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The spatial patterns of feces deposition have been well studied in many terrestrial organisms, while few studies have
examined these behaviors in marine fishes. Territorial animals tend to feed within their respective territories. Thus,
individuals are faced with the decision of defecating within their territory, where they live and feed, or outside where
they are potentially more susceptible to predation. In this study, we conducted behavioral observations on three species
of damselfishes to quantify defecation rates and to investigate the spatial distribution of defecation events relative to
territory location on Caribbean coral reefs. Defecation rates were low in the early morning and steadily increased
throughout the day, peaking in the late afternoon. All 108 observed defecation events occurred outside of the territory.
Additionally, 73% of individuals (n¼52) utilized the same location in successive defecation events, which is a significant
departure from what would be expected were they defecating in randomly selected locations. Daily defecation rates
follow previously determined rates for diurnal coral reef fishes and are closely linked to feeding behavior. However, the
spatial patterns of damselfish defecation are likely related to territory maintenance, predator avoidance, or parasite
avoidance. This is only the second study to investigate the spatial distribution of fecal matter in damselfishes.

A
NIMALS vary considerably in their overall use of
living space. Thus, understanding the spatio-tempo-
ral patterns of animal activities is a major focus of

animal behavior research (Slater, 1973; Altmann, 1974;
Drummond, 1981; Gudmundsson et al., 2008). For example,
some species are migratory, others have home ranges that are
neither exclusive nor defended, others may occupy territories
only during breeding, and still others may be highly site-
attached and defend exclusive, multi-purpose territories.
Examples of the latter can be found in many invertebrate
taxa (e.g., Connell, 1963; McIntyre and Wiens, 1999) and all
vertebrate taxa, including mammals (e.g., McNab, 1963;
Sillero-Zubiri and Macdonald, 1998; Boydsten et al., 2001),
birds and reptiles (e.g., Lyon et al., 1977; O’Donald, 1977;
Godfrey et al., 2010), amphibians (e.g., Goodman, 1971;
Wells, 1977; Bee and Gerhardt, 2001), and fishes (e.g.,
Keenleyside and Yamamoto, 1962; Sikkel, 1990; Kohda,
1998; Haley and Müller, 2002). One advantage of multipur-
pose territories is that most or all resources are contained
within them, eliminating the need to travel long distances to
perform essential activities. However, territoriality may
impose restrictions on certain behaviors and create conflict-
ing demands. For example, animals may be forced to feed
and defecate within the same space, increasing the incidence
of unintentional coprophagy.

Most research on spatio-temporal patterns of behavior has
focused on those behaviors associated with acquisition and
defense of resources (e.g., food and shelter), migration, and
the place and timing of reproduction (McIntyre and Wiens,
1999; Gundmundsson et al., 2008; Pike, 2009). However,
there are other important behaviors as well. These include
non-sexual social behaviors, self-maintenance behaviors, and
elimination of waste. For some animals such as goats and
sheep, waste materials are randomly dispersed (Schlecht et
al., 2006). However, there are many instances where
excrement locations serve higher functions such as territory
markers (Walther, 1978), mate defense (Jordan et al., 2007),
predator avoidance (Forsman et al., 2012), or conspecific
information sharing centers (Ziege et al., 2016). Thus, the
spatial distribution of waste elimination can have ecological
consequences for predators and conspecifics alike.

Localized defecation is a behavior whereby an individual
organism will repeatedly defecate in one or more specific
locations, usually outside of feeding/foraging areas. General-
ly, these locations remain constant and do not change (e.g.,
Jordan et al., 2007; Dröscher and Kappeler, 2014). However,
there are also examples where the selected defecation
locations will undergo seasonal shifts in usage (e.g., Roper
et al., 1986; Ziege et al., 2016). Examples of localized
defecation include a wide range of terrestrial tetrapods such
as humans (Haslam, 2012), Bushbuck (Tragelaphus scriptus,
Apio et al., 2006), meerkats (Suricata suricatta, Jordan et al.,
2007), Spotted Hyenas (Crocuta crocuta, Boydston et al.,
2001), and lemurs (Lepilemur sp. and Hapalemur griseus, Irwin
et al., 2004). Even a reptile, the Western Banded Gecko
(Coleonyx variegatus), has preferred defecation sites (Carpen-
ter and Duvall, 1995). Hypothesized drivers of these observed
behaviors include parasite avoidance, territory marking, and
conspecific communication.

