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PREFACE

The habitat suitability index (HSl)model in this report on the laughing
gull is intended for use in the habitat evaluation procedures (HEP) developed
by the U.S. Fish and Wildlife Service (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 HSl 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 effec-
tiveness of this habitat-based approach to fish and wildlife management.
Please send any comments and suggestions you may have on the HSl model to the
following address.

National Coastal Ecosystems Team
U.S. Fish and Wildlife Service
1010 Gause Boulevard

Slidell, LA 70458
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LAUGHING GULL (Larus atricilla)

INTRODUCT ION

Distribution

Laughing gulls (Larus atricilla) are small (150-345 g or 5-12 oz; Schrei-
ber and Schreiber 1979), maritime gulls that nest colonially on coastal
islands along the coasts of the Atlantic, Gulf of Mexico, and Caribbean. In
North America they nest from southern Nova Scotia to Florida and west from
there to southern Texas. They also nest along the Caribbean coast in Central
America, 1in the West Indies, and along the northern coast of South America
(AOU 1983; Clapp et al. 1983). Nesting sites along the Pacific coast are
found only in northwestern Mexico (AOU 1983; Clapp et al. 1983). Although
laughing gulls are common and often abundant along the U.S. gulf coast,
nesting in this region is largely restricted to Florida, Louisiana, and Texas
(Clapp et al. 1983). The species has nested only twice iIn Mississippi
(Jackson et al. 1980; Keller et al. 1984) and Alabama (C.D. Cooley, Ecological
Services, USFWS, Daphne, Alabama; pers. comm.).

Laughing gulls winter from North Carolina south along the Atlantic, gulf,
and Caribbean coasts to the Amazon Delta in Brazil (Jackson et al. 1980; AOU
1983; Clapp et al. 1983). Along the Pacific coast, wintering birds occur from
northern Peru north to southern Mexico (AOU 1983; Clapp et al. 1983). Most
laughing gulls winter along the gulf and Caribbean coasts (Clapp et al. 1983).
Northward migration begins in March (Southern 1980) and continues through
April and May (Clapp et al. 1983).

Laughing gulls are usually found in salt marsh, bay, and beach habitats
(Bent 1921; Howell 1932; AOU 1983) but are not uncommon offshore (Burleigh
1958; Shew et al. 1981; Fritts et al. 1983). Although laughing gulls have
been sighted as far as 234 km (145 mi) at sea, most offshore sightings occur
within 111 km (69 mi) of the coast (Fritts et al. 1983). The species rarely
wanders inland (Bent 1921; Sprunt 1954; Burleigh 1958).

Life Historv Overview

Laughing gulls arrive at breeding sites from late February in Florida
(Dinsmore and Schreiber 1974) to early May in Massachusetts (Bent 1921).
First eggs are laid in mid-April in Florida (Dinsmore and Schreiber 1974;
Schreiber et al. 1979), in late April or early May in Texas (Chaney et al.
1978; White et al. 1983), in mid-May in New Jersey (Bongiorno 1970; Monte-
vecchi et al. 1979), and in early June in Massachusetts (Bent 1921). Peak egg
deposition generally follows about one week later. Clutch size ranges from
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one to five, but most nests contain two or three eggs (Bent 1921; Dinsmore and
Schreiber 1974; Chaney et al. 1978; Kepler 1978; Montevecchi 1978; Schreiber
et al. 1979; White et al. 1983).

Most eggs (75%) within a colony in Florida were deposited in the first 3
weeks of the laying period (Schreiber et al. 1979). Laying extended over 2
months but only 4% of clutches were laid during the second month; many of
these were probably re-layings (Schreiber et al. 1979). Burger (1979) report-
ed a much shorter laying period in New Jersey; all eggs were laid within a 3
week period.

