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ABSTRACT. Diurnal habitat occupancy dynamics of
Glaucous-winged Gulls were evaluated in a system of six habi-
tats on and around Protection Island, Washington. Data
were collected on the rates of gull movement between habi-
tat patches, and from these data the probabilities of tran-
sitions between habitats were estimated as functions of tide
height and time of day. A discrete-time matrix model based on
the transition probabilities was used to generate habitat occu-
pancy predictions, which were then compared to hourly census
data. All model parameters were estimated directly from data
rather than through model fitting. The model made reason-
able predictions for two of the six habitats and explained 45%
of the variability in the data from 2003. The construction and
testing of mathematical models that predict occupancies in
multiple habitats may play increasingly important roles in the
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In this paper a deterministic discrete-time matrix model for the
movement of glaucous-winged gulls among six habitat patches on and
around Protection Island is constructed. Models of this type, both
deterministic and stochastic, have been used successfully in ecology.
For example, Markov chains have been used to model succession (Horn
[1975], McAuliffe [1988]) and complex community dynamics (Wootton
[2001]). In the present study, flow rate observations were used to
estimate transition probabilities as functions of tide height and time
of day. The resulting deterministic nonautonomous model was used
to generate habitat occupancy predictions, which were then compared
to hourly census data. The study illustrates some of the considerable
challenges faced when connecting mathematical models to field data.

2. Organisms and locality. This study was conducted at Pro-
tection Island National Wildlife Refuge, Jefferson County, Washington
(48



 
 

FIGURE 1. Aerial photo of Violet Point, Protection Island, showing the locations of

the six designated habitats in relation to the observation point.
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the entire beach or colony were recorded as moving to that habitat.
Therefore, flow to these two areas was scaled down by the appropriate
scaling factors. The remaining part of the flow to these two areas was
considered flow to Elsewhere.

c. Behaviors of gulls in each habitat were sampled for 2 3 min (during
2002 only): Behavior scan counts were recorded by voice on a tape
recorder and subsequently transcribed. Behavior designations followed
Phillips [2004, Table 1]. Behaviors that accounted for less than 1%
of those in a given habitat were combined into an “Other” category.
Terrestrial (Pier, Colony, Beach) and aquatic (Marina, Water) habitats
were evaluated separately. Chi-square tests were used to determine if
distributions of behavior counts differed by habitat. Statistical tests
were carried out at the p < 0.05 level of significance.

4. The model. It was assumed that gulls moved among all six
habitats. Per capita flow rates (gull movements) from habitat j to
habitat i, denoted by rij
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pancy” patterns for Elsewhere (Figure 2F) that make biological sense,
even though occupancy data were not collected for that habitat. The
maximum “occupancy” in Elsewhere always coincided with the lowest
tides, possibly as a result of increased food availability at low water
levels in other locations, as demonstrated in other studies (Patterson
[1965], Drent [1967], Galusha and Amlaner [1978], Wondolowski [2002],
Henson et al. [2004]). At higher tides gulls were expected to be dis-
tributed throughout the five non-Elsewhere habitats. Model predic-
tions suggested such a trend.

Although counts showed a general relationship with trends in model
predictions, considerable deviation occurred between the two. This
deviation might have been due to several factors:

i. Disturbance: Human disturbances occurred mainly on the Pier
and Colony, whereas flyovers by Bald Eagles (Haliaeetus leucocephalus)
commonly influenced all the habitats (Galusha and Hayward [2002]).
Gulls often responded to eagle disturbances with cyclonic “panic
flights” (Hayward et al. [1977a]).

ii. Environmental variables: Whereas time of day and tide appar-
ently functioned as the primary driving forces for count fluctuations
in some habitats (Henson et al. [2004]), no doubt other factors also
were involved. Additional weather variables, including temperature,
wind speed and direction, rain, and humidity also could have influ-
enced habitat selection. Flow to the Marina, for example, seemed to
be driven more by temperature than by time or tide (Damania et al.
[2005]); hence, observations for this habitat showed considerable devia-
tion from model predictions. Thus, studies of additional environmental
factors beyond tide height and time of day are needed to more accu-
rately predict gull habitat occupancies. Variables such as temperature,
however, cannot be used to develop long-range predictions.

iii. Visibility: The number of boats moored at the Pier not only
altered visibility but also affected the area available for loafing. Al-
though gulls on boats were excluded, higher numbers of gulls on the
Pier would be expected if boats were not present. Count inaccuracies
also may have occurred due to limited visibility during poor lighting
conditions such as during fog and low solar elevation.
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iv. Sampling and binning: Sample times may not have been represen-
tative of movement patterns across habitats. Calculated flow rates may
have been biased due to greater or lesser flow during non-observation
hours. Although data were collected at discrete time intervals much
shorter than the periods of the tidal and diurnal cycles (Hunt and
Schneider [1987], Levin [1992], Silverman et al. [2001]), the scale on
which flow rates were binned and averaged was nonetheless rather
coarse. Binning at a finer scale may have produced better predictions,
but would have required considerably more data.

v. Low counts: Small numbers of departures during some observa-
tion periods and small occupancies in some habitats undoubtedly gave
rise to considerable error in estimates of many of the per capita flow
rates. In particular, the Water generally showed the lowest occupancies
(Figure 2E), making reasonable predictions for this habitat difficult.

vi. Density-dependence and nesting behavior: Although some per
capita flow rates may have depended on the density of gulls in the origin
or destination habitats, the model did not take this into account. Unlike
the other habitats, the Colony consisted of defended territories. Colony
dynamics were probably tied to breeding behaviors that may have been
driven by aggressive encounters or other factors beyond simply time of
day and tide height.

vii. Social facilitation: Gulls appeared to move to and from other
habitats independently of other gulls, except during disturbances and
when assembling into feeding groups. This possibility, however, remains
unconfirmed. Other studies have found that social facilitation does
play a role in at least some movement patterns of gulls (Evans [1982],
Wittenberger and Hunt [1985], Götmark et al. [1986]).

Studies that closely tie mathematical models of diurnal distribution










