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We used pitfall trapping to measure the species richness and relative abundance of
ground beetles (Coleoptera: Carabidae) in four forest habitats on Kent Island, a 80-
ha island in the Bay of Fundy, New Brunswick, ~anada. Sixteen species of ground
beetles representing 11 genera were identified in the forested habitats on Kent Is-
land; the relative paucity of ground beetle species may be a result of the island's
harsh climate, dense colonies of breeding seabirds, and isolation from the mainland.
Estimates of ground beetle population densities on Kent Island ranged from 50 000
to 250 OOO/ha. Most ground beetle species were trapped in all habitats and appeared
to be habitat generalists. In a series of experiments in which we removed all ground
beetles trapped daily over a 3-week period in two experimental plots, ground beetle
densities remained as high as in a control plot; other ground beetles quickly moved
into the experimental plots to replace beetles that had been removed. The density'of
ground beetles was highest 

d'une foret insulaire
bore ale : preferences d'habitat et effet de retraits experimentaux. The Canadian Entomol-
ogist 132 : 627--()34.

Resume
Nous avons utilise des pieges a tosses pour me surer la richesse en especes et
l'abondance relative des carabes(Coleoptera : Carabidae) dans quatre habitats fores-
tiers de l'lle Kent, one lIe de 80 ha dans la baie de Fundy, Nouveau-Brunswick, Ca-
nada. Seize especes appartenant a 11 genres ant ete capturees dans ces habitats; la
pauvrete relative des carabes resulte probablement des conditions 
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Introduction

We measured the abundance of ground beetles (Coleoptera: Carabidae) in various
forest habitats on Kent Island, New Brunswick, Canada, using pitfall trapping. Few data
exist on the ground beetle faunas of islands, particularly of boreal islands such as Kent
Island. The aim of this study was to gain a better perspective on the effect of isolation
on ground beetle faunas by surveying ground beetles, particularly in forested habitats,
and describing the number of species, their occurrence in different forest habitats, and
their population densities. We also report seasonal trends in ground beetle capture rates
and the results of a removal experiment designed to determine the impact of ground
beetles on densities of other invertebrates, including possible prey or competitors of
ground beetles.

Kent Island is a difficult environment for the colonization and establishment of
ground beetle populations for several reasons. The island lies more than 20 kin from the
mainland. It is limited in area and topographical range, depauperate in terms of plant
species and habitat types, and subjected year-round to cold temperatures, fog, salt spray,
and strong winds. The island is also unusual because it supports dense colonies of
breeding seabirds that prey on beetles and physically alter habitats by plucking and
trampling vegetation (Cannell and Maddox 1983; NT Wheelwright, personal observa-
tion). Based on models of island biogeography, we predicted that the ground beetle
fauna of Kent Island would be relatively impoverished and generalized in habitat use
compared with ground beetle faunas on larger islands or in mainland habitats.

Methods

Study Site. Our study was conducted at the Bowdoin Scientific Station on Kent Island
(44°35'N, 66°45'W) during June and July 1997. Kent Island, the outermost island in
the Grand Manan Archipelago, is 80 ha in area, 3 kIn long, and about 0.5 kIn wide at
the widest point. The northern third of the island is forested; the remainder of the island
is largely open habitat dominated by various species of grasses (McCain 1975). The is-
land is located 9 kIn south of Grand Manan Island and more than 20 kIn from the near-
est mainland in Maine or Nova Scotia.

We sampled beetles in the island's four principal forest habitats: (1) dense 30- to 40-
year-old monospecific stands of white spruce, Picea glauca (Moench) Voss (Pinaceae),
bordering abandoned pastures; (2) relatively open mono specific stands of American
mouns1W 265.7 Tm (s(t
1 09rm (bordering ) Tj 
1 oaps0 0 1 349.2 278.2 Tm ( ) Tj 
1 oSorb 0 0 1 343.0 329.5 Tm1g ) Tj 
1 oaj 
1 0 0 0 1 283.2 304.3 Tm4g ) Tj 
1 oMarsh0 0 1 508.8 329.32ring RosTj 
1 0  0 1 381.8 291.4 6ing 

  3





630 THE CANADIAN ENTOMOLOGIST September/October 2000

TABLE I. Mean daily abundance of ground beetles (Coleoptera: Carabidae) (number/trap) within IOO-m2

trapping grids.

