winged teal ..............•............................... . Anas discors 
Mallard ......................•.•...•.••..•................... . Anas pla.tyrkynchos 
Lesser scaup ........................••....................... . Aytkya. a.Jjinis 
Ring-necked duck ............................................. . Aytkya. colla:ris 
Canada goose ................................................ . Bra.nta. ca:na.densis 
Snow goose ................................................... Chen caerulescens 
Cornmon eider ................................................ . Scnnateria moUissima. 
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WATERFOWL MANAGEMENT HANDBOOK 

13.3.2. Initial Considerations 
for Sampling Wetland 
Invertebrates 

Leigh H. Fredrickson and Frederic A. Reid 
Gayùmi Memorial Laboratory 
Sckool of Forestry, Fisheries and Wildlife 
University of Missouri-Columbia 
Pu:tico, MO 63960 

AB the importance of invertebrates to water
bird nutrition and detrital processing has become 
increasingly evident, the need for effective and 
efficient invertebrate sampling bas grown. Iden
tification of invertebrate responses to management 
requires sampling and selection of appropriate sam
pling equipment. Goals must be established accord
ing to qualitative or quantitative needs, organism 
characteristics, and wetland types. Management 
objectives often can be met by sampling specifie 
invertebrates to index the effect of management 
rather than through long-term studies requiring 
large sample sizes and intensive effort. Certain 
wetland and invertebrate characteristics that 
should be eonsidered when initiating invertebrate 
sampling are described below. 

Identification of Goals 

The initial consideration in any collection of 
management data is how these data will facilitate 
more effective management. In most wetland man
agement situations, the first step toward evaluating 
invertebrate populations is identification of domi· 
nant organisms. This can be accomplished by a 
qualitative approach using simple teclmiques and 
relatively few samples. ln contrast, when compari
sons of sites, techniques, or seasonal and annual 

variations are desired, quantitative methods are 
necessary and require more time and effort. Inver
tebrate communities can be measured using or
ganism occurrence (presence or absence), density 
(number of organisms per area), and biomass 
(weight per sample or area). Species diversity, 
which embraces number and relative abondance of 
the species, is also commonly used for comparative 
purposes when monitoring different wetland sites. 

Before a biologist can successfully assess inver
tebrate responses to management, the appropriate 
taxonomie classification for target species must be 
identified. The effort required to identify aquatic 
invertebrates to genus or species is often unneces
sary for management purposes. However, grouping 
invertebrates above the family leve) may be too 
broad a classification to identify the functional 
roles of the organisms within the wetland system 
or their lüe history strategies. ln general, iden
tification to family is usually adequate for manage
ment studies, whereas identification to genus may 
be appropriate for research endeavors. 

Organism characteristics should be considered 
when developing sampling regimes. Lüe history 
considerations should include type and timing of 
various developmental stages. Invertebrate survival 
generally drops rapidly during early age classes 
(Fig. 1). Because of this characteristic, managers 
should not become alarmed when observing tem
poral declines in total numbers within a species. 
Likewise, year-to-year comparisons should be con
ducted at approximately the same period in an 
annual cycle. 

A good sampling design requires recognition of 
varying physical parameters of the wetland and 
water regime. Stream and lake systems usually are 
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sampled in different ways. Extremes in water 
depth during the annual water regime may dictate 
the type of sampling gear that will be most effec
tive (Table 1). Where benthos are sampled, sub
strate type influences choice of equipment. Density 
and structure of vegetation influence water column 
sampling. For example, sturdy, emergent vegeta
tion may prevent effective sampling with a sweep 
net, whereas activity traps can be used effectively 
in these vegetated zones. 

Sarnpling Technique 

The effectiveness of common sampling appara
tus in different invertebrate habitats is outlined in 
Table 1. Benthos samplers include dredges and core 
samplers. Core samplers are extremely effective 
and inexpensive and can be small and lightweight. 
Core samplers may be made from lightweight PVC 
pipe, and plastic or metal edges can be added to 
eut roots or crusted soils. Dredges are poor choices 

Table 1. The advantages and disadva:ntages of sampling apparatus for wetla.nd invertebrates. 

Microhabitat Apparatus Advantages Disadvantages 

Benthos sediments Ekman dredge, Good for deep water sampling from lneffeetive in vegetation zones 
Ponar dredge boat, where bottom sediments or rocks 

are soft Difficult to carry 
Expensive 

Stovepipe sampler Good for deep sediment samples in Heavy, diffieult to carry in field 
moderate water depths Expensive 

Core sampler Can be used effeetively in diversity Must use with SCUBA in dee,p 
of habitats water 

Volume/depth of sampling easily 
modified by design 

Lightweight, inexpensive 

Water column Column sampler Can sample both water column and May require long field time for 
sediments small sample size 

Awkward to carry 
Expensive 

Sweep net Provides area-density estimate Variation between colleetors 
Lightweight, easy to carry in field Diffieult to use in dense, robust 
lnexpensive vegetation 

Activity trap Standardized procedure Does not give area-density index 
Reduced field time Predation in traps by fish and 
Provides samples free of plant/ invertebrates 

detrital material Passive sampler-may underesti-
mate sedentary organisms 

Aerial Emergence traps Quantified sample Requires trap construction and 
Density estimates maintenance 

Expensive 

Light traps Time index Not an area-density index 
Ability to collect large qualitative Mainly nocturnal trap 

sam pies 

Aerial sweep net ~itatiVe samples Not an area-density index 
lnexpensive Biased sampling 

Shoreline Core samplers Area-density for semi-aquaticl 
terrestrial invertebrates c 

lnexpensive 

Activity traps/ Good time index for mobile inverte- Passive trap 
mesh bags brates Need to continually move trap in 

Good in leaf-based detritivore dynamic system 
systems Expensive 
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Figure 1. Type Ill survival curve-typical survival for 
most aquatic invertebrate populations. 

in vegetated zones because the springs are usually 
activated before reaching the sediments, or the 
jaws will not close sufficiently to contain the entire 
sample. Nevertheless, in sorne deep-water areas 
they offer an acceptable approach. Stovepipe sam
piers have been used effectively for benthos, but 
they are often cumbersome for field work. Samples 
from ali these apparatus may be washed through 
standard sieves to eliminate mud and roots. 

Water column samplers incl~de tubular column 
samplers, sweep nets, and activity traps. Column 
samplers are expensive and do not work weil when 
submergent vegetation is sampled. Sweep nets are 

easily manipulated, and field time can be decreased 
if net inserts are used. Net inserts are consti-ucted 
of fine netting. These inserts are secured in the 
larger, coarse net, removed after each sweep, 
placed in a plastic, zip-lock bag, and transported to 
the lab. Another insert is used for the next sweep. 
If more than one technician is available, activity 
traps may be used for sampling, but those traps 
are expensive and time-consuming to use. Aerial 
samples may be collected with quantifiable emer
gence traps, with qualitative light traps, or with 
sweep nets. Shoreline samples may be collected 
with core samples or with replicate mesh traps. 

Manpower, time investment, and technical ex
pertise must be considered when developing sam
pling schemes. Diversity among wetlands and their 
invertebrate communities may require complex 
sampling methods (Table 2). Field collections for 
quantitative sampling demand a relatively smalJ 
amount of time compared to the investment re
quired for sorting, identification, and analysis 
(Fig. 2). 

The techniques Jisted here provide a framework 
for sampling. More specifie sampling gear can be 
eonstrueted for the needs of a specifie study, but 
standardization for comparison among other 
regions is also desirable. Sampling of wetland in
vertebrates can be eondueted for broad qualitative 
surveys, site or treatment comparisons, or as a 
long-term index. The needs for Jong-term sampling 
should be eontinually reappraised as long-term 
management goals are modified. 

Table 2. Examples of potential apparatus selection based on. wetland type and project goal. 

Wetland habitat Project goal Considerations • Potential apparatus 

Seasonally flooded, Compare general invertebrate fauna Need index Sweep netlactivity 
annual grasses dominant associated with dominant plant type traps 

Seasonally flooded, Document peak hatch of midges/ Need to capture Emergence traps 
annual grasses dominant mayflies for potential swallow emerging 

predation subadults 

Semipermanent, cattails Compare general invertebrate fauna Need index Activity traps 
dominant under varying water regimes Robust vegetation 

Seasonally flooded, Compare general invertebrate fauna Twig/leaf material Activity traps/mesh 
pin oak forest between two greentree reservoirs as substrate bags 

Lacustrine beach Sample potential foods of a shorebird Sample location of Core sampler and 
species feeding birds sticky traps 

May include terres-
trial enviropments 

Deep, large river Sample clam population in diving duck Deep water, current, Ponar/Ekman 
feeding area and soft substrate dredge 

"Viable replication is a concern in each sample. 

Fùh and Wüdlüe Leallet 13 • 1988 



Step 

1 

Sampling 
gear 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

EXPERIMENTAL DESIGN 

Duration between 
sampling 

~ 
Preliminary sampling 

1 

Number of 
treatments/ 

Statistical tests/re-evaluate experimental design 

1 
Collect samples 

1 
Baglbottle samples for analysis in laboratory 

1 

Transport to laboratory -- Store or to #7 

1 
If core samples, sieve sediments -- Store or to #8 

1 
Preserve specimens (usually 60-95% ethyl alcohol) -- Store or to #9 

1 

ldentify organisms to specifie taxonomie level 

1 
Weigh specimen (wet or dry) ü biomass considered 

1 
Statistical treatment 

Figure 2. Chronology of steps in wetland invertebrate sampling. 
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13.3.3. Aquatic Invertebrates 
Important for Waterfowl 
Production 

Jan Eldridge 
Bell Museum of Natural History 
University of Minnesota 
Minneapolis, MN 55455 

Aquatic invertebrates play a critical role in the 
diet of female ducks du ring the breeding season. 
Most waterfowl hens shift from a winter diet of 
seeds and plant material to a spring diet of mainly 
invertebrates. The purpose of this chapter is to give 
managers a quick reference to the important inver
tebrate groups that prairie-nesting ducks consume. 

Waterfowl species depend differentially on the 
various groups of invertebrates present in prairie 
wetlands, but a few generalizations are possible. 
Snails, crustaceans, and insects are important in
vertebrate groups for reproducing ducks (Table~ 
Most species of laying hens rely on calcium from 
snail shells for egg production. The northern shov
eler and gadwall are dependent on crustaceans that 
swim in the water and forage on algae and fine or
ganic matter. The northern shoveler has an enlarged 
bill and finely developed lamellae for sieving crusta
cea from the water. Early-nesting species such as 
northern pintails and mallards consume early
emerging midge larvae in addition to earthworms, 
which are often the most available food in ephemeral 
wetlands shortly after the snowmelt. The diving · 
ducks consume free swimming amphipods or larger 
insects such as caddis fly and dragonfly larvae that 
tend to occur in deeper water. 

The community of invertebrates present in a 
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wetland can indicate the history of water .changes in 
that wetland. For example, invertebrates such as 
leeches, earthworms, zooplankton, amphipods, iso
pods, and gastropods are dependent on passive dis
persal (they can't leave the wetland under their own 
power~ As a result, they have elaborate mechanisms 
to deal with drought and freezing. A second group 
that includes sorne beetles and most midges can 
withstand drought and freezing but requires water 
to lay eggs in spring. A third group that includes 
dragonflies, mosquitoes, and phantom midges lays 
eggs in the moist mud of drying wetlands during 
summer. A fourth group that includes most aquatic 
bugs and sorne .beetles cannot cope with drying and 
freezing, so they leave shallow wetlands to overwin
ter in larger bodies of water. Managers can use the 
presence of these invertebrates to determine the ef
fectiveness of water management regimes designed 
for waterfowl production. 

The following descriptions of invertebrate natu
ral history are based on Pennak (1978~ 

lnvertebrate Natural History 
OLIGOCHAETA (Aquatic and Terrestrial 
Earthworms) 

Natural History: Earthworms mix the substrate 
soils and consume algae and detritus. Their distri
bution is usually not limited by temperature and 
many truly aquatic forms survive in low oxygen con
centrations. Sorne earthworms form cysts or cocoons 
that are transported by birds or the wind. 
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Table. Jnvertebrate classification. Thefollowing is 
a list of the taxonomy of aquatic organisms that 
will serve most management purposes. 

Phylum Class Order 

Annelida Oligochaeta 
(terrestrial 
and aquatic 
earthworms) 

Hirudinea 
Oeeches) 

Arthropoda Crustacea Anostraca (fairy shrimp) 
Conchostraca (clam 

Mollusca 

Insee ta 

Gastropoda 
(snails) 

shrimp) 
Cladocera (water fleas) 
Copepoda (copepods) 
Ostracoda (seed 

shrimp) 
Amphipoda (scuds 

and side
swimmers) 

Ephemeroptera 
(mayflies) 

Odonata 
(dragonflies) 

Hemiptera (true bugs) 
Trichoptera (caddis flies) 
Coleoptera (beetles) 
Diptera (flies and 

midges) 
Lepidoptera (butterflies 

and moths) 

Importance to Waterfowl: Terrestrial earthworms 
in temporarily flooded, ephemeral ponds early in 
spring are particularly important to early-nesting 
mallard and northern pintail hens. 

HIRUDINEA (Leeches) 

Natural History: Sorne leeches are blood sucking 
and forage on birds, mammals, fish, snails, insects, 
and earthworms. Leeches prefer warm water, and 
are common in protected shallows. They are primar
ily nocturnal and require a substrate of rocks or 
vegetation, so they are uncommon in wetlands that 
have pure mud or clay bottoms. Leeches survive 
winter and droughts by burrowing into the mud and 
becoming dormant. 
Importance to Waterfowl: Leeches are not partic
ularly important to waterfowl as food, although they 
are eaten by mallards in small amounts. 
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Crustacea 
ANOSTRACA (Fairy Shrimp) 
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General Description: Fairy shrimp gen
erally swim on their backs. They have 2 
stalked, compound eyes, 11 pairs of swim
ming legs that resemble paddles, and no 
hard external covering. 
Natural History: Fairy shrimp are corn-.. -

~ mon in small ephemeral and temporary 
ponds early in spring. They glide upside down, beat
ing their legs in a wave-like pattern from tail to 
head. Their leg action draws food into the ventral 
groove toward the mouth. They feed on algae, bacte
ria, protozoa, and bits of detritus. 

Fairy shrimp lay two kinds of eggs: summer 
eggs that hatch soon after laying, and resting eggs 
that sink to the bot tom, where they withstand dry
ing or freezing and hatch the next spring. Larvae 
develop through a series of "nauplius" instars and 
mature rapidly; sorne become adults in as few as 
15 days. 
Importance to Waterfowl: Because fairy shrimp 
are among the first invertebrates in spring, they 
are consumed by early laying northern pintai) and 
mallard hens. They also occur in the diets of north
ern shoveler and blue-winged teal. 

CONCHOSTRACA (Clam S}_lrimp) 
. , . General Description: This organism is 

,. ;~ ~ )) enclosed in a shell-like outer carapace, 
~ ~ ~ and resembles a tiny swimming clam. 
~ Clam shrimp have 10-32 pairs of legs 

and 2 pairs of antennae. 
Natural History: Clam shrimp seem to prefer 
brackish water and swim by moving their large bi
ramous antennae in a rowing motion. Their natural 
history is similar to that of the fairy shrimp. 
Importance to Waterfowl: Clam shrimp forman 
important part of the diet of laying gadwall hens, 
and also occur in the diet of mallards and northern 
shovelers. 

CLADOCERA (Water Fleas) 

~ 
General Description: Water fleas range 
in size from 0.2 to 3.0 mm long. Super
ficially, the body appears bivalve with 

. the abdomen and thoracic regions cov
ered by a carapace. The head is compact 

with two large, compound eyes. Water fleas have 
large antennae with two segmented rami extending 
from a large base. They have five to six pairs of bi
ramous legs that are hidden in the carapace. 
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Natural History: Water fleas use their antennae to 
swim and appear to hop uncertainly in the water. 
Their legs produce a current between the valves of 
their carapace where food collects in the median 
groove and streams toward the mouth. Algae, de
tritus, and protozoans are the major items con
sumed. Water fleas migrate vertically, moving 
upward in the evening and downward at da'W11. They 
can exist in a variety of temperature and oxygen · 
concentrations. 

Water fleas hatch from resting eggs at first 
thaw. AB the water warms they reproduce rapidly, 
often reaching a large population of 200-500 fleas 
per liter of water. The population wanes and by sum
mer, few are present in the ponds. Usually they re
produce parthenogenetically; however, as conditions 
deteriorate later in the season, they produce eggs. 
Importance to Waterfowl: Water fleas form a major 
part of the diet of the laying northern shoveler. 
Cladocera are also consumed by gadwall and mallard 
hens. 

COPEPODA (Copepods) 

f 
General Description: Most copepods 
are Jess than 2.0 mm long. Usually they 
are drab in color; however, in spring, 
sorne species are bright orange, purple, 
and red. The head and part of the th~ 

rax are fused in a cephalothorax. The ·remainder of 
the thorax and abdomen are segmented. Copepods 
have large antennae and five thoracic segments that 
have legs that are used for swimming. They have no 
abdominal appendages. 
N atural History: Most copepods forage on algae, 
plankton, and detritus. Sorne forage by scraping 
food from the pond bottom and sorne by filtering 
plankton from the water. Many swim in a smooth, 
slow motion that is produced by the feeding move
ments of the mouthparts and antennae, punetuated 
by jerky leg movements. The front antennae are held 
stiff and aet as a parachute to keep the copepod 
from sinking. 

Copepods breed throughout summer, and are 
tolerant of oxygen depleted water and adverse con
ditions such as drying and freezing. Sorne survive 
winter as resting eggs, sorne go into diapause on the 
wetland bottom and others form eysts or eocoons. 
Development is through a series of stages before 
sexual maturity. The time to maturity varies, de
pending on the environment and the species. 
Importance to Waterfowl: Waterfowl do not depend 
on this group but copepods account for a small por
tion of the diet of laying northern shoveler and gad
wall hens. 
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OSTRACODA (Seed Shrimp) 

Q 
General Description: Superficially, 
ostraeods resemble tiny seeds. They 

. are usually Jess than 1 mm long with 
. an opaque, bivalve shell that varies in 
· color. 
Natural History: Seed shrimp tolerate a wide range 
of environments, temperature, and water chemistry. 
Most species occur in water less than 1 rn deep on 
varying substrates. Omnivorous scavengers, they 
forage on baeteria, molds, algae, and fine detritus. 
Eggs can suspend development in dry and freezing 
conditions and sorne live as long as 20 years in the 
dried condition. 
Importance to Waterfowl: Seed shrimp, like 
eopepods, do not dominate the diet of laying fe
males; however, they are eonsumed in small 
amounts by gadwall, northern shoveler, and blue
winged teal. 

AMPHIPODA (Scuds, Side-swimmers, or 
Freshwater Shrimp) · · 

~
General Description: Most amphipods 
are 5-20 mm long with segmented.th~ 
rax and abdomen. Their eyes are usu
ally well developed. 
Natural History: Amphipods are pri

marily nocturnal. They swim rapidly just above the 
substrate, rolling from side to baek. Omnivorous 
scavengers, they consume various plant and animal 
material. They often browse on the film covering 
vegetation that is eomposed of microscopie plants, 
animais, and detritus. 

Amphipods are restricted to eold, shallow 
water, and an abundance of oxygen is essential. They 
are generally· found in permanent wetlands where 
they can become abundant, and are not generally 
adaptable to withstanding droughts. 
Importance to Waterfowl: Amphipods are very im
portant to scaup, espeeially in fall, but they are not 
particularly important for dabbling ducks. Blue
winged teal, gadwalls, and mallards consume small 
amounts. 

Insee ta ... 
EPHEMEROPTERA (Mayflies) 

~
. . General Description: The aquatie ju-

venile stage of a mayfly, known as a 

t 
nymph, is charaeterized by a long 
body with a large head, large eyes, 

, and long antennae. The tracheal gills 
, \ on the abdominal segments are the 
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important feature for distinguishing the mayfly 
nymph from other insects. 
Natural History: Mayflies occur in fresh water 
with a high oxygen concentration. Most are her
bivores or detritivores, however, sorne are carnivo
rous and feed on midge larvae. Mayflies are nymphs 
most of their lives, which can extend for 1-3 years. 
Adults live 24 h to a few days, mate, lay eggs, and 
then die. · 
Importance to Waterfowl: Although mayfly 
nymphs are not an important item in the diets of 
waterfowl, they are commonly found in wetlands. 

ODONATA (Dragonflies, Damselflies) 

/~··· t General Description: Nymph-
""'-~,. :; " Dragonfly nymphs according to Pen-

/ ,: • '.·· 1 nack are" ... grotesque creatures, 
:.,. ,~ \I~ ~. "· ·. robust or elongated and gray, green-
/ '\ ish or somber-colored." The body 
may be smooth or rough, bearing small spines; it is 
often covered with growths of filamentous algae and 
debris. The most striking feature of the larva is the 
modified mouthparts that are large and folded under 
the head and thorax. 
Natural History: Many dragonflies and damselflies 
live for 1 year but the large aeschnids live for about 
4 years. Odonate nymphs are carnivorous. Nymphs 
emerge from the water in the morning. 
Importance to Waterfowl: Dragonfly nymphs are 
more important to diving ducks than to dabbling 
ducks. 

HEMIPTERA (True Bugs) 

General Description: True bugs have 
mouthparts that forma piercing beak. 
Their wings are leathery at the base 
and membranous at the tip. Their size 
and shape varies. 
Natural History: Aquatic bugs are 

predaceous, primarily foraging on other insects. 
They grasp their prey with specialized front legs 
and suck body fluids with their beak. They winter as 
adults hidden in the mud and vegetation. 
Importance to Waterfowl: Hemiptera occur in 
small amounts in the diets of gadwall, blue-winged 
teal, and northern shoveler hens. 

