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but also to ambient temperature, which was not considered in their
model.

In this paper continuous-time models are used to revisit the system
of habitat patches on Protection Island. In particular, this study
focuses on the variations in numbers of gulls present in the three
habitats identified by Phillips et al. [2005] which are dedicated to
“loafing” behaviors (sleeping, resting, and preening). The remaining
habitats are lumped into an “Other” category. Movement among the
three loafing habitats (the pier, the marina and the beach) is modeled
using differential equations that express flows between habitats as
functions of four environmental variables: tide height, time of day, solar
elevation, and temperature. A strong association between temperature
and the number of gulls present on the aquatic loafing habitat is
shown. Parameter estimations for the models in this paper are made
indirectly from census data rather than directly from the flow rate
data as in Phillips et al. [2005]. Two questions are addressed: What
environmental factors influence gull movement among habitats? Is it
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1. Pier: This structure consists of wood pilings, concrete pier, metal
gangplank and railings that extend into a small marina. One to three
boats were usually moored to this structure, but birds on the boats
were not counted as being in this habitat. The primary gull behaviors
observed here included resting, preening, and sleeping.

2. Marina: This small body of water is located toward the southwest
end of Violet Point and surrounds the pier. The marina is accessible
by boat through an artificial inlet on the south side of Violet Point.















 
 

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

designated habitats including the three study loafing habitats in relation to the observation point.
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TABLE 1. Best flow rate structures for each compartmental model along with

corresponding R2 values for habitat occupancies by Glaucous-winged Gulls on

Protection Island. In each case, “Other” refers to all locations other than those

being modeled. Note that rij refers to the per capita flow rate from habitat j to

habitat i. Maximum likelihood (ML) parameter estimates are given for each model

structure.

rij ML parameter R2

estimates

Pier (1) / r21 = α21(sun)/(tide∗temp) α21 = 0.0007 R2
Pier = 0.76

Other (2) r12 = α12(tide∗hour)/ α12 = 405.94

(temp∗sun)

Marina (1) / r21 = α211/(temp2) α21 = 0.0090 R2
Marina = 0.43

Other (2) r12 = α12hour∗tide∗ temp3 α12 = 57.677

Beach (1) / r21 = α211/tide α21 = 0.2070 R2
Beach = 0.34

Other (2) r12 = α12hour α12 = 3.9285

Pier (1) / r12 = α12hour / temp2 α12 = 11.01073 R2
Pier = 0.76

Marina (2) / r21 = α21temp3 α21 = 0.96406 R2
Marina = 0.42

Other (3) r13 = 0 α31 = 1.58887 R2
Overall = 0.64

r31 = α31sun3 / tide3 α23 = 0.00529

r23 = α23temp2∗ hour α32 = 14.8330

r32 = α321 / (temp2∗tide)

Marina (1) / r21 = α211 / (temp2∗ tide) α21 = 8.70382 R2
Marina = 0.41

Beach (2) / r12 = 0 α31 = 22.19711 R2
Beach = 0.35

Other (3) r31 = α311 / (temp2∗ tide) α13 = 0.00800 R2
Overall = 0.35

r13 = α13temp2∗hour α23 = 0.01803

r23 = α23hour α32 = 0.42291

r32 = α321 / tide

Pier (1) / r12 = α12hour / temp2 α12 = 41.8047 R2
Pier = 0.76

Marina (2) / r21 = α21temp3 α21 = 3.30940 R2
Marina = 0.43

Beach (3) / r24 = α24hour∗ temp3 α24 = 0.01886 R2
Beach = 0.35

Other (4) r32 = α321/(tide∗ temp) α32 = 46.4665 R2
Overall = 0.41

r23 = 0 α34 = 0.26589

r34 = α34hour α41 = 6.80682

r41 = α41sun3/tide3 α42 = 2.55731e-05

r14 = 0 α43 = 5.59700r= 6.
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counts and predictions, on the other hand, remained fairly constant
during most parts of the day, Figure 3b. Occasional large fluctuations
in gull numbers in the Marina often corresponded with fluctuations
in temperature. An increased occupancy was commonly observed in
the Marina at the end of the day; however, the predictions do not
show this increase. Beach occupancies fluctuated more than those
in the Marina, and showed a general increase in both predicted and
observed occupancies toward evening, Figure 3c. There occurred a
general decrease in both the observed and predicted occupancies for
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rather than by high tide. Flow data collected by Phillips [2004] show
negligible flow from the nesting colony to the Beach. Thus, flow from
Other to the Beach probably originates primarily from the water and
off-island feeding locations and presumably consists of gulls returning
from feeding. This model structure therefore suggests that the return
of gulls to the island from feeding is driven by hour of day rather than
tide height and occurs at the end of the day. This is consistent with
the increase in observed occupancies at the end of the day.

During data collection, it was observed that birds returning from
feeding in off-island locations almost always landed on the beach before
dispersing into the other habitats interior to Violet Point. This led to
the formulation of the hypothesis that gulls returning from feeding in
remote locations land first on the Beach, survey the spit for danger,
then move to the nesting colony, and finally disperse to the other
habitats (the Pier and the Marina). Even though the four-compartment
model structure shows flow from the Other habitat to the Marina, the
flow data in Phillips [2004] show that this flow originates p45.4(493)]a84.-gger,
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