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Abstract Two blennies, Ecsenius lineatus Klausewitz

and Ecsenius namiyei (Jordan and Evermann), and a

cohabiting territorial damselfish, the Pacific gregory,

Stegastes fasciolatus (Ogilby), were collected from

shallow reefs in northern Taiwan between September

and November 2004, and in October 2005 for stomach

content and d13C and d15N analyses in an effort to

study how extensively their food sources overlapped

and to delineate the pattern of cohabiting interactions.

These analyses showed differences in food use between

the Ecsenius blennies and S. fasciolatus. However,

there were inconsistencies. Epiphytic algae were their

major food items of E. namiyei and E. lineatus. Mac-

roalgae were rarely taken. Nevertheless, d13C and d15N

signatures suggested that E. namiyei and E. lineatus

might have assimilated mainly macroalgae-derived

detritus instead of epiphytic algae. In contrast, mac-

roalgae were the major food items of S. fasciolatus,

followed by epiphytic algae. Differences in both d13C

and 15N values indicated that for S. fasciolatus, algae

(both macroalgae and epiphytic algae) might not be as

important as the stomach contents showed. Instead,

polychaetes were possibly its major food source.

Differences between stomach contents and evidence

from the separation of stable isotope signatures be-

tween blennies and the Pacific gregory indicate that

some of the interspecific interactions derived from

exploitative competition may have been alleviated.

Moreover, their widespread territory overlap is possi-

bly a sign of mutualism: S. fasciolatus allows territory

sharing, while Ecsenius blennies, in return, clean up the

algal mat by removing sand and detritus.

Introduction

Blennies and damselfishes are common inhabitants of

shallow reefs. Many blennies feed on a mixed diet of

algae and benthic invertebrates; some are planktivores,

and some are specialized to feed on scales or mucus of

larger fishes, while damselfishes have a varied diet,

which includes benthic algae but also zooplankton and

benthic invertebrates (Hobson 1974; Randall et al.

1990; Cleveland and Montgomery 2003). Some blen-

nies and damselfishes hold territories (Horn 1989;

Ceccarelli et al. 2001). These fishes have attracted

further attention because territories defended by the

blennies often lie within, or overlap with, the larger

territories of damselfishes (Low 1971; Roberts 1987;

Townsend and Tibbetts 2004).

Several studies on interspecific interactions be-

tween blennies and territorial damselfish have focused

on their food uses. For example, in removal experi-

ments conducted on One Tree Reef, the Great Bar-

rier Reef, Roberts (1987) found little difference in

food use and no evidence of either exploitation
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competition or interference between the damselfish

Pomacentrus chrysurus Cuvier (as Pomacentrus fla-

vicauda Whitley) and blennies, primarily Salarias

fasciatus Bloch, and suggested that territorial dam-

selfishes might tolerate blennies grazing within their

territories because they could not effectively exclude

them. By contrast, Townsend and Tibbetts (2004)

proposed that competition between the damselfish

Pomacentrus wardi Whitley and S. fasciatus might not

be over algal components, but instead over the at-

tached detritus, as along with algal components, both

fishes might take a large proportion of detrital food

(Wilson and Bellwood 1997; Wilson 2000). In addi-

tion, they noted that P. wardi tended to tolerate the

grazing of blennies within its territory because the

latter contributed to territorial defense from other

blennies. To resolve such arguments, a clearer picture

of their diet composition is needed. Knowledge of

what fraction of the epilithic algal community (EAC)

each species assimilates would also be helpful in

explaining ecological interactions between these

cohabiting fish species.

In this study, we collected specimens of two blen-

nies, Ecsenius lineatus Klausewitz and E. namiyei

(Jordan and Evermann), and the cohabiting Pacific

gregory, Stegastes fasciolatus (Ogilby), a territorial

damselfish, in order to study their diet composition.