TRICHOPTERA (Caddis Flies) 

General Description: Adult-Adults are small and 
inconspicuous. They regemble moths with folded 
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wings and a dodging flight pattern. 
Caddis fly larvae are aquatic and most 
build portable cases of debris. 
Natural History: Caddis flies occur in 
a variety of wetland types that have 
sufficient oxygen concentrations. They 
may have one or two generations per 

,_ year and many larvae overwinter in 
the wetland. Most are omnivorous but there are 
grazers, scrapers, suspension feeders, filter feeders, 
and carnivores. 
Importance to Waterfowl: Caddis flies are partic
ularly important to laying canvasbacks and they also 
occur in the diets of mallard, gadwall, blue-winged 
teal, and redhead hens. 

COLEOPTERA (Beetles) 

General Description: Beetles are 

t i. · ·· easily. distinguish~d. as ~dults--their 
forewmgs are mod1f1ed mto borny 
shields that cover the abdomen. Lar

: vae are long and thin with six legs
-· -· three on a side--characteristic of 

insects. 
Natural History: Most adult aquatic beetles are de
pendent on air. Adults and larvae occur in shallow 
water near shore, particularly where there are 
quantities of debris and aquatic vegetation. Beetles 
are generally absent from wave-swept shores and 
deep water. Adults overwinter by burrowing into 
debris or mud on the bottom of the wetland. The 
aquatic larvae are highly variable; for example, 
Dytiscidae (predatory diving beetles) are adapted 
for a carnivorous life style, whereas Haliplidae 
(crawling water beetles) larvae are vegetarian, slug
gish, and stfcklike in appearance. Aquatic beetles 
often have terrestrial pupae. 
Importance to Waterfowl: Aquatic beetles occur 
in small amounts in the diets of gadwall, mallard, 
northern pintail, blue-winged teal, northern shov
eler, redhead, and canvasback hens. 

DIPTERA (Flies and Midges) 

~ 'Z\ General Description: This order in-
-: :-· eludes ali two-winged flies such as 

"-", .:.·: horseflies, mosquitoes, crane flies, 
::::-· :-: midges, houseflies, hover flies, and 

Lf 0 bot flies. Aquatic diptera larvae are 
~ highly variable; most are wormlike 

and lack eyes or jointed thoracic legs. Their bodies 
are usually soft and flexible. Sorne larvae such as 
midges (Chironomidae) have short, stumpy forelegs. 
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Natural History: Midges are especially important 
to waterfowl. They occur throughout aquatic vegeta
tion and on the bottom of ali types of wetlands. 
Many bide in fragile tubes they construct of algae 
and silt. The most abundant type, known as "blood
worms," are bright red in color. Midge larvae are 
chiefly herbivorous and feed on algae, higher plants, 
and detritus. 
Importance to Waterfowl: Aquatic Diptera· are of 
major importance to blue-winged teal, northern pin-
tai!, mallard, gadwall, and redhead hens. · 

LEPIDOPTERA (Butterflies and Moths) 

General Description: Only one family of Lepidop
tera have larvae that are truly aquatic. These larvae 
resemble terrestrial caterpillars-adults are small 
and inconspicuous. 
Natural History: The aquatic moth larvae are found 
in ponds that are densely overgrown with aquatic 
vegetation. Larvae often construct cases with two 
leaves and crawl around with the case. Species win
ter as immature larvae. 
Importance to Waterfowl: Moth larvae are only of 
mi nor importance to mallard hens. 

GASTROPODA (Snails) 

General Description: Most snails are readily identi-
. fied because of their coiled shell. 

Natural History: Most snails are vegetarian. They 
consume the film of algae that coats submerged su~ 
faces. Many are hermaphroditic and may be self
fertilized or cross-fertilized. Eggs are often depos
ited in a gelatinous mass in spring, and early devel
opment takes place before hatch. When a snailleaves 
the egg mass, it has taken on the morphological 
characteristics of the adult. Most snails live 9 to 15 
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months. ln warmer climates, snails may have two to 
three generations per year. They overwinter by bur
rowing into the mud and hibernating. 

Snails are most common in shallow water, Jess 
than 3 rn deep. Most species occur in greatest ahun
dance in slightly alkaline conditions. They need cal
cium carbonate for shell production. They also need 
water that is clean and has high levels of dissolved 
oxygen. 
Importance to Waterfowl: Snails are very impor
tant as a source of calcium for most laying ducks. 
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Dietary preferences by laying females of 7 duck species. 
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Alaska Goose Populations: 
Past, Present and Future 

James G. King 
U.S. Fis li (llu/lVi/Jiift Stnict 
Jufltau, A.laJka 

Dirk V. Derksen 
U.S Fi.llt uml IVtltllift Stn·i<·t 
A11clwrUK<", A lu.\ktt 

Many people think Alaska rcmains a pristine wilderncss and thal wildlifc pt.Jpula
tions arc still at prehistoric lcvels. This very likcly is nol truc for the Il species and 
subspccics of gccsc thal ncst in Alaska. Li•rgc, widcly dispcrscd popuh•lions of gccsc 
wcrc obscrvcd ncar the lurn of the ccntury. Even in the carly 1970s, il was cstimatcd 
thal Alaskan habitai!> wc re uscd hy 9 15.000 ncsting and 100.000 additionalmigrating 
gccsc cach year IKing and Lcnsink 1971 ). Si nec thcn the Alaskan pt.lpuhllions of 
most of thcsc species have dcclincd, somc lo dramatically low lcvcls (Ravcling 
19H4), even though habitats within the statc have rcmaincd largcly unallcrcd by man. 

The U.S. has trcatics with Canada. Mexico. Japan and the Soviet Union to protee! 
gccsc and othcr sharcd migratory birds. conlirming intcrm1tional conccrn for the 
wclfarc of this rcsourcc. Cooperative rcscarch on Ah1skan gccsc during the pasl sev
era! decades has givcn undcrstanding of thcir migration corridors, staging and win
tcring habitats, and the principal places whcrc they arc huntcd, thcrcby providing 
information nccdcd to dcvclop effective management plans. The only aucmpllo rc
introducc gccsc in Alaska has bccn in the Alcutian Islands. Othcr oppt.lrlunilics cxist. 

h is our in lent he re to: ( 1) rcvicw the historie and eurre nt status and impt.~rlant 
habitats of gccsc thal occur in Alaska; (2) idcntify cxisting and potcntial thrcats 
to thcsc populations; and (3) offcr alternative management approachcs for gccse in 
Alaska. 

Distribution of Alaska Goose Habitats 
Six biogcogruphic regions (Kessel and Gibson 19711, .1\rmstrung 19HO) characlcr

izc diMribution of gecsc in Alaska (Figure 1 ). The thrcc southern regions have marine 
climatcs thal permit gccse and othcr watcr birds to ovcr-wintcr. By contras!, the 
thrcc northcrn arcas arc very cold from mid-Octobcr to mid-April. rhus gccsc from 
thosc arcas arc forccd to migratc. Eastern regions of Alaska arc forcstcd, whilc the 
western und northem regions arc csscntially trcclcss. Ali regions arc mountainous, 
with gccse using alluvial outwash plains, deltas, river vallcys and, occasionally, hill
sidcs bclow the 2,000-foot (610 rn) contour. The highcsl dcnsitics of ncsting gccse 
occur in the western region. The thrce southcrn regions arc part of the northem 
lcmperate zone, have the longcst ice-frce period and providc important slaging areas 
whcrc gccsc build fat reserves during spring and fall migrations. High tidal Ouctua
tions on the north Pacifie and southcrn Bcring Sea coasts, oflcn 20 reet (6.1 m) or 
more, rcsull in one of the richcst and mosH:xtcnsivc intertidal habitats of the world. 
The river :.ystcm of the central region, which rcach peak Oows during snow meil, 
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have a shallow gradient, and pt.Jrtions of thcir Ooodplains drain slowly. This pre
eludes growth of shrubs; but allows scdgcs and grasses thal provide goose J"umgc tu 
dcvclop in midsummcr. The main stem of the Yukon River has thousunds of croding .. 
and uccrcting islunds dominatcd by carly succcssional plunts favorcd by gecsc. 

Status of Alaska Goose Populations 
. Ornithologists have dcscribcd the status of Alaskan goose populations ovcr the 

past century (Nelson 1887, D••ilcy. 1948, Gabrielson and Lincoln 1959, Palmer 
197(), Dcllrosc 19H0). Thcsc iiCCUUnls, plus our knowlcdgc or the rcquiremenls of 
gccsc, providc insight about the decline and potcntial for expansion of thcse popu
lations. This papcr does not addrcss whcthcr thcrc arc rcsources and habitat to sup
port more wintcring gcesc outsidc Alaska, but Ravcling (1984) stated thal available 
arcas and food supplies used by grcatcr white-frontcd gccsc (A1ua a//Jifrmu jmfl
lcllis) and cackling Canada gecsc (Brmlla catlatlet~sis mit~ima) arc more than udcquatc 
to sustain much largcr populations. 

Greater White-frollted Goose 

The grcatcr whitc-frontcd goose is circumpolar in distribution and ncsts in Alaska 
in the central, western and northcrn regions. Virtu;1lly ali Yukon Delta whitcfronts 
migratc lo the Pacifie Flyway (Oellrosc 1980, Lcnsink persona! communication), 
whilc Jess-dense populations from the forcsted intcrior and the coast north of the 
Yukon River wintcr in the Central Flyway. Ncsting dcnsitics vary from scallered 
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pairs to modc:ratc: concentrations of up to JO pairs pc:r square: mile (3.9/kml) (King 
and Dau 1981, Ely and Ravcling 1984). 

Dall and Bannistcr (1869) and Nelson ( 1887) rc:ported ncsting whildronls at St. 
Michael and Dall ( 1870) round their eggs ali along the Yukon River IO Fort Yukon. 
Nelson (1887) also described the whitdront as "the most widcly distributed and 
abundant goose throughout northc:m Alaska." Whitefronts no longer ncst in the 
marshcs ncar St. Michael. Studies for the Rampart Canyon Dam in the carly 1960s 
discloscd no ncsting whitefronts along the Yukon River, allhough they still ncst from 
the cdge of the Aats into the bills along Beaver Crc:ck, Birc:h Crc:ck, Black River and 
othcr tribularics (USDI 1964). Sidney Huntington (pc:r.;onal communication) of Ga
lena informc:d us thal whilcfronts on the Dulbi River have increascd in recent ycars, 
evc:r since hunting molting birds there has ceascd. Reports from wintcring areas 
indicate a steady decline in Yukon Delta nesting whitcfronts (O'Neill 1979, nmm 
and Dau 1979, Ravcling 1984). 

Becausc of thcir wide distribulion, white-frontcd gccsc have survivcd ovcr most 
of Alaska, but they are rc:duccd in number in sorne arc:as from the lcvels carly cx
plorers found. Hunting, egging and molting drives may have climinalcd them from 
lhc smallcr deltas of western Alaska, such as at St. Michael, and rc:duccd them 
grc:atly on the Yukon Delta. Shooting and cgg gathcring associatcd with hcavy boat 
lraOic in the carly part of lhc ccnlury may have climinalcd ncsling whitefronls along 
the major navigable rivcrs particularly lhc Yukon (Dall 1870). Excessive kill in 
Alaska-sec Klein ( 1966) and Copp and Roy ( 1986) for harvesl daia-and during 
fall and winlcr oulsidc Alaska cnmm and Dau 1979) probably rc:duced Pacifie Fly
way whilcfronls in rc:cenl years. If summc:r hunling is eliminalcd, as al the Dulbi 
River, and winler harvesl is nol loo inlcnsc, whitcfronts should rc:-occupy former 
ncsting habilals throughoul wcs1crn Alaska and incrc:asc thcir numbers. 

Tule Goose 

The Iule goose (Anstr albifrotiS gambtlli) is a large, dark whilcfronlthat was tirst 
dcscribcd by Hartlaub (1852). Howevcr, il was 1980 bcforc: lhc ncMing habitat of 
tulc gccsc was locatcd at Redoubl Bay in Cook lnlet, Alaska. Banding confirmed 
thal lhcy wintcr in central California. Brc:cding ground cslimalcs of 1,500 Iule gccsc 
in Cook lnlcl cnmm Cl al. 1982) do nol correspond with counls of about5,000 birds 
cstimatcd on their wintcring grounds in California (Wege 1984). Timm cl al. (1982) 
suggestcd thal habitats ncar Redoubl Bay could harbor the rcmaindcr of this popu
lation. Tule gccse are not subjccl 10 hunting on the oesling grounds. They wcre 
probably more: widcsprc:ad and abundant whcn first dcscribed in Califomia in 1917 
(Baucr 1979). Hunting restrictions in Califomia have enablcd this population to ex
pand in recent ycars {Baucr 1979, Wcgc 1984). Thcre appc:ars lobe adequate habitai 
for a larger ncsting populalion in Cook lnlct. Polcntialthrcats lo ncsting (Timm el 
al. 1982) and wintering (Gilmcr cl al. 1982) habitats should be monilorc:d lo avoid a 
reversai in this trend. 

Lesser S11ow Goose 
Lc5scr snow gccsc (CI!I.'tl t'Utrult.fC'ttu t·atrult.tc·ttl.l') ncst inlhc Artic, from cast· 

crn Sibcria ln eastern Canada, and wintcr primarily in ccnlral Californi;l and along 
the Gulf of Mexico. Wintcring populations in lhe U.S. avcragcd 1,277,000 birds 

466 • Trans. 51" N. A. Wilt/1. & Nat. Re.r. Conf. 

during 1955 ln 1974 (IJcllrnsc 1980). Snow gccsc singe on river deltas, Roodph•ins 
und uplands in ull regions, but ure: com;idercd rare ncslers in Alaska. Thcrc: arc iso· 
lalcd ncsting records from the Yukon Delta (Gabriclson and Lincoln 1959), and lherc 
have becn a fcw broods cast of J>oinl Barrow ncar Smith Bay and Cape Halkcll (King 
1970. Dcrkscn ct al. 1981). ln rcccnl ycars. a small colony of 50-100 brec:ding pairs 
has bccome establishcd on Howc Island in lhe Sagavanirklok River della near lhe 
J>rudhoc Day oillicld (Johnson 1983, Johnson el al. 1985). Hansen (1957) rc:ported 
1.300 nonbrccding bin.ls ncar Cape: Halkcll in 1957, but inlermillcnl counls sincc: 
1977 have discloscd lcss than 300 molting snow geese there. Gabriclson and Lincoln 
( I1J59) suggcstcd lhlll lcsscr snnw gccsc nesled more: abundanlly casl nf Barrow in 
lhe carly 1900s and were possibly exlirpalcd by reindcc:r and thcir herdsmcn. Il 
sccms clcar thal coaslal Alaska habitats could support additional nesting snow geese. 

Wc arc: not aware of a successful man-induced snow goose colony, but it may be 
possible lo cslablish colonies in Sibcria and in Alaska on the Yukon-Kuskokwim 
Oclla, the Seward Peninsula and the North Slopc:. Since the Yukon Delta is used by 
stuging Wrangel Island snow gecsc in spring and fall, tbcre is polcnlial for resource 
cmnpctition betwc:cn lhis populalion and a new colony. If succcssful, an cxpanding 
colony mighl short-stop Siberian birds in a pallcrn thal seems to have occurred in 
severa! places in Cnnada (Bcllrosc 1980). Allernatively, birds produced on the Yu· 
kun-Kuskokwim Della mighl fullow the main migration lo Wrangel Island in sub· 
scc1ucn1 ycars. as may be the case wilh the fcw snow gcese lhal prcsc:ntly ncstthcrc:. 

/:.'m1u:mr Gouse 
Empc:ror geesc (C/11!11 cu11agit'o) have a restrictc:d distribution-they ncsl on the 

shores of the Bcring and Chukchi scas, and winler from Kodiak through lhe Aleulian 
and Commander islands to the Kamchalka Pcninsula. Nelson ( 1887) thought lhcy 
ncstcd mc•st llhuntlunlly alung the coast betwcen the Yukon aod Kuskokwim rivcrs. 
Othcr obscrvcrs rc:porlcd thal lheir primury nesting arc:as wcrc: on the cast side ,;( 
Kuskokwim Bay, 1he south side or Kotzebue Sound and on St. Lawrçn!=e Island. 
Empcrors wcrc also found nesling al Port Clarence and St. Michael (Gabriclson and 
Lincoln 1959). Sorne empc:rors nest on the norlhcrn coast of Siberia wherc: De· 
ment' cv and Gladkov ( 1952) dcscribcd lhcir numbers as "low" and "cxtremcly de· 
plelcd," und suggcsted lhe nced for a ban on shooting "which locally threatens to 
annihilutc this fonn complctcly." 

The Alaska fall population or empcrors was cslimalcd lobe about 150,000 in 1971 
{King and Lcnsink 1971). Morc-rc:ccnlsurveys indicale there has been a decline lo 
aboul 100.000 birds in fall 1982 (Pclc:rscn and Gill 1982), and 58,800 in spring 1985 
(Dau and King 1985). Bailey (1948) listcd the cmperor as a common nestcr from 
Walcs cast alung lhc north side of the Seward Pcninsula in 1921. Thayc:r (1951) 
fuund ni ne empc:ror nesls on the Serpentine River ncar Shishmarcf. King ( 1982) 
could only find 133 cmpc:rors on the cnlirc Pcninsula during an air search in June 
llJH2. F;1y ( 1961) rcpurled 10.000-20,000 cmperors molling along lhe southcrn 
cuasl of Sc. Luwrcncc Island, and up lo 2,000 in the brc:cding populalion. Fay and 
Ci•dc ( 1951J) nolcd chut molling birtls werc formerly caplured in large numbers by 
huniers, bul llwllhis pmclice hatl bcen discunlinucd. King and Dcrklicn ( 1986) con· 
dlll.:lctl an extensive ;•criai survcy or SI. Lawrence Island in July 1984 antl cuunlcd 
ll:wcr th;m 4,()(KI mulling cmpcrors ;mtl only twu bruods. 
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· Thcrc arc vast strctchcs of secmingly good cmperor goose ncsting habitat thal arc 
unoccupicd or uscd only by rcmnant populations. The legal harvcst has avcragcd 
only a fcw thousand birds per ycar with 1,188 killcd in 1984-85 (Campbell and 
Rothc 1986). ln wintcr, they arc disperscd across more than 1,500 miles (2,400 km) 
of rcmotc island shores and rc:cfs in Alaska and Sibcria. Although cmperors could 
be subjcctcd to oil spills or othcr pollutants from foreign and domcstic fishing ftccts 
in western Alaska waters, thcrc is no evidence thal this has occurrcd. For more than 
100 years, obscrvers have rcponed heavy kill of cmperors on the nesting grounds 
and during the molt (Dall 1870, Turner 1886, Nelson 1887, Nelson 1914, Gillham 
1941, Jcnncss 1970). Fall harvcsts have becn at low lcvcls for somc lime, whilc 
spring and summcr kills on the Yukon Delta have becn greatcr. Allhough il appears 
thal hunting has bcen a major factor contributing to the decline of thesc gcesc, the 
clfccts of othcr mortality factors arc poorly undcrslood. 

Black Bralll 

Black brant (Branla bernicla 11igricans) ncsl ncar the coast of the western and 
northern regions of Alaska (Figure 1) and Arctic Siberia and Canada. Spencer cl al. 
(1951) dcscribed brant ncsting on the Yukon Delta in a large colony cxtcnding 100 
miles (160.9 km) from the northcrn side of Nelson Island to the Askinuk Mountains 
and a smallcr colony on the southcrn sidc of Nelson Island. Much of the original 
nesting habitat1s now unoccupied, and the rc:maining brant arc: largely confincd to 
thrcc rcmnant colonies. The Tutakoke River colony has rcccntly cxperienccd addi· 
lional significanl losscs, from an cstimatcd 14,000 pairs in 1981 (Byrd cl al. 1982) 
to 1,100 pairs in 1985 (Sedinger ct al. 1985). Baoding has shown association be· 
tween Alaskan, Canadian and Siberian brant (Uspenski 1965, King and Hodges 
1979). Virtually the entirc world population fceds on protein-rich eclgrass (Zostera 
marina) at lzcmbek Lagoon in fall, and stores reserves for lransoccanic Oighl (Han· 
son and Nelson 1957) to wintcring arcas from British Columbia to western Mexico. 
ln the past JO ycars ( 1975-85) wintcr population counts in Mexico have Huctuatcd 
betwecn IOS,OOO and 182,000 (Conanl and Eldridge 198.5). 

