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Abstract: Competition is thought to play a fundamental role in structuring avian communities, yet this has been difficult to
quantify and demonstrate in marine ecosystems. We tested for fine-scale competition over foraging space between sympatric
pursuit-diving seabirds, Marbled Murrelet (Brachyramphus marmoratus (J.F. Gmelin, 1789)) and Common Murre (Uria
aalge (Pontoppidan, 1763)). We simultaneous assessed the effects of inter- and intra-specific competition among these pred-
ators, predicting that the larger Common Murres would out-compete the smaller Marbled Murrelets for foraging space. A
theodolite was used to map the fine-scale (±2 m) distributions of birds on the water; distance from shore measurements and
nearest-neighbour spatial statistics quantified the spatial overlap and segregation between species. Species distributions dif-
fered with respect to distance from shore, but overlapped extensively within 1200 m of the shoreline. Nearest-neighbour sta-
tistics, assessed with randomization tests, showed Marbled Murrelets foraging farther from Common Murres (mean
distances 294 m) than from other Marbled Murrelets (95 m), but groups of Common Murres foraged with similar spacing
among conspecifics (266 m) and competitors (186 m). These results suggest avoidance of Common Murres by Marbled
Murrelets (interspecific competition) but intraspecifc competition among Common Murres. Avoidance behaviour may mini-
mize the impacts of aggression or competition, but by avoiding Common Murres, the Marbled Murrelets may also be reduc-
ing their foraging opportunities.

Résumé : On croit que la compétition joue un rôle fondamental dans la structuration des communautés d’oiseaux, bien qu’il
soit difficile de le mesurer et le démontrer dans les écosystèmes marins. Nous avons vérifié à échelle fine l’existence de
compétition pour l’espace de recherche de nourriture chez des oiseaux de mer sympatriques qui font de la plongée de pour-
suite, le guillemot marbré (Brachyramphus marmoratus (Gmelin, 1789)) et le guillemot marmette (Uria aalge (Pontoppidan,
1763)). Nous avons mesuré simultanément les effets de la compétition inter- et intra-spécifique entre ces prédateurs et avons
prédit que l’espèce la plus grande, le guillemot marmette, gagnerait la compétition pour l’espace de recherche de nourriture
contre le guillemot marbré plus petit. Nous avons cartographié à l’aide d’un théodolite les répartitions à échelle fine (±2 m)
des oiseaux sur l’eau; les distances de la rive et des méthodes statistiques basées sur le plus proche voisin ont permis de dé-
terminer le chevauchement spatial et la ségrégation entre les espèces. Les répartitions des espèces varient en fonction de dis-
tance de la rive et se chevauchent considérablement sur les premiers 1200 m à partir de la ligne du rivage. Les statistiques
basées sur le plus proche voisin, évaluées par des tests de randomisation, montrent les guillemots marbrés s’alimentant plus
loin des guillemots marmettes (distance moyenne de 294 m) que des autres guillemots marbrés (95 m); cependant, les guil-
lemots marmettes recherchent leur nourriture en maintenant un espacement semblable avec les autres guillemots marmettes
(266 m) et avec leurs compétiteurs (186 m). Ces résultats indiquent que les guillemots marbrés évitent les guillemots mar-
mettes (compétition interspécifique), mais qu’il existe une compétition intraspécifique entre les guillemots marmettes. Ce
comportement d’évitement peut réduire les impacts de l’agression et de la compétition, mais, en évitant les guillemots mar-
mettes, les guillemots marbrés réduisent peut-être aussi leurs occasions de se nourrir.

[Traduit par la Rédaction]

Introduction

Competition is thought to play a fundamental role in struc-
turing avian communities (MacArthur 1958; Cody 1974;
Schoener 1982; Lovette and Hochachka 2006). Nevertheless,
mechanisms for competition remain unknown in many eco-
systems, particularly in the marine environment where inter-

actions between birds and their prey are difficult to study.
The principle of competitive exclusion suggests that compet-
itors may not coexist without some differentiation of their re-
source use (Hardin 1960; Armstrong and McGehee 1980).
Yet, inter- and intra-specific flocking behaviour is widespread
among foraging seabirds preying on food patches.
Group foraging may increase foraging efficiency and allow
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seabirds to effectively exploit spatially and temporally patchy
prey in the marine environment (Davoren 2000; Grünbaum
and Veit 2003; Speckman et al. 2003). By cueing in on other
foraging seabirds, including consepcifics and other species,
individuals can readily find and exploit schools of fish that
may be near the sea surface for a brief period of time (Harri-
son et al. 1991; Haney et al. 1992; Camphuysen and Webb
1999; Silverman et al. 2004). Seabirds may also identify for-
aging areas from information transfer by seabirds near
colonies or arriving at colonies from foraging areas (Witten-
berger and Hunt 1985; Burger 1997; Barta and Giraldeau
2001). Thus, many seabirds appear to be adapted to group
foraging behaviours to exploit prey in marine environments.
Group foraging is common among conspecific seabirds but

is also frequently observed in mixed-species groups. Mixed-
species flocking behaviour may occur in stages whereby cer-
tain species initiate flocks, others join in to benefit, and some
species may even disperse flocks (Chilton and Sealy 1987;
Harrison et al. 1991; Camphuysen and Webb 1999; Ostrand
1999; Silverman and Veit 2001). Presumably flocking sea-
birds are exploiting similar prey items. Thus, while prey are
generally shared in mixed-species flocks, some species likely
partition resources in such a way as to allow coexistence or
they must compete and exclude others from the resources.
Competition for resources may take several forms includ-