Forest type Statistics

Balsam
fir

Mountain
ash

White

spruce

MixedF3.474

p

0.010.010.010.10.01

0.5

0.02

0.03
0.03
0.03

38.2
2.0
1.1

<0.001
0.11
0.33

Species*
Agonum retractum Lec.
Bembidion wingatei Bland
Calathus ingratus Dej. -

C. gregarius Sayt
Calathus opaculus Lec.

1.5

1.6 0.6
0.1
0.1
1.0

2.7

0.5
1.1

14.8
7.8
4.2

30.4

<0.001<0.001

<0.01<0.0010.6
3.6

0.62.1

0.9
0.1
6.3
2.3

757
9

0.5 0.3 16.7
10.5
11.3
2.5

<0.001

<0.001<0.001

0.06

4.6
1.9

495
7

3.5
2.1

415

8

4.7
2559

8
NOTE: Dashes indicate that the species was not trapped in a particular forest type. The total number of beetles counted and
identified in the forest-habitat study was 2226. F and P values represent the results of one-way ANOV As testing for differ-
ences in abundance between the four habitat types (df = 3,474).
*Four other ground beetle species (Calosoma frigidum Kby., C. nemoralis Mul., Chlaenius sericeus For., and H. rufipes
DeG.) were present on Kent Island but were not included in the analysis of habitat use.
tThis species pair was not distinguished in the field (see Methods).
*Includes N. biguttatus F., which was present in each habitat at low densities.

mountain ash stands, with their relatively lush understory, had the lowest density of
ground beetles. Pterostichus adstrictus -P. pensylvanicus and Calathus opaculus were
the most abundant species on the island and were commonly found in all forest habitats.
Platynus decentis occurred at low densities in all habitats. Overall, 9 of the 16 species
appeared to be generalists and were found in most forest habitats. Several species were
more specialized in their habitat use, notably Sphaeroderus stenostomus (exclusively in
mixed forest) and Carabus granulatus hibernicus (exclusively in mQuntain ash stands)
(Table 1). The mean number of ground beetle species per trap did not vary significantly
between habitats, but habitats did vary in the mean number of individuals per trap, with
ground beetles being most dense in mixed forest and least dense in mountain ash stands
(Table 1). There was no difference in the number of individual ground beetles captured
per trap for 14-17 June (5.0:1: 3.5, n = 240 trap-days) versus 16-18 July (4.8 ::!: 5.3, n =
238 trap-days) (t476 = 0.45, P = 0.65). Likewise, the number of species of ground bee-
tles per trap did not differ between sampling periods (2.2 ::!: 1.1 versus 2.0 ::!: 1.1; t476 =
1.61, P = 0.11).

Removal Experiment. We removed a mean of 172.1 :t 70.7 ground beetles in total
every day from each of the two 25 x 25 m experimental plots between 4 and 24 July.
Despite the removal of thousands of ground beetles from experimental plots over the
course of 3 weeks, and a decline in capture rates in all plots between 4 and 24 July
(Spearman's rank 
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FIGURE 1. Mean number of ground beetles captured per pitfall trap in a control plot and in two
experimental plots (Removal 1 and Removal 2) from which all ground beetles captured in traps were
removed daily and released several hundred metres away.

0.26, P = 0.77). The mean daily capture rate over the 3-week period was 8.1 ::t: 5.9
beetles/trap (n = 189 trap-days) and 7.9 ::t: 6.8 beetles/trap (n = 163 trap-days) in the
two experimental plots and 8.4 ::t: 5.6 beetles/trap (n = 188 trap-days) in the control
plot.. Presumably, ground beetles th~t were removed from the experimental plots were
quickly replaced by beetles from nearby sites. Preliminary homing experiments (see
below) indicated that few, if any, of the beetles that were displaced in the removal ex-
periment returned to the experimental plots.

We examined the impact of ground beetle removal on ~e densities of other inver-
tebrates that may act as prey for, or competitors of, ground beetles. The mean daily cap-
ture rates of invertebrates other than ground beetles [chiefly harvestmen (Phalangida),
spiders (Araneida), pillbugs (Isopoda), other beetles (Coleoptera: Staphylinidae, Cur-
curlionidae, Byrrhidae, and Scarabidae), and ants (Hymenoptera: Formicidae)] were ac-
tually significantly higher in the control plot (3.4 ::t: 3.6 individuals/trap) than in the two
plots where ground beetles had been removed (3.0 ::t: 3.3, first experimental plot; 1.5 ::t:
1.5, second experimental plot) (ANOVA, F2.537 = 20.40, P < 0.0001). However, there
was no significant difference in capture rates between the control plot and the first ex-
perimental plot alone (i.e., excluding the second experimental plot; ANOVA, F 1.349 =
1.13, P = 0.29). Collectively, these results do not provide support for the prediction that
removing large numbers of ground beetles leads to an increase in the number of other
invertebrates.

