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Abstract Habitats including depth, diurnal activity patterns, and diets of the two cheilodactylid

fishes Cheilodactylus zonatus and C. zebra were studied at Igaya Bay, Miyake-jima, Japan.
species occurred at nearly equal densities in identical habitats and depths.

Both
They preyed on ben-

thonic organisms from early morning to shortly before sunset, when feeding activities decreased
remarkably and intraspecific social behavior greatly increased. Gut analyses showed a high degree

of dietary overlap, but proportions of food items in their diets differed slightly.
more of a food generalist than C. zebra, showing a higher niche breadth value.

C. zonatus was
C. zebra tends to

feed on epifauna, especially gammaridean amphipods and decapods, while C. zonatus takes both

epifauna and infauna including polychaetes.

The morwongs, Cheilodactylidae, are Indo-
Pacific reef fishes which, for the most part, occur
in temperate waters and are antitropical in dis-
tribution (Randall, 1981, 1983). These fishes
constitute a conspicuous component of the temper-
ate reefs of New Zealand, Australia, South Africa,
and Japan (Randall, 1983). Some of the southern
hemisphere species are commercially exploited. In
Japan there are three species, all in the subgenus
Goniistius (Randall, 1983). Of these, Cheilodactylus
quadricornis Giinther occurs in deep water (Ma-
suda et al., 1980). The others, C. zonatus Cuvier
and C. zebra Ddderlein, are shallow water repre-
sentatives, with the former occurring abundantly
along the main islands of Honshu, Kyushu, and
Shikoku. C. zebra is less well-known, though
not rare, and is said to occur in somewhat deeper
waters (Kimura and Suzuki, 1980; Masuda et al.,
1980).

According to Randall (1983), the species of the
subgenus Goniistius are said to feed nocturnally,
remaining relatively inactive throughout the day-
time.

Our preliminary observations at Miyake-jima
(34°05’N, 139°30’E), one of the Izu Islands of
Japan, where C. zonatus and C. zebra are abun-
dant, suggested a broad overlap in nearly all
aspects of habitat including depth, and consider-
able diurnal activity. Our study of feeding habits
of these two species was initiated to quantify spe-
cific aspects of their coexistence that have hitherto
appeared as passing references in literature with
different intent (e.g. Randall, 1983; Masuda

et al., 1980).
Methods and material

Field work was carried out from September 5
to September 28, 1984, at Igaya Bay on the north-
west side of the island. This site has been de-
scribed by Moyer and Nakazono (1978), Moyer
and Zaiser (1981), Moyer and Yogo (1982), and
Tribble (1982). Comparative observations were
made along an ancient lava flow at Tsubota on the
southeast side of the island and along a fresh, one-
year-old lava flow at Awabe, on the south coast.
SCUBA was used for all underwater observations,
amounting to more than 46 man-h.

Data collection involved four phases: (1)
simultaneous censuses of both species over an
identical course; (2) diurnal behavioral activity
analyses of both species; (3) collection of spec-
imens for analysis of food habits; and (4) gut
content analysis. The first three phases were
conducted in the field at Miyake-jima and the
latter at the Laboratory of Fisheries Biology,
University of Tokyo. Methods for each phase
are described below.

Population census. A linear course 318 m in
length along a volcanic cliff ranging in depth from
3 to 26 m was followed by two divers simulta-
neously in mid-morning over a duration of three
days at the Igaya Bay study site. Depths were
categorized at 4 m intervals, i.e. 04, 4-8, 8-12,
12-16, 16-20, >20. All individuals of both spe-
cies were recorded independently by each diver
in each depth category.
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Diurnal activity analysis. Activities were ana-
lysed by two methods. First, all individuals of
both species were tallied by a single diver either
as “feeding” or “‘non-feeding” during mid-morning
census dives, both while following the census
course at the foot of the cliff and while returning
to shore over sand and rubble, 2040 m from the
base of the cliff. The entire course covered ap-
proximately 635 m and ranged in depth from 3
to 26 m. “‘Feeding” is defined as actual substrate
biting or filtering of sand and debris through the
gill rakers and operculum. ‘‘Feeding” was not
tallied unless it was occurring at the initial moment
of observation.