Wc are unaware of any brant colonies along the shores of Norton Sound or Kotz· 
· ebue Sound, except at a few islets near the Nugnugaluktuk River. Thaycr (19.51) 

found 24 brant ncsts at Shishmarcf Lagoon, but brant secm to have ccased using this 
arca for nesting in recent years. Therc: is liule habitat available at the Nugnugaluktuk 
and il is probably saturated with sorne 400 pairs (King and Conant 1983). The Ser
pentine River on Shishmarc:f Lagoon has more-i:xlensive habitat and should be able 
to suppon a substantial oesling colony of brant. The principal difference bctwcen 
these two arc:as, besides size, is thal the Serpentine is occupied throughoutthe spring 
and summer by hunters and fishermen, whercas the Nugnugaluktuk is far from any 
village and probably scldom visited by man. Other small western Alaska deltas north 
of the Yukon River appear suitable for brant colonies but arc: not now uscd. Small 
colonies and scauercd pairs ncst on the Arctic slope in Alaska, and up to 22 percent 
of the entirc brant population molt near Teshckpuk Lake in July (King and Hodges 
1979). Protection on the Cape Halkctt!Teshekpuk Lake arca from development is 
advisablc because of the unique combination of large, isolatcd lakcs thal alford sc· 
curity to molting geesc, and abundancc of nutrient-rich foods (Dcrksen ct al. 1979, 
Dcrksen ct al. 1982). 
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Va11couver Ca11ade1 Goose 

The Vancouver (Bra111a cmrade11si.r j11lva) is a large, dark goose thal ncsts secrc:· 
tivcly within the coastal rain forest (Lcbeda and Ratti 1983) of northcrn British Co· 
lumbia and southeastcrn Alaska (Van Horn et al. J979). lt is unclear what limiting 
factors prc:cludc this subspecics from inhabiting contiguous, similar habitat in south· 
cm Uritish Columbia. Vancouvcrs wintcr on the tidal Hals near oesling areas. There 
is a small population of Canadas thal nesl on the islands in Prince William Sound 
and wintcr in ncarby cstuarics thal mighl be of this subspecies (lslieb and Kessel 
1973). Although Vancouvcrs arc huntcd in fall, the kill appcars Co be low. The Van· 
couver may be the hast Canada goose in North America thal is limitcd primarily 
by natural causes, and whose summer and winter habitat is still mostly unallered 
by man. 

Sincc the Vancouver winccrs almost cxclusivcly on vegctated tidal Hals-a limitcd 
and spccializcd habitai-wc arc conccrncd about other uses of thesc arcas. Log raft· 
ing and deposition of Jogging debris al the high cidc linc has covercd extensive areas 
of goosc-foraging habitat in some locations. The Mendenhall tideHats in Juneau, 
now a Statc Gamc Refuge, support a wintcr population of about 600 Vancouvcrs thal 
arc casily visible along the main highway lo Juneau. Saving this urban Hock may be 
a major conservation test, as habitat is thrcatcncd by highway crossings, gravcl mines 
and airpon expansion. The town of Hoonah also has a tidal flat airporl thal dcstroyed 
a Vancouver fceding arca. Substancial numbers of Vancouvers make a molt migration 
Co glacial or othcr open coastal arcas in July, and protection of thesc sites is nceded 
(Lcbcda and Ratti 1983). 

Most of the present Vancouver Canada goose range was ice-coverc:d during che 
most-recent glaciation, and Plocgcr ( 1968) suggcsted thal thesc gcese occupicd hab· 
icats south of the icc. They continue to pioncer northwestward as retrc:ating glaciers 
expose habitat along che Gulf of Alaska, as at Glacier Bay. Kodiak and Afognak ·• 
islands have no oesling or wintcring Canada gccsc, although the climale and habilal 
sccm similar lo soulhcasccrn Alaska. Thinccn Vancouvers werc: rclcascd on Kodiak 
in 1973 to determine whclher this subspecies would bccome established, and recent 
observations of a fcw large Canadas at Uyak Bay indicatc thal therc: is polential for 
furthcr succcssfultranslocations. Il is not clcar wh y Canada gcese have noe occupied 
Kodiak Island sincc lhc last glaciation, bul perhaps additional introductions of Van· 
couvers from southeastcm Alaska could accelerate use of these habitats. There has 
bccn sorne objection lo cstablishing a new population of Vancouvers separatcd from 
the parent stock by a population of duskies al the Copper River and a spi inter popu· 
lation of lesscrs al Cook lnlet. This is Jess of a problem to those who accept Palmer's 
( 1976) classification thal combines Vancouvcrs wilh duskies. 

Dusky Canada Goose 

Dusky Canada gccsc (Brailla ca11ade11si.r occidelllalis) ncst within a 12.5-square 
mile (324 km2

) arca on the Copper River Della, and winter in the Willameuc Valley 
of Oregon. Once ovcrharvcstcd in Oregon, they rc:sponded lo the creation of refuges 
thal providcd wintcr protection, and the population more than doubled to about 
26,000 in 1975 (Timm ct al. 1979). Recent counts indicate che dusky population 
dcclincd from 23,000 in wintcr 1981 lo about 13,000 in summer 1985. The Copper 
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River Dcll;a was upliflcd ;about 6 reet (1.9 m) duringthc 1%4 curthtjuakc. causing 
drainage of many w;atcrways (Timm ct ;al. 1979). which may have rcduccd pmtcction 
of duskics from tcrrcstrial prcdators. Studics arc in progrcss lo asscss the impact or 
predation and examine the rcsponsc of ncsting pairs to artifici;al ncst platforms and 
i:olands (Pollard 19114). 

Duskics ncsting at Egg l!iland olf the mouth of the Copper River have 30-50 
percent highcr succcss thun thosc usingthc m;ainland (0. Campbell persona! com· 
munication). Othcr ncarby i~lands appcar suitablc for ncsting, and pcrhaJ)S duskics 
will or could be induced to ncst on thcsc arcas. Severa! unvcgctalcd isl;ands arc 
subjcct to storm tidcs and unsuitablc for ncsting gccsc. Il may be possible lo crcalc 
goose habitat in thcsc arcas by slabilizing sand dunes and introducing grasses and 
sedges. 

Lesser Ca11ada Goose 

The lcsscr Canada goose (Bruma cu/luJmsi.f pc1rvipes) is widcly scaucrcd 
lhroughout forcstcd vallcys of the central region and to the coast only al the head of 
Cook lnlct. Pairs and small Docks occur in marshlands and along river courses in 
summer. Several hundrcds moll on the islands in the mid-Yukon River and along 
the lnnoko River. Da li and Bannistcr ( 1869) lisled them as abundanl breeders on 
Yukon River islands from the Delta to Fort Yukon. Diologisls working on the Ram· 
part Canyon Dam study round lcsscrs ncsting ncar large lakcs but not on the Yukon 
River, and cstimatcd a brccding population of 8,000 for the Yukon Fiais (USDI 
1964). ln recent ycars, lcsscrs have ncslcd on Yukon River Fiais islands whcrc 19 
broods wcrc sccn in 1985 (S. Mcl.can persona! communication). Sorne lc5scrs have 
a moll migration lo the Arlic slopc, whcrc nonbrccdcrs mix with Tavcmcr's Canada 
gccsc (Bruma cu/luJe,uis lavemeri) (King and Hodgcs 1979). 

Timm ( 19711) cstimatcd 2,000 lcsser Canada gccsc in Upper Cook lnlct. This ex· 
panding population (Timm cl al. 1979) apparcntly did nol cxisl prior lo 1964. A fcw 
pairs ncst at the Poiler Point Stalc Gamc Refuge in the city of Anchor.agc, whcrc a 
marsh was creatcd by a railroad cmbankmenl. Tcn lesscr Canada goose familics werc 
obscrved al the Lake Hood scaplanc base in 1985. lncrcasing agricullural dcvclop· 
ment and deforestation for pasturcs and small grain fields have providcd additional 
new foraging arcas for lcsscrs ncar Anchorage. Banding has shown thal somc of the 
lcsscrs ncsling ncar Anchorage wintcr in the Willamcllc Valley in Oregon whcrc they 
Hock with duskics (Timm 1978). 

The presence of a goose flock in Anchorage suggesls thal lcsscrs can adapl lo a 
close association with man and cnhancc the urban cnvironmcnl. Thcrc arc opportu· 
nitics in the Anchorage arca to improvc habitai and incrcasc goose production (Bader 
1983). Ducks Unlimitcd complcted an enhancemenl project in the Palmer Hay Fiais 
Stalc Gamc Refuge ncar Anchorage, whcrc dikcs, ponds and islands wcrc dcvclopcd 
on a tidcllat. 

ln the intcrior, a Statc Gatnc Refuge in the center of Fairbanks auracls migr.ml 
lesscr Canada gccsc in spring. and it may be possible to cstablish a nc:oling flock 
lhcre. Elscwhcrc throughoul thcir ncsting range, lcsscr Canadas arc so widcly dis
lributcd thal habitai cnhanccmcnl and othcr management opportunitics arc limitcd. 
If the kill is maintaincd al rcasnnablc lcvcls on thcir wintcr nm~c. lcsscr Canada 
gccsc will prubably cnntinuc 111 succccd. 
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The Tavcmcr's Canada goose is similar in sizc, appcarancc and habits to the lcsscr, 
cxccpl thal il occupics tundra ncsling sites oflcn far from the coast in the northcrn 
und western rcgiuns. fmm Bristol Ouy to Canada. This suhspecics is not rccogni1.ctl 
by Palmer ( 1976), who includcs il with lcsscr Camada gccsc. The Tavcrncr's gcesc 
nclil on the Yukon Della, whcrc thcir r.mgc n~ecl5 thal of the cackling Canntla goose. 
'litvcrncr's Cannda gccsc stage on the north sidc of the Alaska Pcninsula in fall, and 
more than 73,000 have becn lallied al lzembek Lagoon in Octobcr (Tinun ct al. 
1979). Oanding allzcmbek and also ncar Cape Halkcu on the North Slopc has shown 
they arc widcly scallcrcd in winlcr from Washington through central California 
(Johnson cl al. 1979, King and Hodgcs 1979). 

The Tavcmcr's Canada goose population appcars 10 be stable, although no precise 
techniques have becn dcvclopcd to idcntify this subspecies in survcys. Ncsls arc 
widcly dispersed throughoul thcir range, making mass depredations unlikcly. About 
100 pairs ncsl within the Prudhoe Day oilficld, wherc hunting is prohibitcd. Tiaey 
arc sccn occasionally during migration on the deltas of Kotzebue Sound (King 1982) 
and pussibly once ncstcd on the Kobuk, Noatak, Buckland and othcr deltas. The 
Tavcrncr, likc the lcsscr Canada and the whitcfronl, may be capable of rcoccupying 
former ncsting range if summcr harvcsls arc rcgulatcd carcfully. As with the lesscr 
Canada and the whitcfronl, Tavcrncr numbers could be adjusted by manipulation of 
rccrcational hunting regulations in the Pacifie Flyway. 

Aleulia11 Ca11adu Goose 

The Alculian Canada goose (Brame~ ('amuletuis l~llcopar~ia), rcccnlly""trlOughlto 
be in danger of extinction, was once abundantthroughoulthe Aleulian, Commander 
and Kuril islands, but was climinalcd from mosl of ils range whcn Arctic foxes 
(Aiopex lugopus) wcrc introduccd to ncsling islands (Springercl al. 1978). Fox farm.:~ 
ing failctl prior lo World War Il and the stock was abandoncd on the uninhabitcd 
ishmds whcrc introduccd. Fcwcr lhan 800 Alculian gccsc wcrc countctl in the mid-
1970s. Banding on Buldir Island (figure 1) rcvcaled harvesllocations in California 
and Oregon, and hunting closurcs in thcsc arcas have enabled the population lo in· 
crcasc lo about 4,000 (Hofmann cl al. 1986). Removal of foxes and an intensive 
program of releasing captive-rcarcd birds with relocaled wild birds from Ouldir Is
land have rcsultcd in the rccstablishmenl of ncsting geese on Agallu Island. Thcre is 
evidence thal the abandoncd foxcs have disappcared from sorne islands whcrc foods 
have becn c.xhaustcd or rabies oulbrcaks have occurred (E. Bailcy pcrsonal commu· 
nication). Small populations of Alcutian-like Canada geese wcre recently discovcred 
in the Scmidi Islands (Hatch and Hatch 1983) and in the eastern Aleutians on Cha· 
gulak Island (Oailey and Trapp 1984). Mitochondrial DNA sequence analysis of 
lissucs from lhcsc gccsc cnnfirmcd thcir taxonomie status as 8. t'. lellt·opareia 
(Shields 1985). Continucd clfnrls lu climim11c foxcs nnd prulccl gccsc from fall hunt· 
ing nlfcr hope thal the Alcutian Canada goose population can be rcstorcd. 

Although rcintroduction of hand-raiscd Alcutian gcese failcd and progrcss toward 
rccuvcry hali becn more costly and timc-consuming than expccled, severa! !essons 
h01vc bccn lcarncd. Califnrnia rcspondcd with scason closurcs on ali migration and 
wintcring arcali whcrc AlculiilllS mi11 with othcr gccsc. Traditional migration bchav· 
iur was maintaincd dcspilc lhc prublcmnf "lcaching'' migrulion corridors lo rclocatcd 
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Agallu Island birds. Propagation, handling, holding and releasing techniques in a 
rcmote arca have bcen enhanced. ln short, Amcricans have dcmonstrated the will 
and commitmcntto rcstorc a wild goose population. 

Cackling Canada Goose 

Early explorers describcd the cackler as the mosl-abundant nesting goose along 
the shores or western Alaska (Nelson 1887, Gabrielson and Lincoln 1959). Gabriel· 
son and Lincoln (1959) eitcd nesting records from Point Hope to the head of Bristol 
Bay prior to 1930. Cacklcrs were most numcrous from Kuskokwim Bay to the head 
of .Kotzebue Sound. Oddly, thcrc was a gap on the Seward Pcninsula wherc this 
species was nol regularly rccordcd. Nelson (1887) rcported B. c. mi11ima abundanl 
at SI. Michael, and citcd othcrs who found them nesting on the lower rcachcs of the 
Noatak and Kobuk rivcrs. ln 1946, on a llighl along the Bering Sea coast from Bethel 
to St. Michael, Gabrielson and Lincoln (1959) reporled thal cacklers outnumbered 
ali othcr geese combined, including emperors, whitefronls and brant. Recenlly, cac
kling gccse have bccn confined to a rriorc-limited arca bctwcen the Kuskokwim and 
Yukon ri vers. Fall migrants stage in large llocks on about 30 square miles (77. 7 km1) 

ncar Ugashik Bay on the Alaska Peninsula to build reserves for flights lo winter 
habitats. ln 1985, an estimated 39,000 cacklers (R. E. Gill, Jr. persona! communi
cation) used this arca for about thrce weeks in Scptcmbcr/Octobcr (8ollingcr and 
Scdingcr 1985). Canada goose hunting was prohibitcd al this important slaging arca 
in 1985, and wc rccommcnd additional slatc-designatcd critical habitai for thosc 
arcas nol prcsently protcctcd. Spring staging arcas on the Copper River Delta and 
Cook lnlet estuarics providc new-growth grasses and sedges ncccssary to allain peak 
wcights for reproduction (Raveling 1979). Fall and winler counts in Oregon and 
California show thal cacklers have declined by 93 percent since the mid-1960s, from 
near 400,000 to Jess than 30,oo0 in 1983 (O'Neill 1979, Ravcling 1984). Factors 
rcsponsiblc for the decline arc unclcar, but excessive summcr and wintcr hunting arc 
most likcly the primary causes. Rè:storation of the cackling goose lo former ahun
dance should be a high priority. 

Goose Colonies 
Gcesc arc large, hardy birds and strong llycrs thal gcncrally cope weil with the 

dangers or their environmenl, but there are times in summer whcn they arc vulncr· 
able lo predators. lncubating females, goslings and molting adults arc rclatively de
fenseless, so must use special strategies to aïd survival. Solitary nesting specics con
ceal their nests as defense againsl predators. Ali but the largest geese migrale to far 
northem latitudes for nesting and molting, wherc predators arc rclatively few in 
number and variety. Colonial nesting and communal brood rcaring is advanlageous 
lo survival in areas where predators are present. Lesser snow gccse and brant arc 
considercd colonial-nesting species. Arctic-nesting emperors, whitefronls and Can
ada geese can sometimes allain nesting densities almosl as great as snow geese and 
brant at certain favorable sites. 

Thcre arc a few places, mostly in the trcelcss Arctic, with abundanl food and few 
prcdators, where gecse ncst in colonies with polcntial for very high production. The 
clipping and manuring of vegetation by grazing gcese stimulates growth of food 
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plants (Marrioll 1973, Cargill and Jclfcrics 1984). Gulls and other prcdators thal 
occur in thcsc arcali can be mobbed and putto llighl (Barry 1967). Bcars and canids 
may be allractcd to goose colonies in summer and prey on peripheral ncsting birds, 
but nonnally thcsc prcc.lalors arc limitcd by winlcr conditions, and colon y damage is 
sporadic (Uspenski 1965, Barry 1967). Predation by humans al goose colonies can 
cause significanl losscs or complete destruction, as has occurrcd on Arclic river del
tas and Wrangel Island in Russia (Dcmcnl'ev and Gladkov 1952, Uspenski 1969, 
Portcnko 1971, Owen 1980, Bouslicld and Syrocchkovskiy 1985). 

The grcatcsl goosc-ncsting concentration in the world may once have becn on the 
26,301-squarc mile (68,120 km2) (King and Dau 1981) Yukon-Kulikokwim Delta 
(Spencer cl al. 1951, Ogilvic 1978). Wc have documcnled the decline of four Dclta
ncsting specics from ncarly 1 million gecse in the 1950s to Jess than half thal in the 
1980s (Raveling 1984). Even in the 1950s, only a portion of what appeared lo be 
good habitai was occupied, and prehistoric populations may have been severaltimes 
largcr and more widespread. 

The U.S. Fish and Wildlife Service (USFWS) has conducted systcmalic aerial 
watcrfowl brecding pair survcys across the Yukon Delta as part of an international 
program sincc 1956. Thcrc are 65 segments, cach 16 miles (25.7 km) long, including 
S thal cross portions or the Delta goose-oesling concentration area, although only 1 
segment is entircly within il (figure 2). This survey was dcsigncd to enumeralc 
docks. which, unlikc gcese, normally remain on the watcr or shore as the plane ftieli 
ovcr. Figure 3 shows gccsc countcl.l on live transcct segments in the dense ncsting 
habitat dcscribed by Spencer ct al. ( 1951 ), compared with counts from 20 segments 
outside the colony. The peak in 1964 rcllccts an influx of spring migrants thal re
mained on the delta much longer than usual because of prolonacd snow and ice cover 
in northcrn oesling areas. The trend within the concentration arca has becn a precip· 
itous decline for ali species (brant, whilc-fronted, emperor and cackling gcese). 
Arcas beyond the main concentration have supportcd small, stable populations ol 
gccsc over the samc lime period (figure 3). Ncsling populations of geesc have been 
rcduced substantially. The collective impact of harvests throughout the Flyway rc
sulted in a situation thal allowed disturbance, predation and other factors to inhibit 
population growth. 

l!arly explorees in western Alaska dcscribcd an abondance of the same four spec:ics 
of gccse north of the Yukon-Kuskokwim Delta along the coast or Norton and Kotz· 
ebuc sounds wherc the gccsc arc now scarce (lùrner 1886, Nelson 1887, Bailey 
1948, Gabrielson and Lincoln 1959). Il seems likely thal the smaller northcrn deltas 
also supportcd concentrations of nesting geese in precolumbian lime. The Nugnug
aluktuk River, remote from any villages, sliiJ supports a colony of several hundred 
pairs of brant and emperor gccsc (King and Conant 1983). Small nesting colonies of 
Pacifie Flyway geese continue on the northem rim of the continent at the Colville, 
~agavanirklok, Mackenzie, Anderson and othcr rivers (Bellrose 1980). No regular 
.nesting-scason hunting occurs in any of thcse colonies. 

Management Alternatives for Yukon Della Geese 

Progrcss has becn made with management of wcslern Alaska gecse (Pamplin 
I'JH6), butlhcrc has been relatively little discussion of long-lerm management alter
natives and population objectives. Whal should wc do for the ncxt JO, 20, 50 or lOO 
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Fillurc: 2. Yukon-Ku5kokwim Della waterrnwl population survcy lfansccts. Nmntocn:d trun· 
sccts arc subdividcd into 16-mile (25. 7 km) scgnacnts. A a the denscM llllme-nc•ling urca 
5orvcyed (rom 1956-115; D ~ uplaml habiÎub surveyed from 19~6-lll; C .. upland hubituts sur· 
veyed rrom 1964-KS. 

years? Wc have identilied severa! management options for geese thal occur in the 
southern and central regions. However, il is the thousands of square miles of under· 
utilized and unoccupicd ncsting habitat in western Alaska thal rcprcscnl the grcatcst 
challenge and opportunity. Should wc apply management techniques lhat will allow 
lhcsc gcesc sccurity to rcbuild populations to sorne prcvious levcl of greater ahun
dance? 

As a lin;t stcp in devcloping a management program for wcslcrn Alaska, il is 
imperative to review the alternatives and cstablish goals. Alternatives indudc: 

A. No ma11agt!m~"'· This alternative would minimizc the nccd for public funds. 
Howcvcr, the cost would be a conlinucd decline of geesc, loss of a food rcsource, 
reduction of recrcalional opportunities and diminished revenues from rccrcalional 
hunting activities. 

8. Mai11tai11 pr~s~lll pt~pulatimr. This option may not be possible on the Yukon 
Delta. Some nesting populatiom; have been rcduccd by 50-IJO pcn:cnl and may con· 
tinue lo decline from nalural causes unless intensive management is iniliatcd. 
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l'i(:lun: l. Pnpulutinn indca n( 1eese un the Yuknn-Kuskukwhn Delta (rom 195(1 ln 1985. 
Upper gruph compares tlac slutus nr ali spcciea (brant. whitc-rronted, cackling Canada and 
empcror gc;c;sc) with Canada geesc in tlac dcnscst, coastal, aoosc-nestins habiuus. lAJwer 1r11ph 
js 1 plot or annu111 counll ur accsc l'rom uplund habitats adjacent to the main colon)'. 

C. Re.ftor~ poplllt~timu ln /950 ltvrl.f. Rcstoring the Yukon Delta colony to uhoul 
1 ,()()(),()()() birds cou Id be accomplishcd by dcsignating inviolulc ncsling sanciUaries. 
in arcas rormcrly occupicd by geese. Rcduclion of fox, sull and j;1cgcr predation 
within thcsc arcas could accelcralc restoralion. 