Their stomach contents were examined, and stable

carbon and nitrogen isotopes were measured in fish

muscle tissues and in potential food items collected

from their habitats. Based on the efficiency of using

stable isotope analysis (Polunin et al. 2001; Vizzini and

Mazzola 2003), we hoped to properly identify the food

sources of each fish species, despite different fish spe-

cies possibly feeding on the same EAC but assimilating

different components. From the aspect of feeding

interactions, the results of this study may thus help

elucidate factors involved in the coexistence of blen-

nies and territorial damselfishes in reef systems.

Materials and methods

Fieldwork was carried out at Longdong Bay (25�06¢ N,

121�55¢ E) in north-eastern Taiwan between Septem-

ber and November 2004 (for collection I), and in

October 2005 (for collection II). The study site is

shallow (with depths of 1–7 m), and the substratum is

composed of rocky reef, rubble, and sand. Two species

of Ecsenius blenny (i.e., E. lineatus and E. namiyei) and

a territorial damselfish (Pacific gregory, Stegastes fas-

ciolatus) inhabit small patches on the reef. Habitats of

these two blennies and damselfish were often found to

overlap. In addition, S. fasciolatus showed no aggres-

sion toward either of the two Ecsenius species

(unpublished data).

Ecsenius lineatus (collection I: n = 10, 1.9–6.1 cm in

standard length, SL; collection II: n = 10, 3.8–5.6 cm in

SL) and E. namiyei (I: n = 10, 1.3–7.4 cm in SL; II:

n = 14, 4.7–6.2 cm in SL) were collected by handnet-

ting. Stegastes fasciolatus (I: n = 26, 3.2–11.5 cm in SL;

II: n = 11, 5.7–9.6 cm in SL) was collected by selective

angling. All collections were conducted by scuba di-

vers. Specimens were kept in ice water slurry in sealed

plastic bags and transported immediately to the labo-

ratory, where, for each specimen, standard length was

measured (±1 mm) using calipers, stomach was re-

moved and preserved in 10% buffered formalin solu-

tion for content analysis, and white dorsal muscle

tissue, which tends to be less variable in d13C and d15N

values than other tissues (Pinnegar and Polunin 1999)

and is widely used in food-web studies (Pinnegar and

Polunin 2000; Deudero et al. 2004), was taken and

frozen for later stable isotope analysis.

Potential food items were sampled from habitats of

these three fish species. To ensure that all material in

the EAC was retained in samples, plastic click-seal

bags were placed over algal mats when the algal

community was removed. The bags were sealed and

the contents returned to the lab for processing (Wilson

and Bellwood 1997). The samples were mainly com-

prised of macroalgae (including Ceramium flaccidium,

Chaetomorpha spiralis, Cheilosporum acutilobum, Eu-

cheuma serra, Gelidium amansii, Meristotheca papul-

osa, Rhodopeltis borealis, and Ulva lactuca), epiphytic

algae (algae growing on the macroalgae; sorted under a

stereomicroscope and categorized into red, black, or

green by the color), and invertebrates [including gas-

tropods (Monodonta labio and Euplica versicolor),

polychaetes, and amphipods (Eupronon spp.)]. Detri-

tus was added to the sample in collection II by col-

lecting detrital aggregates on algal fronds through a

pipe using suction (D. R. Bellwood, personal commu-

nication). Carbonates in invertebrate and detritus

samples were removed with 1 N HCl (Boutton 1991)

before further treatment.

Stomach contents were spread on slides, and its

components were identified using a stereomicroscope.

Food items were categorized into macroalgae, epi-

phytic algae, diatoms, amphipods, polychaetes, fish

eggs, detritus, sand, and unidentifiable matter. The

relative volumetric quantity of each food item was

estimated using the point frame method (Hyslop 1980;

Jan et al. 1994; Wilson 2004). In collection I, three

individuals of E. lineatus and two of E. namiyei, col-

lected early in the morning in rough seas, had empty
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stomachs. Otherwise, stomach contents of all fish

specimens were analyzed.