In addition, six behavioral categories were identi-
fied as follows: (1) foraging, (2) resting, (3) social,
(4) swimming, (5) cleaning, and (6) other. ‘“‘Forag-
ing” refers both to actual feeding and intraspecific
inspection of the substratum for food. “Resting”
is defined as motionless periods of time on the sub-
stratum or in mid-water with no identifiable social
function. “‘Social” refers to interspecific and intra-
specific interactions of any kind other than clean-
ing symbiosis. “Swimming” is defined as an obvi-
ous movement from one location to another with
no clear function other than a purposeful change
of location; e.g., a change of foraging locations, a
movement from feeding grounds to shelter, or a
change of location after a severe agonistic encounter
(clear- ly distinguishable from “‘fleeing”, which we
categorized as ‘‘social”). ‘“‘Cleaning” refers to
interactions with the obligate cleaners Labroides
dimidiatus and L. bicolor, even though these were
sometimes agonistic in nature. The final category,
“other”, involved rubbing of various parts of
the body against the substratum in apparent at-
tempts to remove parasites, yawning, etc.

Having defined behavioral patterns, three 15-
min observations were made by a single diver for
each species at each of three distinct times of day:
AM (between 0800-0900 h), Noon (1100-1300 h),
and PM (1630-1730 h), and total time in seconds
for each behavioral pattern was tallied during each
15-min observation. This was accomplished as
follows: the first large (>200 mm SL) individual
sighted on each activity analysis was observed con-
tinuously for the entire 15-min watch, and each
behavioral pattern was timed with an underwater
stopwatch and tallied immediately on a plastic
slate at its termination. The subsequent patterns
were timed and tallied consecutively in immediate

sequence until the 15-min observation was ter-
minated. ‘“PM” observations came near sunset,
at the beginning of the crepuscular day-night
changeover period. All activity analyses were
recorded from the Igaya Bay study site.

Specimen collection. After the census six spec-
imens of C. zonatus and eight of C. zebra were
collected from the Igaya Bay study site using
either monofilament nets or multipronged spears.
All specimens were taken between 1h prior to
sunset to 15 min after sunset. Thus, any food in
the gut would have been ingested diurnally. Im-
mediately after collection specimens were placed
in 10%; formalin and the gut contents preserved by
injecting 1009, formalin directly into the body
cavity.

Gut content analysis. Diets of C. zonatus and C.
zebra were determined by gut content analysis.
The standard length was measured for each spec-
imen in the laboratory. Food items from the gut
contents were sorted and identified to genus or
species when possible under a binocular micro-
scope. Each sorted item was weighed in wet
condition to the nearest 0.01 g.

To evaluate the relative importance of each
food item of each species, the following two meth-
ods were used: percentage occurrence of food
items and percentage composition of each item
by wet weight, which was calculated by dividing
the sum total of the individual weight for the item
by the total weight.

Niche breadth (B) and niche overlap (C,) for
diets of the two species were calculated by the
formulae of Levins (1968) and Horn (1966), re-
spectively:

B=—1
hZ=:1 Dint

2 hZ_ Din-Djn
Cz = =L

2Pt 2 Pjn2
h=1 h=1

where p;, and p, are the proportions of a particular
item 4 in the diets of species 7 and j, respectively
and s is the total number of food items in the diet.
B is more than 1.0 and larger values indicate wider
use of food resources. C, varies from 0, when
species ¢ and j share no food item, to 1.0, when all
items are the same. B has been commonly used to
measure niche breadth of species (e.g. Keast, 1978;
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Table 1.
at the Igaya Bay study site.
during three censuses.