Incubation averaged 29, 22, and 24 days at colonies in Massachusetts
(Nisbet 1976), New Jersey (Segre et al. 1968), and Florida (Schreiber et al.
1979), respectively. Laying and hatching intervals were about 2 days
(Schreiber et al. 1979), and young fledged at a mean of 42.5 days (range 35-
50) at a colony on the Florida gulf coast (Schreiber and Schreiber 1980).
Birds leave the colony sites in August and September (Bent 1921; Dinsmore and
Schreiber 1974; Chaney et al. 1978), and fall migration occurs from late
August through November (Clapp et al. 1983). Age at first breeding is unknown
(Clapp et al. 1983) but is generally assumed to be 3 years (P. Bernstein, The
Wetlands Institute, Stone Harbor, New Jersey; pers. comm. ). Maximum natural
longevity recorded is 15 years (Clapp et al. 1982).

The laughing gull is the most abundant breeding marine bird in the
Southeastern United States (Clapp et al. 1983). Because of i1ts omnivorous
feeding habits and abundance, it is both an important carnivore and scavenger
of gulf coast habitats. While the species appears to be declining in abun-
dance in the Northeast (Nisbet 1971), possibly due to competition from herring
gulls (Larus argentatus) (Burger and Shisler 1978; Burger 1979, 1981b), Flor-
ida populations have increased since 1966 (Schreiber and Schreiber 1977).
Breeding populations in Texas appear to be stable (Shew et al. 1981; Texas
Colonial Waterbird Society 1982) but may be threatened by environmental con-
taminants (White et al. 1979, 1983).

SPECIFIC HABITAT REQUIREMENTS
Water

Although laughing gulls prefer to drink fresh water when available,
chicks are able to subsist on brackish water (up to 50% seawater) and adults
can survive on full seawater for extended periods (Harriman 1967). Water is

not considered to be a limiting factor for laughing gulls.

Food and Foraging Habitats

Laughing gulls forage over a large range of available habitats and eat a
variety of foods. They feed in coastal waters (Howell 1928, 1932; Wood 1949;
Zusi 1962; Hatch 1970; Oberholser 1974; Nunnally et al. 1979), offshore
(Burleigh 1958; Oberholser 1974; Fritts et al. 1983), on intertidal mudflats
and marshes (Howell 1928; Burger 1976), on beaches (Hatch 1970; Buckley and



Buckley 1972; Botton 1984), in coastal agricultural fields (Bent 1921; Howell
1928; Wolk 1959; White et al. 1983), in sanitary landfills (Dinsmore and
Schreiber 1974; Schreiber and Schreiber 1977; Burger et al. 1980; Burger
1981b; Burger and Gochfeld 1983), behind fishing boats (Bent 1921; Zusi 1962;
Oberholser 1974; Chapman 1984), in shrimp mariculture ponds (Beynon et al.
1981), at wharfs (Howell 1932; Burleigh 1958), and in the vicinity of campers,
picnickers, and fishermen (Chapman 1984). In Maine, laughing gulls foraged
primarily on mudflats and beaches (69.3%) during the breeding season, but also
aerially (22.3%), in mussel beds (4.2%), over water (3.3%), and in effluent
discharges (0.9%); none were observed feeding in rocky habitats, dumps, or
fields (Hunt and Hunt 1973). Because no studies have compared relative use of
foraging habitats by laughing gulls to the availability of these habitats,
habitat preferences of foraging laughing gulls cannot be definitively deter-
mined.

Similarly, forage preferences of Tlaughing gulls are unknown. Howell
(1932) found shrimp and crabs (47%), fish (43%), and insects (10%) in the
stomach contents of 32 birds, but did not quantify the relative abundances of
these foods in the environment. A1l other reports of laughing gull forage are
entirely qualitative. Items reported include fish (Bent 1921; Howell 1928;
Zusi 1962; Hatch 1970; Tolonen 1970; Oberholser 1974; Nunnally et al. 1979;
Shew et al. 1981; Beynon et al. 1981), crustaceans (Howell 1928; Wood 1949;
Zusi 1962; Oberholser 1974; Beynon et al. 1981), insects (Forbush 1924; Howell
1928; Mayr 1949, Zusi 1962; White et al. 1983), soil invertebrates (Bent 1921;
Wolk 1959; Zusi 1962), clapper rail (Rallus longirostris) chicks (Segre et al.
1968), passerines (Wiggins 1965), royal tern (Sterna maxima) eggs (Buckley and
Buckley 1972), carrion (Zusi 1962; Hatch I970), shrimp mariculture feed
(Beynon et al. 1981), and garbage (Bent 1921; Howell 1934; Burleigh 1958; Zusi
1962; Dinsmore and Schreiber 1974; Schreiber and Schreiber 1977; Burger et al.
1980; Burger 1981b; Shew et al. 1981; Burger and Gochfeld 1983).