Muscle tissues of fish specimens and food samples

were freeze-dried (at –53�C for 48 h) and ground up

with a mortar and pestle. Acidified samples (1–2 mg)

were combusted in an elemental analyzer (Flash EA-

1100 NC, Thermo-Finnigan) to produce CO2 and N2,

which flowed through a GC column for separation and

into a mass spectrometer (Thermo Finnigan Deltaplus

Advantage) for separately determining isotopic com-

positions. Isotope ratios were expressed as the differ-

ence in parts per thousand (&) from standard

reference material:

dX ¼ ½ðRsample=RstandardÞ � 1� � 1,000,

where X is 13C or 15N, R is the corresponding ratio of
13C:12C or 15N:14N, and d is a measure of the heavy to

light isotopes in the sample. The reference materials

were the international standards, Pee Dee Belemnite

(PDB) for carbon and atmospheric N2 for nitrogen.

Wilcoxon matched-pairs test was used to test for

dietary differences between the two collections in each

fish species. The dietary overlap between fish species

was determined using Schoener’s index (a), which

varies from 0, representing no overlap, to 1, repre-

senting complete overlap between species (Schoener

1970). Values of 0.6 or greater are considered as bio-

logically significant overlap (Martin 1984). (Data on

the unidentified portion of the stomach contents were

excluded in both the above analyses.) Differences in

d13C and d15N values among the three fish species were

tested by analysis of covariance (ANCOVA) using fish

body length as the covariate. Blennies were further

divided into different size-groups based on frequency

distribution histograms to illustrate the potential tro-

phic effect on stable isotope—body size relationship.

The non-parametric Kruskal–Wallis test was used to

test for differences among potential food items.

Results

Stomach content analysis

Dietary data combined from the two collections are

presented because for any fish species, the difference

between collections was not significant (Fig. 1; Wilco-

xon matched pairs test, E. lineatus: n = 8, T = 11,

P = 0.61; E. namiyei: n = 8, T = 7, P = 0.24; S. fasci-

olatus, n = 8, T = 15, P = 0.67). Ecsenius lineatus and

E. namiyei consumed similar foods (a = 0.95). Epi-

phytic algae were the major food items identified (with

mean volumetric percentages of 30.0 and 25.9%,

respectively), followed by sand (24.9 and 24.6%) and

detritus (21.0 and 20.4%). Macroalgae, diatoms, am-

phipods, and polychaetes were relatively rare. No fish

eggs were found in the stomachs of either blenny.

Meanwhile, large portions of unidentified matter oc-

curred in both species (14.6 and 13.8%). In blennies,

significant positive correlations occurred between

detrital food and body length (E. lineatus: r = 0.53,

P = 0.03; E. namiyei: r = 0.54, P < 0.01).

Stegastes fasciolatus also consumed epiphytic algae

(18.2%). But its major food item was macroalgae

(30.9%), followed by detritus (11.5%). It also fed on

fish eggs (4.7%). In contrast to the blennies, this

damselfish consumed more diatoms (8.8 vs. 4.8% and

4.8%), polychaetes (7.1 vs. 1.5% and 1.6%), and

amphipods (5.0 vs. 1.7% and 2.1%), and less detritus

(11.5%), sand (5.1%), and unidentified matter (8.5%)

compared to Ecsenius lineatus and E. namiyei,

respectively. The dietary overlap index (a) between

E. lineatus and S. fasciolatus was 0.50; and was 0.55

between E. namiyei and S. fasciolatus.

Stable isotopes

Fishes

Different ranges of stable isotope values were found in

different fish species in different collections. The d13C

values in Ecsenius lineatus ranged from –15.0 to

–12.2& in collection I, and from –14.3 to –12.4& in

collection II. In E. namiyei, d13C values ranged from

–16.9 to –12.2& in collection I, and from –15.3 to

–13.1& in collection II. In Stegastes fasciolatus, d13C

values ranged from –16.2 to –14.6& in collection I, and

from –15.4 to –14.4& in collection II.

The d15N values in Ecsenius lineatus ranged from 6.9

to 9.2& in collection I and from 7.6 to 8.9& in col-

lection II. In E. namiyei, d15N values ranged from 7.5 to

9.8& in collection I and from 8.3 to 8.9& in collection

II. In Stegastes fasciolatus d15N values ranged from

9.6 to 11.4& in collection I and from 9.4 to 10.7& in

collection II.