Other Observations. We compared ground beetle densities in white spruce stands of
different sizes and in grassy habitats (n = 2 sitesfhabitat type) (Fig. 2). Daily capture rates
of ground beetles in traps located in large (1 ha or larger) stands of white spruce ("for-
est") were similar to those in smaller (less than 400 m2) spruce stands surrounded by
abandoned pasture ("fragments") (6.2:1: 0.6 beetles/trap and 5.8 :I: 0.6 beetles/trap, respec-
tively). Daily capture rates were lowest under small isolated clumps of white spruces
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FIGURE 2. Mean (:I: SD) number of ground beetles (filled bars) and other invertebrates (open bars)
captured in pitfall traps in grassy habitats, beneath single outlying white spruce, in small forest
fragments, and in dense white spruce forest. Ground beetles were more common in forest habitats,
whereas the invertebrates on which they prey or that act as competitors were more common in open
habitats.

("outliers") and in adjacent open grassy habitats ("grass") (2.0 :l: 0.2 beetles/trap and 2.2 :l:
0.2 beetles/trap, respectively). Differences in capture rates between patches of various
sizes were significant (Fig. 2; ANDV A, F3,495 = 26.99, P < 0.0001). Invertebrates other
than ground beetles showed the opposite trend, with capture rates inversely related to the
size of forest patches (Fig. 2). Densities of ground beetles in open habitats on Kent Island
may be limited, in part, by Herring Gulls, Larus argentatus Pontoppidan (Charadri-
iformes: Laridae). Gulls, which nest and forage in open habitats throughout the island,
prey heavily on ground beetles, as indicated by direct observations of the birds' feeding
behavior and examination of regurgitated pellets composed almost entirely of beetle
elytra (NT Wheelwright, personal observation).

Based on two preliminary mark-recapture experiments, the densities of ground
beetles were estimated at 50 000 -250 OOO/ha (n = 307 individuals marked, with 4
marked individuals recaptured). Ground beetles did not show a tendency to return to
their site of capture when released even a short distance away. Of 446 individuals cap-
tured in one of four trapping grids, each grid located 15 m from a central site, only 3
were recaptured in their original site after being released at the central site (0.7%).

Discussion

Only 16 species of Carabidae were recorded on 80-ha Kent Island. In general,
small isolated islands and habitat patches tend to have depauperate ground beetle faunas
(Bengtson 1980; Niemela et al. 1987; Nilsson et al. 1988; Bauer 1989). Previous stud-
ies suggest that the ground beetle fauna of Kent Island is comparable with that of other
similarly sized boreal islands. For example, Bengston (1980) found six species of
ground beetles on Stora Dimun (270 ha) in the Faroe Islands, whereas Niemela et al.
(1987) found 12 species on Rodloga (81 ha) and 10 speGies on Norrora (160 ha). Both
of these islands are located within 40 krn of mainland Sweden. Nilsson et al. (1988)
listed 25 species on Goton in Lake Malaren, Sweden. On much larger Brunette Island
(20 krn2), located 15 krn off the coast of Newfoundland, Larson et al. (1999) identified
36 species of ground beetle, including 8 species shared with Kent Island. On Brunette
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Island, 

as on Kent Island, P. adstrictus was the most abundant species captured in pit-fall 
traps. Niemela et at. (1992) found this species to be abundant in central Alberta as

well. At least 3 of the 16 species of ground beetles found on Kent Island are of Euro-
pean origin (Carabus nemoralis, Harpalus rufipes, Notiophilus biguttatus; Larson et at.
1999). Their presence on Kent Island is difficult to explain, especially that ofC. 

nemoralis, which is flightless. Evidently they are effective dispersers and colonizers
of new sites. They may have become established during the nineteenth century, when
Kent Island was home to an active fishing trade and sheep were raised and agricultural
crops cultivated (Gross 1936).

On Kent Island, pitfall samples were dominated by relatively few species, as has
been found in studies in other areas of Canada and the United States (Holliday 1991;
Niemela 1992; Clark et at. 1997). More than 90% of the individual beetles captured were
represented by five species (Pterostichus. adstrictus, P. pensylvanicus, P. coracinus,
C. opaculus, and Platynus decentis). These species, relatively general in their habitat
distribution on Kent Island, are well known from elsewhere in Canada to be habitat
generalists (P. adstrictus) or forest generalists [the other two Pterostichus spp.
(P. pensylvanicus and P. coracinus) and P. decentis] (Lindroth 1966; Niemela et at.
1992). The widespread distribution of C. opaculus on Kent Island was unusual because
elsewhere it is usually confined to areas of sandy substrate (Lindroth 1966). Conceiv-
ably, the island's depauperate ground beetle fauna results in reduced competition and al-
lows C. opaculus to be a habitat generalist. On the other hand, two other ground beetle
species were confined to a single habitat type on Kent Island. Carabus granulatus
hibernicus occurred only in the mountain ash stands and S. stenostomus only in mixed
forest, which is consistent with Lindroth's (1961) classification 

al-and and 
confined ash Kent al-habitat mountain forest, results depauperate species were beetlewere al-mountain mountain S. ash al-areas mountain al-
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