Laughing gqulls employ a variety of feeding methods. On Tland, they may
forage by walking on the ground (Zusi 1962; Burger 1976) and also may "hover
and dip" at sanitary landfills (Burger 1981b; Burger and Gochfeld 1983); the
latter method is also used over deep water. Laughing gqulls usually do not dive
but prey almost exclusively on organisms at or near the surface of the water
(Bent 1921; Zusi 1962). In shallow areas, laughing gulls may run through the
water (Tolonen 1970) or stamp their feet (Wood 1949) to stir up organisms.
Insects are usually taken on the wing (Forbush 1924; Mayr 1948; Hunt and Hunt
1973) but may also be gleaned from vegetation (Forbush 1924). Laughing gulls
are quick to recognize feeding opportunities as they arise, including those
associated with human activities, and can often be seen following plows,
fishing vessels, and ferries (Bent 1921; Wolk 1959; Zusi 1962; Oberholser
1974; Clapp et al. 1983). Similarly, they readily accept scraps thrown to
them (Schreiber and Young 1974; Clapp et al. 1983).

Laughing gulls regularly steal (kleptoparasitize) food from terns (Sterna
spp.) (Hatch 1970, 1975), brown pelicans (Pelecanus occidentalis) (Bent 1921;
Baldwin 1946; Schnell et al. 1983), black skimmers (Rynchops niger) (Zusi
1958), and other laughing gulls (Burger et al. 1980; Burger 1981b). A victim
is chased, often by a group of gulls (Zusi 1958; Hatch 1970, 1975; Schnell et




al. 1983), until it drops its prey. The relative proportion of a gull's diet
secured through kleptoparasitism is unknown, but Hatch (1970) believed that
stolen fish formed a considerable part of the diet of laughing gulls. On the
other hand, laughing gulls are often similarly victimized by other species of
gulls and magnificent frigatebirds (Fregata magnificens) (Burger et al. 1980;
Burger 1981b; Gochfeld and Burger 1981; Burger and Gochfeld 1983).

Quantity and quality of available food are undoubtedly important factors
affecting the suitability of a habitat for laughing gulls, particularly during
the nesting period. Buckley and Buckley (1980) and McCrimmon and Parnell
(1983) attributed differences in waterbird colony sizes and number, respec-
tively, to possible differences in fish productivity at various locations.
Hunt (1972) found that survival of herring gull chicks was lower at colonies
distant from sources of edible refuse than on islands close to sanitary
landfills. Therefore, increases in herring gull populations in the Northeast
have been attributed to an increase in the number of sanitary landfills
(Kadlec and Drury 1968; Hunt 1972). Similarly, Schreiber and Schreiber (1977)
and Patton and Hanners (1984) suggested that recent increases in laughing gull
populations in Florida may be related to increases in numbers of sanitary
landfills.

Cover-Nestina Reauirements

Laughing gulls nest on the ground; nests may range from simple scrapes
dug in sand or shell substrates to bulky and elaborate structures of finely
interwoven grasses (Bent 1921; Howell 1932; Dinsmore and Schreiber 1974;
Portnoy 1977; Chaney et al. 1978; Thebeau and Chapman 1984). Laughing gulls
along the mid-Atlantic and New England coastlines nest exclusively on tidal
salt marsh islands (Bongiorno 1970; Buckley 1979; Burger and Shisler 1978,
1980; Montevecchi 1978; Erwin and Korschgen 1979). Along the gulf coast,
laughing gulls tend to nest on drier dredge-spoil, salt marsh and barrier
islands (Dinsmore and Schreiber 1974; Burger and Beer 1975; Portnoy 1977;
Clapp et al. 1983; Keller et al. 1984; Thebeau and Chapman 1984).