ing exploitation, interference, and pre-emptive competition
(Gotelli 2001). Exploitation competition involves the direct
depletion of a shared resource, though this has rarely been
reported with seabirds because prey depletion is not easily
measured (Birt et al. 1987). Interference competition,
whereby groups of birds may reduce the exploitation effi-
ciency of other birds, is much more common among seabirds
where large flocks or large species may exclude or inhibit
other seabirds from prey patches (Safina 1990; Shealer and
Burger 1993; Ballance et al. 1997; Maniscalco et al. 2001;
Henkel 2009). Alternatively, birds may compete for space as
a limiting resource (pre-emptive competition; Gotelli 2001).
Unlike exploitation and interference competition that directly
inhibit the capture of food, in pre-emptive competition the re-
source (space) is renewable and becomes available again
once the competitor leaves. Though seabirds regularly com-
pete for nesting space at breeding colonies, competition for
foraging space has not been demonstrated.
The coexistence and similar prey habits of many alcids

(family Alcidae) present an interesting framework in which
to test theories of interspecific competition or fine-scale
niche partitioning among seabirds (Haney and Schauer
1994). Larger seabirds may exclude smaller birds when for-
aging for shared prey types (Piatt 1990; Maniscalco et al.
2001; Henkel 2009). Marbled Murrelets (Brachyramphus
marmoratus (J.F. Gmelin, 1789); henceforth murrelets) and
Common Murres (Uria aalge (Pontoppidan, 1763); hence-
forth murres) are two species of pursuit-diving alcids that
often coexist in the coastal waters of western North America.
The two alcids show considerable overlap in the diets, with
both species favouring small schooling fish, as indicated by
prey analysis (Carter 1984; Vermeer et al. 1987; Hay et al.
1992; Burkett 1995; Gaston and Jones 1998; Lance and
Thompson 2005) and stable isotopes (Hobson 1990; Hobson
et al. 1994). Within our study area, they show a high degree
of overlap in meso-scale habitat use (Burger et al. 2008; Ron-

coni 2008). Mechanisms facilitating their coexistence remain
unexplained. One recent study found no evidence of competi-
tion between these species at meso-scales (tens to hundreds
of kilometres) in an area where both species had low mean
densities (Henkel 2009). The potential for interspecific com-
petition between murres and murrelets has never been tested
at fine scales (<1 km), where effects of competition are most
likely, or in areas where both species occur in high densities
(mean densities of both species in our study area were 3–16
times higher than in Henkel’s study (Burger et al. 2008; Ron-
coni and Burger 2009)). Such competition may have conser-
vation implications for threatened murrelets in areas were
murrelet and murre populations overlap (Burger et al. 2008).
We mapped the fine-scale (tens to hundreds of metres) dis-

tributions of groups of foraging murres and murrelets to test
for inter- and intra-specific competition for foraging space
within 4 km of shore, where their habitat preferences most
strongly overlap. Distance from shore, as a proxy for water
depth, was compared to examine fine-scale habitat partition-
ing. Nearest-neighbour analysis and randomization tests were
used to test attraction or avoidance behaviour between these
species. We hypothesized that (i) larger bodied murres, with
deeper diving abilities, would more frequently occupy deeper
waters, (ii) Marbled Murrelets, because of their smaller size,
would exhibit interspecific competition demonstrated through
avoidance of murres (Piatt 1990; Maniscalco et al. 2001), and
(iii) the strength of competitive effects would increase sea-
sonally as murre abundance increases towards the end of the
summer (Burger et al. 2008). Common murres may also ex-
hibit intraspecific competition (Falk et al. 2001; Davoren and
Montevecchi 2003), which we tested by examining the rela-
tive spacing between murre groups vs. spacing between
murre and murrelet groups—we predicted that the mean
spacing between neighbouring murre groups would be con-
sistent among seasons and larger than the spacing between
murre and murrelet groups.

Materials and methods

Study site
The study took place along the West Coast Trail (WCT)

unit of Pacific Rim National Park Reserve on southwest Van-
couver Island, British Columbia, Canada, between Cape
Beale (48°47′N, 125°14′W) and Port San Juan (48°32′N,
124°29′W). Both murres and murrelets are common in
summer in these nearshore waters (Burger et al. 2008; Ron-
coni and Burger 2009). The murrelets nest in adjacent old-
growth forest on Vancouver Island. Murres nest at Tatoosh
Island, Washington, within 25 km of the study area, but not
within the study area; breeders do forage within the study
area, but their numbers increase there after their breeding
season ends in late July (Burger et al. 2008). Along this
70 km stretch of coast, observations were made at seven lo-
cations (Ronconi and Burger 2008). In 2004, sites were lo-
cated at Pachena and Carmanah light stations. In 2005, we
resurveyed from both light stations and added five additional
survey sites accessed by hiking along the trail. At each of the
five additional sites, surveys were conducted from two vant-
age points; however, these data were pooled for each site ow-
ing to limited sample sizes and proximity of sites (typically
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<500 m apart). Surveys took place between 14 May and 9
August in each year.