Results of the ANCOVA showed that the d13C and

d15N values shared a common pattern: both were

positively related to the covariate fish body length

(df = 1 and 74, P < 0.001 for either isotope) and were

affected by the fish species examined (df = 2 and 74,

P < 0.001 for either isotope). By contrast, there was no

significant effect of collection (d13C: df = 1 and 74,

P = 0.98; d15N: df = 1 and 74, P = 0.15), and no sig-

nificant interaction between fish and collection (d13C:

df = 2 and 74, P = 0.20; d15N: df = 2 and 74, P = 0.17).
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Linear relationships between d values of the stable

isotopes and SL of the fish are presented in Fig. 2 for
13C and Fig. 3 for 15N.

Blennies were further divided into two size-groups

(small body size, S, and large body size, L, respectively)

using 4 cm in SL as a divider. For each size-group the

data were plotted against the prey/diet stable isotope

signatures to illustrate the trophic effect on stable

isotope—body size relationship (Fig. 4). The group

means were: collection I, E. lineatus, d13C: –12.7& (L)

and –13.7& (S), d15N: 8.6& (L) and 7.5& (S), E.

namiyei, d13C: –12.9& (L) and –14.6& (S), d15N: 9.1&

(L) and 8.1& (S); collection II, E. lineatus, d13C:

–13.2& (L) and –13.4& (S), d15N: 8.3& (L) and 7.9&

(S), E. namiyei, d13C: –14.0& (L), d15N: 8.5& (L)

(small specimens unavailable).

Potential food items

All eight species of macroalgae were examined in

collection I (Fig. 4). Their d13C values ranged from

–17.9& (Rhodopeltis borealis) to –14.9& (Chaeto-

morpha spiralis). Also three types of epiphytic algae

were examined, with d13C values ranging from –

19.7& (green color) to –18.3& (red color). The d13C

values of invertebrates examined ranged from –17.8&

(amphipods) to –14.6& (gastropods). In collection II,

five species of macroalgae were examined, with d13C

Fig. 1 Stomach content
analyses for Ecsenius lineatus,
E. namiyei and Stegastes
fasciolatus in two collections.
Error bars are standard errors
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values ranging from –16.0& (Meristotheca papulosa)

to –13.9& (Cheilosporum acutilobum) (Fig. 4). Also

two types of epiphytic algae were examined, and their

d13C values ranged from –17.7& (red color) to

–17.4& (black color). The d13C values of inverte-

brates ranged from –17.3& (amphipods) to –16.5&

(polychaetes). The mean d13C value of detritus was

–15.7&.

The d15N values of algae as a whole (totally 11

species/types) in collection I ranged from 4.4&

(Chaetomorpha spiralis) to 6.0& (Cheilosporum

acutilobum). The d15N values of the invertebrate cat-

egories ranged from 5.8& (amphipods) to 7.0&

(polychaetes). In collection II, d15N values of algae as a

whole (totally seven species/types) ranged from 5.1&

(Meristotheca papulosa) to 6.5& (Eucheuma serra).

The d15N values of invertebrate categories ranged from

6.7& (amphipods) to 7.1& (polychaetes). The mean

d15N value of detritus was 6.1&. In both collections

significant differences were found in d13C between

macroalgae and epiphytic algae (Kruskal–Wallis, I:

H = 11.2, df = 1, P < 0.01; II: H = 12.96, df = 1,

P = 0.02), but not in d15N (I: H = 2.42, df = 1,

P = 0.12; II: H = 0.08, df = 1, P = 0.76).