LJ. LJcmbl~ tilt /950 l~vel. Building Yukon Delta gecse lo a population of 2,000,000 
or rnorc would n:quirc exlensive control of hunlins and disturbance on the Yukon 
Della, additional reduclion of rail and wintcr hunting, and pcrhaps somc improvc
mcnl or incn:ase in wintcr fccding refuges. 

é. Establislr goo.ft-n~sti11g mlmrit!s. Using wild birds from lhe Yukon Della or cap· 
live slclck. whilcfronl, cmpcror, cacklcr and brant ncsling populalions could be cs
lllhlishcd on v;1can1 river deltas bordering Kotzebue and Norlon sounds and on the 
arctic slupe. This wuuld rcquirc prulccliun of nesting and winlering arcas until pnp· 
ulahnns becarne well-cstablishcd. Using slock from Canada or Siberia, il might be 
pussiblc to cslablish a major Alaskan snow goose colony. 

1-·. Maxim11m goo.f~-11~.Ui11g populations. Eslablishing maximum goose populalions 
on ali availablc western and northern Alaska habitais would entail proJection and 
resloration of oesling habitat as previously dcscribed, and probably seleclive prolec
linn and improvemcnt of mignllinn and winlering habitais. Evenlually, a major in· 
crc;1se in hunier recreation, subsislcncc harvcsl and in lhe hunlcr-supporl industry 
cou Id be ex pcc led. 
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Conclusions 

Slale and federal wildlifc managemcnl agencics have lhc cxperlisc and aulhorily 
lo incrcasc populalions of gccsc in Alaska. Rcsloralion would rcquirc a commilmcnl 
by lhc public lo providc funds, and by people living ncar goose habilal, parlicularly 
ncsting habitat, to cooperatc in prcventing disturbancc or dcstruclion of the brccding 
stock. Il would not be ncccssary to end hunting to rcbuild populalions, but ncsting 
sccurity would be esscntial. If the Migratory Bird Treaty Act is amcndcd to permit 
spring hunting by rural Alaskans, arcas outsidc dcsignatcd ncsting sanctuarics could 
be managcd for hunling. As goose populations increascd, hunting opportunitics for 
cvcryonc would improvc. 

If lhe public supports restoration, arc wc collectively willing to accept initial sac
rifices in anticipation of the bencfits larger populations of gcesc can providc? Wc 
belicvc lhal dcplcled populations can be increased to any levcl dcsired. 
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The delta of the Yukon and Kuskokwin (Y -K) Ri vers was described in 195 1 as America ·s 
greatesr goose·bl"ant nesting area (Spencer et al. 1951). The U.S. Fish and Wildlife 
Service (USFWS) began systematic: surveys of warerfowl on the Y-K Delta in 1956. J.G. 
King desc:ribed his f'"arst inventory experiences as follows: .. ln the earlier years the air was 
so full of flying geese thar as one c:ruised ac:ross at 100 feet there was fear of a strike ... 
The whole scene was overwhelming- (King and Conant 1983). 

By the early 1970s. E.J. o·Neill (USFWS) voic:ed c:onc:em about dec:lining numbers 
of geese stopping at Klamath Basin National Wildlife Refuges (NWR} during autumn 
migration in nonhem Califomia. ln 1979. publications revealed an aJarming decline of 
c:ac:kling Canada geese (Brama CGIUUÙnsis minima) and Pacifie: white·fronted geese (Anser 
albifronsfromalis) whic:h nest on the Y·K Delta and winter in Califomia (O.Neill 1979. 
Tunm and Dau 1979). King and Conant (1983) were rec:ording only one-tenth to one-third 
the numbers of geese in the 1980s c:ompared to the late 1950s. 

In 195 l. Spencer et al. did not believe that hunting on the Y -K Delta had an adverse 
impact on total bird production. but that there was a depressing effec:t around villages. 
By the mid-19605 it was recognized that the Y -K Delta supported the largest concentration 
of Eslc.imo people in the world and that their annuaJ rate of increase was one of the most 
rapid in the world (Klein 1966}. Estimated harvest of geese by these people was about 
83.000 (of 5 species) including as muchas 15 pen:ent of the spring populations of c:ac:kling 
and while-fronted geese (Klein 1966). Timm and Dau (1979) concluded that the year· 
around kill of white·fronted geese far exceeded that nec:essary for a stable population and 
they urged better rappon bctween Y-K Delta residents and management agencies. Last 
year. Direc:torofthe USFWS. R.A. Jantzen (1983) acknowledged that subsistenc:e hunting 
by natives and a diminished population of cac:kling geese were major problerns. 

What bas happened? The objectives of this paper are to: (a) summarize data on goose 
populations; (b) describe actions talœn and their effec:ts on goose populations; (c) explore 
some difficulties and misunderstandings between native hunters and spon hunters; and 
(d) maJce rec:ommendations for data gathering. education. and decision making. 

Status or Goose Populations 

Geese Which Nest on the Ourer Y-K Delta 

The outer fringe of the Y-K Delta is the major nesting range for four populations of 
geese (Table 1). Nearly ali cackling geese and Pacifie: Flyway white-fronted geese winter 
in Califomia (Nelson and Hansen 1959. Miller et al. 1968. Lensink 1969. King and 
Lensink 1971 ). In the t960s. peak numbers of white-fronted and cackling geese monitored 
at their major autumn concentration arca in the Klamath Basin of CaJifomia exceeded 
450.000 and 350.000. œspectively (Figure 1). Sinc:e 1979. numbers of white-fronted 
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geese averaged 81,000 and numbers or cackling geese averaged 69,000. Cackling geese 
declined lo 36,000 in 1982 and lo 26,000 in 1983 (Appendil). 

Up to .50 percent of the black brant (Branla b~rnicla nigricans) which winter along 
the Pacifie Coast of Nonh America (nearly ali in Muico) originale from the outer Y-K 
Delta (Tech. Comm. Pacifie Flyway Council 1978). J.G. King (in Bellrose 1976: 173) 
estimated the Jale summer population of branl on the Y-K Della in 1968 atapproximalely 
1.50,000. The Technical Commiuee or the Pacifie Flyway Council (1978) management 
plan for brant proposed thal hunting seasons be closed if the 3-year moving average 
winter population size falls below 120,000 geese. The currenl 3-year ( 1982-84) average 
is 121,000 and has dcclined steadily from the 1979- 1981 average or 1.57 ,000. 

King and Lensink ( 1971) estimated the autumn population or emperor geese al about 
1.50,000 in lhe 1960s. lnven1ories along the Alaska peninsula suggest a decline of emperor 
geese by as much or more lhan 34 percent between the 1960s and 1981 (Petersen and 
Gill 1982). 

Gus~ Which N~st Els~wlaere in Alaska 

Two small populalions of geese nesl away from the Y ·K Della and winter in California 
(Table 1). The Aleulian Canada goose (8. c. leucopareia) was almo51 utirpaled by 

-0 
0 
0 

~ 300 
Cf) 

a: 250 
I..&.J 

m 2oo 
::E 
:::::> 

150 z 
::x:= 100 
<{ 
I..&.J 50 a.. 

o--o 
\ 

\ 

- WHITE-FRONTED GOOSE 

o--o CACKLING CANADA GOOSE 

' o. 
b--a.... ,,' '"'\ 

"0 

'66 '68 '70 '72 '74 '76 '78 '80 

YEAR 

0 

'82 

Fisurc 1 Peak numbers of whilc·frontcd and cac;klina Canada aeese rccordcd durina aerial inven· 
tories in autumn al Tulelake and Lower Klamath National Wildlife Refuses. Data are e•pressed as 
thrce-ycar movina avcraaes which smooth out year-to-ycar Oucluations caused by • variety or f1e1ors 
(e.J., poor weathcr conditions durin& surveys). Sorne values upressed in O'Neill ( 1979) from the 
samc arca werc peak numbers from each refuge from different dates. As gecse readily move betwccn 
these Iwo refuses, sorne of O'Ncill's figurea arc probably overcstimatcs. The annual peak estimatcs 
uscd for this fisurc arc listcd in Ille appcndix. 
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introduction of arctic foxcs (Aio~UX lagopus) (Joncs 1963, Springcr ct al. 1978). Numbers 
of thcse gccsc have incrcascd 240 percent, from 790 in spring 1975 to 2,700 in spring 
1982 (Springcr ct al. 1978, Woolington ct al. 1979, Pomcroy and Springcr 1982). The 
tulc whitc·frontcd goose (Anser albifrons tlgosi, following the laxonomy of Dclacour 
and Riplcy 1975), is a distinct race (Krogman 1979) wbich ncsts in a rcstrictcd range in 
Cook lnlct, Alaska (Timm ct al. 1982) and wintcrs in central Califomia (Baucr 1979, 
Timm ct al. 1982). Numbers of Iule gccse invcntoricd in California incrcascd from about 
2,000 to 5,000 betwccn 1978-79 and 1981-82 (Wcgc 1984). 

Canada gccsc which nest in intcrior and nonhern Alaska (Tavcrncr's Canada goose 
(8. c. tallf!rntri) and lcsser's (8. c. porvipts) (c.g., sec Johnson etal. 1979)) comprise 
a significant portion of ali Canada gccse which wintcr in Washington and Oregon (Timm 
1974, King and Hodgcs 1979, Parker and McCaughran 1979, Simpson and Jarvis 1979). 
Numbers of Canada gccse in Washington have not varicd in a systcm;llic manner bctwccn 
1970-74 and 1975-81 (avcraging 61,300:7,900 (S.E.) during 1970-1981, calculatcd 
from data in Pacifie Flyway Rcprcscntalivc (PRF) 1983). ln Oregon, average numbers 
of Canada gccsc rose 47 percent from 71,400:7,600 (S.E.) during 1970-74 10 

104,800:5,700 (S.E.) during 1975-82 (1=3.553, P<O.OI) calculatcd from data in PFR 
1983). 

Whitc·frontcd gccsc (A. a. frontolis) which nesl to the intcrior and north or the outer 
Y ·K Delta in Alash and in the western Canadian arctic migratc lhrouah the Central 
Flyway to Texas and Mexico and arc classificd as the western segment oflhc mid-continent 
population (Miller cl al. 1968, Lcnsink 1969). Thcir numbers have incrcased ovcr atlcast 
the pasl 15 ycan and the spring population now cxcccds 240,000 comparcd to 40,000-
60,000 during the 1960s (Central Flyway Representative 1982, Bcnning 1983). 

Harvest and Management Actions in Relalion lo Population Slalus 

1 will report berc only on tbosc gccsc whicb ncsl on the Y -K Delta as they arc the 
populations cxpericncing declines. 

Black Brant and Emperor Geest 
Annual sport harvcst of brant from Alaska throuah California has avcragcd 5,570:t 1,290 

(S.E.) (range 2,250-15,230) (1971-72 through 1981-82) which was 4 percent of the 
avcrag~ wintcr population invcnloricd during the samc aime span (calculatcd from data 
in PFR 1983). Total harvcsl of brant in Mexico is unknown, but most brant in Mexico 
arc in rclativcly inaccessible locations. The only rcadily accessible population is in San 
Quintin Bay whcrc huniers killcd betwccn 1,740 and 6,500 brant during the 1974-75 
and 1975-76 hunting scasons, rcspectivcly (Kramcr Cl al. 1979). 1 conclude thal sport 
harvcst aJonc could not be rcsponsiblc for the recent decline of the cntirc Pacifie population 
of brant. 

Washington and Oregon closcd their brant seasons for 1983. California closcd parts 
oftwo bay cstuarics 10 hunting in 1981 and, for 1983, rcduccd ils bag limitto thrcc and 
changcd the dates of its hunting scason to rcducc harvcst pressure and shift barvcst from 
adults to immatures. Bcginning in 1980, Mexico rcduccd bag limils on brant and limilcd 
huntingto tbrcc days a wcck. 

Annual sport harvcst of cmpcror gccsc in Alaska avcragcd 1,495:!:325 (S.E.) (range 
307-3,862) during the 1970-82 hunt scasons (calculatcd from USFWS annual reports 
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on harvcsl and hunier activity-also sec Timm 1974). This harvcsl is Jess tban 2 percent 
of the population and could nol be rcsponsiblc for ils decline. 

Wlrite-fronted and Cackling Geese 
Approximatcly 86 percent of the sport harvcst of PacifiC white-fronted gccsc (Timm 

and Dau 1979) and 75-89 percent of the sport barvcst of cacklina gcese (Nelson and 
Hansen 1959, Calif. Ocpt. of Fish and OanlC (CDFO), unpubl. datai occurs in Califomia. 
Thcrcforc, 1 will detail berc only the data pertainina lo California. 

From 1975 to the prcsent,tbc CDFO bas closcd threc large arcas to hunting of Canada 
gcese: Iwo counlics on the northwest coast for the entirc season, parts of the Sacramento 
Valley (SV) from the opening of the scason in laie October or carly Novcmber until 
Dccember 15, and parts of the San Joaquin Valley (SJV) aftcr Deccmber 15. Thcsc 
closurcs wcrc originally inlcndcd to benefit the Alcutian Canada aoose (sec Springcr ct 
al. 1978), but thcsc actions should bave also substantially rcduccd harvcsl on cackling 
gccsc. Closurcs in the SV rcduccd the season length to 30-JS days in an arca from which 
28-47 percent of band rccovcries occurrcd (Nelson and Hansen 1959, CDFO, unpubl. 
data). Whcn Alcutian Canada gccse remaincd in the SV beyond Dccember IS, the hunting 
closurc was extcndcd. ln 1982-83, e.g., the huntin& scason for Canada acese in the SV 
special l.ORC was only 9 days long. As cackling gccse do nol arrive in the SJV until 
mid-Dccember, closurcs in this arca, which had accounted for 9-16 percent of band 
rccoverics (Nelson and Hansen 1959, CDFO, unpubl. data) werc tantarnounlto a cessation 

of hunting of cackling gccse. 
Further restrictions on bag limils and seasons for hunting Canada and while-fronted 

gccse in the Klamath Basin (KD) and Central Valley (CV) werc inslitutcd in 1979 and 
have bcen in place in various forms to the present (Table 2). The KB was the localion 
of 16-38 percent of band rccovcrics of caclding gcese (Nelson and Hansen 1959, CDFO, 
unpubl. data). During 1979 and 1980, hunting of wbite·fronted aeese was nol allowed 
in the arcas closcd for hunting of Canada JCeSc describcd above. 

The impact of thcsc restrictions can be asscsscd partially by eumination of barvcsl 
cstimatcs provided by the USFWS and CDFO. Huniers arc askcd bow many gccse they 
killed, but they arc nol asked to identify species. Lesscr snow geesc (Anser coerultsetns 
cotmltsuns) and Ross' gccse (Anser rossii) arc botb abundanl in California (O'Neill 
1979, McLandress 1979) and makc up large portions of the goose barvest. Thercforc, 
total harvesl in relation lo restrictions dcscribed (Table 3) abovc providcs only an index 
of the impact of tbesc regulations. Note thal cstimates of the absolutc numbers of gccse 
killcd by huniers diffcr substantially bctween USFWS and CDFO surveys, but lhat prop
ortiot~utt dtclints in kill wtrt lltarly illdt11tical in cacb survey. Harvcsl of gccsc in 
California was grcatly rcduccd (67 percent lower in 1979-82 ahan in 1970-74) and, 
altbough numbers of huniers also dcclincd grcatly, the kill per hunier was rcduccd. 

Sincc different subspecics of Canada gecse are not identif~ed in USFWS species com· 
position surveys, cstimates of harvcst of Canada gecse cannol be applied to cackling 
gccsc. Howcver, subspecies of Canada gccsc arc idcntilicd al hunier-check stations on 
federal and stale managcd areas in the KD and CV. Harvcst of cackling gccse .was rcduced 
78 percent in the CV a fier 197Sand rcduccd SI percent in the KD aftcr 1979(Tablc 4). 

The impact of changing hunting rcslriclions in California on total harvest of cackling 
gecse can be cslimalcd by applying the data of Table 4 to the distribution of harvesl in 
the stalc bascd un rccuvcries of gccse bandcd in Alaska which werc nearly equally divided 
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Table 2. Daily bag and possession limits for clark gccsc (whildronts 111\d Canada gcesc singly or in combinalion) in California. 

Year Alea o( s~a~e• Season lenJih DlilybiJ Poucuion limil 

Beforc 1978 Nonheastcm• 

Balance ofstale • 

1979 Nonheaslem• 

Balance of s1a1c• 

1980-83 Nonheas1cm• 

Balance of mtc• 

• 1.arp poniofts or swc closed 10 huncinJ oC Canocb •--- 1a1. 
• Prinwy conc:enuuion IIQ is Ille Klamalh Basin. 

MidOcl.-midlan. 

)rd weckcnd ofOct.lhru 
Jrd wcekcnd of Jan. 

Ocl. 27-Jan. 13 

Oct. 20-Jan. 20 

Mid Oct. -mid Jan. 

lsl wcek of Nov.
Jrd wcekofJan. 

• For !his rcpon. refm 10 OChcr locations in which cacklin11111C1 whiiC·fromcd ~CCX conc:cntnœ. 

Table J. Eslimales of harvesl of acesc (ali species) and numben of huntcn in California (x 1000). 

3 6 

3 6 

2 .. 
1 

1 2 
for fini 14 da ys 

2 2 
for balance of scason 
2 4 

in 1980 

2 2 
in 1981-83 

Harws~mmucs• Kill per hunier' 

Timcl'eriod 

1970-1974 

1975-1978 

1979-1982 

Slalislical 
teslina 

Sille 

349.1~14.5. 

(296.7-3.n.7)· 

243.0~24.7 

(188.6-297.0) 

115.6~8.0 

(100.2-137 .8) 

1•3.90,1'<0.01 

Fedenl 

240.5~26.7 

(173.3-331.2) 

173.7~25.2 

(112.9-235.4) 

80.6~11.4 

(53.2-108.8) 

1•1.78,1'•0.12 

No. or"-• 

161.8~8.4 

(144.6- 188.9) 

132.8~4.2 

(124.1-143.3) 

11].3:::3.6 
(107.2-122.8) 

1970-74 YS. J97S-71 

r•2.85,1'•0.05 

J97$-71n. 1979-12 

St11e 

2.17:::0.09 
( 1. 95-2.42) 

1.82:::0.15 
( 1.52-2.20) 

1.02~0.08 

(0.93-1.27) 

1•2.12,1'•0.07 

r-4.90, 1'<0.01 1•3.37,1'<0.002 1•3.53,1'<0.02 r•4. 78, 1'<0.001 

1970-74vs. 1975-78 
1975-78 vs. 1979-82 
1970-74vs.l975-82 

-~ 
-52 .. 
-67 .. 

-2B'i _,..,. 
-67'i 

Mapitude of Owtsu "-1 Timc Pmocls 

-18 .. -16 .. 
-15 .. -44 .. 
-~ -53 .. 

• S11tc 6WD Cali!. DEp. FISb aad Gu. (1913); fedcnl mn U.S. Fisb and Wlldl. SerY. annual repons on w.af-1 '*'-and hulua Cli""J . 
• "'- aJa o( ali.,_,- bird hlllllinllllld -.--ion llllftiPS· 
• Hanal + ao. or bunten. 
•Man: ....-n~mcror-. 
• RaaJe . 

Fedenl 

1.48~0.66 

(1.16-1.75) 

1.30~0.17 

(0.91-1.74) 

0.71~0.10 

(0.50-1.00) 

r•0.89,.P<0.4 

T:•2.94, 1'<0.05 

-12 .. 
-45 .. 
-5~ 



Table 4. Harvcsl of c:acklina Canada ac:csc on slate and fedc:ral watcrfowl management arcas in 
Califomia". 

Ti mc pc:riod Local ion Km• 

1970-1974 Central Valley 2038:t276 
(IS07-3076) 

197~-1982 Cenlral Valley 4~6:!:121 

(148-1183) 

1970-1978 Klamalh 8a5in 2~96:!:330 

(1~80-32SO) 

1979-1982 Klamalh Basin 1280:!: 199 
(960-1790) 

• from obla compilcd by PocifiC Ayway Rcprcscnlalivc (1983). 
• l:::S.E. (Ran&c). 

Slaliscic 

1=6.02, 
1'<0.001 

1 .. 2.6~. 

1'<0.0~ 

Chance 

-78 ... 

-~1 ... 

becween the KB and CV (Nelson and Hansen 1959). Tolal harvcsl or cackling gccsc in 
Califomia was rcduccd by 39 percent duc lo arca closurcs in lhc CV and 6.5 percent whcn 
thcsc closurcs wcrc combincd wilh bag limil rcslriclions in lhc KD and CV (Table 5). 
Thcsc cslimalcs assume lhal compliance of huniers on privale arcas was the samc as on 
agcncy managcd hunting grounds. 

Kill or whilc-rronled gccsc in Caliromia can be calculalcd using lhe USFWS specics 
composition survey daia (cslimalcs in PFR 1983). Harvcsl during 1970-78 avcraged 
42,700:!:4,160 (S.E.) and was rcduccd 59 percent during 1979-82 lo an average or 
17,.500:!:3,090 (S.E.) t=2.32, P<O.O.S). Reduction or harvcsl on managcd arcas was 
also grcally reduccd (fable 6) and thcsc daia can be uscd 10 approximalc che rcduclion 
of harvcsl in the slalc (Table 7) using the procedure dcfined abovc for cackling gcese. 
The close agreement beawccn the es.rimalcd reduction in harvesl from kilt and specics 
composition surveys (59 percent) and lhal provided by use of daia from managed arcas 
in conjunclion wilh distribution daia from band recoveries (Table 7, 57 percent) suggesls 
thal huniers on privalc lands behaved as lhose on managed arcas. 