Fine-scale mapping of seabird distributions
A digital theodolite (Nikon Total Station Model NPL-332

Pulse Laser) was used to map fine-scale distributions of sea-
birds on the water (Ronconi and St. Clair 2002; Wong et al.
2008). This technique measures angles that are used to calcu-
late distances and plot locations with high precision—it has a
accuracy within 1.7 m up to 2 km from shore (Denardo et al.
2001). We used the theodolite’s scope (26× optical) to locate
birds on the water, line up the bird in the cross hairs of the
eyepiece, and measure angles to the birds. When positioned
on a cliff top, the instrument measures vertical angles down
(90° from the horizontal plane) and horizontal angles across
(360° relative to north) to each object. Using these two an-
gles and the height of the observer above sea level (a.s.l.),
we calculated northings and eastings of the birds relative to
the observer using basic trigonometric functions (Ronconi
and St. Clair 2002). These relative northing and eastings
were then converted to true geographical positions (UTM,
zone 10, NAD83) based on the GPS position of the observer.
To account for changing tide heights, observer height, meas-
ured by the theodolite, was recorded prior to each round of
mapping or over a complete tidal sequence and used in con-
junction with local tide tables to correct for tide height. At
Carmanah and Pachena, the theodolite was used from the
top of the lighthouse tower (~45 m a.s.l.), whereas the other
sites were mapped from cliff tops (~20 to 25 m a.s.l.).
Seabird distributions were mapped systematically by

searching for birds within the theodolite field of view in non-
overlapping vertical sweeps (horizon to shoreline). Each scan
consisted of a series of sweeps moving to the left or right,
the direction of which was determined by the direction of
drift by birds on the surface: scans were made against the
current drift to avoid double-counting birds. During scans,
one observer recorded the position of bird groups (individu-
als within ~3 m of each other) using the theodolite’s built-in
data storage and called out the species and group size to a
second data recorder. Groups of birds were mapped rather
than individual birds because of the slow speed of data re-
cording by the instrument, and because individuals in groups
were thought to be closer to each other than the potential in-
strument precision. Each complete scan of the entire study
area was a replicate (Fig. 1) for analysis. Each replicate scan
was completed in approximately 20 min to 1 h depending on
the size of the study site and number of birds. Although birds
may have moved during this time, this should make little dif-
ference in the analysis because we were primarily interested
in nearest neighbours (below), which take only a few seconds
to map. Samples were spread out seasonally as much as pos-
sible (see Table 1). All mapping was conducted under good
visibility and low sea-state conditions (Beaufort sea-state typ-
ically ≤2, always ≤3). Shorelines were also mapped using
the theodolite (Wong et al. 2008).
All birds were mapped up to as far as they could be de-

tected (maximum ~4 km). However, the detectability of ani-
mals invariably declines with distance from the observer
with any survey method (Buckland et al. 2001) and detect-
ability may vary among species (Ronconi and Burger 2009).
Ronconi (2008) used distance-sampling methodology for

point transects (Buckland et al. 2001) to model the detect-
ability of seabirds as a function of distance from the theodo-
lite. Modeling both off-shore and along-shore detectability
provided boundaries for nearest-neighbour analyses, which
require that both species be equally detectable. Based on de-
tectability of Marbled Murrelets (the smaller species), boun-
daries were set at 1200 m from the theodolite station for
surveys at Carmanah and Pachena, and at 1000 m for surveys
at other sites (Ronconi 2008). Nearest-neighbour analysis was
conducted on groups within these boundaries.

Calculations of spatial statistics
Seabird locations were mapped in a geographical informa-

tion system (ArcGIS version 9.0; ESRI (Environmental Sys-
tems Research Institute, Inc.), Redlands, California, USA)
and spatial analysis tools (Beyer 2004) were used to calculate
spatial statistics. First, the distance of each group to the near-
est shore was calculated for descriptive analyses of seabird
locations relative to the coast. Second, we calculated nearest-
neighbour distances (Perry et al. 2002; O’Sullivan and Unwin
2003) between the following contrast groups for each repli-
cate scan: murrelet to murrelet (i.e., distance of each murrelet
group to nearest murrelet group; MM–MM), murrelet to
nearest murre (MM–CM), murre to nearest murre (CM–
CM), and murre to nearest murrelet (CM–MM). Nearest-
neighbour distances were averaged for each replicate scan,
thus creating an index of spatial distribution and the unit of
statistical analysis (below). The contrast groups may be inter-
preted so that MM–MM and CM–CM indices represent nor-
mal distances at which groups are distributed with respect to
their own species, whereas MM–CM and CM–MM distances
indicate how one species distributes itself with respect to the
other species. We compared distances among the contrast
groups to test for the null hypothesis of no interspecific
avoidance behaviour (e.g., MM–MM = MM–CM) or the al-
ternate hypothesis of avoidance (MM–MM < MM–CM if
murrelets were avoiding murres). Note that nearest-neighbour
statistics may be subject to edge effects owing to data trunca-
tion (i.e., the 1200 and 1000 m boundaries imposed on the
study area) when the nearest neighbour of a group of birds
is farther away than the edge of the study area. However, we
felt that this bias was less important than a bias introduced
by missed birds owing to poor detectability outside of the
truncation boundary. Moreover, because most birds occurred
within 1200 m of shore (Fig. 2), mean nearest-neighbour val-
ues calculated from within the study area would mask the
bias of edge effects. The edge effect may be more important
for scans with few birds present, but measures were taken to
control for this (see Statistical analysis).