Bathymetric distribution of Cheilodactylus zonatus and C. zebra over a 318 m course
Values indicate mean number of fish per diver observed

“

T
Depth in meters

Species

4-8 8-12 12-16 16-20 >20 Total fish
C. zonatus 0.5 5.0 10.5 16.0 6.0 4.5 42.5
C. zebra 0 5.0 11.0 12.0 13.5 12.5 54.0

George and Hadley, 1979 ; Macpherson, 1979, 1981;
Worgan and FitzGerald, 1981; Matthews et al.,
1982) and C, to measure similarity in the diets be-
tween different species (e.g. Zaret and Rand,
1971; Bray and Ebeling, 1975; Gascon and
Leggett, 1977; Baker-Dittus, 1978; Greenfield,
Greenfield and Brinton, 1983). In these calcula-
tions items less than 0.1% of the diet by weight
were given the value 0 and inorganic material
such as sand was excluded.

Results

Census. Although C. zebra appeared to be more
common than C. zonatus at depths below 16 m at
Igaya Bay (Table 1), statistical analysis showed no
significant difference in number of individuals by
depth between the two species (x*=6.46, df=35,
0.20<P<0.30). In addition, a single census over
a 300 m course between depths from 16 to 37 m
at Tsubota disclosed C. zebra only to depths of
18 m, whereas four individuals of C. zonatus were
observed at 37m. A similar census at Awabe
disclosed both species to be abundant at the
22 m deep end of the transect. Our data clearly
indicate that depth ranges of the two species were
nearly identical, with C. zonatus overlapping C.
zebra at both ends of the depth scale. Population
densities of C. zonatus and C. zebra did not differ
significantly (see Table 1, C. zonatus=42.5 per
diver, C. zebra=54.0, x*=1.37, df=1, 0.20<P<
0.30).

Diurnal activity analysis. Many feeding indi-
viduals of both species were observed during the
mid-morning census dives (Table 2), and general
diurnal activity patterns were very similar for both.
That is, the greatest amount of foraging occurred
in the morning, decreasing slightly by noon, and
diminishing remarkably near sunset, when social
behavior showed a great increase (Tables 3, 4).
Observations 30 min after sunset disclosed the
fact that both species resumed foraging, how-

Table 2. Numbers of feeding and non-feeding
fish of Cheilodactylus zonatus and C. zebra
over linear course (635m) during mid-
morning at the Igaya Bay study site. Fish
were tallied as “‘non-feeding’ unless observed
actually biting the substratum or filtering
material through operculum at the initial
moment of observation.

Number

Total : Nun}ber
. number [ o
Species of fish feeding non-feeding
observed fish fish
C. zonatus 50 22 (44.0%) 28 (56.0%)
36 (51.4%) 34(48.6%)

C. zebra 70

ever data were not collected on the intensity of late
crepuscular foraging activities. M. Hayashi (pers.
comm.) reported “sleeping” C. zonatus observed
on night dives at seaweed beds around Tenjin-
jima, Yokosuka, on the Pacific coast of central
Japan, between 2000-2200 h in August, 1976.
Social behavior differed in type as well as in
frequency between daytime and the crepuscular
period. Daytime behavior included flight from
the aggressive territorial damselfish Stregastes altus
and chases of or flight from conspecifics and con-
geners that approached foraging individuals.
Feeding was only momentarily interrupted at such
times. In contrast, crepuscular social interactions
were almost exclusively with conspecifics and in-
volved stereotyped displays presumably associated
with courtship. Although small individuals con-
tinued to forage at such times, large fish (>230mm
SL) foraged rarely as sunset approached. G.
Stroud (pers. comm.) observed a single spawning
of C. zebra at the Igaya Bay study site shortly after
sunset. Increased conspecific social interactions,
reduced foraging, and Stroud’s spawning obser-
vation, along with resumed foraging 30 min after
sunset suggest that spawning occurs around sunset
in both species. The increase of ‘‘resting” of
C. zebra at sunset (Table 4) results mainly from a
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Table 3. Activity allocations of Cheilodactylus zonatus over three 15-min (900 sec) observations

at each of three designated times of day at the Igaya Bay study site.

Values indicate total

time in seconds for each behavioral pattern of a single fish during each 15-min observation.
See text for definitions of three designated times and behavioral patterns.