Nest-site selection by laughing gulls along the gulf coast is largely
determined by site-specific vegetative characteristics; the species will not

nest in open areas devoid of vegetation or in habitats dominated by woody
plants (Schreiber and Schreiber 1978; Soots and Landin 1978). Preferred sites

are moderately to densely ( > 50% cover ) vegetated with short (<1 m or 3.3
ft) herbs (e.g., oyster grass [Spartina alterniflora], marsh hay cordgrass [§,
atens], salt jointgrass [Paspalum vaginatum], yankee weed [Eupatorium
capillifolium], saltwort [Batis maritima]) interspersed with low ( < T m or
3.3 ft) bushes (e.g., backbrush [Baccharis halimifolia], sea-oxeye [Borrichia
frutescens]) (Dinsmore and Schreiber 1974; Portnoy 19/7; Chaney et al. 1978;
Schreiber and Schreiber 1978; Soots and Landin 1978; White et al. 1983).
Nesting may occur in sparsely vegetated habitats (Bent 1921; Dinsmore and
Schreiber 1974; Chaney et al. 1970; Keller et al. 1984; Thebeau and Chapman
1984), but nest densities there are low as nest spacing is inversely corre-
lated with visual isolation (Burger 1977; Schreiber and Schreiber 1978;
Thebeau and Chapman 1984). Because scattered bushes increase visual isola-
tion, provide shade, and shield nests from aerial avian predators, nests tend




to be clustered around bushes located within expanses of herbaceous vegetation
(Dinsmore and Schreiber 1974; Chaney et al. 1978; Schreiber and Schreiber
1978). However, too many bushes will increase the relative abundance of woody
vegetation and decrease site suitability.

Topographical characteristics are also important in determining the
suitability of islands for laughing gull nesting. Most laughing gull colonies
are on islands 1-2 m (3.3-6.6 ft) in elevation above mean high water (Colonial
Bird Register data, courtesy of N. P. McGinnis and D. A. McCrimmon, Jr.,
National Audubon Society Research Department). Colonies on small (< 0.5 ha
or 1 acre), low islands are susceptible to inundation and, therefore, repro-
ductive failure (Bongiorno 1970; Kushlan and White 1977; Burger and Lesser
1978; Chaney et al. 1978; Landin and Soots 1978; Montevecchi 1978; Burger and
Shisler 1980; White et al. 1983). At higher elevations (> 3 m or 10 ft),
substrates on spoil islands are destabilized by wind erosion and vegetative
colonization is inhibited (Chaney et al. 1978; Soots and lLandin 1978).
Because laughing gulls invariably nest on flat islands, Chaney et al. (1978)
suggested that mean slopes less than 3% are optimal. Low slopes also promote
desirable plant communities. Islands 2-50 ha (5-124 acres) in area, with
maximum elevations of I-2 m (3.3-6.6 ft), and mean slopes of less than 3%
provide the best topographical conditions for nesting laughing gulls along the
gulf coast.

Nest predation, although common, 1is not believed to be a major source of
reproductive failure among laughing gulls (Clapp et al. 1983). Montevecchi
(1977) and Schreiber et al. (1979) reported predation losses of less than 10%,
inflicted primarily by avian predators such as herring gulls and crows (Corvus
spp.). Laughing gulls avoid significant nest predation by locating co-
on islands inaccessible to, or unable to support, terrestrial predators (Kruuk
1964; Montevecchi 1977) such as raccoons (Procyon lotor), striped skunks
(Mephitis mephitis), coyotes (Canis latrans), snakes (e.g., cottonmouths
Agkistrodon piscivorus, rattlesnakes Crotalus spp.), and rats (Rattus spp.).
Habitats contiguous with the mainland or large and high enough to maintain
populations of terrestrial predators throughout the year are avoided by
nesting laughing gulls (Burger and Lesser 1978, 1979; Landin and Soots 1978;
Soots and Landin 1978). Small (< 50 ha or < 124 acres), low (< 2 m or < 6.6
ft) islands distant from the mainland and susceptible to storm-tide washouts
during fall and winter are preferred for nesting by these gulls (Landin and
Soots 1978; Chaney et al. 1978).

