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Introduced rats indirectly change marine rocky
intertidal communities from algae- to

invertebrate-dominated
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It is widely recognized that trophic interactions structure ecological
communities, but their effects are usually only demonstrated on a
small scale. As a result, landscape-level documentations of trophic
cascades that alter entire communities are scarce. Islands invaded by
animals provide natural experiment opportunities both to measure
general trophic effects across large spatial scales and to determine the
trophic roles of invasive species within native ecosystems. Studies
addressing the trophic interactions of invasive species most often
focus on their direct effects. To investigate both the presence of a
landscape-level trophic cascade and the direct and indirect effects of
an invasive species, we examined the impacts of Norway rats (Rattus
norvegicus) introduced to the Aleutian Islands on marine bird densi-
ties and marine rocky intertidal community structures through sur-
veys conducted on invaded and rat-free islands throughout the entire
1,900-km archipelago. Densities of birds that forage in the intertidal
were higher on islands without rats. Marine intertidal invertebrates
were more abundant on islands with rats, whereas fleshy algal cover
was reduced. Our results demonstrate that invasive rats directly
reduce bird densities through predation and significantly affect in-
vertebrate and marine algal abundance in the rocky intertidal indi-
rectly via a cross-community trophic cascade, unexpectedly changing
the intertidal community structure from an algae- to an invertebrate-
dominated system.
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H airston et al. (1) laid the theoretical framework for the role
of trophic interactions in structuring ecological communi-
ties, whereby carnivores keep herbivores in check via predation
that releases plants from heavy grazing pressure, thus resulting
in a “green world.” As a result of their article and other seminal
publications on the topic, much attention in community ecology
has focused on the role of predators in structuring communities.
Thus, the direct and indirect effects of top-level predators on
community composition have repeatedly been demonstrated at
the population or community level, but landscape-level illustra-
tions of communities transformed by top predators via trophic
cascades are still scarce (but see refs. 2-4). Vertebrate predators
introduced to oceanic islands throughout an archipelago provide
ecologists with opportunities to investigate the presence and
extent of such cascades over larger spatial scales. Studies of
invasive species on islands often demonstrate direct reductions
in native species abundances (5-7), but it has proven more
difficult to determine the indirect trophic effects mediated by
invaders and the extent to which these trophic interactions alter
native community composition. The presence of invaded and
noninvaded islands within a single archipelago allows for the
quantification of both direct and indirect impacts on native
communities imposed by introduced species and provides an
opportunity to test for the persistence of community-level
structuring induced by trophic interactions over landscape-level
scales. We designed a natural comparison to examine the direct
and indirect effects of invasive Norway rats (Rattus norvegicus)
on marine communities in the Aleutian Islands, Alaska, and to
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test the hypothesis that rats are driving a landscape-level trophic
cascade that alters the marine rocky intertidal community
structure.

Worldwide, rats (Rattus spp.) are known to extirpate marine
birds on islands primarily through direct predation on their eggs,
chicks, and sometimes adults (6—14). Available data indicate that
predation by R. norvegicus on gull species on islands can reduce
breeding populations by 19-47% depending on the species and
location (7). In addition, gulls are known to leave islands that
become infested with rats, moving their breeding grounds else-
where (15). In the Aleutian Islands, Norway rats significantly
reduce densities of both burrow- and ground-nesting marine
birds, including intertidal foraging birds such as Glaucous-
winged gulls (Larus glaucescens) and Black Oystercatchers
(Haematopus bachmani), primarily through predation on chicks
(16-19). However, the indirect impacts of rats on other com-
munities are unknown. Gulls and oystercatchers are ground-
nesting, year-round residents of the Aleutian Islands, with gulls
occurring throughout the archipelago and oystercatchers occur-
ring east of ~176° E (20). They forage extensively in the
intertidal, significantly decreasing densities of intertidal inver-
tebrates through predation and indirectly influencing the pres-
ence of fleshy algae (21-24). In the summer, oystercatchers
establish combined nesting and feeding territories, thereby for-
aging in the intertidal near their nesting sites (20), whereas gulls
feed almost exclusively in the intertidal starting in mid-July after
their young begin to fledge (25). We hypothesized that islands
with rats would have considerably lower bird densities and
therefore reduced predation by birds on certain intertidal in-
vertebrates. This would be reflected in substantial differences
in the community structure of the rocky intertidal on islands
with rats.

We measured the marine rocky intertidal community struc-
ture in July and August 2002-2004 on 8 islands with rats and 15
islands without rats (see Materials and Methods) at a landscape
level spanning nearly the entire Aleutian archipelago (Fig. 1).
We assessed gull and oystercatcher abundances by using counts
conducted by the U.S. Fish and Wildlife Service (USFWS) (26).
Gulls were counted on 8 islands with rats and 89 islands without
rats, and oystercatchers were counted on 8 islands with rats and
85 islands without rats (excluding islands west of 176° E, where
oystercatchers do not occur). Our results provide clear and
compelling evidence of a landscape-level trophic cascade,
whereby rats indirectly determine the marine rocky intertidal
community structure on invaded Aleutian Islands through pre-
dation on birds that forage in the intertidal.
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Fig. 1. The Aleutian archipelago with sample islands indicated in red

(rat-infested, n = 8) and blue (rat-free, n = 15).