Statistical analysis
We used weighted least-squares ANOVA (SPSS version

15.0; SPSS Inc., Chicago, Illinois, USA) to tests for differen-
ces among nearest-neighbour contrast groups (MM–MM,
CM–CM, MM–CM, CM–MM) and to test for effects of
spatial (site) and temporal (year and month) factors influenc-
ing nearest-neighbour distances for each of the four nearest-
neighbour contrast groups separately. Tukey’s honestly
significant difference (HSD) post hoc analysis was used to
test for differences among groups for factors with >2 varia-
bles (i.e., month and site). Cases were weighted because
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mean nearest-neighbour measures may be sensitive to num-
bers of birds present in the study area. For example, if only
two or three individuals are mapped, and these individuals
by chance are situated far from each other, then the mean
nearest-neighbour statistics will be very large and thus pro-
vide outliers in the data set. Boxplots were used to identify
extreme values (values >1.5 times the interquartile range;
Benjamini 1988): 28 nearest-neighbour statistics were identi-
fied as outliers (12 MM–MM, 3 CM–CM, 6 MM–CM, and 7
CM–MM), most of which had fewer than five points mapped
for one of the two species. Rather than discarding outliers
(which accounted for ~10% of the data set and would have
removed a large part of the natural variance in the data), we
retained trials with small numbers of birds by assigning them
less weight than other trials. Trials with 2, 3, 4, and 5 individ-
uals of one species were weighted at 0.2, 0.4, 0.6, and 0.8, re-
spectively, and all other trials received a full weight of 1 (note

nearest-neighbour statistics cannot be calculated when only
one individual was mapped).
It is important to note that the spatial patterns observed

with nearest-neighbour statistics may simply be a function of
bird abundance in the study area rather than a true pattern;
e.g., when more birds are present they are likely to be
closer together. We assessed the effects of murrelet and
murre abundance (no. of groups mapped) in two ways.
First, we used linear regressions to test the correlation and
direction (positive or negative) of associations between bird
abundance and nearest-neighbour statistics. Second, random-
ization tests were used as an alternative method to test the
statistical significance of spatial data (Fortin and Jacquez
2000). Because CM–MM and MM–CM nearest-neighbour
statistics are sensitive to unequal proportions of each spe-
cies in the study area, randomization tests were conducted
to test whether these statistics represent a distinct spatial

Fig. 1. Distributions of Marbled Murrelets (Brachyramphus marmoratus) and Common Murres (Uria aalge) mapped by theodolite at Carma-
nah Bay, southwest Vancouver Island, in 2004. Each map shows an example of a single scan (birds mapped in a single series of sweeps)
representative of seabird distributions in each of three time periods. The shoreline was also mapped at high tide using the theodolite. The
1200 m radius is the limit of reliable detection for both species and the cut-off distance for nearest-neighbour analysis (for details see the
Materials and methods).

Table 1. Summary statistics of the numbers of Marbled Murrelets (MM; Brachyramphus marmoratus) and Common Murres (CM; Uria
aalge) recorded by theodolite mapping along the West Coast Trail, Southwest Vancouver Island.

All data Observations within 1200 m from shore

Total no. of individuals Total no. of individuals

n MM CM MM:CM ratio MM CM MM:CM ratio
May 23 4559 462 9.9 4211 334 12.6
June 35 4518 368 12.3 4344 259 16.8
July 29 2653 2808 0.9 2493 1309 1.9
August 8 524 1048 0.5 496 706 0.7
2004 (all months) 45 9362 4189 2.2 8783 2268 3.9
2005 (all months) 50 2892 497 5.8 2761 340 8.1

Note: All data includes observations up to 4 km from shore (regarding limitations of detectability beyond 1.2 km from the observer see the Materials and
methods). n is the number of scans conducted by theodolite.
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pattern or simply an artifact of bird numbers. Permutation
tests were conducted using a code generated in MATLAB
(MathWorks, Natick, Massachusetts, USA) that randomly
swapped the identity of murrelet (MM) and murre (CM) lo-
cations within each replicate scan while maintaining the
same locations and numbers of MM and CM in each scan.
By randomizing only species identities, we were able to
control for the natural, observed variability in spatial struc-
ture (locations) and species composition (ratios of CM:MM)
that existed in the data set. Nearest-neighbour statistics were
recalculated for each permutation. For each scan, 1000 per-
mutations were conducted and the statistical significance
(random vs. nonrandom distribution) was determined by
comparing the observed nearest-neighbour statistic with re-
spect to the 1000 randomized nearest-neighbour statistics.
With 1000 permutations, a distribution was considered non-
random if the value of the observed statistic was less than
the values of the lowest 50 randomized statistics (a =
0.05). Randomization tests were conducted for all scans
with more than one individual of each species. Throughout
the paper, all statistics are reported as means ± SE.

Results

Seabird distributions were mapped at seven sites over
2 years. The number of scans for each year were 45 in 2004
(Carmanah Bay, 20; Pachena Point, 25) and 50 in 2005 (Car-
manah Bay, 23; Pachena Point, 4; Dare Point, 5; Skagit
Bluffs, 6; Valencia Bluffs, 4; Tsusiat Bluffs, 6; Tsuquadra
Point, 3; for site locations see Ronconi and Burger 2008).
Coverage was most extensive seasonally and annually at Car-
manah Bay. Examples of seasonal variation in bird distribu-
tions at Carmanah are shown in three replicate scans from
2004 (Fig. 1).