A high level of site-attachment and territoriality is well
documented and widespread in coral reef fishes (e.g., Nursall,
1977; Luckhurst and Luckhurst, 1978; Sikkel, 1990; Burke,
1995), and spatiotemporal patterns of activity have been well
documented for these fishes, including feeding (e.g., Tricas,
1989; Burke, 1995; Hamilton and Dill, 2003), reproduction
(e.g., Lobel, 1978; Gladstone and Westoby, 1988), and
interaction with cleaners (e.g., Côté et al., 1998; Sikkel et
al., 2000; Bshary and Nöe, 2003). However, only three studies
have reported localized defecation in marine vertebrates of
any kind (Polunin and Koike, 1987; Bellwood, 1995; Krone et
al., 2008).

Pomacentrid damselfishes are among the most abundant
and diverse families of fishes in coral reef systems (Allen,
1991). Most planktivorous species are free roaming or
colonial (e.g., Abudefduf, Chromis, Dascyllus; Sweatman,
1983, 1988), whereas in benthophagous species (that feed
on algae and benthic invertebrates; e.g., Hixon and Brostoff,
1983; Lassuy, 1980, 1984; Wilson and Bellwood, 1997), both
sexes typically defend permanent, year-round territories
(Myrberg, 1972; Waldner and Robertson, 1980; Itzkowitz et
al., 1995; Sikkel, 1998; Sikkel and Kramer, 2006). In the
Caribbean, damselfishes of the genus Stegastes are among the
most abundant fishes inhabiting shallow reef habitats.
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Among the six species, five (Stegastes adustus, S. diencaeus, S.
leucostictus, S. planifrons, and S. variabilis) are benthophagous,
feeding primarily on the algae within their territories; the
other (Stegastes partitus) is primarily planktivorous (Emery,
1973). Each species occupies a multi-purpose territory, with
specific habitat features (Waldner and Robertson, 1980),
which are aggressively defended against certain heterospe-
cifics and conspecifics (Myrberg and Thresher, 1974; Jones,
2005). Aspects of habitat use such as feeding (Hay and Taylor,
1985; Hinds and Ballantine, 1987) and reproductive behav-
iors (Knapp and Kovach, 1991; Petersen, 1995; Figueira and
Lyman, 2007), as well as interactions with cleaners (Arnal
and Côté, 1998; Cheney and Côté 2001; Sikkel et al., 2004)
have been well documented for Caribbean species of
Stegastes. However, no studies have examined defecation
patterns in relation to territory use.

In the current study, we investigate the defecation
behaviors of Longfin Damselfish (S. diencaeus), Dusky
Damselfish (S. adustus), and Beaugregory Damselfish (S.
leucostictus), in relation to their respective territories and
territorial activities, at five locations in the eastern Caribbean
region. Specifically, we aimed to determine diel rates of
damselfish defecation, whether they tend to defecate inside,
on the margin, or well outside of their territory, as well as
whether they exhibit defecation-site fidelity in consecutive
defecation events.

MATERIALS AND METHODS

Study sites.—We conducted observations between April and
November of 2015 and 2016 at sites in the eastern Caribbean.
These include: Lameshur Bay, St. John, US Virgin Islands
(18818059.32 00N, 64843024.5 00W), Brewer’s Bay, St. Thomas, US
Virgin Islands (18820021 00N, 64858041 00W), White Bay, Guana
Island, British Virgin Islands (18828028.31 00N, 64834030.83 00W),
PuntaSoldado,Culebra,PuertoRico(18818020 00N,65814050 00W),
and Long Key, Florida (24850019 00N, 80846048 00W). Each site is
characterized by shallow (,5 m) reef habitat with varying
amounts of live/dead coral, rubble, and sand.

Diel defecation observations.—We observed the daytime
defecation patterns of 32 (n ¼ 19 for St. John, n ¼ 13 for St.
Thomas) Caribbean damselfishes by monitoring their behav-
ior during a 15-minute segment within each of five time
blocks spanning the course of a day. The initial time block
began 30 minutes after sunrise (approximately 0630 hrs), and
near the time when damselfishes begin daily activities. The
final time block began near sunset, at approximately 1900
hrs. Due to the requirements of the statistical analysis and
the fact that two individuals were not able to be observed for
the final time block, statistical analysis was conducted twice,
once assuming both missed observations resulted in defeca-
tion events and once where we assumed they did not.