Table ~. E.slimaled reduction or harvesl or c:acklinaacesc in Caliromia in rcsponsc lo hunt scason 
rcstric1ions. 

l'rnpx1ionatc harvc•l in: 
Timcperiod KlaiNIIh Basin Ccnlral Valley Tillai harvc•• Chanac 

1970-74° so• ~oh 100 
""1975-711' so Il' 61 -39 ... 
1979-82. 24. ... 3~ -6~ ... 

• ucrorc rcslricttons or recent years. 
• Di•lribulion ol harvesl bascd on band ro:c:ovcries (Ncl1011 and llansen 1959). 
' Arca clo<urts in Ctnlral Valley rcductd harvesl by 78 perccnl Clrnm Table l; SO x Il. 78 = l9; SO- l9• IIJ. 
• Rc•lriclion• in Klamalh 015in rcductd harvc•l by 51 pcrccnl (from Table 3; SO ><0.51•25.5; S0-25.5•24. 
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Table 6. Uarvest uf white-fruntcd 1cesc un stale and fedc:ral watcrfuwl mana1emen1 arcas in 
Califomia". 

TiniC pc:rioo.l Lncaliun Km• Sl.tislk: Chance 

1970-11178' Klamalh Basin 9,804:!:8.56 
(7,270-14,930) 

1979-82d Klamalh Basin 3,3.50:!:497 1 .. 4.867, -66'l 
(2,190-4,.520) 1'<0.0001 

1970-711' Central Valley I,J06:! 1(.0 

(~43-2,00~) 

1979-82 Central Valley 622:!: 110 1•2.673 -.52<J. 
(311-793) P<O.O~ 

• from daia compilcd by Pacinc Ayway Rcprcscnlalive (19131. 
•1:::S.E. (RanJc). . 
• Belote rcslriclions nt rcctnl ycan. 
• Arca cklsurcs in 1979-10 and 19RU-11 and baa hmil and stail41ft lcnalh rcslriclit~ns(sec leal and Table 21. 

Table 7. Estimatcd reduclion of harvcsl of whitc-fronled aecsc in Calirornia in rcsponsc to hunl 
scasun restricliuns. 

Timcpc:riod 

1970-78° 
1979-82 

• Dclorc rccenl rcslriclions. 

l'ruplnion•lt harvcll in: 
Klamalh Basin Dalanccolllatc 

J.s• 
12' 

6.5b 
31. 

Total harvcsl 

100 
43 

Chance 

-.57<J. 

• Disuihouion nf harvcsl bascd on rccuvcrics or cccsc bandcd in Aloslta (daia in PaciriC Ayway Rcprc..,nlalive 
19831. While·lmnled 11•ese werc includtd in the Ccnlral Vallty arca clusurcs ol hunlina lot Canada aec"' in 1979 
and IIIKII but nol in o~bcr ycars. 
'Remiclions in Klamalh Basin rcduc:ed harvesl by 66 pcrctnl (lrom TableS; 35 w0.66•2l; JS-23•121. 
• Rcmi<lions in lbc rcll or lbc llaiC away Iron• lbc Klamath Basin rcduccd harvcsl by 52 pcrccnl bascd on daia 
lrnn1 Ccnlral Valley INinaJcmcnlarcas (lrom "hblc S; 6S KO.S2•l4; 65-)4•31. 

Otller Researcla 011 Wl1itejro111ed a11d Cacklitrg Geese 

Rescarch has nol indicaled lhat factors olher than harvesl wcre instrumental in the 
decline of cackling and whilc-rronled geesc. Ovcr 1,600 whilefronls werc marked wilh 
neck-bands belwccn 1979-1981 and over 1,400 cackling geesc wcre neck-banded during 
1982-83 lo allow for more intensive study of lhe timing or ahcir migrations, dislribulion 
during winler and monalily (Ely and Rl!Veling 1980, 1981, 1982, Johnson and Ravelins 
1983). Whilc analyses are yel incumplele, thesc sludics have nol revealcd thal changes 
in migration paucm could account for declines of the magnitude obscrved. levcls or 
contamination wilh loxic malerials arc rar below thal prcscntly known to be dclelcrious 
(Anderson cl al. 1984). Age-ratios uf gecsc lmpped or observed at KD in aulumn (CDFG, 
USFWS, unpubl. daia) do nol indicatc problems wilh production of young. No known 
die-ores duc lu di5easc or slarvation have occurrcd wilh lhc consislcncy ur magnitude 
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necessary 10 accounl for the long-lerm population declines. While Joss of welland habitai 
and changes in agricullural pauems and intensily continue in Califomia, il is my judgemenl 
thal available areas and food supplies uscd by the geese arc more lhan adequate lo sustain 
much larger populations. 

Discussion and Conclusions 

The clear implication is thal harvesls of geese on the Y ·K Della are excessive for ali 
geese and alarmingly so when combined wiah harveSI in Califomia. This is correlaled 
wiah a 42 perce ni increase in the hu man population of coaslal Y· K De laa villages beaween 
1960 and 1980 (Copp and Smith 1981)1 and rapid advances in availabilily of modem 
technology. ln the 1950s many people on lhe Y-K Della slill lived in sod bouses and 
used kayaks and even a one h.p. motor was a luxury (Pelerson and Fisher 1955:372, 
378, 380). Dog leams were a major rneans of lravel for lhe spring goose hunt in the 
1960s (Klein 1966). Dy 1972, about 2,000 boxes of sholgun shells were sold in one 
village of about SS0-600 people (0. Eisenhauer in Timm and Dau 1979:288). Boals 
now commonly have mo1ors of 25-15+ h.p. (oflen lwin engines). Most families now 
have a snowmachine whereas they were a relative scarce luxury in the mid·l970s (persona! 
observation). This lechnology enables even short-lerm hunls lo commonly exceed 20 
miles (32 km) in distance from villages (Copp and Garrell 1983). 

This is nol 10 suggesl thal ahe dramaaic declines or wbile·fronled and cackling geese 
were due solely lo harvesl by native peoples. The large-scale reductions in harvesl in 
Califomia are Jess ahan the reductions in lhe size of lhe popÎIIalions. Therefore, even this 
reduced harvesl in Califomia may be more adversely arrecling lhese populations lhan a 
few years ago because of the greally diminished numbers of lhese geese. However, the 
facl lhal brant and emperor geese have also declined suggests thal harvesl by natives 
lhemselves is excessive, and when combined wilh barvesl in Califomia is nearcalaslrophic. 

This situation has creaaed fruSiralion for managers because: (a) useful daia on kill or 
geese by natives are meagre so thal judgernenls on impact are inferenlial and biologisls 
cannol make meaningful analyses of harvesl in relation 10 population size; (b) cultural 
differences between native and non-native groups conlribule lo misunderslandings and 
Jack of action or agreement on courses of action; (c) Califomia huniers reel they have 
made sacrifices wiahoul corresponding efforts by olher users; and (d) resource agencies 
in Alaska have nol provided needed information and are widely perceived as nol having 
vigorously lried lo do so. 

Harv~st by Natives 

Harvesl of geese by nonhem natives is an importa ni, lradiaional acliviay. Kills of 40-60 
geese (up lo 130+) per hunier are common (Klein 1966, Boyd 1977, Prcveu el al. 1983). 
Biologisls sludying geese on lhe Y·K Della have wilnessed large·scale shooling when 
geese arrive in spring, nushing geese on nesls wiah snow-machines in order lo drive lhem 
lo huniers, shooling geese on nesls, laking of eggs, and shooling or capture of geese wilh 
broods. If one conaemplales a direct relalionship, howevcr small, beaween the increased 
1
Daaa a~ lrom: Kwiaillinok, KiJNOUk, Chclomak, Niahlmiu~e. Tununak, Ncwlok, llocoper Bay, Cllcvak, Scammon 

Bay, Shclclon'a Point, Alabnuk, Emmonak, Koclik, Stcbbina, SI. Michael (1960 population • l.~; 19110 
populations • 4,91S; lhc human pupulotion of lhc cnli~ Della inc:~aoed 67 pcn:cnt rrom ~a. 9,001llo > U.OOO; 
ICC!IC a~ also kilk:d in Olhcr voll•ac• and by people who lravclco lhc co;o•l rmm mure inocrior kocaliona, c•pccially 
BcohciJ. 
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human population of lhe Y -K Della and lheir grealer mobilily and lcchnology in recent 
years wilh harvesalevels reportcd by Klein (1966) for lhe carly 1960s, one has no trouble 
in predicling disasler ri>r lhe geese. Howevcr, WC do nol have comparable daia. Direct 
observations rcveallhal harvesl continues. For example, Eisenhaucr ( 1977) observed one 
party of huniers who collecled 657 cggs and SI geese in a JO hour period; huniers wcre 
frequcnlly cncounlercd whcn gccsc were molling and 10 huniers bad killed 215 nighlless 
branl; 7.7 percent of abe 207 newly banded goslings wcre killed wilhin 10 days and 4 
km from the lime and location al whicb lhey were originally caplured. lfow wide-spread 
are ahcse aclivilies and whal is aheir impact on population levels? Why do wc nol know 
the answers lo lhese questions? 

Pe~cijic Flyway Council Actions. Minutes of lhe Tcchnical Commillee and Council 
meetings of lhe Pacifie Flyway revealahal conccm over goose populalions has long been 
expressed, but lhal major declines occurred before fonnal actions wcre recommendcd 
(Table 8; c:ompare IO Figure 1 ). The issue or spring harvesl bad a long incubation period 
from concem ( 1974) lo formai Tcchnical Section rccommendalions ( 1978) lo endorsemenl 
by Council (1983). Bul, Flyway represenlalivcs can only recommcnd; only lhe Alaska 
Dcpartmenl or Fish and Game (ADFG), USFWS, and native huniers can lake direct 
action lo provide information and limil harvesl. 

Tahlc K. Consideration of prohlcms and rcconmtendations of the Tcchnical Comn1i11ec and Council 
of the Pacir~e Ayway with respecl 10 white-frontcd and cacklina aecse. 

Y car A("lions by Paclroc Ayway Tcchnical Cornmillcc (TCiand Counc:lltCI 

1974 TC-AK lhou&hl huvcSI ofwhitc-frontcd acesc (WfO)uccuive. 
1976 TC -AK recommcnded additional rescarch on WFO. 
1977 TC-AK reponcd on policies wi1h rcspec11o sprina hunt ina of walerfowl. 
1978 TC-rccommcnded resoiÙtion to rcquest USFWS and AK seek cooperation or V ·K Della rcsi· 

dents to refrain from takinaanow, cacklina (CO), WFO aecsc and brant (8) in rccoanilion or 
their diminished numbcraand actions by states 10 decreasc harvcsl 0111hese acesc; C-ddcncd 
action. 

1979 TC-briclina on prOiocol wilh Canada with rcspec:llo subsistence huntina; C -opposed reau· 
talions whic:h would leaalizc subsiscence huvesl of waterfowl in c•c:ess or cuncntlevcls nnlil 

· impacts arc detcrmined; TC-proposcd additional restrictions for hunlina, addilionalacrial 
inventories and recommcnded work wilh AK lo rcducc harvcsl of B, CG, and WFG on Y·K 
Delta; C-acceplcd rccommcndations for spon hunlina rescriclionsand di~eussed, but did nOl 
KI on, subsislence issue. 

1980 TC-rec:ommcnded ycl addiÎional coordinalcd inventories or aecse ovcr a broader arca and 
funher discusscd subsistence issue; C -accepted invcntory recommcndation. 

1981 TC-formed a CIWFG subconmlillcc and rec:ommc:nded 6 addilional rcsearch proarams in· 
cludina mcasurcmc:nl of harvcst on Y ·K Della; C -adoptcd rccommcndations. 

1982 TC-rccommcndcd addilional rcscarch on CG; C-aclion not rcquired. 
198l TC-rccomonended specifie rescarch and manaacmc:nl proarams and two resolutions: (a) an 

uracnt dfon lo evaluatc the USFWS subsislcncc survcy and lo use ca pen ise of socialscicnlisls 
to assure effective data aathering; (b) huniers of lhe Y·K Delta, the USFWS and AK lake 
aclions ncccssary lo signilicanlly reducc cake of CG and WFO; C -adoptcd both resolutions. 
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Altult.a Fish and Gam~ Actions. Dcspite the facts thal ADFG crcated a special Division 
of Subsistenc:e in recognition of the importance of this activity for rural residents (Kelso 
1982) and thal some of thcir own biologists callcd attention to problems with gccse (d. 
Timm and Dau 1979, Table 8), 1 am not awarc of any direct effort by ADFG to assess 
harvest of gcese by natives. This issue is complicatcd by political divisions of rcsponsibility 
and land holdings in Alaska. Ultimate rcsponsibility for migratory birds rcsts witli the 
USFWS and, as part of the Alaska Nationallntercsl Lands Conservation Act (ANILCA) 
of 1980, 20 million acres (810,000 ha) of the Y-K Delta wcrc made into a National 
Wildlifc Refuge. The apparent view thal aeese arc "federal animais" has not donc the 
gccse any &ood-nor the people who use them. 1 concludc thal ADFG has bccn rcmiss 
in fulfillin& ils rcsponsibilitics whcn faccd with knowlcdae of the rapid disappcaranc:e of 
aecse important to their constitucncy. 

USFWS Actions. ln ANJLCA, Conarcss cxplicitly dcclarcd ils policy was to support 
continuation of subsistcncc uses of fish and wildlife on public lands of Alaska consist~nt 
wilh sound manag~m~nt principl~s and cons~rvation of h~althy populations of flsh and 
wildlif~. The law also mandatcd the Secrctary of the lnterior to undertakc r~s~arch on 
fish and wildlife and subsistcncc uses. 

The USFWS initiatcd a study of watcrfowl harvest by Y-K Delta natives in 1980. 
Rcsponsibility for dcsian and conduct of the program was assigncd to staff of the Yukon 
Delta NWR (YKNWR). The study involvcd interview of eopsentin& native huntcn in a 
samplc of villaaes on numben and kinds of watcrfowltaken between April 1-Junc 30. 
The USFWS contractcd with the Univcnity of Califomia, Davis (UCD) in 1981to provide 
assistance in organization and analysis of data alrcady collcc:tcd and to make rccommcn
dations. This analysis rcvcalcd many weakncsses in selection and trainin& of intervicwcn 
and sampling procedures (Copp and Smith 1981). The program continucd with fcw 
changes in 1982 and 1983 and the most recent analysis (Copp and Garrett 1983) rcvcalcd 
the same problcms rcmaincd, a deterioration in quality of data, differences betwccn 
harvcst obscrvcd and rcponcd, and problems with identification or rcponing of subspccics 
of Canada gccse. Copp and Garrett (1983) concludcd thal this program is unlikcly to 
mcct its objective, and they providcd severa! specifie rccommcndations for improvcmcnt. 

To assist education and communÏcation betwccn native peoplcs and agcncics, the 
YKNWR cmploys a Delta resident as Native Liason Officcr. His efforts wcrc vitalto 
cxplainin& refuge proarams and facilitating cooperation (cf. Copp and Smith 1981). The 
refuge also employs native people in both permanent and tcmporary staff positions. ln 
1982, an information officcr joincd the staff at the refuge. The USFWS has sponsorcd 
visits by native representatives to California and invited them to meetings. 

Gathcring of biological data on gecse of the Y ·K Delta has followcd an erratic course. 
Studies in place through 1979 were endcd for 1980 and new proposais wcrc dcnicd or 
discouraaed. Expansion of refuge programs be&an in 1981 and a contract was made with 
UCD to provide assistance and rccommendations (c.g., Anonymous 1981, Aldrich and 
Byrd 1981, Aldrich ct al. 1981). An cxpandcd refuse biological program was carricd out 
in 1982 and 1983 and has provided a aicat deal of new information on the status and 
biology of aecsc (c.a .• Byrd ct al. 1982, Butler 1983, Garrett 1983). This proaram is 

·· heavily dependent on temporary staff and voluntcen. The rolc of rcsearch staff of USFWS 
has becn limited to one field study of the status and biology of cmperor accse in 1982 
and 1983 (Petencn 1982, 1983) with additional support for the UCD field study in 1983. 

Refuse programs have been severcly hampercd by instability in staff tenure and Jack 

566 Tra11s. N. Amer. Wildl. mu/ Nmur. Re.wur. Cm!f· 49 

of continuity. Since 1976, YKNWR has had significant portions of timc in atleasttwo 
years without a manaaer, thrcc different manaaen, and a fourth will be assuming dulies 
in 1984. Similar instability occ:urred with assistant manaaen and bioloaists. This is a 
deplorable situation for a 20-million-acrc (810,000 ha) refuse cncompassinathc most 
valuable ncstin& grounds of acese in the U.S. 

Minutes of Pacifie Flyway mectinas rcveal a difference betwccn desires and rcality of 
USFWS proarams with respect to subsistenc:c harvest. ln March 1979, the USFWS 
suggestcd thal the probl~m may~ solv~d with the U.S.-Sovict Trcaty rccognizing the 
necd for rcaulatcd subsistencc huntina and the protocol aarcement betwccn the U.S. and 
Canada. ln 1980, the USFWS reported thal they wcrc givin& the subsistcnce hunting 
issue l1igh priority and launc:ing a major effort to cducat~ natives to the problems and to 
rcduc:c lake of gccse on the Y -K Delta. 

Penons of good intentions may disaarec on interpretation. 1 submit the USFWS effort 
was neithcr major nor of hi&h priority. 1 belicvc the aecse would •arec with mc .. 

Nutiv~ Actions. The people of the Y-K Delta arc awarc and c:onccrncd thal therc arc 
many fewcr gecse. The Pacifie: Flyway Council was assurcd al 1979 and 1980 meetings 
thal natives would rcduc:c thcir harvcst. Natives rcported to the flyway in 1981 thatthcy 
undertook efforts to urae voluntary rcstraint of harvcst on c:ackling and whitc·fronted 
gccse. Notices werc sentto villages ex pressing c:oncem about brant and laking of thcir cggs. 

Sincc thcrc arc no adequate baselinc data, one c:annot cvaluatc whether or not voluntary 
actions wcrc effective al the village lcvel. As with Califomia, even if harvcsl by natives 
was rcduccd substantially, the populations arc so low thal impacts or rcduccd harvest 
may be more harrnrul than in the recent pasl. Dcspitc assurances providcd the Flyway 
Council, therc arc indications of inc:rcased harvcsl activity in al leasl somc local areas 
(penonal observations, Garrcu 1983). 
Sport Hulll~r Actions. The Califomia Watcrfowl Association (CWA) and Waterfowl 
Habitat Owncr's Alliance (WHOA) rcprcsent the intercsts or oraanized Califomia hunters. 
Their executives have bccn active participants al flyway and other meetings and 11 CWA 
representative visitcd Alaska in 1979 wherc he was assurcd thal harvcst by natives would 
be rcduced lo match reductions in Califomia. Frustratcd by the Jack of meaningful data 
on harvcsl in sprina·summcr and the continuin& decline of goose populations despitc 
largc-scalc reduction or hunting in Caliromia, CWA has admonishcd the Pacifie Flyway 
Council and USFWS for avoiding the issue and lhrcatcned lesai actions to rcquirc cnforcc· 
ment of the Miaratory Bird Treaty. Sharing responsibility is the comerstone of the Flyway 
Concept. 

R~u11t Agrum~niS. ln recognition of problems with aoose populations, the Association 
of Village Council Presidents (A VCP) of the Y -K Della formed a Waterfowl Conservation 
Commillce (WCC) in Auaust 1983. During autumn-wintcr or 1983-84, a series of 
meetings of the WCC·A VCP with representatives of ADFG, USFWS, CDFG, CWA and 
WHOA rcsulted in agreements by the A VCP to stop hunting of cackling aecsc and to 
rcslrict harvest of whitc-fronted geese and brant to lime periods before e&&·laying and 
after rcsumplion of fli&hl in 1984. ln cxchanae. sport hunting of cacklin& gecsc would 
be closed and regulations soughl thal would reduce kill of white·fronled gccse and brant 
by about .50 percent (alrcady ac:complished in Califomia for brant for 1983). As a rcsull 
of these meetings, Califomia enacted an cmcrgency c:losurc of Canada goose huntin& for 
the lasl 12 days of their 1983-84 season. 

These meetings rcpresenl a positive developmcnl in communication and education for 
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ali organizations. The emperor goose was, however, neglected in the5e negOiiations. If 
natives direct the ir hunting lo empc:ror geese to replace harvesl or other geesc, this species 
is likely lo surrer dramalic declines bcyond thal alrcady occurring. 

Cultural DiJJerences 

A major dirriculty in obtaining data on harvest in Alaska and in dfective communication 
is a result or cullural differences bc:tween natives and spon huniers. Misundcrslandings 
conlributc 10 suspicion and hamper devclopment of effective programs. 

Hunting: N~~ds and M~thods. Spon hunteu have dirricully undcutanding the value of 
hunting lo native pcoplcs. Subsislence is equated to primitive, indficienl rnclhuds. Modem 
technology c:oupled wilh harvesl or numbcrs or animais per hunier far in excess or whal 
a sponsman can lake conjure up images or unnec:essary slaughter; the taking of eggs and 
killing of adults on nests or with dependent off-spring are considered nol only detrimental, 
but immoral. 