Distance from shore and numbers of birds
Patterns in seabird distributions relative to the shoreline in-

dicate that murrelets and murres generally occupied distinc-
tive areas with the greatest overlap occurring between waters
400 and 1000 m from shore (Fig. 2). This distributional pat-
tern appeared to be consistent among years though murrelet
groups foraged closer to shore in 2005 (454 ± 10 m) than
2004 (626 ± 6; t[5800] = 15.85, p < 0.001). Groups of

Fig. 2. Annual and seasonal variation in distribution of Marbled Murrelets (Brachyramphus marmoratus) and Common Murres (Uria aalge)
relative to shore along the West Coast Trail, southwest Vancouver Island. Note that because of decreased detectability with distance from
shore, mapping and distributional data is less reliable beyond 1.2 km from shore.
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Common Murres also foraged closer to shore in 2005 (859 ±
16 m) than in 2004 (1088 ± 17; t[1545] = 5.83, p < 0.001).
The area of overlap between species was also consistent
among seasons with some intraseasonal variation (Fig. 2).
Murrelets foraged farther from shore in May (distance from
shore: 648 ± 9 m) than in other summer months (June:
521 ± 8 m; July: 549 ± 10 m; August: 572 ± 23 m; AN-
OVA, F[3,5798] = 39.91, p < 0.001). Conversely, Common
Murres foraged significantly closer to shore in May (884 ±
40 m) and June (874 ± 38 m) than in July (1163 ± 23 m) or
August (1051 ± 29 m) (F[3,1543] = 20.72, p < 0.001).
Overall, murrelets were more abundant than murres in

both years and most months (Table 1). More than 90% of all
Marbled Murrelets and 50% of all Common Murres observed
were within 1200 m from shore, suggesting a high degree of
spatial overlap within this nearshore environment. In both
years, murrelets were numerically dominant over murres,
with ratios ranging from 5 to 13 Marbled Murrelets for every
Common Murre. Seasonally, however, murre numbers in-
creased towards the end of the summer as murrelet numbers
decreased so that the ratio approached 1:1 in August
(Table 1).
Groups of birds were mapped, thus some assessment of

group size is important to the interpretation of results and to-
wards understanding potential for within group competition.
Both species typically foraged singly or in small groups:
group size was 2.1 ± 0.03 (n = 5802) and 3.0 ± 0.2 (n =
1549) for murrelets and murres, respectively. Group sizes
were larger in 2004 than in 2005 for both murrelets (2.3 ±
0.04 vs. 1.7 ± 0.03, respectively; t[5800] = 11.53, P < 0.001)
and murres (3.3 ± 0.3 vs. 1.8 ± 0.1, respectively; t[1547] =
2.77, P = 0.006). Group size varied significantly among
months during each year (ANOVA, P < 0.001), except for
murrelets in 2005 (F[3,1759] = 1.907, P = 0.126). In general,
murrelet group sizes decreased seasonally towards August as
murre group sizes increased, matching the changes in their
respective densities.

Nearest-neighbour distributions
Nearest-neighbour distances were significantly different

among contrast groups (weighted ANOVA, F[3,270] = 27.63,
P < 0.001). On average, murrelet groups foraged within
95 ± 14 m of other murrelet groups (Fig. 3). Marbled Murre-
lets, however, were significantly (P < 0.001) farther from
Common Murres (MM–CM contrast; 294 ± 21 m) than they
were to other murrelets suggesting avoidance of murres.
Groups of Common Murre (CM–CM) were significantly
more dispersed than those of murrelets (P < 0.001) with
nearest neighbours at 267 ± 20 m. The distance at which
Common Murres were located from nearest Marbled Murre-
lets (CM–MM contrast) was 186 ± 21 m, which was signifi-
cantly closer than murre groups to other murre groups (CM–
CM; P < 0.036), suggesting that murres may be attracted to
murrelet aggregations, but this attraction hypothesis is later
contradicted by the results of the randomization tests below.
To investigate the year, month, and site influences on nearest-

neighbour relationships, we conducted weighted least-
squares ANOVA for each contrast group separately (Table 2).
MM–MM nearest neighbours were influenced by month
(P = 0.027) and site (P = 0.006), but post hoc tests
showed only marginally significant differences between

June and July (P = 0.085) and greater distances between
neighbours at Pachena compared with other sites (P =
0.039) and Carmanah (P = 0.110). CM–CM nearest-neighbour
statistics showed no significant differences (model P >
0.208) among years, sites, or months. With MM–CM con-
trasts, murrelets foraged closer to murres in 2004 than in
2005 (P = 0.005), but month and site effects were not sig-
nificant, suggesting that murrelets maintained a minimum
distance from murres at all sites and during all seasons.
CM–MM contrasts were most strongly affected by month
(murres were farther from murrelets in July–August than in
May–June; P < 0.007) and year (2005 > 2004; P < 0.001).
Together these results suggest that spatial distribution and
associations between these species were influenced by an-
nual variability (MM–CM, CM–MM) and seasons (MM–
MM, CM–MM), but less so by sites (MM–MM).
Linear regression was used to examine the direction and

strength of correlations between nearest-neighbour statistics
and bird abundance (Table 3). Not surprisingly, these analy-
ses suggested intra- and inter-specific crowding as bird abun-
dance increased: when more birds were in the study area,
they were closer together. One unexpected result was a posi-
tive correlation between abundance of Common Murres and
MM–MM nearest-neighbour distances, suggesting that mur-
relet groups dispersed as Common Murres crowded the study
area. However, this correlation may be confounded by de-
creasing murrelet densities in the later part of the summer
when the abundance of Common Murres increased.

