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PREFACE

The lesser scaup habitat suitability index (HSI) model is intended for
use in the habitat evaluation procedures (HEP) developed by the U.S. Fish and
Wil dl i fe Servi ce (1980) for impact assessment and habitat management. The
model was developed from a review and synthesis of existing information and
is scaled to produce an index of habitat suitability between 0 (unsuitable
habitat) and 1 (optimally suitable habitat). Assumptions involved in
developing the HSI model and guidelines for model applications, including
methods for measuring model variables, are described.

This model is a hypothesis of species-habitat relationships, not a
statement of proven cause and effect. The model has not been field-tested.
For this reason, the U.S. Fish and Wildlife Service encourages model users to
convey comments and suggestions that may help increase the utility and
effectiveness of this habitat-based approach to fish and wildlife management.
Please send any comments and suggestions you may have on the HSI model to the
following address.
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LESSER SCAUP (Aythya affinis)

INTRODUCTION

The lesser scaup (Aythya affinis), an indigenous North American
waterfowl species, is the most numerous inland diving duck in North America
and one of the most numerous of all ducks found on the conti nent (Palmer
1976). The majority of lesser scaup breed in North America's extreme
northwestern porti on and wi nter in the conti nent ' s southeastern porti on.
Fall migration is generally southeastward, along a central axis extending
from Yukon Flats, Alaska, to Florida (Bellrose 1976).

Based upon the wi nter waterfowl survey conducted by the U. S. Fish and
Wildlife Service in January 1979, about 57% (947,000) of the wintering scaup
(greater and lesser) occurred in the Mississippi Flyway, 20% (338,000) in the
Atlantic Flyway, 14% (230,070) in Mexico, 7% (111,658) in the Pacific Flyway,
and 2% (29,000) in the Central Flyway (Voelzer et al. 1982). In the
Mississippi Flyway, more than 90% of the lesser scaup winter in Louisiana
(Bellrose 1976). They are usually found on large tidal lakes, bays, and
offshore. In late winter, they may be abundant in marshes adjacent to the
coast (Harmon 1962). Lesser scaup and greater scaup (Aythya marila), the
most common wintering ducks in Mississippi's estuarine waters, gather in
large rafts on bays and the Mississippi Sound and in smaller groups along
bayous and streams (Chri stmas 1960). Lesser scaup also are the most common
wintering duck in the Alabama coastal area (C. Dwight Cooley, U.S. Fish and
Wildlife Service, Daphne, Alabama; pers. comm.). The largest number of
lesser scaup wintering in the Atlantic Flyway are found in Florida (Bellrose
1976) • More than 300,000 1esser scaup have been reported from Flori da 's
Merritt Island area (Chamberlain 1960). The lesser scaup is also the most
abundant wi nteri ng duck on the gulf coast of Mexi co (Saunders and Saunders
1981), with the southern limit of wintering occurring on the northern coast
of South America (Palmer 1976). This model is based primarily on habitat
information from the Gulf of Mexico coast.

SPECIFIC HABITAT REQUIREMENTS

Food

Alexander and Hair (1979) found that lesser scaup wintering in coastal
South Carolina foraged daily over large areas and did not defend foraging
sites. Longcore and Cornwell (1964) found that during fall and winter captive
lesser scaup mean daily food consumption was 0.22 kg (0.49 lb). Animal food
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predominated in the lesser scaup diet on wintering grounds in Louisiana
marshes, making up nearly two-thirds of the total food volume (Rogers and
Korschgen 1966). The most important food was fish (sheepshead minnow
Cyprinodon variegatus and unidentified fragments), which made up 41.8% of

total food volume. The only other known report of lesser scaup consuming
fish was that of Christmas (1960). He observed lesser and greater scaup
taking advantage of an abundant food supply by feeding on discarded gulf
menhaden (Brevoortia patronus) in a boat slip.