Results

Rats significantly reduced the densities of two important inter-
tidal invertebrate predators. Glaucous-winged gulls and Black
Opystercatchers km ™! of shoreline were an order of magnitude
higher on rat-free islands than rat-infested islands (Fig. 2.4 and
B) (separate variance ¢ tests: t = 2.4, df = 92.2, P = 0.017; ¢ =
4.6, df = 91.0, P < 0.001, respectively).

The species composition in the marine rocky intertidal com-
munities were significantly different between islands with and
without rats (MANOVAs; counts m~2 of individual inverte-
brates: Pillai Trace value = 0.850, Fs 16 = 15.152, P < 0.001;
percent cover of algae and aggregating invertebrates: Pillai Trace
value = 0.593, Fs16 = 3.878, P = 0.014). The jackknifed
classification matrices from the discriminant analyses using the
classification factors derived from the percent cover data and
from the count m~2 data assigned 83% and 96% of islands,
respectively, to the correct category of rat or rat-free.

Densities of herbivorous snails and limpets were several times
greater (1319.0 m™2 = SE 541.1 vs. 223.7 m~2 = SE 89.8 and
1824 m=2 = SE 79.0 vs. 30.2 m~2 + SE 9.3, respectively) on
islands with rats than without (r = —2.70, df = 21, P = 0.014;¢ =
—2.63, df = 21, P = 0.016, respectively) (Fig. 2C). The percent-
age of rocky intertidal area covered by fleshy algae on islands
with rats was nearly half (31.2% * SE 4.2 vs. 52.4% = SE 4.2)
that observed on islands without rats (r = 3.24, df = 21, P =
0.004) (Fig. 2D).

Densities of nongrazing invertebrates eaten by gulls and
oystercatchers also varied between island types. On islands with
rats, densities of mussels and sea stars were >30 (434.7 m2 *
SE 277.0vs. 13.2 m~2 = SE 5.5) and 50 times greater (4.0 m~2 =
SE 2.5 vs. 0.1 m~2 = SE 0.1), respectively, as on islands without
rats (t = —2.13,df = 21, P = 0.045; ¢ = 2.16, df = 21, P = 0.043)
(Fig. 2E), whereas barnacles covered nearly six times as much
area (17.5% = SE 5.4 vs. 3.3% = SE 1.2) in the rocky intertidal
on islands with rats (r = —3.41, df = 21, P = 0.003) (Fig. 2F).

Densities of sessile invertebrates not eaten by gulls and
oystercatchers also were significantly higher on islands with rats.
Sea anemones were over three times greater (48.5m=2 = SE 19.9
vs. 14.6 m~2 = SE 6.0) on rat-infested islands ( = —2.06, df =
21, P = 0.052) (Fig. 2G), whereas the percent cover of tunicates
and sponges was 340 (3.4% = SE 1.8 vs. 0.01% = SE 0.01) and
three times greater (5.6% = SE 2.2 vs. 1.7% = SE 0.8),
respectively, on rat-infested islands (r = —2.62, df = 21, P =
0.016; + = —2.05, df = 21, P = 0.054, respectively) (Fig. 2H).

Discussion

Our results demonstrate that the introduction of rats to the
Aleutian Islands significantly reduces the densities of intertidal
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Fig.2. Mean (+SE) values for parameters sampled on (n = 8) rat-infested (red)
and (n = 15) rat-free (blue) islands in the Aleutian Islands. * indicates a significant
difference at the P = 0.05 level. Bird densities (birds-km~" of shoreline) were
estimated from population counts made by the U.S. Fish and Wildlife Service of
rat-infested (n = 8) and rat-free (n = 89) islands. Invertebrate densities
(invertebratessm~2) were estimated from total counts of individuals from 480 cm?
photo quadrats. Aggregating invertebrate and algal densities (percent cover of
rocky intertidal) were estimated from point counts of species from 480 cm? photo
quadrats. (A) Densities of Glaucous-winged gulls. (B) Densities of Black Oyster-
catchers. (C) Densities of algal grazing invertebrates that are known bird dietary
items. (D) Percent cover of fleshy algae. (E) Densities of nongrazing invertebrates
that are known bird dietary items. (F) Percent cover of barnacles, nongrazing
invertebrates, and known bird dietary items. (G) Densities of sea anemones,
nongrazing invertebrates that are not bird dietary items. (H) Percent cover of
nongrazing aggregating invertebrates that are not bird dietary items.

foraging gulls and oystercatchers. Behavioral observations,
stomach contents, and stable isotope analyses (C.M.K., D.A.C,,
and B.R.T., unpublished data) confirmed that marine birds,
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