These auitudes connicl with the realily or Eskimo lifc, especially the view thal the 
land and its wildlife is their "groccry store." Technology makes hunting casier, as it has 
for spon huniers. Although social and. economie change is occurring rapidly, wildlife 
continues lo provide essential economie: and cultunl bc:nefits to natives (Kelso 1982). 
Traditions which allowed survival ovcr millenia will not change quickly; e.g., people 
must kill animais to·live and the animais know this and their death is nol permanent (cf. 
Nelson 1980:50, 69, 100, 171). Hunting is life and identity as an Eskimo (Nelson 
1973:288, 311; Nelson 1980:50, 97, 172). Taking food for granted and emotional auach
menl lo animais are luxurics afforded only by those who do not gathcr their own food; 
as in any society, a highly successful provider gains powerand respect (cf. Nelson 1980:9, 
34, .52, 60). An abundant harvesl is commonly sharcd not only with immediate family 
but with olhers (Nelson 1980:60, 141; Kelso 1982). Although waterfowl are secondary 
lo other game, they provide imponant variation in diet and, at times (Il least in recent 
memory), an essential supplement aniving at just the righi lime (Klein 1966, Nelson 
1969:1.54-1.58). When a non-native·rhinkl il is easy for a native lo subslitute foods of 
another cullure, he should ponder how easily he could ac:c:eptlhe natives' foods and 
methods of preparation (Nelson 1969: 1.58). Appreciation of the meaning of culture may 
lhen follow. 

Sensitivity to the imponance of hunting, however, should not sline rec:ognilion of 
dwindling resources. While the behavior of people in rural, indigenous soc:ieties is now 
commonly recognized as the outcome of adaptations lo natunl environmenls (Kclso 
1982), il is naive and destructive to ignore the impacts of expanding human populations 
and tcchnology. Sympathy with the pasl should not obscure realistic evaluation of changes. 
A decrease in knowledge of wildlife and skills in hunting and lraditional survivalabilities 
by young natives has long bc:en obvious (cf. Nelson 1969:383). Many hunts have laken 
on a spon chancter when one c:onsiders the cost of machines and fuel and amazing waste 
of coslly ammunition in relation 10 sorne harvests (personal observations; sec also Macau ley 
and Boag 1974). Failure lo deal with these issues will resull in collapse of the resource 
bases which form the goal of subsistence policy to maintain productivity for hu man use. 

Sorne observers have c:aulioned againsl overemphasis on harvesl as lhis may lead to 
misleading charac:terization of ec:osystem dynamics (Kelso 1982) such as confusion of 

· · correlation wilh cause and effect and negligence in recognizing other polential c:ausalive 
factors (Copp and Garreu 1983). These'conc:ems are legitimate and caution is wise as a 
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principlc. However, in this case, they have far Jess basis for c:onc:em than thal on harvesl. 
The racl remains thal il is only the harvest thal wc c:an control in the shon lerm. 

Native huniers have dirficully underslanding the value or hunlinglo spon huniers who 
are considcred wealthy and do nol need to hunt. Commercial exploitation is suspecled, 
as easily witnessed by the ubiquity of goose-down clothing. 

These auiludcs also connic:l with reality as they fait to respect intense, emotional 
relationships thal tic spon huniers to wildlire. Native and spon huniers share many traits 
and rewards (Copp 197.5, 1979). Native huniers need lo rec:ognize thal licenses, fees, 
and special taxes paid by spon huniers suppon acquisition and management of habitai 
and studics of the slatus or walerfowl. Approximately 69 percent of the remaining welland 
habitat in Caliromia is maintained by private owners to provide waterfowl hunting (Gilmer 
etal. 1982). Withoul hunting, most of thal land would be c:onvened to agricultural uses. 
Since 1970, the numbers of watcrfowl huniers in Califomia have declined 44 percent 
from 189,000 to 107,000, whic:h represents a major Joss of revenue and suppol1 for 
Walerfowl prognms. The staff of the Waterfowl Section or CDFG has dwindled from 12 
to .5 al a lime when wc need them more than ever. 

The commonly expressed conc:em about commercial exploitation illustrates how far 
we have 10 go in providing meaningful education in the native community. Il is, of course, 
not truc, but thal fac:l will not help until native pcoples understand that. 

ugality. The fact that spring hunting violates the Migratory Bird Treaty with Canada 
hampers data collection and working together. The treaty is a classic examplc of a law 
made by groups remote from, and withoul consultation with, ali people arfected. Native 
huniers had no choice but lo c:onsider a law affeclingtheir ability and righi lo gather food 
as an intrusion or irrelevant. Such a law is a railure bc:cause il compcls illegal aclivity 
(Kelso 1982), is politically unenforceable in the nonh (Boyd 1977), and failsto recognize 
spring-summer harvesl as a necessary componenl lo rational management. 

The obvious long-lerm solulion is to proceed wilh modification of &he Migralory Bird 
Treaty wilh Canada. There are serious concems over wording of lhe tn;aty amendment 
(cf. Copp 1981) thal need to be addressed, but il has been more than four years since 
lhe process began. The costs of the delay are scrious; we do not have a legal foundation 
for acquiring data and formulaling managemenl policy. The problem la obvious. A shon
term solution is needed lo help aoose populalions long before a long-lerm solulion can 
be effective. 

Recommendations 

Educutional N~~ds. Native people musl undersland thal they share responsibilily with 
other groups for the welfare of migratory bird populations. The issues are far more 
complex lhan lhal of gathering and presenting daia; they involve special problems in 
communication, beliers, trust, and polilics. Resource agency personnel generally have 
little or no formai training or expenise in lhese mallers. Educational materials should be 
designed by expens who understand native culture, human psychology,and effective use 
of communication media in cooperation wilh native representatives. 

Spon huniers need lo recognize thal they share responsibillty for depleled goose popu· 
lations and thal lheir views of native life are oflen ill-inforrned. Agencies have been 
painfully slow lo provide in-depth analyses of data on population and harvesl slalistics, 
reticent about suggcsting thal spon harvcst can be a problem, and relatively inactive in 
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communicating concems through their dwn or public information channels. The serious
ness of the decline of the geese warrants a greater effort. 

Data Gath~ring. Auempts to survey harvest by natives have provided some bencfits 
and insights, but have been a failure in terms of the major goal. The USFWS must either 
devote the moncy and expertise needed to upgrade the effort or consider alternative 
programs. Interview research must be designed and conducted by experts in this type of 
study and by those who understand the social dynamics of native peoples. Biologists and 
managers know what kind of information is needed but, regardless of dedication and 
intelligence, they are ill-prepared to conduct this type of research. Copp and Garrell 
( 1983) provided a detailed critique of the program and recomrnendations for improvemenl 
thal should be implemented. 

Regardless of the fate of the harvest-survey study, there are many other more indirect 
studies thal could provide needed insights and be of value in assisting understanding by 
natives of their impact on wildlife. Examples include the effect of human disturbance on 
nest success, distribution and success of geese in relation to distribution of human activity, 
the impact of harvest by age-sex class and lime of year (eggs, goslings, adults, sumrner 
and winter), and the role of waterfowl in the present economy of natives. 

The recendy expanded refuge biological data gathering program represents a positive 
response to needs for information. These data are vital to providing the baseline upon 
which to measure future responses of populations to management actions. Continuily in 
methods and direction is vital and the program could be usefully assisted by more support, 
as could the involvement of the research branch. 

Organizutinnal N~~ds. The Pacifie Flyway in general, and these geese in particular, 
have been relatively neglected. The complexity of the problem has exceeded the ability 
of agencies to deal with il as add-on responsibilities to already over-loaded personnel. 
Tasks have been assigned to personnel who do not have the experience, training, authority, 
or resources needed to effectively complete them, thus placing them in an untenable 
position. Team-approach and use of expertise beyond thal available in-bouse have not 
been effectively employed. Methods of selection of personnel compatible with living and 
working conditions and needs on the Y·K Delta should receive spccialauenlion. 

An individual, or commiuee, needs the freedom and authority to devote full-time to 
the total complex of problems in order to provide continuity and coordination. Redirection 
of personnel and moncy is needed. A multi-rnembership task force, including native 
representatives could provide oversight similar lo thal developed for endangered species 
recovery teams. The parallel is not made loosely; extension of population declines illus
trated in Figure 1 forecast threatened or rare categorization in less lime in the future than 
il has taken us to generally acknowledge and publicize the problem. Perhaps a National 
Academy of Sciences panel should be convened to make recommendations. 

The alternatives to immediate, effective action are unpleasanl. Legal actions could 
increase suspicion and hostility and promote a situation where resources are damaged 
even funher in a power struggle. Yel, lack of effective action leaves no alternative to 
legal recourse. The losers are the geese-and the people who cherish them for whatever 
reason. An entire generation of huniers has begun lo pay the priee for the past lack of 
effective action; they will be paying a heavier priee for the next 10-20 years even if wc 
take effective action now. Such depleted populations will cenainly not foster the mainte· 
nance of traditional tics with land by natives or the opportunity to renew lhose tics by 
sport huniers. 
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Summary 
Numbcrs of gee$C oesling on the Yukon-Kuskokwin (Y·K) Delta, Alaska have declined 

even though harvesl in winter is insignificanl (brant, emperor goose) or curtailed by as 
much as .59-65 percent (Pacifie while-fronled goose, cackling Canada goose, .respec
lively). Autumn inventories indicate alarming decreases of85 percent of Pacifie whitefronts 
from 4.50,000 lo < 100,000 and of cackling geese from 3.50,000 lo < .50,000. Numbers 
of geese nesting elsewhere in Alaska have increased (favemer's, lesser and Aleutian 
Canada geese, Iule and mid-continent while-fronted geese). Tule while-fronted geese and 
Aleutian Canada geese occupy large portions of the winter range in Califomia used by 
Pacifie whitefronts and Cackling geese. Restrictive hunting regulations should have ben· 
efilled ali these populations. 

The implication is thal impacts of human activity on geese of the Y-K Delta are 
excessive, and combined with harvest in Califomia, are near catastrophic. This is correlated 
wilh a 42 percent increase in the coastal population of Yupic Eskimos since .!~60, who 
now hunt more efficiently with modem means of travel. 

The remoteness and size of the Y -K Delta, the fact that spring-summer hunting of 
waterfowl violates the Migratory Bird Treaty with Canada, and cultural differences be· 
tween native and non-native groups result in great difficulty in gathering pertinent data, 
recognition of resource problems, and working effectively for solutions. Native huniers 
consider a law interfering with their righi and ability to gather food as an unwelcome 
intrusion or not applicable. Opponents argue thal such needs have been abrogated by 
changes in law and life-style and threaten legal action to require enforcement of the 
Migratory Dird Treal)'. 8oth groups frequently exhibil a lack of understanding of the 
needs of each other and the necessity of working together for mutual interests. 

ln the long lerm, modification of the Migratory Bird Treal)' is needed to allow for 
regulated, legal harvest of birds and eggs in spring. This eventuality, however, seems 
years away. Effective action is nceded now. Agencies responsible for protection of .. 
migratory bird resources have not devoted sufficient auention to these problems. Belier 
organization, addition and/or redirection of personnel and moncy is needed. Specifie 
nceds include more intensive and extensive efforts lo in volve native groups at every level 
of increased data gathering and analysis, problem recognition and solving, and education. 
Thesc: programs need an identifiable and responsible authority and the assistance of experts 
in fields outside those normally represented in resource agencies (e.g., social scientists, 
modc:lers, media consultants). 

Lack of immediate, effective action willlikely lead to further polarization of viewpoints 
via political and legal confrontation while resources continue lo suffer. Such depleted 
populations negate the goal of maintenance of traditional lies of natives to wildlife and 
the opportunity to renew those ties by sport huniers. 
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13.1.1. Nutritional Values 
of Waterfowl Foods 

Leigh H. Fredrickson and Frederic A. Reid 
Gaylord Memorial. LalxmLtory 
School of Forestry, Fisheries and Wildlife 
Uni'IJeTsity of Missouri-Columbia 
Pu:r:ico, MO 68960 

Over 40 species of North American waterfowl 
use wetland habitats throughout their annual 
cycles. Survival, reproduction, and growth are 
dependent on the availability of foods that meet 
nutritional requirements for recurring biological 
events. These requirements occtir among a wide 
variety of environmental conditions that also 
influence nutritional demands. Recent work on 
nesting waterfowl has identified the female's 
general nutrient needs for egg laying and incuba· 
tion. Far Jess is known about nutritional require
ments for molt and other portions of the life cycle, 
particularly those during the nonbreeding season. 
Although information on specifie requirements for 
amino acids and micronutrients of wild birds is 
meager, the available information on waterfowl 
requirements can be used to develop waterfowl 
management strategies. For example, nutrient 
content of foods, nutritional requirements of 
waterfowl, and the eues waterfowl use in locating 
and selecting foods are ali kinds of information 
that managers need to encourage use of habitats 
by feeding waterfowl. Waterfowl nutritional needs 
during the annual cycle and the nutritional values 
of natural foods and crops will be discussed below. 

Composition of Waterfowl Foods 
Compared to the nutritional information on 

many agricultural crops, the composition of wild 

foods is poorly documented. Nevertheless, the 
available information on nutritional quality of wild 
foods, in conjunction with known waterfowl 
requirements, provides general guidelines for 
management .. Terminology commonly used when 
discussing the nutritional values of foods or re
quirements for waterfowl include the folloWing: 

Basal metabolic rate (BMR)-The lowest level of 
metabolism necessary for basic body functions for 
an animal at rest. 
Gross energy-The amount of energy (often ex· 
pressed in 1000 calories • 1 kcal) produced when a 
food sample is ignited in a bomb calorimeter. Gross 
energy represents the most common nutritional in
formation available, because techniques to deter
mine gross energy are relatively simple and costs 
are minimal. 
Metabolizable energy-The amount of energy that 
can be utilized for metabolic processes by an 
animal. Metabolizable energy is more complicated 
to determine than gross energy-animals must be 
fed a diet of food containing a known amount of 
gross energy, and the portion excreted as feces, 
urine, and gases must be identified and quantitifed. 
Proxima te analysis-A chemical process to identify 
the major components in foods. Samples must be 
handled carefully to ensure that chemical composi
tion represents the nutritional content. The food is 
first ground to a fine homogenate, then dried to 
determine water content. Components identified by 
proximate analysis include the following: 

• Fa.ts or lipids-The most concentrated energy 
sources in foods. Fats occur as structural com· 
ponents and serve as insulation or as energy 
stores. 

Füh and Wildlüe Lealkt 13 • 1988 



• Ash-Mineral content. 
• Crude Fiber-Least digestible fraction in foods 

that includes cellulose, hemicellulose, or lignin. 
Waterfowllack rumens; thus, little fiber is 
digested. 

• Nitrogen-free extract (NFE)-Higbly digestible 
carbohydrates. 

• Protein-Compounds containing nitrogen that 
are major components of muscle tissue,. .animal 
cell membranes, and feathers; also active as 
enzymes, hormones, and clotting factors in 
blood. These serve many different fonctions. 

More sophisticated testing provides identification 
of the specifie composition of proteins and fats: 

• Amino acids-Mixtures of 20 to 25 different 
amino acids, linked by peptide bonds, form 
plant and animal proteins. 

• Essential amino acids-The 10 amino acids 
that must come from the diet because of the 
inability of an animal's metabolic pathway to 
produce them. 

• Fa.tty acids-Components of fats with varying 
molecular weight and number of double bonds. 
Unsa.turated fatty acids such as palmitoleic, 
oleic, and linoleic acids are important in 
waterfowl. 

Information is generally available on the gross 
energy of foods (Tables 1 and 2), but metabolizable 

energ:f and outputs of proximate analyses including 
the amount of fat, fiber, ash, or nitrogen-free ex
tract in these same foods are rarely identified 
(Table 3). Proteins supply the essential amino acids 
and are in high demand during egg laying and 
molt. Fats or lipids serve as energy reserves, as 
structural elements in cells, and as sterol hor
mones. Ash indicates the mineral content. Crude 
fiber is a measure of the !east digestible food com
ponents, whereas NFE provides an estimate of the 
highly digestible carbohydrates. 

Food quality is best predicted when information 
is available on metabolizable energy, ash, protein, 
fat, and NFE. Protein values are reported for 
about half of the foods that have energy values, 
but the content of fat, fiber, ash, or NFE is iden
tified for less than one-third. Foods with a very 
high fiber content generally have lower levels of 
metabolizable or usable energy because fiber is 
poorly digested by waterfowl. In sorne cases, values 
from chemical analyses can be misleading. Crude 
protein content may be high, but the form of the 
protein or chemical inhibitors within the food may 
reduce the amount usable by the bird. For exam
ple, soybeans have a high leve! of crude protein, 
but only a small portion is available to waterfowl 
because of inhibitors. Waterfowl require a balance 
of amino acids. Sorne foods, such as crustaceans, 
usually have a better balance of amino acids than 

Table 1. Chemical composition of some common waterjowl plant foods. Values represent averages from tke 
literature. 

Common name• Gross energy Fat Fiber Ash NFE Protein 
(kcal/g) 

Sticktights 5.177 15.0 19.7 7.2 27.5 25.0 
Schreber watershield 3.790 2.9 36.7 4.8 45.9 9.3 
Pecan hickory 7.875 40.8 19.0 12.6 35.1 8.4 
Chufa flatsedge (tubers) 4.256 6.9 9.0 2.5 55.4 6.7 
Hairy crabgrass 4.380 3.0 11.1 9.7 59.4 12.6 
Barn yard grass 3.900 2.4 23.1 18.0 40.5 8.3 
Rice cutgrass 3.982 2.0 10.6 9.5 57.8 12.0 
Fall panicum 4.005 3.1 16.8 16.1 50.1 12.3 
Smartweed 4.423 2.8 22.0 7.5 - 9.7 
Pennsylvania smartweed 4.315 2.3 21.8 4.9 65.3 9.0 
Pin oak 5.062 18.9 14.7 1.6 58.6 6.4 
Willow oak 5.296 20.6 14.0 1.7 55.3 5.1 
Curly dock 4.278 1.2 20.4 6.9 - 10.4 
Duck potato 4.736 9.0 10.8 4.9 55.5 20.0 
Milo 4.228 3.1 6.0 3.5 72.2 10.2 
Corn 4.435 3.8 2.3 1.5 79.8 10.8 
Common soybean 5.451 20.5 5.4 6.2 27.1 39.6 
Common dùckweed 4.235 3.5 11.3 10.7. 49.8 25.7 
River bulrush (rhizomes) 4.010 

•For alternative common names and scientific names consult Appendix. 
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Table 2. Chemical wmpositWn of some wmmon water· 
fowl invertebrate foods. 

Invertebrate 

Water boatmen 
Back swimmers 
Midges 
Water fleas 
Amphipods (Hyalùla a.zteca) 
Amphipods (Gamma"" spp.) 
Cladocera (unclassified) 
Pond snails 
Orb snails 

Gross energy Protein 
(kcal/g) (%) 

5.2 
5.7 
4.6 
4.0 
4.9 
3.8 
2.7 
1.0 
1.0 

71.4 
64.4 
61.2· 
49.7 
47.6 
47.0 
31.8 
16.9 
12.2 

do insects and spiders. Certain amino acids can be 
synthesized by waterfowl, but the essential amino 
acids must be acquired in the diet. 

Because values for metabolizable energy are 
reported for individual food items rather than as 
combinations of foods normally consumed by wild 
waterfowl, nutritional information is not always ac
curate. Synergistic interactions among foods during 
digestion are more difficult to identify compared to 
the usable energy avaüable from a single food item 
fed separa tel y. Thus, providing a nutritionally 

. balanced diet from wild and domestic foods, alone 
or in combination, continues to be a perplexing 
challenge facing wetland managers .. 

The Energetic Costs 
of Waterfowl Activities 

Wild animais must provide for general body 
maintenance and for processes that require addi
tional nutrients, such as growth, reproduction, and 
migration. The BMR includes the demands for 
energy of an animal that is at rest. Basal costs for 

locomotion, digestion, reproduction, or thermo· 
regulation at extreme temperature ranges are not 
included. Large body sizes allow waterfowl to use 
their body reserves to meet the demands of main
tenance and other demanding processes. For ex
ample, arctic-nesting geese transport ali of their 
protein and energy needs for laying and incubation 
with them to arctic nesting grounds. Such species 
may Jose nearly 50% of their body weight by the 
time their clutches hatch. Reserves for migration 
are particularly important in sorne waterfowl such 
as Pacifie populations of brant. ln their 3,000-mile 
journey from Alaska to Mexico, they Jose one-third 
of their body weight (about 1.87 lb of fat) in a few 
da ys. 

Waterfowl engage in a variety of activities that 
have high energetic costs. The locality and the en
vironmental conditions under which these activities 
occur determine the energetic expenditures for 
each event. These are usually expressed in relation 
to the basal metabolic rate for an animal at rest. 

Aetivities such as swimming, preening, forag
mg, or courtship are more energetieally costly. 
Flight is the most expensive activity with estimates 
ranging from 12-15 x BMR. Diving is Jess eostly 
(i.e., 3.5 x BMR). Furthermore, temperatures have 
important effects on energetic requirements. For 
example, captive mallards will increase their meta
bolic rate above the basallevel by 2.1 x at 0°C and 
by 2.7x at -20°C. Wild ducks and geese reduce 
the frequency of their feeding flights under ex
treme cold to conserve energy. Determining actual 
energetic costs of activities is diffieult in the field; 
bence, the values for wild birds are usually based 
on estimates rather than actual measurements. 

The general nutritional requirements for bio
logieal events in the annual cycle are known for an 
increasing number of waterfowl. The best estimates 
are those for breeding birds (Table 4), whereas far 
Jess is known about nonbreeding requirements. 

Table 3. Metabolizable energy of some common waterfowl foods. 