Special Considerations - Human Disturbance

Human disturbance is often a major source of egg and chick losses in
laughing gulls and other colonially nesting larids (Kadlec and Drury 1968;
Buckley and Buckley 1976; Portnoy 1977; Fetterolf 1979; Erwin 1980; Burger
1981la, 1982). Campers, picnickers, boaters, and others involved in recrea-
tional activities on coastal islands, particularly if accompanied by pets
(Buckley and Buckley 1976), may severely reduce the reproductive success of
nesting birds (Hunt 1972; Landin and Soots 1978). Breeding success and
frequency of disturbance are inversely related for other species of gulls
(Kadlec and Drury 1968; Hunt 1972; Robert and Ralph 1975). Intrusions may



keep adults off their nests, thereby exposing chicks and eggs to avian preda-
tors (usually gulls and crows) and environmental stresses (Hunt 1972; Robert
and Ralph 1975; Landin and Soots 1978; Burger 198l1a). Fleeing nestlings often
run into adjacent territories where they may be attacked by adults (Gillett et
al. 1975) Human vandalism and egging are also sources of reproductive
failure (Buckley and Buckley 1976). Human activity may preclude establishment
of colonies on otherwise suitable islands, or may result in abandonment of
established colonies (Landin and Soots 1978; Chaney et al. 1978; Burger
1981a). Nesting laughing gulls are not disturbed by the proximity of human
activity per se. For example, Schreiber et al. (1979) reported that laughing
gulls nested on an island across a 100- m (323-ft) wide channel from a housing
development in Boca Ciega Bay, Florida. Disturbance occurs only when humans
gain access to colony islands and enter the colonies on foot.

HABITAT SUITABILITY INDEX (HSI) MODEL

Model Applicability

This model applies only to laughing gull nesting habitat along the gulf
coast. Habitat requirements of non-nesting and foraging laughing gulls are
more Flexible and are considered to be less limiting. The model assumes that
candidate habitats are coastal islands not connected with the mainland at low
tide. Islands connected to the mainland by a land-bridge at low tide are
unsuitable habitats for nesting laughing gulls due to their accessibility to
terrestrial predators.

Geographic area, season, and cover types. This model is applicable to
salt marsh, barrier, and sporl 1islands along the Gulf of Mexico coastline.
The reproductive season of laughing gulls along the U.S. gulf coast extends
from February through September (Dinsmore and Schreiber 1974; Chaney et al.
1978; Schreiber and Schreiber 1978). Laughing gull nesting habitat along the
U.S. gulf coast is estuarine intertidal wetland (Cowardin et al. 1979) and
upland surrounded by estuarine wetland (spoil islands).

Verification level. The acceptable model output is an index value
between 0.0 and 1.0 with 0.0 representing unsuitable habitat and 1.0 repre-
senting optimal nesting habitat for laughing gulls. The model has not been
field-tested. Hypothetical data sets were used to verify that the model
output was reasonable. Reviewers"™ comments (see Acknowledgments) have been
incorporated where possible, but the authors and NCET are responsible for the
final version of this model.

Model Description

Overview. The model evaluates the suitability of laughing gull nesting
habitat only. Habitat requirements of non-nesting laughing gulls overlap with
those of nesting birds but can also be much more varied. Nesting habitat
requirements are comparatively rigid and limiting. Water availability is not
considered to be limiting and so is excluded from the model. We have not
incorporated food or foraging habitat variables into this model because forage



abundances and types required by laughing gulls have not been quantified
adequately. Also, nesting laughing gulls may forage up to 45 km (28 mi) from
colony sites (P. Bernstein, The Wetlands Institute, Stone Harbor, New Jersey;
pers. comm.). As a result, adequate evaluations of available forage abun-
dances and feeding habitats would be unmanageable from a sampling standpoint
and fiscally prohibitive.