Spatial distribution of defecation.—We observed a total of 56
individuals across all localities (7 S. adustus, 47 S. diencaeus,
and 2 S. leucostictus), 52 of which were observed for
consecutive defecation events. Focal individuals were hap-
hazardly selected, although attempts were made to observe
most individuals in a given ‘‘community’’ within a shallow
reef area. Once we selected a focal fish, we identified the
territorial boundaries by observing the feeding behavior of
the fish and placing tokens (as many as were needed) on each
feeding location within and around the perimeter of the
territory. Apart from placing tokens, we maintained a

distance of 3–5 meters (depending on depth and water
clarity) from the focal fish. When defecation occurred, that
area was marked with a unique token. Individuals were
observed for two sequential defecation events. The distance
from the closest feeding location to the defecation location
was measured, as well as the distance between defecates.
Additionally, we noted if multiple individuals utilized the
same area and if the defecation location was in the territory
of a conspecific. A defecation event was considered as
‘‘within’’ the territory if it occurred inside the demarcated
area of feeding. Otherwise, it was considered ‘‘outside’’ the
territory. There were a few instances where an individual
would chase off potential intruders and on its way back
would defecate in a seemingly random area. These occur-
rences were noted and included in the dataset. For a subset of
two individuals, we observed five sequential defecation
events.

Analysis of defecation patterns.—For all analyses, individuals
from each species were pooled together. Due to the low
sample size for S. adustus and S. leucostictus (n ¼ 7 and 2,
respectively), relative to statistical measures of S. diencaeus,
there was not sufficient statistical power to detect species-
level effects. However, the range of distances traveled by S.
adustus and S. leucostictus to defecate, as well as territory size,
clearly fell within the range of S. diencaeus (Table 1).

In order to test the uniqueness of our observed defecation
site fidelity results, we used a geometrically simplified
‘‘average-sized’’ territory where the average distance traveled
to defecate (along with associated standard deviations) were
represented as concentric circles. We randomly selected 51
points within the standard deviations to determine how
many would fall within the 0.5 m range of an arbitrarily
chosen ‘‘first defecation.’’ This allowed us to determine what
proportion of defecations within our sample we would
expect to be classified as in the ‘‘same spot’’ if defecation
locations were indeed chosen at random.

RESULTS

While observing individuals, it became clear and predictable
when they were about to defecate. The fish would browse
throughout their territory, consuming benthic algal material,
but would abruptly cease foraging and travel to their
defecation destination. Once the feces were deposited, the
individual would generally return to the territory immedi-
ately, except for a few instances where interactions with
other fishes would delay their return.

Diel defecation behavior.—In both analyses, there was a
significant difference in the percentage of fishes that
defecated in each time block (Cochran’s Q test, X4

2 ¼ 42.58,
P , 0.005 where missing data were considered positive
defecations and X4

2¼40.39, P , 0.005 where they were not).
The early morning time block had the fewest defecation
events (less than 1%, Fig. 1). Peak defecation activity came
during the late afternoon time block, when 22 individuals
(68%, Fig. 1) defecated. Additionally, there were two
instances where a single individual defecated multiple times
within a block (fourth block, late afternoon, on both
occasions).

Defecation location relative to territory.—All 108 defecation
events across 56 individuals occurred outside of the territory
boundaries (Table 1; Supplement 1; see Data Accessibility).
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Overall, the average defecation distance from the nearest
foraging location was 1.30 m (1.26 m for the first event and
1.34 for the second; Fig. 2). Damselfishes from Punta Soldado
traveled the furthest from their closest feeding location to
defecate (an average of 1.49 m for the first event and 1.53 m
for the second, respectively, Table 1), while fishes from Long
Key traveled the shortest distances (0.92 m and 1.01 m for
the first and second events, Table 1). Individuals defecating
under normal conditions, where there was no territory
defense involved, were never observed to visit defecation
locations for any other activity. There were two instances
where an individual defecated while returning to its territory
after chasing off potential invaders.

Defecation site fidelity.—Overall, 73% of individuals utilized
the same location for successive defecation events, generally
within 0.5 m of each other (the average maximum territory
width was 1.38 m). Fishes in Long Key exhibited the highest
site fidelity (88%, Table 1), and White Bay the least (40%,
Table 1). Successive defecation events occurred in the same
spot significantly more often than predicted (2-sample z-test,
X1

2 ¼ 48.51, P , 0.001). Additionally, the defecation
locations were never in the territory of an adult conspecific,
and no conspecifics were ever seen sharing a location (pre-
existing fecal material may well have been present from a
different fish, but this could not be determined). The two
individuals that were observed for five consecutive defeca-
tion events both utilized the same location each time.