Taxon 

Water flea 
Amphipod (Gamma"" spp.) 
Pond snail 
Coast barnyardgrass 
Coast barnyardgrass 
Rice cutgrass 
Common duckweed 
Pennsylvania smartweed 
Pennsylvania smartweed 

Test animal 

Blue-winged teal 
Blue-winged teal 
Blue-winged teal 
Duck (male) 
Duck (female) 
Duck (male) 
Blue-winged teal 
Dabbling duck (male) 
Dabbling duck (female) 
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Metabolizable energy 
(kcallg) 

0.82 
2.32 
0.59 
2.63 
2.99 
3.00 
1.07 
1.12 
1.10 
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Table 4. Nutritiona.l requirements for breeding waterfowl compared to tke composition of corn and common native 
... ·. . foods. · 

Requirements 
breeding 

ducks/geese 

Energy 2,90()& 
Protein (%) 19 
Methioninec 2.0 
Ca(%) 2.7 
Mg(ppm) 350 

a - kcal ME/kg 
b • Gross energy (not metabolizable energy) 
c • % of protein 

Corn 

3,430& 
8.7 
0.18 
0.02 

. 5 

Note that no single food supplies a diet that meets 
aU energy, protein, or micronutrient needs of 
breeding waterfowl. Likewise, activities other than 
breeding have varying costs in relation to specifie 
nutrient energy and differ greatly from reproduc
tion, where a mix of energy, minerais, and protein 
are required to supply the needs of egg-laying 
females. 

Food Quality in Relation to 
Deterioration and Habitat Conditions 

The quality of plant foods is làrgely determined 
by heredity, but other factors, such as soil nutri
ents and environmental conditions during the 
growing season, are important. For example, 
seeds having a high fat content may vary greatly 
in energy content among seasons because of 
environmental conditions. The supply of minerais is 

· closely related to the mineral concentrations in · 
water. 

One of the major problems facing waterfowl 
managers is deterioration of seeds during flooding, 
but information on rates of deterioration is only 
available for a few seeds. Soybeans break down 
rapidly; nearly 90% of the energy content is lost 
during 3 months of flooding, whereas corn loses 
only 50% during a similar period of flooding 
(Table 5). Breakdown of wild seeds is variable. 
Hard seeds such as bulrush decompose slowly, 
whereas softer seeds such as common barnyard
grass deteriorate 57% after 90 days under water. 
Such variations have important implications for the 
timing of flooding for waterfowl (Table 6). ~ sorne 
seeds are submerged for a month or more before 
waterfowl are present, much of the food value will 
be lost because of deterioration. 

Plant foods 

Acorns Barn yard grass 

5,577b 4,422b 
6.0 12.5 

0.24 0.13 
- 69 

Supplying Nutritional Needs 
for Waterfowl 

Pigweed 

4,623b 
22.0 

1.72 
35 

The large body sizes of waterfowl enable them 
to store nutrients as body reserves. In sorne cases 
nutrients for an upcoming stage in the life cycle 
are acquired at a distant wetland and. transported 
as body reserves. The be~t known examples are the 
transport of fats, calcium, and protein by arctic
nesting geese from wintering and migrational 
stopovers to breeding habitats. Because waterfowl 
store body reserves, managers should make an ef
fort to supply required nutrients throughout the. 
annual cycle rather than supplying nutrients solely 
for events at the time they occur. 

Identifying shortfalls in nutritional needs is 
becoming more of a reality as the requirements for 
free-living animais are identified. Waterfowl are 

Table 5. Deterioration of selected seeds ajter 90 days 
of jlooding. 

Decomposition 
Plant name (%) 

Soybean 86 
Barn yard grass 57 
Corn 50 
Common buckwheat 45 
Milo 42 
Giant bristlegrass 22 
Pennsylvania smartweed 21 
Cultivated rice 19 
Water oak (acorns) 4 
Hemp sesbania 4 
Horned beakrush 2 
Saltmarsh bulrush 1 
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Table 6. Comparison of deteriuration of lOO lb offive selected seeds in relation to differenijlooding schedu.la. Estimates 
assume a constant daily rate of deterioration. 

15 September 

Flooding date 
18 August 

Soybeans 71 
Corn 83 
Millet 81 
Giant bristlegrass 93 
Smartweed 93 -

Total percent remaining 84 

15 September 
Total percent remaining 

15 October 
Total percent remaining 

15 November 
Total percent remaining 

well adapted to the dynamics of natural wetland 
systems. Mobility and foraging adaptability are 
behavioral characteristics that enable waterfowl to 
acquire needed resources. Dynamic wetlands supply 
a variety of food resources that aliow waterfowl to 
feed selectively and to formulate nutritionally ade
quate diets from a variety of sites. Although a 
single wetland site may not provide adequate food 
for ali requirements, management areas with a 
variety of wetlands or flooding regimes usually 
have a mix of habitats that provide ali nutritional 
requirements. 

Because a variety of strategies exists within 
and among waterfowl species (wintering, migrat
ing, or breeding), not ali individuals or species re
quire similar resources simultaneously. Thus, a di
verse habitat base is a logical approach to meet the 
various needs of waterfowl. Furthermore, when 
suitable food and cover are within daily foraging 
range, acquisition of required resources is enhanced. 
A good rule of thumb is to provide many wetland 
types or food choices within a 10-mile radius of 
waterfowl concentrations. Sorne species such as 
snow geese have far greater foraging ranges, but 
they are the exception rather than the rule. 

Appropriate management requires preservation, 
development, and manipulation of manmade and 
natural wetland complexes. Such an approach pro
vides nutridonally balanced diets for diverse water
fowl popuktions. Where natural wetlands remain 
intact, they should be protected as unique compo-

Percent remaining 

15 October 15 November 15 December 

43 14 0 
67 50 33 
62 43 24 
85 78 71 
85 79 72 - -
68 53 40 

84 68 53 

84 68 

84 

nents of the ecosystems. The protection of natural 
systems and the development and management of 
degraded systems increases choices of habitats and 
foods for waterfowl. Likewise, the provision of ade
quate refuge areas where birds are protected from 
disturbance is an essential ingredient to ensure 
that food resources are available to waterfowl and 
can be used efficiently. 
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Appendix. Common and Scientific Names of Plants and Animais 
Named in Text. 

Plants 
Pigweed ............................................... . Amaranth.us sp. 
Devils beggarticks or sticktights ........................... . Bidens .frondosa 
Schreber watershield ............ ; .......................... Brasenia schreberi 
Pecan hickory ................... ~ ................ , ....... Carya iUinoensis 
Chufa flatsedge .......................................... Cyperus esculentus 
Hairy crabgrass ......................................... . Digitaria sanguinalis 
Common barnyardgrass or Japanese millet .................. . Echinochloa crusgalli 
Coast barnyardgrass, wild millet, or watergrass .............. . Echinochloa walteri 
Common buckwheat ..................................... . Fagopyru:m. esculentum 
Common soybean ............................... · .......... Glycine ma:~: 
Rice cutgrass ........................................... . Leersia oryzoides 
Common duckweed •...••...•...........•................ . Lemna minor 
Cultivated rice ........................................... Oryza sativa 
Fall panicum or panic grass ...................•........... . Panicum dickotomifloru.m 
Curltop ladysthumb or srnartweed ..............•.......... . Polygonum lapathifolium 
Pennsylvania srnartweed ................................. . Polygonum pensylvanicum 
Pin oak .....•....•..••••.••..•...•...••••.••....•..••..• Quercus palustris 
Willow oak .......................................•...... Quercus pheUos 
Water oak ............•....•.........•........•.......... Quercus nigra 
Horned beakrush ...•...•...••........................... . Rh:yn.chospora comiculata 
Curly dock .......•.•....•.............................. . Ru11&«1: crispv.s 
Common arrowhead or duck potato ......••.•....•..•....•• . Sagitta.ria latifolia 
River bulrush or three-square bulrush ...............•...•.. • Scirpus fluviatilus 
Salttnarsh bulrush or bulrush ...•...•....•...•••••.......•. . Scirpus robustus 
·aemp sesbania •••••••••••••••••••••••••••••••••••••••••• • Sesbania «!:alta 
Giant bristlegrass or giant foxtaü ...............•.......... . Setaria magna 
Common sorghum or milo .•..............•.•....•........ . Sorgkum vulgare 
Indian corn or corn •.•.•.•.....................•.......... . Zea mays 

Birds 
Blue-winged teal ••..•••.•••••..•••..•.••.•.••.•.••.•...•. • Anas discors 
Mallard ..........•...•.•..•.•.. : • ....•.•••••...••.•.•.. • Anas platyrk'lfi'&Ckos 
Brant .....•.....•.•..•...•.•••.........••..•..•...•.•.. • Bran.ta. bernicla 
Snow goose .......•.....••..••....•.•..•••••..•...•.•... Cken caeriÙescens 

Invertebrates (Families) 
Midges .......•......•.....•...........•..........•..... Chironomidae 
Water boatmen ........................................... Corixidae 
Water fleas ...•.•..•...•....•......•........•.....•...•.• Dapbnidae 
Pond snails ......... ; •...••......•......•... ; ...••..•..•.. Lymnaeidae 
Back swimmers .........•..••...............••.•......•.. Notonectidae 
Orb snails .....•..•...•..•..•.•....•......•.•..•..••.• ~ .• Planorbidae 
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WATERFOWL MANAGEMENT HANDBOOK 

13.3.1. Invertebrate Response 
to Wetland Management 

Leigh H. Fredrickson and Frederic A. Reid 
Gaylord Memorial Laboratory 
School of Forestry, Fisheries and Wildlife 
University of Missouri-Columbia 
Purico, MO 63960 

By gaining greater understanding and apprecia
tion of wetland environments, managers have 
developed creative insights for waterfowl conserva
tion. Among the most exciting new developments 
in the understanding of functional wetlands has 
been the recognition of the important roles of in
vertebrates in aquatic ecosystems. These roles 
include trophic linkage from primary production to 
secondary consumers such as waterfowl, packaging 
of specifie nutritional components such as amino 
acids and micronutrients for vertebrate preda~rs. 
and detrital processing of wetland organic material. 
Although specifie invertebrate responses to various 
management techniques are not always predictable 
and may differ among invertebrate species, pat
terns related to water regimes, water chemistry, 
and vegetative structure have emerged. Managers 
should consider the following invertebrate re
sponses to natural and manipulated wetland com
plexes when managing for waterfowl. 

Importance to Waterbirds 

Although wetland systems are sorne of the 
most productive ecosystems in the world in terms 
of vegetation biomass, few duck species acquire 
substantial energetic or nutritional resources direct
ly from consumption of plant material other than 

seeds. Much of the energy from plants is initially 
transferred to primary consumers, including a 
diverse group of invertebrate species. A variety of 
invertebrates are consumed by waterfowl. Ducks 
rely heavily on invertebrates as a major food 
source throughout the annual cycle. Dabbling and 
diving ducks use invertebrates extensively during 
protein-demanding periods, such as egg laying or 
molt (Table 1). Duck species are adapted to con
sumption of invertebrate prey by selection of 
microhabitats, structure of the bill and lamellae, 
and foraging strategies. 

Relation to Water Regimes 

Long-term hydrologie cycles have shaped the 
lüe history ·strategies of wetland invertebrates. 
These organisms have developed many adaptations 
that include: . ~ 

• egg or pupal stages that can tolerate drought 
periods, 

• initiation of egg development only after specifie 
water/oxygen levels have been reached, 

• marked seasonality in life cycle, 
• rapid development, 
• large number of offspring (h}gh reproductive 

potential) 
• obligate diapause (period of nondevelopment) 

tied to seasonal flooding, and 
• parthenogenic reproduction (a.S in cladocera). 

Invertebrates often move into deeper pools, wet
land sediments within the water table, and other 
nearby wetlands when water levels drop or change 
within a specifie wetland. Many species (e.g., 
leeches, crayfish) will burrow in sediments to avoid 
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Table 1. lnvertebra.tes consumed by layingfemale waterjowl collectedfrom 1967 to 1980 in North Dakota. Data e:t· 
pressed as aggrega.te percent by volume. Modijied from Swanson 1984. 

Blue-winged Northem 
Food item tea1 shoveler 

(20) (15) 

Snails 38 40 
Inseets 44 5 

Caddis flies 7 tr 
Bee tl es 3 2 
True flies 32 2 
Midges 20 1 
Miscellaneous 2 1 

Crustaceans 14 54 
Fairy shrimps 5 6 
Clam shrimps tr 7 
Water fleas 0 33 
Scuds 8 0 
Miscellaneous 1 8 

Annelids 1 0 
Miscellaneous 2 0 

Total 99 99 

desiccation. Adults of several insect groups may 
fly to other wetlands if conditions become un
suitable. Flight distances may be Jess than a 
few yards to another basin within a wetland 
complex or more than 50 miles to a distant 
wetland. 

Long-term hydrologie changes shape inverte
brate life history strategies. Short-term hydrologie 
regimes may determine the actua1 occurrence and 
abundance of invertebrates. Flooding affects wet
land invertebrate occurrence, growth, survival, 
and reproduction. Entirely different invertebrate 
communities (Fig. 1) are present in wetland basins 
with differing hydrological regimes (timing, depth, 
and duration of flooding). As litter is flooded, 
nutrients and detrital material (as coarse par
ticulate organic matter) are released for a host of 
aquatic invertebrates (Fig. 2). As material is 
broken down into finer particles (fine particulate 
organic matter), organisms that ga.ther detritus or 
fllter feed will take advantage of the newly 
available foods. Grazing orga.nisms (Fig. 3) feed 
on free-floating alga.e or periphyton, which grows 
on aquatic plant surfaces. When litter material is 
consumed, invertebrate populations decrease rapid
ly. Thus, prolonged flooding Oonger than 1 year) of 
uniform depth leads to reduced wetland inverte
brate numbers and diversity. Freezing may also 
lower spring invertebrate populations in northem 
locations. 

. Gadwall Gad wall 
(saline) (fresh) Mallard 

(20) (35) (37) 

0 4 16 
52 36 27 

1 8 9 
16 4 5 
26 18 6 
26 17 4 

9 6 7 

20 32 13 
tr 0 4 
0 14 6 

10 10 3 
0 7 tr 

10 7 tr 
0 tr 13 
0 0 3 - -

72 72 72 
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Northem 
pintai! 

(31) 

15 
37 

1 
3 
3 

20 
0 

14 
14 
tr 
tr 
tr 
tr 
11 
0 
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Water regimes not only direetly affect 
invertebrate populations, but indirectly affect 
other fauna through modification of aquatic 
plant communities. Hydrological regimes influ
ence germination, seed or tuber production and 
maturation, and plant structure of aquatic 
macrophytes. Invertebrate associations are in
fluenced by the leaf shape, structure, and surface 
area of aquatic vegetation. Macrophytes with 
highly dissected leaves, sueh as smartweeds, tend 
to support greater invertebrate assemblages than 
do plants with more simple leaf structure, such as 
American lotus (Fig. 4). The composition of in
vertebrate populations is associated with plant 
succession. ~ 

Discing and other physical treatments are 
regularly used to modify Jess desired plant com
munities. Initial invertebrate response is great 
following shallow discing in late summer when the 
shredded plant material is flooded immediately. The 
shredding of coarse litter material by discing 
results in quick decomposition in fall, but inverte
brate numbers are reduced the following spring. 
Cutting robust, emergent vegetation above the ice 
in winter can also result in a rapid invertebrate 
response, after spring thaw. 
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Figure 1. Occurrence of four common invertebrate genera relative to water regimes of five different seasonal

ly flooded basins. Horizontallines represent presence of water. 
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Figure 3. Invertebrate grazer community. FPOM • Fine particulate organic matter. 

lnvertebrate fauna 

Midges 
Water boatmen 
Damselflies 
Crayfish 
Water mites 
Mayflies 
Dragonflies 
Water striders 
Back swimmers 
Giant water bugs 
Crawling water beetles 
Predaceous diving beetles 
Water scavenger beetles 
Mosquitoes 
Pond snails 
Orb snails 
Leeches 
Glass shrimp 
Amphipods 
Water scorpions 
Caddis flies 
Whirligig beetles 
Crane flies 
Soldier flies 
Horseflies 
Marsh flies 
Freshwater limpets 

Common ~ 

Water American 
amartweed lotus 

D 

Uncommon [=:J 

Figure 4. Macroinvertebrates associated with 
water smartweed and American lotus in 
seasonally flooded wetlands. 

Management Implications 

Acquisition of wetlands or protection of 
previously acquired wetland complexes will con~ 
tinue to be the best means to support diverse in
vertebrate fauna. The restoration of disturbed 
wetlands bas its greatest potential in areas of 
marginal agricultural lands. Pesticide use should be 
eliminated on ali refuge areas, regardless of prox
imity to urban sites where mosquito control is a 
concern, or the quality of such wildlife areas will be 
reduced. lnflow waters must be monitored for 
pollutants and pesticides. The timing of water 
movements should coïncide with the exploitation of 
leaf litter by invertebrates. Waters should not be 
drained when nutrient export may be high, such as 
in early stages of leaf litter decomposition. Present 
knowledge of water manipulations suggests that 
management for specifie aquatic or semi-aquatic 
plant communities may be the most practical means 
of increasing invertebrate production. Managers 
can enhance the potential for invertebrate con
sumption by waterfowl if peak periods of waterfowl 
use of wetlands coïncide with reduced water levels. 
Exploitation of invertebrates by waterbirds can be 
optimized through shaJlow water levels, partial 
drawdowns that concentrate prey, and extended 
(3-5 week) drawdowns with "feather~dge" flood
ing to increase the available time and area for 
foraging. 
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Appendix. Common and Scientific Names of Plants and Animais ... 0 Named in Text. ~-

Plants 
American lotus ............................................... . Nelumbo lutea 
Srnartweed ................................................... . Polygonum spp. 
Water smartweed O'f' marsh knotweed ............................ . Polygonum 

coccineum 

Birds 
Northern pintail .............................................. . Anas acuta 
Northern shoveler ............................................. . Anas clypeata 
Blue-winged teal .............................................. . Anas discors 
Mallard ...................................................... . Anas platyrkynchos 
Gadwall ........................................•............ . Anas strepera 

Invertebrates (Families) 
Crayfish ...............................................•...... Astacidae 
Giant water bugs .............................................. Belostomatidae 
Midges ..............•..............................•.....•... Chironomidae 

. Water boatmen ................................................ Corixidae 
Mosquitoes .................................................... Culicidae 
Predaeeous diving beetles ....................................... Dytiscidae 

· Water striders ................................................. Gerridae 
Whirligig beetles ..........•.................................... Gyrinidae 
Crawling water beetles ......................................... Haliplidae 
Water scavenger beetles ........................................ Hydrophilidae 
Pond snails ..................................•................ Lymnaeidae 
Water scorpions .................................•............. Nepidae 
Back swimmers ......... · ..•...........................•........ Notonectidae 
Orb snails ............................................•........ Planorbidae 
Marsh :flies .................................................... Sciomyzidae 
Soldier :flies ...............•................................... Stratiomyidae 
Horse:flies .......................•............................. Tabanidae 
Crane :flies ..................................•......... · ........ Tipulidae 

Invertebrates (Orders) . 
Scuds or sideswimmers ......................................... Amphipoda 
Leeches .....•................•.....•........•..•.........•... Annelida 
Fairy shrimp ...................................••...•.....•... Anostraca 
Water :fleas ................•.................................. Cladocera 
Beetles ...................................•..•..... _ ........... Coleoptera 
Clam shrimp .................................................. Conchostraca 
True :flies ..................................................... Diptera 
May:flies ..................•..................•................ Ephemeroptera 
Water mites ................................................•.. Hydracarina 
lsopods ....................................................... lsopoda 
Damsel:flies, dragonflies ..........................•.............. Odonata 
Caddis :flies ................................................... Trichoptera 
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W:E:·rLAND INVER1'EBRATES IN RELATION TO 
IIYDilOLOGY AND WATER CHEMISTRY 

Frederic A. Reid, Researcb Assistant, 
Scbool of Forestry, Fisberies, and Wildlife, 

University of Missouri-Colu1nbia, 
Puxico, Missouri 

Mosquito contre , especinlly as a restrRint to the 
vector of malaria e 1d enr.ephalitil', was one justificft· 
tion for drainAge o · North American wetl~tnds in the 
eftrly 1900's. The c ~cline nf yellow fever and mAlaria 
after swamp and ntRnh drainage associated with the 
Panama Canal pre ect was often cited to defend ag
riculturRI "reclam: tion" of other "wasteland" wet
lands (Nolen 1913; 

Today the econo nic, political, recreational. and sci
entific values of f• nctioning wetland ecosystems are 
increa!'lingly recog• ized (Odnm 1978). Unfortunately, 
vast areas of Nort 1 American naturel wetland." hAVe 
been lost to agrict tural, industrial, and urban devel· 
opments (Weiler 1981). Mnny remnining wetlands 
have suffered maj n perturbations in water quality, 
hydrologie regime and hnbitat isolation. A holistic 
mann~ement phil• sophy for public wetlands bas re
cently been ndopt od by mm:t naturel resource agen· 
cies. The!;e long-tE -rn mnnngr.ment plnns often include 
restoration of cert lin drained wetlands. Although the 
ecologicftl functions of nAtural wetlandA cannot be 
completely dupli:·ated, water impoundments have 
proven effective in mAny wetland restoration pro
grams. Monies frc·11 licen!;e fees and taxes on hunting 
and fi!;hing equipment have Rllowed public acquisition 
of many wetland! by state and federal agencies. 