The model is comprised of eight habitat variables placed in three life
requisite component groups: Topography, Cover, and Disturbance. The relation-
ships among the habitat variables, component groups, and study area HSI are
illustrated in Figure 1.

Topography component. Small islands (< 0.5 ha or <1 acre) are likely
to have a large portion of their surface area inundated by storm tides. Large
islands, however, are likely to be inhabited by terrestrial predators.
Islands 2-50 ha (5-124 acres) in area are assumed to be the optimal size (V,).

Island elevation (V,) also affects the suitability of an area for nesting
laughing gulls. Islands with maximum elevations < 0.5 m (1.6 ft) are highly
susceptible to inundation during the nesting season. High islands (> 3 m or
10 ft) are more likely to support resident terrestrial predators, and sub-
strates on high spoil islands tend to be destabilized by wind erosion which
inhibits vegetative colonization. Because laughing gulls invariably nest on
flat islands, islands with gently sloping surfaces (< 3% slope) (V;) are most
suitable. Low slopes also promote desirable plant communities. Islands 1-2 m
(3.3-6.6 ft) in elevation with gentle slopes are relatively invulnerable to
inundation along the gulf coast; they also promote the growth of desirable
vegetation, and inhibit residence of terrestrial predators.

Cover component. Vegetative characteristics are important determinants
of habitat suitability for nesting laughing gulls. Presence of herbaceous
vegetation (V«) is mandatory for nesting. Optimal habitats are moderately to
densely (50-100%) covered with short (0.1-1.0 m or 0.3-3.3 ft) herbaceous
vegetation. Low cover (5-10%) of short ( < 1.0 m or < 3.3 ft) bushes (V,)
improves habitat suitability for nesting, but higher densities (> 25%) create
unsuitable habitat. Tall bushes or trees (> 1.0 m or > 3.3 ft) decrease
habitat suitability (V,) as they are indicative of successional stages avoided
by nesting laughing gulls. Habitats lacking herbaceous vegetation or domi-
nated by woody plants are assumed to be unsuitable.

Disturbance component. Probability of predation of eggs and chicks by
terrestrial predators is assumed to vary as a function of the minimum distance
over water > 1 m (3.3 ft) deep from the mainland to the candidate island (V,).
Islands separated by less than 100 m (328 ft) from areas inhabited by preda-
tors are highly susceptible to predator access, whereas islands over 2 km (1.2
mi) distant are relatively inaccessible and therefore assumed most suitable.
In cases where other islands occur between the candidate island and the
mainland, the longest straight-line interisland or island-mainland distance
should be substituted.
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Probability of human disturbance of breeding birds will depend on the
shortest navigable distance of a site from the nearest boating access point
(e.g., marina, boat ramp, fish camp, etc.) (Ve). Colonies on islands within 1
km (0.6 mi) of such places will experience a high probability of human dis-
turbance; colonies over 20 km (12.4 mi) distant from launch sites probably
will receive comparatively little disturbance. These estimates are based on
discussions with marina operators and personal observations made by the senior
author on the gulf coast of Florida.

Suitability Index (SI) Graphs for Model Variables

Thi s section presents graphic representations of the relationships
between values of habitat variables and laughing gull nesting habitat quality.
The S1 values are read directly from the graph for any variable value.
Optimum suitability is indicated by an SI value of 1.0. Unsuitable conditions
are assigned a value 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 independent of other variables that
contribute to habitat suitability. Data sources and assumptions associated
with SI graphs are listed in Table 1.

Variable Description Suitability Graph
Vi Area of island. 1-0]——]—f
1) <0.5 ha x 0.8 I
2) 0.5-2.0 ha 8 ]
3) 2-50 ha £
4) 50-100 ha - 0.67 -
5)  100-200 ha Z - |
6) > 200 ha 3 0.4- I
s .
&
» 0.24 L
. | L
0.0- |

Class



Variable Description Suitability Graph

Vs Maximum ground 1.0
elevation. 1

Suitability Index
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V3 Mean slope of island
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V4 Percentage herbaceous

canopy cover 0.1-1.0 m
tall.