Randomization tests
Randomization tests assessed the significance of MM–CM

and CM–MM statistics, which are sensitive to the propor-
tions of each species mapped in each scan. From 60 scans
with >1 individual of each species, MM–CM and CM–MM
nearest-neighbour statistics were nonrandom during 33% and
40% of the replicates, respectively. This suggests that during
most of the trials, the spatial patterns between murres (CM)
and murrelets (MM) were random; however, in at least one-
third of the trials, the spatial patterns were nonrandom. The
20 nonrandom trials of MM–CM statistics show that inter-
specific MM–CM distances are much greater than conspe-
cific MM–MM distances (Fig. 4). Therefore, this provides
additional support for the murrelet avoidance hypothesis
whereby murrelets forage farther from murres than they do
from other murrelets and this is not due solely to random dis-
tributions of murrelets and murres. In contrast, the 24 non-
random trials for CM–MM statistics show that interspecific
CM–MM distances are equal to conspecific CM–CM distan-
ces (Fig. 4). Thus, murres are evenly distributed among mur-
relets and other murres, refuting the attraction hypothesis.
Comparison of trials between random and nonrandom

MM–CM distributions may reveal conditions that support
avoidance behaviour. Student’s t tests showed significantly
more murrelet groups (63.3 ± 11.4) in the nonrandom trials
than in the random trials (34.3 ± 4.5) (t[58] = 2.83, P <
0.001). Number of groups of Common Murres did not differ
between random and nonrandom trials (random: 6.6 ± 0.9;
nonrandom: 6.8 ± 1.4; t[58] = 0.12, P = 0.733). This suggests
that murrelets more effectively avoid murres when murrelets
are more abundant. Moreover, there was a seasonal decline in
the number of trials showing avoidance behaviour by
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murrelets (nonrandom trials): May = 40% of trials (n = 15),
June = 38% (n = 21), July = 35% (n = 17), and August =
0% (n = 7). However, it is uncertain if this decline in avoid-
ance behaviour was due to reduced numbers of murrelets or
increased presence of murres. In contrast, there was no clear
seasonal trend in nonrandom trials of CM–MM distances (in-
dicating even spacing of murres to murrelets): May = 47% of
trials, June = 24%, July = 41%, and August = 71%.

Discussion

This study provides a unique approach towards the investi-
gation of intra- and inter-specific competition measured at
fine spatial scales. The theodolite method allowed the meas-
urement of spatial distribution of potential competitors with-
out any disturbance and by simultaneously considering a
large number of both species. Repeated sampling through

Fig. 3. Nearest-neighbour distances (mean ± SE) measuring spatial distributions of Marbled Murrelets (MM; Brachyramphus marmoratus)
and Common Murres (CM; Uria aalge) at seven sites along the West Coast Trail, southwest Vancouver Island, in 2004 and 2005. Contrast
groups compare the mean distances between each pair (e.g., CM–MM = mean distance between murres and the nearest murrelet). These
results show that murre groups forage closer to murrelets than to other murres, but that murrelet groups forage farther from murres than to
other murrelets, i.e., avoidance of other species by murrelets.
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the season allows examination of temporal variables includ-
ing seasonal changes in density of the two potential compet-
itors. The results of distance from shore measurements,
nearest-neighbour metrics, and randomization tests show
clear evidence that murrelets tend to avoid murres, but this
is not affected by the seasonal increase in murre densities or
the corresponding seasonal decline in murrelet numbers.
Conversely, murres were neither attracted to or avoiding mur-
relet groups, but instead displayed regular spacing suggesting
interspecific competition among murre groups. We discuss
the roles that segregation and competition play in supporting
the co-existence of these conspecific predators.

Spatial segregation
Our data show evidence of spatial segregation (i.e., habitat

partitioning and avoidance of murres by murrelets), consis-
tent with other studies of sympatric alcids (Piatt 1990; Burger

et al. 2008; Henkel 2009) whereby smaller alcids tend to
avoid larger species either in space or time. These results are
often scale-dependent. At scales of several kilometres, Burger
et al. (2008) found Marbled murrelets to be segregated from
Common Murres in the nearshore zone (~200 m from shore)
but usually showed aggregation in areas approximately
600 m from the shoreline. At the smallest scales (~280 m)
analysed by Burger et al. (2008), murrelets rarely encoun-
tered larger alcids—a distance nearly identical to that ob-
served in this study (mean distance of 294 m between
murrelets and nearest murre groups). Our results are also
consistent with studies which show that murrelets seldom
participate in mixed-species feeding flocks especially where
they encounter other larger diving birds (Hoffman et al.
1981; Porter and Sealy 1981; Chilton and Sealy 1987).
We observed general differences in spatial distributions

between Marbled Murrelets and Common Murres. Murrelets

Table 2. Results of weighted least-squares ANOVA testing for spatial and temporal factors
influencing nearest-neighbour distances between Marbled Murrelet (MM; Brachyramphus
marmoratus) and Common Murre (CM; Uria aalge).

Model fit Variable significance

Model F df p Variable F df p
MM–MM 3.21 6, 86 0.007 Year 3.21 1 0.077

Month 3.21 3 0.027
Site 5.37 2 0.006

CM–CM 1.47 6, 54 0.208 Year 4.08 1 0.048
Month 1.01 3 0.394
Site 0.30 2 0.740

MM–CM 3.02 6, 53 0.013 Year 8.40 1 0.005
Month 1.49 3 0.227
Site 3.11 2 0.053

CM–MM 5.28 6, 53 <0.001 Year 16.06 1 <0.001
Month 4.43 3 0.007
Site 3.09 2 0.054

Note: Models were constructed for each of four nearest-neighbour contrast groups (MM to nearest
MM, CM to CM, MM to CM, and CM to MM). Spatial and temporal factor included year (2004 and
2005), site (Carmanah, Pachena, other), and month (May, June, July, August). For details on case
weighting see Materials and methods.

Table 3. Effects of bird abundance on spatial distributions of Marbled Murrelets (MM; Brachyramphus marmoratus) and Common Murres
(CM; Uria aalge).