Fig. 2 Relationship between body length (SL) and d13C of
Ecsenius lineatus (long line), E. namiyei (short dash line), and
Stegastes fasciolatus. The line was fitted by: E. lineatus,
y = 0.4x – 15.8 (n = 20, r2 = 0.51, P < 0.001); and E. namiyei,
y = 0.5x – 15.2 (n = 23, r2 = 0.20, P = 0.03). Asterisk Excluded
from the linear regression

Fig. 3 Relationship between body length (SL) and d15N of
Ecsenius lineatus (long line), E. namiyei (short dash line), and
Stegastes fasciolatus (medium dash line). The line was fitted by:
E. lineatus, y = 0.2x + 7.5 (n = 20, r2 = 0.73, P < 0.001); E.
namiyei, y = 0.5x + 5.9 (n = 24, r2 = 0.45, P < 0.001); and S.
fasciolatus, y = 0.1x + 9.7 (n = 37, r2 = 0.20, P < 0.01)

Fig. 4 Mean (±SD) carbon and nitrogen isotope values of
Ecsenius lineatus, E. namiyei, and Stegastes fasciolatus and
potential food items in two collections. Macroalgae: Ca,
Cheilosporum acutilobum; Cf, Ceramium flaccidium; Cs, Chae-
tomorpha spiralis; Es, Eucheuma serra; Ga, Gelidium amansii;
Mp, Meristotheca papulosa; Rb, Rhodopeltis borealis; and Ul,
Ulva lactuca. Epiphytic algae: EaR, epiphytic algae (red); EaB,
epiphytic algae (black); and EaG, epiphytic algae (green).
Invertebrates: Gas, gastropods; Pol, polychaetes; and Amp,
amphipods. Fishes: (L), body size equal or larger than 4.0 cm
in SL; (S), body size smaller than 4.0 cm in SL except for (O);
(O), body size of 1.3 cm in SL. Detritus: Det
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Discussion

Diet composition of blennies

In general, increases in d13C of 1–2& and in d15N of

3.4& (±1&, SD) are expected to occur between con-

sumers and their food resources (Minagawa and Wada

1984; Wada et al. 1991; Post 2002). Stomach content

analyses showed that these blennies preferred epi-

phytic algae. However, except for the smallest indi-

vidual (1.3 cm in SL, Fig. 4), this did not concur with

their d13C signatures, because the 3.7& (Ecsenius

namiyei, S) to 5.6& (E. lineatus, L) (collection I) and

3.4& (E. namiyei, L) to 4.5& (E. lineatus, L) (collec-

tion II) differences between blennies and epiphytic

algae (Fig. 4) were much higher than the expected 1–

2&. Since macroalgae constituted very little of the diet

for the two blennies, their d13C signatures may have

reflected the high detrital component of the diet

(Fig. 1). The enrichments in d13C of 1.8–2.4& and in

d15N of 2.1–2.5& between blennies and detritus (col-

lection II in Fig. 4) have lent support to this notion.

Moreover, the detritus might have mainly derived from

macroalgae, as indicated by the overlap of both d13C

and d15N values from the detritus and macroalgae

examined in collection II (Fig. 4).

Stomach content analyses showed that the two

blennies rarely fed on invertebrates. Similar results

were obtained from the stable isotope analyses as the

smallest increase in d13C between blennies and am-

phipods was 3.2& (small Ecsenius namiyei in collection

II), higher than the 1–2& expected in a consumer-food

source relation and the largest increase in d15N was

2.1& (E. namiyei, L, collection I) between blennies

and polychaetes and 2.3& (E. namiyei, L, collection I)

between blennies and gastropods, both much smaller

than the 3.4& for a trophic level difference.

Overall, the present results indicate that Ecsenius

lineatus and E. namiyei are both detritivores. At Lizard

Island, Great Barrier Reef, the salariin blenny, Salarias

patzneri, was also found to ingest more detritus than

any other dietary category including filamentous algae

(Wilson 2000). As widely occurring detritivores on

reefs, blennies represent a significant linkage between

detritus and secondary consumers and therefore play an

important role in reef trophodynamics (Wilson 2004).

Diet composition of the Pacific gregory

The diet and organic sources of Stegastes fasciolatus

were less variable. A high proportion (i.e., 49.1%) of

stomach contents of S. fasciolatus was algae (including

macroalgae and epiphytic algae). However, the smallest

difference in d15N between S. fasciolatus and algae

(including both macroalgae and epiphytic algae) was

4.3& in collection I and 3.7& in collection II, both

higher than that of the per-trophic level increase (3.4&).

Therefore, as an organic source, algae as a whole might

not have been as important to S. fasciolatus as might be

inferred from examination of stomach contents.