Several studies have documented the importance of mollusks in the winter
diet of gulf coast lesser scaup. Harmon (1962) found that 99.8% of the food
eaten by lesser scaup wintering off the Louisiana coast were little surf
clams (Mulinia lateralis). The clams were from 6.4 to 9.5 mm long (0.25 to
0.37 inch). In a study from Laguna Madre, Texas, animal foods made up 64% of
the identifiable foods, with the largest component of the animal diet being
the pointed venus clam, Anomalocardia cuneimeris (McMahan 1970). Cottam
(1933) observed a feeding flock of about 325 lesser scaup wintering near the
North Carolina coast; finding no trace of plant material floating on the
water, he concluded that they were probably feeding on mollusks. In 10
lesser scaup collected from Long Island Sound, plant material constituted
38.3% of total food volume and animal material the remaining 61.7% (Cronan
1957). In the majority of feeding areas that Cronan (1957) sampl ed, either
little surf clams or blue mussels (Mytil us edulis) were the predominant
animal. Mollusca made up all of the animal material in the gizzards. Of 90
lesser scaup collected on the gulf and Pacific coasts and the Laguna Madre of
Mexico, gizzards contained an average of 46% plant and 54% animal foods
(Saunders and Saunders 1981). Saunders and Saunders (1981) reported that the
distribution of lesser scaup in Mexico was largely related to the presence of
beds of small mollusks.

Gizzard contents tend to inflate the importance of hard food items over
soft food items (Swanson and Bartonek 1970). In a study that considered the
contents of both gizzards and esophageal tracts, Bowman (1973) examined 22
lesser scaup collected during the winter from Lake Pontchartrain, Louisiana.
Pelecypods were found in 45.45% of the analyzed esophageal tracts and
composed 96.11% of the tota1 food in the esophagea1 tracts. Wedge rangi a
(Rangia cuneata) was the predominant clam and constituted 81.12% of the total
food in the esophageal tracts. The platform mussel (Congeria leucofheata)
was found in 27.27% of the tracts and constituted 13.95% of the tota food,
and the ribbed mussel (Geukensia demissa) occurred in 9.09% and constituted
1.04% of the total food. Plant material was found in 4.54% but only in trace
amounts. Other mollusks which occurred but made up less than 1% of the total
food were brown rangia (Ran~ia flexuosa), narrowmouth hydrobe (Texadina
sphinctostoma), and delta hy robe (Probythenella lacustris). The gizzard
contents were similar to esophageal tract contents.

Although McMahan (1970) reported that lesser scaup collected in the
Laguna Madre preferred animal foods, 36% of the identifiable foods were plant
material. Of nine wintering lesser scaup collected from brackish marshes in
southwestern Louisiana, all contained plant seeds (Chamberlain 1959). Plant
foods constituted 38.3% of total volume in 10 lesser scaup collected from
Long Island Sound (Cronan 1957). Plant foods made up an average of 46% of
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the foods in 90 lesser scaup gizzards from coastal Mexico (Saunders and
Saunders 1981).

Lesser scaup food habits in freshwater areas are similar to those in
brackish and saltwater areas. Lesser scaup gizzards collected during a
migration stopover in Keokuk Pool on the Mississippi River showed a high
occurrence of animal foods, especially mollusks (Thompson 1969).
Unidentified gastropods appeared in 68% of the gizzards (N=429), unidentified
pelecypods in 91%, and nearly 76% of the gizzards contained fingernail clams
(Musculium sp. and Sphaerium sp.).

On a shallow freshwater impoundment in Louisiana, however, Takagi (1983)
found that plant seeds were the major food item in the diet of 23 lesser
scaup. Animal material occurred in only small amounts. On the upper Texas
coast, 1esser scaup have been reported to use small freshwater ponds whi ch
had no fish or pelecypods. While using these ponds the lesser scaup feed on
vegetation, probably coast bacopa, Bacopa monnieri (H. Dale Hall, U.S. Fish
and Wildlife Service, Houston, Te~as; pers. comm.).

Away from tidewater, lesser scaup fed most actively in the early morning
and then rested well away from the shore in a compact flock or in a raft of
hundreds to thousands of birds. On tidewater, birds fed nearer the shore at
high tide (Palmer 1976). Lesser scaup prefer diving in water 1 to 3 m (3.3
to 9.8 ft) deep (Palmer 1976). Lesser scaup have been reported to feed in
water as shallow as 76 mm (3 inches) in the Laguna Madre, Texas (McMahan
1970), to water as deep as 4.6 to 6.0 m (15.1 to 19.7 ft) in other locations
(Cottam 1933, 1939). Hi rsch (1980) found that the average depth of open
water used most frequently by wintering greater scaup on Puget Sound,
Washington, was 4.18 m (13.7 f't ) , White and James (1978) reported that
lesser scaup in freshwater habitats characteristically foraged in open water
1 to 2 m (3.3 to 6.6 ft) deep.