NN statistic Effect r2 df F P Interpretation
Effects of Marbled Murrelet abundance on nearest-neighbour statistics
MM–MM ↑ abundance = ↓ NN 0.128 92 13.37 <0.001 Intraspecific crowding: murrelet groups are forced

close together
CM–CM No effect 0.027 60 1.65 0.204
MM–CM No effect 0.007 59 0.42 0.520
CM–MM ↑ abundance = ↓ NN 0.131 59 8.75 0.004 Interspecific crowding: murre groups are forced

close murrelets

Effects of Common Murre abundance on nearest-neighbour statistics
MM–MM ↑ abundance = ↑ NN 0.041 92 3.93 0.051 Dispersal: increased murre abundance causes

murrelets to disperse
CM–CM ↑ abundance = ↓ NN 0.081 60 5.22 0.026 Intraspecific crowding: murre groups are forced

close together
MM–CM ↑ abundance = ↓ NN 0.055 59 3.35 0.072 Interspecific crowding: murrelet groups are forced

close to murres
CM–MM No effect 0.001 59 0.07 0.796

Note: Linear regression was used to examine correlations between bird abundance and changes in nearest-neighbour (NN) statistics.
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preferred nearshore waters and murres were more evenly dis-
tributed over distances up to 1500 m from shore (Burger et
al. 2008; this study). These distributions may, in part, be re-
lated to water depths that increase monotonically with dis-
tance from shore in this region (Burger et al. 2008).
Although murrelets seldom ventured into deeper water,
murres frequently foraged in shallow nearshore waters
(<1 km of shore) and in August they often outnumbered
murrelets in this favoured range of the murrelets (Burger et
al. 2008; this study). The murrelet’s horizontal niche space
was therefore completely overlapped by that of the murre.
Partitioning of habitat by diving depth was unlikely in these
nearshore waters, because depths were generally <30 m (Bur-
ger et al. 2008) and within the diving range of both species
(Burger 1991; Mathews and Burger 1998).

Effects of changing densities
The effects of competition may be density-dependent

whereby competition is stronger when an animal’s neigh-
bours (competitors) are at higher densities (Gurevitch et al.
1992). Because both murre and murrelet densities changed
seasonally in our study area, this allowed for investigation of
density-dependent effects on spatial segregation between spe-
cies. We might expect competitive interactions to be strongest
in July and August rather than in May or June, because as the
season progressed, the proportions of murres to murrelets in-
creased and murres used nearshore waters in higher numbers.

Our nearest-neighbour results did not support these predic-
tions but showed that murre distances from murrelets instead
increased in July and August (Fig. 3). This is likely due to
generally low densities of murrelets rather than avoidance be-
haviour by murres.
The lack of evidence for density-dependent competition

and avoidance effects may simply be a function of the math-
ematical properties of nearest-neighbour calculations, which
were accounted for by randomization tests (Fortin and Jac-
quez 2000). One third of spatial patterns between MM–CM
were nonrandom, suggesting avoidance of murres by murre-
lets, and the frequency of nonrandom distributions declined
seasonally. Thus, as murrelet densities decrease and murre
densities increase, avoidance behaviour becomes more diffi-
cult for murrelets later in the summer. Indeed, increasing
numbers of murres might be responsible for the emigration
of murrelets from the West Coast Trail area in late summer
when prey taken by these alcids is still apparently available
(Burger et al. 2008).
Alternatively, seasonal or annual changes in resource use

(Mills 2007) or availability (DuBowy 1988) may also be con-
tributing to observed changes in bird numbers, distribution
patterns, and strength of competitive interactions. Prey con-
centrations were slightly higher in 2004 than in 2005 (Ron-
coni and Burger 2008), perhaps alleviating some of the
competitive pressure in that year when murrelets foraged
closer to murres (MM–CM distances were greater in 2005
than 2004). Relationships between prey availability and
strength of competitive interactions deserve more investiga-
tion in future studies.

Inter- and intra-specific competition
There is evidence that carnivores generally experience ef-

fects from both interspecific and intraspecific competition
(Gurevitch et al. 1992). Murrelets and murres are both pisci-
vores that exhibit considerable dietary overlap in both the
species and size classes of prey taken (Carter 1984; Vermeer
et al. 1987; Hay et al. 1992; Hobson et al. 1994; Burkett
1995; Gaston and Jones 1998; Lance and Thompson 2005).
This suggests that they may compete for food resources and
be susceptible to both inter- and intra-specific competition.
Although many studies have investigated either inter- or
intra-specific competition, this study provides a unique
perspective on the interaction between both forms of compe-
tition.
Although murres may readily cue in on conspecifics as in-

dicators of foraging opportunities (Davoren et al. 2003b), the
large distances between neighbouring murre groups (~300 m)
suggest that murres may experience intraspecific competition,
an observation made in other studies of murres (Falk et al.
2001; Davoren and Montevecchi 2003). Prey densities can
play an important role in the strength of intraspecific compe-
tition (Triplet et al. 1999). In areas of low prey density,
murres are also found at lower densities, suggesting that
intraspecific interference competition may play a role in prey
capture (Davoren et al. 2003a). However, low prey densities
in 2005 (Ronconi and Burger 2008) did not result in greater
spacing between murres even when bird abundance de-
creased. The closer proximity of murre groups to murrelets
than to other murres suggests that intraspecific competition
may be greater than interspecific competition for murres, as