Like some other ‘herbivorous’ damselfishes, e.g.,

Stegastes planifrons (Lobel 1980) and S. nigricans

(Letourneur et al. 1997), S. fasciolatus also feeds on

benthic invertebrates. Attention is particularly drawn

to polychaetes, which made up 7.1% of the stomach

content (c.f. 2% in Hawaii; Hobson 1974), because the

1.7–1.8& depletion of d13C values and 3.1–3.3&

depletion of d15N values of polychaetes in the collec-

tions (Fig. 4) suggested that polychaetes might have

been the major organic source for S. fasciolatus. Other

invertebrates might have played a minor role, as indi-

cated by their deviations from polychaetes in terms of

stable isotope signatures. Conventional stomach con-

tent analysis might have underestimated the nutritive

contributions of polychaetes in contrast to other

invertebrates, because while the animals are rapidly

digested, the undigested chaetae were too minute to be

observed with dissecting microscopes due to the reso-

lution limit (Hyslop 1980; Hsieh 1995).

In northern Taiwan, farming behaviors of territorial

damselfishes such as Stegastes nigricans and S. lividus

(Randall et al. 1990) were not observed in S. fasciolatus.

The territory of S. fasciolatus could only be moderately

defined, not by any distinct difference in algal growth

(e.g., S. nigricans territory, Jan et al. 2003), but by a

series of concentric territorial boundaries defended

against heterospecific intruders (unpublished data).

Conventionally, algal food was assumed to be the prime

resource defended by permanent-territorial damself-

ishes. However, the present results indicate that the

priority of defending territory by S. fasciolatus was

possibly to secure polychaetes, which use the algal mat

as shelter in the daytime, rather than the algal mat itself.

Implications of dietary separations

The relationship presented in Figs. 2 and 3 strongly

indicate that both Ecsenius lineatus and E. namiyei

have very little food resource overlap with Stegastes

fasciolatus, and that they have significantly different

trophic niches within this particular food-web. In the

two Ecsenius blennies, both d13C and d15N signatures

were positively linked to body length. In the stomach

contents, a significant positive relationship also oc-

curred between detrital food and body length. Benthic

d13C signatures have been demonstrated to be highly
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variable (Hecky and Hesslein 1995), smaller, younger

individuals of many fish species are more susceptible to

predation and often utilize different habitats than lar-

ger, older individuals (Werner et al. 1977; Weaver et al.

1997). While the territorial damselfish might provide

protection for the blennies sharing the territory, the

role the damselfish plays on the foraging of these

blennies and the influence on stable isotope signatures

within blenny species also needs scrutiny. Moreover,

the positive links could have been caused by an onto-

genetic dietary shift (Cocheret de la Morinière et al.

2003; Deudero et al. 2004; Paterson et al. 2006), or by

different isotopic fractionations in fish of different ages

(Pinnegar and Polunin 1999; Overman and Parrish

2001). By contrast, the d13C and d15N relationships

depicted for Stegastes fasciolatus suggest this damsel-

fish have extremely high prey/food resource fidelity

and little trophic variability, regardless of body size.

In coral reef systems the EAC consists of a mixture

of epilithic algae, sediment, detritus, and invertebrates

(Wilson and Bellwood 1997). In this study the EAC

concept was applied to rocky reef systems with the

coverage of both macroalgae and epiphytic algae.

Since Stegastes fasciolatus and the Ecsenius blennies

feed on different food items from the EAC, they might

have avoided exploitative competition by this dietary

separation. This may explain their coexistence in reef

environments. The depleted d13C in polychaetes in

collection II (Fig. 4) suggests that the macroalgae-de-

rived detritus exploited by the blennies would not have

been the organic source for polychaetes, the potential

dietary resource for S. fasciolatus. Thus, interference

over dietary resources was not expected to occur be-

tween these cohabiting fishes. Moreover, by combining

the above findings, their widespread territory overlap is

possibly a sign of mutualism: S. fasciolatus allows ter-

ritory sharing and provides protection and, in return,

Ecsenius blennies clean up the algal mat by removing

sand and detritus.
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