White the gene· al puhlic has a po!litive attitude ta
ward wetland birc ;, mamml'll' herpetofnuna, and fish, 
their interest hns aot been expanded to include ftquatic 
in vertebrales. ME 1y recent 11tudies hRve demonstrated 
that these lower rophic forms are extremely impor
tant in maintaini tg a functional wetland habitat, not 
only as a proteir. food hnse for vertebrates, but also 
in nutrient cycliug (Ander!lon and Sedell 1979). The 
purpose of this tt muscript is to provide resource per
aonnel with ecol gical informntion on both welland 
invertebrates anc . more !lpt.cificnlly, how these organ
iams may responc to wetland management techniques. 
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INVERTEBRATE ADAPTATIONS TO 
IIYDROLOGIC CHANGES 

Long·term. refrlonRI hydrologie cycles have shaped 
the life history strategies that welland invertehrates 
have evolved. Short-term water regimes, physical fac
tors (basin morphology and complex structure), chem· 
ical factors (nutrient inputs,, and biotic factors 
(hydrophyte structure and predator density) may, 
however, determine actual occurrence and abundance 
at any given time. Pre~ent knowledge regarding eco· 
logical strategies available to temporary pool inver
tebrates hu been weil summarized (Wiggins tt ail. 
1980). The bn11ic life history groups from that manu
script are summarized using exemples of genera (table 
1). 

Basic invertebrate adaptations for temporary wet
land." include r~tpid development. marked seasonality 
in life cycle, and egg or pupal stages that Cftn tolerate 
dmught periods. The groups of '1\Jrbellaria (flat
worms), Lumhriculidae (freshwater worms), Bryozoa 
(ectoprocts), Anostraca (fairy shrimp), Conchostreacl!l 
(clam shrimp), Clndocera (water fieas), Ostracoda 
(seed shrimp), Ephemeroptera (mayfiies), ·Chaobori
dae (phantom midges), Culicidae (mosquitos), and 
Sciomyzidae (marsh Oies) ali contain species with 
drought resistant egg, ephippia, or statoblast stages. 
Many organisms demonstrate an obligate diapause 
(period of non-development) which appears tied to 
seasonal fiooding. Eggs of Caenestheriella phyllopeds 
may remain viable for 5 years under dry conditions 
(Mattox and Velardo 1950). Some midge larvee con· 
struct cocoons during dry periods (Grodhaus 1976). 
Fairy shrimp are dependent on wetland habitats which 
remain dry in winter, but refiood in spring (Broch 
1965). Other adaptations include self-fertilization in 
some pulmonate snails and parthenogenetic repro· 
duction in cladocera. As refiooding occurs, Daphnia 
pute% may direct a mere 5 percent of its gross energy 



Table i..--Inuertcbrate groups according to life history tolerance or auoidance of 
drou~ht period and period of recruitment in the comnwnity (Wiggens et aL 1980) 

Group 1--0verwintering residents: 
Passive dispersal only. 
Examples include Phagocata. Nais. Helobdel/a. Daphnia. Cyclops. Procambarus. 

Hyallela. Asellus. Physa. Gyraulus. Sphaerium. 
(Most oligochaetes. leeches. zooplankton, craylish. amphipods, isopods. gastro-

pods. pelecypods) · 

·Group 2--0verwintering spring recruits: 
Oviposition dependent on water; most reproduce in spring water. 
Examplcs include Agabus. Hafiplus. Hydrobius. Tanytarsus. Chironomus. Tabanus. 
(Sorne beetles. most midges.) 

Group 3--0verwintering summer recruits: 
Oviposilion independent ol water; egg deposition in mud. 
Examples include Lestes. Aedes. Chaoborus. 
(Odonates. mosquitoes. phantom midges.) 

Grou,, 4--Non-wintering spring migrants: 
Adults leave temporary water before drying; overwintering mostly in permanent 

water. 
Examples inlcude Sigara. Notonecta. Belostoma. Gerris. Ranatra. Dytiscus. Gyr

inus. 
(Most hemipterans. some beetles.) 

budget Cin excess or rr:aintenonce) toward growth, but 
then spend the remai· ~der in reproductive effort (Rich
man 1958). 

Behavioral adaptat: ons to drying conditions may in
elude burrowing in a•-diments, moving toward deeper 
water or emigrating from the baain. Leeches, oligo
chaetes, clams, and c:·ayfish may burrow into the water 
table to avoid desicntion. Imago beetles and hemip
terans demonstrate r1ell developed fiight dispenal in 
relation to water dra vdown (Femado 1958). Thil mi
gration strategy req aires high energy food for Oight 
and, correspondingl ·, a reduced Cecundity. Physical 
conditions, auch as e :posed mudflats or increased prey 
are necessary for au :h flight, but behavioral interac
tion with apecies tl at are competiton or predaton 
may influence the timing or these movements. Move
menta may involve only a short flight within a wetland 
complex to another l.asin or may extend 80 km or more 
(Popham 1964). 

Food availability and developmental potential are 
determined by the !xtent and duration or flooding. 
lnvertebrates that have adapted to such fluctuRting 
conditions demonst.rate diverse trophic and develop
mental strategies. Figure 1 representa the response of 
four common fresh'Nater invertebrate genera to five 
separate annual hydrologie regimes in a mid-latitude 

North American wetland. None or the represented hy
drologie regimes meets all the requirements for ail four 
of these common organisms. The adaptive timing of 
reproduction is based on genetic potentiel, phyaiolog
ical condition, and habitat availability. The specificity 
of a population'• breeding schedule varies between 
species, but a wide range of scbedules and high fe
cundity allow for greater auccesa in a fiuctuating 
aquatic environment. 

WATER CHEMISTRY AND 
INVERTEBRATE-IIYDROPIIYI"E 

ASSOOATION 
As wetland waten fluctuate, ions and nutrienta may 

concentra te or become dilute. These chemical changes 
influence the richneaa of invertebrate apecies, abon
dance, growth, and behavior. Temperature and oxygen 
levels aeem to have the most pronounced effecta. Tem
perature directly affecta metabolic activity. Timing of 
malt (voltinism), feeding activity, emergence patterns, 
and hatching are ail influenced by water temperature. 
1\Jrbellaria require temperatures above 5• C to atim
ulate egg development and above s• C for hatching 
(Young 1974). PhtJBocata (fiatworms) will fracme_nt 
into resistant cysts at high temperatures (Castle 1928). 
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Figure ~ .. --Re.<~pnn.<~e of four WC'tland invertebrate.'l (P-Physa snnil, S-Sigara corizid, 
A-Ac ies mo~qrrito and C-Chirocephalopsi!l /airy trhrimpl tn {ive treparate mid
latitr·de, emr"R"nt wetland bn.<~ins under variow annual hydrologie rrgimes. 1-
Autr "nnal Bn~in. 11-SJrort Vernal Ba.<~in. III-Lon~ Vernal Ba.<~in. IV-Mnist Sail 
Ear(. Drmt'Ciuwn, V-Moist Soil Late Drawdnwn. Dœhed line indicates occurrence 
only if pionreri ng occun. Letters indicate period of oviposition. (Alter Wiggens 
et al 1980, Broch 1965, Reid et al. in prep.) 

Fairy shrimp are not • nly dependent on fluctuating 
water conditions, but ali egg development is stimu
lated by decreasing ten 'eratures and high oxygen Je,·
els. As spring flooding 'ccuf!l nnd oxygen levels drop 
as hydrophytes decon Jose, the fairy shrimp hatch 
(Broch 1965). Many o• her org:misms reqiJire a striet 
progression of rising tt: npemtures ([)anb 1971 ). The 
hatching st.imulus for he wnter flee Diaptomus staR
nalis is controlled by d -c:reased oxygen le\·els (Brewer 
1964), while the hatch ng of the playa shrimp Bran
chinecta mackini is cor•trolled by 02 tension and per
cent !lalinity (Brown ar•d Carpelan 1971). Populations 
of Molluscs are not lor :e in impoundments in the for
ested Lake States if c Jcium and magnesium needcd 
for ahell development! re lo~· (le!'l!l than 50 micromhns 
specifie conductance) (Verry, peraonal communica
tion; Baldassare 1978) 

As water nuctuatior 1 influence chemical composi
tion of waters, they E .so influence hydrophyte ger
mination (van der Val!: and Dn\'i& 1980). One of the 
urliest recognized ha 1tat relation!lhips for aquatic 
invertehrates waa tha with R'1ttatic pianu. Hydro
phyte leaf shApe, stru. ture, and surface area are re
lllted to invertebrate a -undanC'e (Wieser 1951, Rosine 
1965). Several investi( 1tora (Krecker 1939, Andrews 
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and Hasler 1943, Krull 1970) have round higher dens
ities of insects a!lsociated with aquatic plants con
taining highly dissected leaves. 

Hydrophyte conditions are not stable and. changes 
in growth and senescence influence the invertebrates 
associated with them. Annuel fluctuations in the am· 
phipod Hyollela azteca associated with Chara and 
smartweed Polygon.um can occur, as seen in a shallow 
Colorado lake (Rosine 1955). The largest standing bi
omass of invertehrates in Mississippi wP.tlands oc
curred in asRoc:iation with coontail Ceratophyllum and 
fanwort Cabombo (Teels et al. 19li6). These submer· 
gents hecome estnblished only arter flooding and after 
resulting turbidity has subsided. Investigations of 
Lake Erie waters revealed that "thrifty" (or healthy} 
plant" maintain the greatest invertebrate abundance 
(Krecker 1939). Smartweed lenf drop associated with 
drought stress and reflooding resulted in a depaupar
ate invertebrate fauna the following spring in a Mis
sissippi River floodplain wetland (Reid et aL in 
prep.).Community composition is dependent on plant 
condition and food habits of the invertebratea. Sea
sonal sene!lcence of emerttents encourages coloniza
tion by detritivore communities (Danell t~nd Sjoberg 
1979). Biochemieal inhibitora from aubmerrenta may 



influence associated periphyton (Abdei-Malek 19i8) 
and invertebrate feedinr, growtb, and hatchinr. An· 
nuai periphyton ahifts (Young 1945, Millie 1979) un
doubtedly influence ~razer community composition. 

Despite the wide dtlvenity oC speciea present in most 
natural or impoundt-d wetlands, certain taxonomie 
groups are usually dominant. Although techniques and 
eampling periods vary among atudiea, chironomida or 
freshwater worms are ueually the most nume.rous in 
ahallowly flooded em~rrent wetlands or typicallittoral 
regions oC eutrophie lakes (tahle 2). Dipterans are the 
most numerous oC emerging insecta, while mayfliea and 
odonates are somewhat lesa numerous. In Ontario wet· 
lands 87 and 98 percent of ali emerginr adult inaects 

were dipterana (Judd 1953, 1958, 1960) and chiron
omida and culicida dominated the apeciea compoeition. 
Snaib, mayfliea, corizids, and amphipods may Corm 
the nezt moat common aquatic groupa. lmpounded 
water with minimal hydrologie modifications or ehal
low lakea may encourage aubmergent hydrophyte 
rrowth and aasociated amphipoda (Cooper 1965, Whit
man 1976). lnvertebrate production may be leu than 
in aeuonally fluctuatin1 wetlanda. 

Forested wetlands contain a very diCCerent com
munity etructure than emergent manhea. Fingernail 
clama (Sphaerium and Musculium) make up between 
58 and 98 percent of invertebrate biomasa in Missla
aippi and Alcovy River floodplain aamplea (Eckblad et 

Table 2.--Dominant macroinuertebratea in selected ahallowly flooded, emerrent wet/.anda' 
r: .•. , 

Organisms ~ • t • • Percent of .. Repartecl Site Source 
sampte tarm 

Chlronomidae . 80.1 N• North Slope, Bergman et a/. 
Oligochaeta 19.9 AK,USA 1sn 

Gastropoda 36.2 . N . Uzard Lake, Tebo 1955 
(Helisoma/Physa/) .. lA, USA 

Chironomidae 19.1 ' 

Oligochaeta 17.6 

Chironomidae 70.4 N <1yrage Whitman 1974 
Planorbidae 20.3 

... 
Managed wetlands ... i'· 

Corixidae 1 
8.0 

; 

NB,CAN 

Chironomidae 42.5 . ~ N 1-4 yr age 
Whitman 1974 

\ . 
Gastropoda 46.5 ' 

.. 
Managed wetlands .. . . . •• i . . . . . 

Planorbidae (22.5} .. : 1 •. 

Physidae (6.5} .. .. . . ..... · . 
Lymnaeidae (17.4) t h . . . .. . · ... : .. 
Corixidae 6.2 .. . . 

•• ·• 1 • ! 

Chironomidae 61.9 N 7 + yrs Whitman 1974 
Planorbidae . 6.2 Managed wetlands 
Corlxidae ; 13.1 NB,CAN 
Talitridae 7.9 

Chlronomidae 60.2 N NB,CAN · Whitman 1974 
Planorbidae 9.3 

.. 

Corlxidaa 6.8 .. i. ···• 
Talitridae 7.0 . . ·~ • t •. 

Tanytarsus (Chironomida) 74/54 N/V S. Michigan Lake •• , Anderson and Hooper 
+ ... :. . Ml, USE .; 1956 

Hyalella (Talltridae} 1 ~ ~ .. l . . ' .. 
• 1 -
'· .. 

•oata does not lncludt ZOOJ :ankton (Ciadocn. Copopoda, Ostrleoda). 
IN • nnnberl. V • volumt. 
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al. 1977, Parsons and Wharton 1978). Asellu~ isopods. 
Cranony.r Rmphipnds, tingernail clAms, ·and crnylish 
dominated the invertehrates nf lnwland hnrdwood for
esta of Louisiann, IllinPis, and Mi!t."'Ouri (Moore 1970, 
Hubert and Krull 1973, White, 1982). 

1\-IANAGEMENT ll\IPUCATIONS 
Although wnter manipulntion is a common tool for 

wetland management, little is known about its effect 
on macroinvertebrate ecoloJrY (Weiler 1978). A dra· 
matie decreose in im·ertehrnte abundnnce after a 
drawdown was noted in a Michi~an wetlnnd (Kadlec 
1962). Herbivores decreased. hut predator species in
creased in another drnwdown (Wegener ·et al. 1974). 
The ~pecies dive~ity nf an nquntic invertehrate com· 
munity dropped rapidly in nntural wetlands of Min
nesota just prior to dtying fHnhmllnl977). Availahle 
biomas!l during drawd.Jwn depends on emi~ration or 
nestivntion tnctics. Mr,st of the information related to 
drawdown hns not con<~idered serni-nquatic orr;nnisms 
!'uch B!l Stenus rove hetles or Pirata spider!!. Thc"e 
organisms rapidly res-,•ond t.o mudflat condition!! and 
may grently increase hiomus estimates. Response to 
artificial, shollow flonding is nlso rapid,.especially if 
timed to naturel hydr••logic increases and invertebrnte 
growth. and hatching Rtrate~tie!l. lnvertebrate ahun· 
dance was grea test 6 Y•eeks aCter Green Tree reflooding 
(Hubert and Krull 1&73). 

The duration of flooding influences invertebrate oc· 
eurrence. Semi-permr.nent wetlands appeared more 
productive than seasunal bm;ins in Minnesota (Hoh· 
man 1977). Whitman (1974) found 1.5-5 years as op
timal for inverteb ·ete production on shatlow 
impounded water of Novn Scotia, white Reinecke 
{1977) round the grentest nbundance and hiomass of 
invertebrates in 3- to 5-year-old beaver ponds. Hir:hly 
turbid waters will restrict the development of eub-. 
mergenb, and if the basin is nooded to depthR grea ter 
than a few centimetr·rs, the area will rnpidly decline 
in invertebrate usage Seasonnl or semi-seosonal wet· 
lands may be most productive where input waters are 
highly turbid. 

The relationship between invertebrates and Vt>ge
tation suggests there may be major faunal ehifts with 
vegetation succession. Voights ( 1976) documented this 
shift in summer studies of Iowa manhes. Isopod and 
enail biomasses increased 1!1 emergent and dead veg
etation increased, w:,ile midges cladocera, and cope· 
pods dominated mc-re open areas and amphipode 
increased in dense ~da of submerged vegetation. The 
number of orgnnism"", biomn!ls, and number oftaxn ail 
increased when the ratio of cover: water approached 

76 

50:50 at the Delta Mareh in Manitoba (Kaminski 
1979). 

Investigations related to physical treatments (mow· 
ing, disking, burning) are few. At the Delta Marsh, 
mean number of invertebrates was greater on the con
trol site than on mowed or rototilled sites after spring 
renooding, but mowed sites showed higher numbers a 
year later (Kaminski 1979). Density, biomaRs and taxa 
richness of aquatic invertebrates increased dramati· 
cally 4 weeks aCter cattails (7)opha lotifolia} were eut 
and removed from plots in southern Manitoba (Mur· 
kih et aL 1982). Early fall flooding may produce greater 
invertebrate numben in disked areas because of the 
conditoned plant materiel (Reid et aL in prep.). Most 
numerous at these sites will be highly mobile aquatic 
forms (Hydrophilidae, Dytiscidae) or larvee of emer· 
gent forms (Culicidae, Ephyridae). 

The importance of wetland invertebrates to avain 
omnivores bas been documented only recently (Chura 
1961; Sugden 1973; Swanson and Meyer 1973, 1977; 
Taylor 1977). Because impounded waters are often 
managed principally for these predators, it is impor
tant to know where and how exploitation occurs. The 
hroad term "aquatic invertebrate" has mnsked the di
versity of life history strategies and welland basins 
utilized by these prey organisms. Breeding pintails 
concentrate on chironomids and anails in shallow 
potholes (Krapu 1974); white-winged scoten feed ex· 
clusively on the amphipod Hyalello aztm2 in semi-per· 
manent lakea (Brown 1981); wood ducks eat 
amphipods, isopods, and snails of lowland hardwood 
forests (Drobney 1977); while migratory sora feed on 
semi-aquatic beetles and grasshoppers (Rundle 1980). 
Variation in emergence and egg laying dates within 
single insect genera (Meyer and Swanson 1982) allow 
for potential vertebrale predation over an extended 
period. Predatore may select certain bnsins because 
the presence or conditions of plants save as a proxi· 
mate eue to invertebre te prey. Availability of prey or
Janisms initially increases with decreasing water 
levels. provided the invertebratea do not emittrate. 
Predators ahift to welland basins where the least en· 
ergy is expended to forage. 

lnvertebrate mortality of 84 percent (Schneider 
1978) and up to 90 percent (Schneider and Hanington 
1981) bas been reported on intertidal mudflats. Wad· 
ing birds reduced fish biomass by 76 percent in a 
drying Floride welland (Kushlan 1976). lnvertebrates 
with low mobility and emigration tactics are most vul
nerable when interior marshes dry in mid· to late sum· 
mer. The behavior of predatore may also change 
(Swanson and Sargent 1972, Watmough 1978) as for· 
aging efficiency increases. Not only the numbers of 



prey, but the calorie an•l nutrient value of prey to the 
predators ahould be conaidered in management op
tions (Driver 1981). 

IMPORTANCE AND PROBLEMS OF 
WETLAND DAT.!. INTERPRETATION 

Wetland invertebrate~ were first considered impor
tant in diets of obligate animal predators. Recent (ood 
habit studies have shown that invertebrates are highly 
utilized during critica) rhysiological periods of many 
vertebrate omnivores. Aquatic invertebrates are also 
important in vegetative decomposition and processing 
of nutrients in aquatic Eystems. 

Severa) problems witl. wetlnnd invertebrate inves
tigations ahould be cor 3idered when evaluating re
search for management Shallow watcr bodies, often 
typified by dense stands of emergent vegetation, pres
ent a challenge to organism collection. Severa) tech
niques have recently : een develop'!d or modified 
(Lammers 1977, Swans•:n 1978a. 1978b, LeSnge and 
Harrison 1979) by wet'and investigators. Different 
mesh sizes among stud !s makes direct comparisons 
of density and productio a data difficult. The few quan
titative studies that dt 9) directly with shallow-im
pounded wetlands or vetland techniques restrict 
viable options availabh to managers. ln addition, 
many of these studies w ·re conducted using broad sys
tematic descriptions of nganisims, auch that trophic 
relationships or species life history strategies are im
possible to determine. ( onsidering the richness of in· 
vertebrale species in .1etlands and the myriad of 
adaptations they empl< y to deal with water fluctua
tions, ecological proj• etions bRaed on taxonomie 
groupings above the lev ,) of family or genus are prob
ably suspect. 

CON( :LUSIONS 
Long·term hydrologi : cycles have shaped the life 

his tory tactics of wetla ,d invertebre tes. This diverse 
group exhibits a wide r:ange of feeding and reproduc
tive strategies in assr·ciation with dynamie water 
chemistry and vegetatir n patterns. The manipulation 
of water basins will di:ectly influence availability of 
aquatic habitat and indirectly affect invertebrates 
through the physiological responses of hydrophytes. 
Wise, ecologically-based decisions will yield produc
tive wetland systems. 

Aquisition of potentially impounded wetlanda 
should favor restorati.m of naturel wetland arens 
which have been degrr :ied. ConRtruction ahould em
phasize a complex of w· tland types which may include 
green tree and seaso1·ally flooded emergent types. 

Wetland management ahould strive to emulate water 
fluctuations of the region because invertebrates have 
adapted to auch dynamic conditions. The degree and 
timing of fluctuations depends on desired species com
position. Fa li flooding will stimula te the ha teh of many 
species and larval forma may continue to develop over 
the winter. Our present knowledge of water manipu
lations suggests that management for specifie hydro
phyte communities may be the most practical means 
of increasing invertebrate production. A diversity of 
plants with high seed production, as weil as plants 
with finely dissected leaves may result from integrated 
management. lnflow water should be monitored for 
pesticides and pollutants. Management should strive 
for pesticide education in urban wetland areas because 
mt'squito or agricultural pest control measures may be 
highly detrimental to wetland invertebrate survival or 
growth. 
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