Fig. 4. Randomization tests and the nearest-neighbour distances
(mean ± SE) measuring spatial distributions of Marbled Murrelets
(MM; Brachyramphus marmoratus) and Common Murres (CM;
Uria aalge). Contrast groups compare the mean distances between
each pair (e.g., CM–MM = mean distance between murres and the
nearest murrelet). Randomization tests were used to test the signifi-
cance of the spatial patterns between CM–MM and MM–CM.
Random trials are those where CM and MM locations are inter-
changeable, whereas the nonrandom trials are those where the spa-
tial distributions between CM and MM do not occur by chance.
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neighbouring murrelet groups pose little threat of competi-
tion. Nevertheless, murres still forage in groups so they are
not avoiding conspecifics altogether, and there are likely
complex social behaviours involved.
Marbled Murrelet groups, on the other hand, foraged in

much closer proximity to each other (<100 m) and avoided
foraging near murres (typically >250 m). Thus, murrelets ap-
peared to segregate themselves from murres suggesting stron-
ger interspecific than intraspecific competition. Group
foraging, typically in pairs, is thought to be beneficial for
murrelets (Strachan et al. 1995) but has disadvantages when
groups become large (Kuletz 2005). The effects of inter-
specific competition among seabirds are more strongly felt
between species of different sizes (Piatt 1990; Rome and El-
lis 2004) and within foraging guilds (Henkel 2009). Thus,
mixed-species flocking may not be beneficial for all individ-
uals or species. As a result, murrelets avoid foraging in close
proximity with several larger species of seabirds, though the
reverse is true for the larger Common Murres (Henkel 2009;
this study).
We suggest that competition is occurring; however, we

have not identified the proximate mechanism supporting this
interaction. Although direct competitive interactions do occur
between feeding seabirds (Hoffman et al. 1981; Piatt 1987),
we did not observe any aggressive interactions between
murres and murrelets. Instead, murrelets may be responding
to passive interference competition, such as the disruption of
prey schools making them less available to competitors
(Lewis et al. 2001; Dill et al. 2003). Alternatively, higher
vertebrates may simply avoid risk even when the frequency
of predation or competitive events is rare (Nilsson et al.
2000; Heithaus and Dill 2006). The perception of risk (Pre-
isser et al. 2005) might be sufficient to cause murrelets to
avoid close encounters with murres. Murrelets might there-
fore minimize the impacts of aggression or competition, but
by avoiding murres, the murrelets are also reducing their for-
aging opportunities and this might still have negative conse-
quences.

Coexistence
This study provides evidence of spacing behaviour and

fine-scale segregation, which promotes coexistence by reduc-
ing competition within foraging areas. Our study focused on
the spatial component of these species foraging, yet there
may be additional ways in which murrelets avoid competition
with the murres. These might include changes to their prey
selections or diurnal foraging patterns (some preferred prey
species such as Pacific sand lance (Ammodytes hexapterus
Pallas, 1814) show strong diurnal patterns in availability;
e.g., Robards and Piatt 1999). We do not know what differ-
ences there might be in the vertical distributions of these
alcid species or the methods used to attack prey. Foraging
on lower prey densities may allow Atlantic Puffins (Frater-
cula arctica (L., 1758)) to coexist with Common Murres
that require higher daily caloric intake of food because of
their larger body size (Piatt 1990). Murrelets may also be
better adapted to exploit small, scattered schools of fish
than other piscivorous seabirds (Ostrand et al. 1998; Kuletz
2005).
Coexistence of similar-sized and potentially competitive

species of Alcidae may be facilitated by the complexity of

marine habitats that create broad niches for species to exploit
(Haney and Schauer 1994). In parts of Alaska, Marbled Mur-
relets show considerable ecological overlap with the closely
related Kittlitz’s Murrelet (Brachyramphus brevirostris (Vig-
ors, 1829)), suggesting potential for interspecific competition
(Day and Nigro 2000), but subtle differences in habitat pref-
erences facilitate the ecological partitioning between these
coexisting species (Day et al. 2003). We found some evi-
dence of spatial partitioning with respect to distance from
shore for murres and murrelets, and meso-scale habitat selec-
tion may provide an additional mechanism of spatial segrega-
tion (Burger et al. 2008; Ronconi 2008). For other apparently
competitive seabird species, fine-scale niche partitioning,
rather than interspecific competition, can facilitate coexis-
tence (Garthe et al. 1999).

Conclusions
The effects of competition, whether intraspecific or inter-

specific, among sympatric seabirds are difficult to demon-
strate (Birt et al. 1987; Nilsson et al. 2000; Lewis et al.
2001) but are likely important in shaping seabird commun-
ities in many ecosystems. Other studies provide indirect evi-
dence for intraspecific competition (Falk et al. 2001; Davoren
and Montevecchi 2003) and interspecific competition (Piatt
1990; Garthe et al. 1999; Rome and Ellis 2004; Henkel
2009) among seabirds. Our study is the first to demonstrate
fine-scale avoidance behaviour by one species relative to a
larger species in the same guild within a context where com-
petition for shared prey is expected. We also provide evi-
dence of intraspecific competition whereby the larger species
maintain minimum distance among foraging groups, regard-
less of overall bird densities.
Given that Marbled Murrelets share most of their range

with murres and other larger piscivores (Gaston and Jones
1998), consideration should be given to the possible effects
of competition at sea on the persistence and recovery of this
threatened species. In California, for example, where murre-
lets are greatly reduced and endangered, efforts are underway
to restore and increase the populations of murres following
devastating oil spills and fisheries bycatch (Parker et al.
2007). In parts of Alaska where murrelet numbers have de-
clined in relation to populations of gulls that kleptoparasitize
murrelets, some have speculated that increasing gull numbers
could be detrimental to the recovery of murrelet populations
(Hunt 1995; Kuletz 2005). A better understanding of compet-
itive interactions among sympatric species can help managers
to better monitor the dynamics of changing and recovering
avian communities.
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