Suitability Index
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Variable Description

V5 Percentage woody
canopy cover <1.0m
tall.

V6 Percentage woody
canopy cover > 1.0 m
tall.

V7 Straight-line distance

(km) over water > 1 m
deep to mainland, or
longest interisland
distance in a chain of
islands between the
target island and the
mainland.

Suitability Index

Suitability Index

Suitability Index

Suitability Graph
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Variable Description Suitability Graph

V8 Shortest distance by
water (km) to nearest
boat access point.

Suitability index
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Component Index (ClI) Equations and HSI Determination

To obtain an HSl for laughing gull nesting habitat, the following
equations are suggested for combining the Sl values for the habitat variables
into component indices for topography (T), cover (C), and disturbance (D):

Component Equation
s1, x sI, )1/3
Topography (T) (SIy x Sly xSl
1/3
S1 SI
Cover (C) (SIv“ x STy x 1}5)
Di sturbance (D) (SIV7 X SIVB)
HSI = (T2 X c3 X D)1/6

The components are weighted according to perceived significance. The cover
component (C) is weighted heaviest, followed by the topography component (T).
The disturbance component (D) is weighted least. Note that an Sl score of 0
for any variable will result in an HSl score of 0.
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Table 1.

Data sources and assumptions for laughing gull suitability indices.

Variable and sources

Assumption

4

N

w

(o)

~J

Burger and Lesser 1978
Landin and Soots 1978
Chaney et al. 1978
Soots and Landin 1978

Burger and Lesser 1978
Landin and Soots 1978
Chaney et al. 1978

Soots and Landin 1978

Chaney et al. 1978
Soots and Landin 1978

Dinsmore and Schreiber 1978
Portnoy 1977

Chaney et al. 1978

Schreiber and Schreiber 1978
Soots and Landin 1978

Dinsmore and Schreiber 1974
Burger 1977

Chaney et al. 1978

Schreiber and Schreiber 1978
Soots and Landin 1978

Portnoy 1977
Schreiber and Schreiber 1978
Soots and Landin 1978

Estimated by authors

Estimated by authors

Small islands ( < 0.5 ha or <1 acre) are
likely to have a large portion of their
surface inundated by storm tides; large
islands (> 100 ha or > 250 acres) are
more likely to be occupied by terrestrial
predators.

Islands 1-2 m (3.3-6.6 ft) in elevation
are relatively invulnerable to inundation
along the gulf coast during the nesting
season, yet promote growth of desirable
vegetation.

Flat or gently sloping terrain is most
suitable for nesting laughing gulls.

Sites dominated by herbaceous vegetation
(> 50% coverage) are preferred for
nesting; laughing gulls will not nest in
open areas devoid of herbaceous
vegetation.

Low densities (5-10%) of short bushes
increase visual isolation and thereby
increase nest densities. High densities
(> 25%) are indicative of successional
stages unsuitable for nesting laughing
gulls.

Sites dominated by tall (> 1.0 m or
> 3.3 ft) bushes or trees are not used by
nesting laughing gulls.

Accessibility of an island to terrestrial
predators decreases with distance from
sources of predators.

Probability of human disturbance varies
as a function of distance from access
points.
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Sample data sets representing a range of habitat suitabilities for
nesting laughing gulls are presented in Table 2. The data sets are
hypothetical. The HS| values generated are believed to reflect the relative
potentials of such habitats to serve as colony sites for nesting laughing
gulls.

Table 2. Calculations of suitability indices (SlI), component indices (Cl),
and habitat suitability indices (HSI) for three sample data sets using the
laughing gull HSI model variables (Vi) and equations.