Cover

In the Gulf of Mexico, lesser scaup can spend an entire winter without
coming ashore (Harmon 1962). However, they may rest on flats, mudbars, or
even on ice (Palmer 1976). Lesser scaup may move to inland areas during
Janua ry and February in Lou i s i ana, but th i sin1and movement does not occur
every year, and birds have remained 5 to 6 km (3.1 to 3.7 miles) offshore for
the entire winter (Harmon 1962). White (1975) observed that in freshwater
habitats, 1esser scaup used open areas covered with an average of 1. 4%
emergent vegetation.

Special Considerations

Disturbance. The extremes of currents, waves, or floating debris did
not affect lesser scaup feeding on the Mississippi River (Thompson 1969).
Cronan (1957) found that human activity had a strong effect on scaup feeding
in Long Island Sound. During the hunting season, areas that were heavily
hunted were not used by scaup as feeding sites. On the Mississippi River,
Thornburg (1973) found that diving ducks (including lesser scaup) modified
their. feeding behavior by leaving areas of intensive hunting during the
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day and returning at night to feed.

Disease. Although red tide outbreaks usually occur in the summer when
scaup have migrated north, Forrester et al , (1977) suggested that lesser
scaup may be more susceptible to red tide toxins (G>;mnodinium breve) than
other species of waterfowl because they feed heavlly on mollusks that
concentrate large amounts of toxin. Schreiber et al . (1975) reported that
several thousand scaup died during an outbreak of red tide in February and
March of 1974 in Tampa Bay, Florida.

Oil pollution. Lesser scaup have suffered large losses due to oil
pollution. Of 3,333 waterfowl killed by oil on the Mississippi River during
the spring migration of 1963, lesser scaup made up 65% of the affected birds
(Anderson and Warner 1969). Perry et al. (1978) reported that at least 1,510
scaup (species not specified) died as a result of five oil spills on the
Delaware River and two on the Chesapeake Bay from 1973 to 1978. Stout and
Cornwell (1976) reported that scaup were the most frequently (47%) reported
victims of oiling among banded waterfowl. Clapp et al. (1982) believed that
wintering lesser scaup in the Southeast were potentially at very high risk
from oil-development activities.

HABITAT SUITABILITY INDEX (HSI) MODEL

Model Applicability

This model is applicable to estuaries, bays, and open water areas of the
Gulf of Mexi co and southern Atlanti c coast as well as to bracki sh and
freshwater areas along these coasts. The model can be used to evaluate
habitat quality in marine, estuarine, and palustrine systems as defined by
Cowardin et al. (1979). Habitat can be evaluated throughout the year, but
lesser scaup only use these areas as wintering grounds from about November to
April (Palmer 1976). The minimum habitat area required for successful
overwintering is unknown. In this model, the minimum suitable area is
assumed to be 0.5 ha (1.2 acres).

The acceptable model output is an index value between 0.0 and 1.0,
reflecting the suitability of an area for lesser scaup wintering. A value
of 1.0 represents optimum suitability and 0.0 represents unsuitability.
Hypothetical data sets were used to demonstrate model calculations and
output. The model was reviewed by the following biologists: Hugh A. Bateman,
Louisiana Department of Wildlife and Fisheries, Baton Rouge; Robert H.
Chabreck, School of Forestry, Wildlife and Fisheries, Louisiana State
University, Baton Rouge; and Frank Montalbano III, Okeechobee Field Station,
Florida Game and Fresh Water Fish Commission. Their comments have been
incorporated when feasible, but the author is responsible for the final
version of the model. The model has not been field-tested.

Model Description

Overview. The model applies only to lesser scaup wintering habitat and
uses one life requisite (food, cover) to evaluate wintering habitat
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suitability. The model is based on four habitat variables: percentage of
study area supporting pelecypods (VI), percentage of area supporting emergent
vegetation (V2), water depth (V3), and human disturbance to feeding area
(V4). The relationships among the habitat variables, life requisite, and
study area HSI are illustrated in Figure 1.

Food component. Because the most important food for wi nteri ng 1esser
scaup seems to be the most prevalent pelecypod species of acceptable size,
the suitability of an area is assumed to increase as the coverage of
pelecypods (V 1) increases. Information is lacking on the density of
pelecypods necessary to meet scaup nutritional requirements. Although
pelecypod density (i.e., pelecypods/unit area) may vary considerably between
areas, the percentage of coverage was considered to be the best current
indicator of pelecypod availability. As the percentage of the study area
covered increases, the suitability is assumed to increase; optimal
suitability is 50% or greater coverage.