DISCUSSION

Damselfish defecation rates steadily increased throughout
the day, peaking in the late afternoon, before decreasing prior
to sunset. Some terrestrial herbivores differ in their daily
defecation behavior, defecating at a constant rate throughout
the day (e.g., Kenagy et al., 1999), randomly (e.g., Medica et
al., 1996), or exhibiting different peaks in activity (e.g.,
Hirata et al., 2011). However, our results are consistent with
those of Polunin and Koike (1987), who found similar
defecation patterns in the Jeweled Damselfish (Plectroglyphi-
dodon lacrymatus). This pattern is not surprising as it closely
tracks diel feeding rates in many herbivorous reef fishes,
which also tend to start slowly in the early morning before
peaking/plateauing later in the day (Ferreira et al., 1998;
Zemke-White et al., 2002; Sikkel et al., 2005).

Our results further indicate that, during the day, when
fishes are active, Caribbean Stegastes defecate well outside of

their feeding areas. In fact, the average distance traveled

outside of the territory was similar to the average diameter of

a given damselfish territory (1.30 m and 1.38 m, respectively;

Fig. 2). Furthermore, there is evidence to suggest that fishes

might defecate in specific locations, as opposed to a

randomly selected area outside of the territory. While some

defecation occurs at night when fishes reside in shelter holes

(Nicholson and Sikkel, unpubl. data), extraterritorial defeca-

tion from dusk to dawn would result in most feces being

deposited outside the territory. Given that feces may

contribute to the growth of turf algae on which herbivorous

damselfishes feed (Polunin and Koike, 1987), there would

appear to be one or more strong selective forces driving this

behavior. Below, we consider potential explanations and

drivers for these observed patterns.

Damselfishes utilize a great deal of time and energy in the

maintenance of their territories. By defecating outside of the

area where they feed they might be preventing unwanted

material from impacting their territory (Krone et al., 2008).

Predators that consume damselfishes such as aulostomids,

carangids, lutjanids, or serranids (Randall, 1967; Kaufman,

1976) may be attracted to scents in fecal matter. Prey fishes

have been shown to detect predators from feces (Brown et al.,

1995; Mitchell et al., 2011; Dixson et al., 2012); thus, given

the importance of chemical stimuli in prey capture, predators

should be capable of utilizing kairomones from feces for

detecting prey (Bateson, 1890; Jones, 1992; DeBose and

Nevitt, 2008).

Fig. 1. Diel (dawn to dusk) rates of defecation in Caribbean
damselfishes. Actual times of each block are as follows: early morning:
0630–0800 hr; late morning: 0930–1100 hr; afternoon: 1230–1400 hr;
late afternoon: 1530–1700 hr; evening: 1800–1900 hr.

Table 1. The percentage of damselfishes (S. leucostictus, S. adustus, and S. diencaeus) that left their territory to defecate, including the average
distance traveled and the average diameter of a territory. The percentage of individuals who revisited the same location is also presented. Average
values are presented with 95% CI.

Site Species n

Defecated
outside

of territory

Average
territory

diameter (m)

Average distance
traveled from territory Revisited

defecation
location1st event 2nd event

White Bay, Guana S. diencaeus 10 100% 1.81 (1.55, 2.10) 1.22 (0.99, 1.43) 1.42 (1.08, 1.69) 40.0%
Great Lameshur,

St. John
S. diencaeus 6 100% 1.30 (1.00, 1.49) 1.1 (0.91, 1.19) 1.25 (0.99, 1.46) 66.6%

Brewer’s Bay,
St. Thomas

S. diencaeus 7 100% 1.31 (1.10, 1.60) 1.23 (0.94, 1.87) 1.17 (0.80, 1.34) 71.4%

Punta Soldado,
Culebra

S. diencaeus 20 100% — 1.49 (1.14, 1.98) 1.53 (1.19, 1.99) 85.0%

Marathon, Florida S. adustus 7 100% 1.12 (0.98, 1.27) 0.83 (0.66, 1.04) 0.94 (0.79, 1.12) 85.7%
S. leucostictus 2 100% 1.05 (—) 1.25 (—) 1.27 (—) 100%