Model Data set 1 Data set 2 Data set 3
variable Data SI Data SI Data S1
vl 3 ha 1.00 60 ha 0.60 0.6 ha 0. 60
V2 0.75 m 0.50 3.1m 0.45 0.25 m 0
V3 2.4% 1.00 3.6% 0.70 0.5% 1.00
V4 56% 1.00 35% 0.63 23% 0.33
V5 14% 0.73 23% 0.13 0% 0.80
) 0% 1.00 13% 0.20 0% 1.00
Py 1.2 km 0.58 0.4 km 0.16 0.2 km 0.05
8. 10 km 0.47 2 km 0.05 4 km 0.16
0
T 0.99 0.26 0.64
D 0.52 0.09 0.09
HSI 0.79 0.28 0

Field Use of the Model

Suggested methods for measuring habitat variables used in this model are
provided in Table 3. Reliability of HSI values will depend on the accuracy of
habitat variable measurement. Any or all habitat variables may be estimated
for preliminary application of this model, but subjective estimates should be
made by experienced personnel and fully documented.

Rigid adherence to the SI graphs may lead to erroneous evaluation of
habitat suitability under certain conditions. Variable Vg (distance from
access point) should be assigned an SI value of 1.0 if trespassing is totally
prohibited, regardless of the location of the candidate island. Human dis-
turbance can be effectively minimized by restricting access to colony islands
in regulated areas (e.g., national wildlife refuges and parks, privately-owned
property) during the nesting season. Conversely, the probability of human
disturbance may be high on islands distant from access points if popular
angling areas are located nearby. S| values should be adjusted accordingly.
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Table 3. Suggested methods for measuring habitat variables included in
laughing gull HSI model. Techniques used to measure variables V1 to V6 are
described in Hays et al. (1981).

Variable

Technique

Area of island (ha).

Maximum ground elevation

(the altitude of the islands
summit in m above mean high
water).

Mean slope of island surface
(vertical rise/horizontal run
expressed as a percent).

Percent herbaceous cover
0.1-1.0 m tall (forbs and
grasses).

Percent woody cover < 1.0 m
tall (bushes).

Percent woody canopy cover
> 1.0 m tall (tall bushes
and trees).

Straight-line distance (km)
over water > 1 m deep to
mainland, or longest inter-
island distance in a chain of
islands between the target
island and the mainland.

Shortest distance by water (km)

to nearest boat access point.

Refer to maps or aerial photos and
measure area with a planimeter, dot
grid, or computerized graphics tablet.

Measure using a clinometer and optical
range-finder; calculate elevation
trigonometrically. May also be
available for some areas on charts.

Measure using a clinometer.

Estimate using the line transect
method or by ocular estimation; the
latter method may be sufficient in
relatively homogeneous vegetation.

As above.

As above.

Refer to maps, navigation charts,
or aerial photos and measure the
appropriate distance.

As above.
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Terrestrial predators are unlikely to inhabit recently constructed spoil
islands (< 5 years old) regardless of their size (C.D. Cooley, Ecological
Services, FWS, Daphne, Alabama; pers. comm.). Variable V, (area of island)
should be assigned an Sl value of 1.0 for spoil islands of recent origin (< 5
years) larger than 2 ha (1 acre).

Although not included in this model, food abundance probably affects the
suitability of a habitat for nesting laughing gulls. Sites near high-exchange
tidal inlets and sanitary landfills may therefore provide better nesting
habitat than similar sites distant from such sources of forage. Modification
of the model to include the influences of food abundance and foraging habitat
on nesting habitat will improve its effectiveness. As these relationships are
discerned, they should be incorporated into the model. Inthe meantime, users
of the model should acknowledge this deficiency and should temper habitat
evaluations accordingly.

Interpreting Model Outputs

A laughing gull HSI reflects the potential of a habitat to serve as a
colony site for nesting laughing gulls. |Iftwo sites yield different HSI
scores, then the site with the higher score should be considered to have the
higher capacity for supporting nesting laughing gulls (per unit area). HSI
values are relative and should be used for comparison only. A laughing gull
HSl generated by this model may not reflect the actual population density of
this species in the habitat being evaluated; factors unrelated to habitat
conditions may affect population abundances.
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