Lesser
vegetation.
suitabi 1ity
5% emergent

scaup use open water areas characterized by little or no emergent
As the percentage of emergent vegetation (V 2) increases, the

of an area for overwintering lesser scaup decreases. Less than
vegetation is considered optimal.

Water depth (V3) affects the availability of food resources to lesser
scaup. Although scaup occur in deepwater areas, the energy costs of
obtaining food become greater as depths, thus diving times, increase. The
model assumes that water 1 to 3 m (3.3 to 9.8 ft) deep is optimal for lesser
scaup feeding. Water depth is measured as mean sea level for tidal areas and
average winter water depth for nontidal areas. Habitat suitability decreases
as water depth increases beyond 3 m (9.8 ft). Water depth greater than 10 m
(32.8 ft) is assumed to be unsuitable.

Feedi ng 1esser scaup are affected by human di sturbance (V 4), although
the level of human disturbance necessary to prevent scaup from utilizing an
area is difficult to quantify. The time of the disturbance also needs to be
considered. Daytime disturbance may not preclude nighttime use of an area
(see Thornburg 1973). Howard and Kantrud (1983) developed four disturbance
classes to evaluate redhead (Aythya americana) wintering habitat: class 1
disturbance is light and has no effect on use of feeding areas; class 2
disturbance is moderate and causes birds to periodically leave the area but
does not prevent thei r return; cl ass 3 di sturbance is heavy and prevents
birds from returning for a significant portion of the day; class 4
disturbance is limiting and precludes use of the area.

Suitability Index (SI) Graphs for Model Variables

This section presents graphic representations of the relationship
between the value of habitat variables and lesser scaup wintering habitat
qual ity in estuarine (E), marine (M), and palustrine (P) areas. The SI
values are read directly from the graphs. Optimal suitability is indicated
by an SI of 1.0; unsuitability is indicated by an SI of 0.0. The SI graphs
are based on the assumption that the suitability of a particular habitat
variable can be represented by a two-dimensional response surface and is
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VI

Habitat variable

Percentage of area
supporting pelecypods

LHe regui si te Habitat

V3 Water depth

V4 Human disturbance

O'l

V2 Percentage of area
supporting emergent
vegetation

Mari ne,
Food, Cover Estuarine, HSI

Palustrine

Figure 1. Relationship of habitat variables and life requisite components to the habitat suitability
index for wintering lesser scaup.



independent of other vari ab1es that contri bute to habitat suitabil ity. Data
sources and assumptions associated with 51 graphs are listed in Table 1.

Habi tat Variable Description 5uitabil ity Graph
1.0E,M,P VI Percentage of

area supporting
pelecypods. x 0.8

CD
~
C- 0.6>-::-n 0.4to
::
:;,

CIJ 0.2

0.0
0 20 40 60 80 100

%

1.0E,M,P V2 Percentage of
area supporting
emergent x 0.8

CDvegetation. ~

.5
0.6>-::-

.Q 0.4as
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:;,

CIJ 0.2

0.0
0 16 20

1.
E,M,P V3 Water depth at mean

sea level or x 0.8
average winter CD

water conditions . ~

.5 0.6
>-
:!::-0- 0.4.Q
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Suitability GraphHabitat Variable Description

E,M,P V4 Human disturbance
1.0

to feeding area.
)( 0.8

(1) None to light CD
'0

(2) Moderate c- 0.6(3) Heavy >-
(4) Limiting :=:s 0.4as

:=
~

0.2rn

0.0
1 2 3

Class
4

Table 1. Variable sources and assumptions for wintering lesser scaup
suitability indices.

Variable and source Assumption

VI Cronan 1957; Harmon 1962;
Thompson 1969; McMahan 1970;
Bowman 1973

V2 White 1975;
Hirsch 1980

V3 McMahan 1970;
Palmer 1976;
White and James 1978

V4 Cronan 1957;
Thornburg 1973

Major food item for wintering lesser
scaup is pelecypods.

Lesser scaup prefer areas with little
or no emergent vegetation.

Shallower water reduces the energy
cost of feeding. Lesser scaup prefer
to feed in water less than 3 m
(9.8 ft) deep.

Human activity has a detrimental effect
on lesser scaup feeding.