534 Copeia 106, No. 3, 2018



Parasite avoidance could also explain why an individual
would defecate away from its territory. There are many
terrestrial examples of fecal avoidance and localized defeca-
tion as a behavioral defense against parasite infection (or
reinfection [e.g., Hausfater and Meade, 1982; Ezenwa, 2004;
Apio et al., 2006]). Recently, apicomplexan blood parasites
have been found in the blood of Caribbean damselfishes of
the genus Stegastes (Cook et al., 2015). These blood parasites
are common in benthophagous but are rare in the one
planktivorous species of Stegastes, and are absent in other
Caribbean planktivorous damselfish genera (Sikkel et al.,
2018). Thus, one possible mode of transmission is via
ingestion of fecal matter. Thus, were damselfishes to defecate
within their respective territories, they would potentially be
consuming a large amount of fecal matter each day. By
avoiding their own territory when defecating, as well as those
of their conspecifics, the prevalence of parasite infection
might therefore be greatly reduced (Wisenden et al., 2009).
We are still uncertain as to the fate of nocturnal defecation
events. Damselfishes defecate throughout the night as they
rest. However, nocturnal defecation occurs in shelter holes
where fishes do not feed during the day; this fecal matter is
often consumed by detritivores prior to the damselfishes
resuming activity (Polunin and Koike, 1987).

Defecation site fidelity is a phenomenon that occurred
across all sites, albeit to varying degrees. However, even
White Bay, which had the lowest site fidelity, was higher
than what would be expected if defecation locations were
random. These site-specific differences are likely driven by
either conspecific density or the composition of the benthic
substrate surrounding the territory. Individuals were never
observed defecating in the territory of an adult conspecific.
Additionally, damselfish territories are often situated imme-

diately adjacent to one another. Thus, reefs with high
population densities might restrict the amount of habitat
available for defecation. Indeed, if this were the case we
would also expect communal latrines to develop, but our
observations showed no evidence of shared defecation
spaces. Alternatively, preference for a particular substrate
type (Polunin and Koike, 1987) or location relative to the
territory (Krone et al., 2008) may be driving the observed
pattern. Thus, in White Bay where only 40% of individuals
exhibited site fidelity, there may have been an abundance of
habitat suitable for defecation (we anecdotally noted sand as
a common location for defecation events), whereas a reef like
Punta Soldado had 85% site fidelity and seemed to be more
densely populated with fewer patches of sand.

Further studies should investigate the adaptive significance
of this behavior, the determinants of defecation sites, as well
as the specific trophic fate of damselfish fecal matter.
Specifically, the prevalence and intensity of parasite infesta-
tion in fecal matter should be determined and close attention
should be paid to the number of conspecifics occupying
neighboring territories, the composition of the benthic
substrate surrounding each territory, as well as the substrate
used for defecation. Finally, repeated observations over
multiple days, weeks, and months would allow for the
determination of site fidelity over a wide temporal window.

Damselfish ecology has been well studied (e.g., Emery,
1973; Waldner and Robertson, 1980; Hixon and Brostoff,
1983; Hinds and Ballantine, 1987; Booth, 1995; Itzkowitz et
al., 1995; Petersen, 1995), yet this is only the second study to
investigate spatial patterns of defecation. In the only other
study to examine damselfish fecal deposition, fishes were
found to defecate on the margin of the territory (Polunin and
Koike, 1987). Here, we found that fishes defecate well outside
of their territories. Indeed, there is a considerable amount of
intraspecific coprophagy on coral reefs (Robertson, 1982).
Yet, fecal matter produced by herbivorous fishes is not likely
to be intentionally consumed by other fishes, possibly due to
low nutritional value (Robertson, 1982; Wilson et al., 2003).
Thus, damselfish feces might contribute significantly to
detritus pools, therefore constituting a significant proportion
of the diets of many coral reef fishes such as free-ranging
parrotfishes, surgeonfishes, blennies, or gobies (Wilson et al.,
2003). These results add to our knowledge of defecation
behavior in territorial animals and to the potential role of
feces in energy transfer via detrital pools in coral reefs (Bray
et al., 1981; Geesey et al., 1984; Meyer and Schultz, 1985).

DATA ACCESSIBILITY

Supplemental material is available at http://www.
copeiajournal.org/ce-18-007.
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Dröscher, I., and P. M. Kappeler. 2014. Maintenance of
familiarity and social bonding via communal latrine use in
a solitary primate (Lepilemur leucopus). Behavioral Ecology
and Sociobiology 68:2043–2058.

Drummond, H. 1981. The nature and description of
behavior patterns, p. 1–33. In: Perspectives in Ethology. P.
P. G. Bateson and P. H. Klopfer (eds.). Springer, Boston.

Emery, A. R. 1973. Comparative ecology and functional
osteology of fourteen species of damselfish (Pisces: Poma-
centridae) at Alligator Reef, Florida Keys. Bulletin of Marine
Science 23:649–770.

Ezenwa, V. O. 2004. Selective defecation and selective
foraging: antiparasite behavior in wild ungulates? Ethology
110:851–862.

Ferreira, C. E. L., J. E. A. Gonçalves, R. Coutinho, and A. C.
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