Habitat Suitability Index (HSI) Equation

To obtain an HSI for lesser scaup wintering habitats, the SI values for
the habitat variables must be combined. The presence of pelecypods (VI) is
considered to be the most important variable in the model. Hence, if the SI
value for VI is less than the geometric mean of the SIts for V2, V3, and V4,
the HSI will equal SIVI. Otherwise, the habitat variables are combined in a
single equation where SIVI is squared to indicate its greater importance in
comparison to the other three habitat variables. The equations for combining
habitat variables follow.
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If SI
V1

< (SI
V2

x SI
V3x

SI
V4)1/3

then HSI = SIV1

otherwi se,

Sample data sets representing a range of habitat suitabilities for
wintering lesser scaup are presented in Table 2. The data sets are
hypothetical. The HSI values generated are believed to reflect the relative
potential of the habitats to support wintering lesser scaup.

Field Use of Model

This model assumes that the percentage of an area supporting pelecypods
(V 1) influences habitat suitability. This is a poor substitute for density
estimates. Although future predictions of this variable are necessary when
IJsing the model with the habitat evaluation procedures (HEP) developed by the
U.S. Fish and Wildlife Service (1980), it will be difficult to predict such
future values. Future predictions must be based on the assumption that VI
will remain the same unless substrate is altered drastically or water quality
degraded.

The HSI values will be most useful when the habitat variables are
measured in the specific evaluation area. Any or all habitat variables may
be estimated for preliminary application of this model, but subjective
estimates should be made by experienced professionals and be accompanied by
full documentation of the basis on which estimates were made. Use of
subjective estimates will adversely affect the consistency of model outputs.
Suggested methods for measuring model variables are described in Table 3.

Table 2. Suitability indices (sr) and habitat suitability indices (HSI)
calculated for three sample data sets by the wintering lesser scaup HSI model
variables (V) and equations.

Model Data set 1 Data set 2 Data set 3
component Data SI Data SI Data sl

VI 100% 1.0 50% 1.0 10% 0.2
V2 1% 1.0 10% 0.0 5% 1.0
V3 1 m 1.0 3 m 1.0 5 m 0.7
V4 Class 1 1.0 Class 3 0.3 Class 2 0.7

HSI 1.0 0.0 0.2
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Table 3. Suggested method for measuring habitat variables included in
wintering lesser scaup HSI model.

Habitat variable Technique

The percentage of the area covered by pelecypods can
be obtained by taking randomly distributed grab
samples (3 samples/ha, minimum of 50, by using a
230-cm2 Ekman dredge) and recording the percentage
of total grabs with 5 or more clams. This percentage
estimates VI' A statistically valid subsampling
scheme can be developed if area size is prohibitive.
Use published data if available.

The percentage of the area with emergent vegetation
can be estimated from aerial photographs or existing
vegetation maps. Sampling should be done at mean low
tide in tidally influenced areas.

Water depth can be determined from oceanographic
charts or from direct measurement at mean sea level.
In freshwater areas use published information or
direct measurement.

The level of human disturbance to lesser scaup
feeding habitat can be determined through discussion
with local biologists or game wardens familiar with
the area; from recreational, fishing, and hunting
records; or from direct observation.

Interpreting Model Outputs

There is a paucity of studies on wintering lesser scaup and their
habitat requirements. Numerous food habits studies have been published, but
with only one exception, they analyze gizzard contents. Because gizzard
contents are heavily biased against soft food items, the importance of plant
material may be underrated in the lesser scaup diet. Vegetation may be
especi ally important in freshwater habitats. The ava11 ab11 ity of food items
in the habitat has not been adequately considered. The presence of
pelecypods seems essential to the presence of lesser scaup, but no
information is available on the density necessary to support lesser scaup.

A wintering lesser scaup HSI reflects a habitat's potential to support
lesser scaup. HSI values are relative and should be used for comparison
only. If two areas, or the same area at different times, have different HSI
values, then the area with the higher HSI should be considered the one with
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the greater capacity for supporti ng more 1esser scaup. A winteri ng 1esser
scaup HSI determined by this model may not reflect the actual population
density of this species in the habitat being evaluated because factors other
than habitat-related ones may be significant in determining population size.
The model may need to be modified as more information becomes available.

Lesser scaup are extremely vul nerab1 e to surface oi 1 po11 uti on because
in the winter they spend virtually all their time on the water. Although oil
development may not affect the qual ity of an area as feeding habitat, any
feeding area located near oil development should be considered a high risk
area to lesser scaup.
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