Time Foraging Swimming Social Cleaning Resting Other
AM 863 10 27 0 0 0
839 40 12 0 9 0

857 8 28 0 7 0

Total 2,559 58 67 0 16 0

Noon 863 0 8 29 0 0
785 31 21 0 61 2

760 59 33 8 39 1

Total 2,408 90 62 37 100 3

PM 580 155 90 55 18 2
0 2 896 0 0 2

0 244 647 0 6 3

Total 580 401 1,633 55 24 7

Grand total 5,547 549 1,762 92 140 10

single 15-min observation of what may have been
a sick or abnormal individual. With the excep-
tion of that observation, both species appeared
least active around noon (Tables 3, 4).

Considering all behavioral activities, no notice-
able temporal or motor differences were detected
between C. zonatus and C. zebra. Our data in-
dicate that both species feed actively throughout
the daytime, greatly reducing feeding at sunset
when intraspecific social behavior becomes the
major focus of activity.

Feeding behavior. At the Igaya Bay site, C.
zonatus and C. zebra are biotically sympatric, feed-
ing in seemingly identical habitats in close proximi-
ty to one another. Interspecific agonistic encoun-
ters appeared to result from disputes over feeding
sites; interspecific aggression was minimal during
the crepuscular period when intraspecific social
interactions were most common for both species.
Food was taken from algal-covered and relatively
bare boulders and rocks, from living and dead
corals, small rocks, cobble, and sand. Unlike
the “strong suction” feeding method described by
Randall (1983), both C. zonatus and C. zebra
thrust their bodies forward rapidly and take force-
ful, often repeated bites at the substratum. When
the prey was on a hard substratum, clearly audi-
ble “clicks” accompanied each bite. Sand and
other debris were then filtered through the gill
rakers and out through the operculum. Feeding

individuals of both species were thus frequently
followed by labrids (Thalassoma cupido, Pseudo-
labrus japonicus, Coris dorsomaculata, Stethojulis
interrupta) and the pomacentrid Pomacentrus co-
elestis that fed either on organisms flushed from
cover by the feeding cheilodactylids or expelled
through the operculum. Usually a close 3-5 sec
inspection of the substratum preceded the thrust-
and-bite attack on the benthonic prey.

Gut content analysis. Of the six C. zonatus (142—
276 mm SL: mean 218) and the eight C. zebra
(152-280 mm SL: mean 218) collected, all had
guts full of food, including a variety of small ben-
thonic invertebrates. The diet of C. zonatus con-
sisted largely of gammaridean amphipods, poly-
chaetes, isopods, sponges, and decapods, while C.
zebra consumed relatively more gammaridean
amphipods and decapods and less polychaetes,
isopods, and sponges than C. zonatus (Table 5,
Fig.1). Gammaridean amphipods constituted the
major prey of both species, but were relatively more
important to C. zebra. These prey made up
70.0% of the gut content weight for C. zebra,
compared to 42.2% for C. zonatus. Although
both species fed on many of the same food items,
some difference was found in the proportions of
the food items in the diets (Table 5, Fig. 1).

The niche breadth values (B) calculated for the
diets of both species indicate that C. zonarus had
a higher niche breadth (8.09) than C. zebra (3.96).
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Table 4. Activity allocations of Cheilodactylus zebra over three 15-min (900 sec) observations at

each of three designated times of day at the Igaya Bay study site.

Values indicate total

time in seconds for each behavioral pattern of a single fish during each 15-min observation.
See text for definitions of three designated times and behavioral patterns.

Time Foraging Swimming Social Cleaning Resting Other
AM 810 0 90 0 0 0
830 34 36 0 0 0
898 0 2 0 0 0
Total 2,538 34 128 0 0 0
Noon 718 29 58 55 40 0
735 45 10 52 56 2
777 74 3 16 30 0
Total 2,230 148 71 123 126 2
PM 620 . 65 110 60 45 0
0 o239 646 0 15 0
32 105 230 0 533 0
Total 652 409 986 60 593 0
Grand total 5,420 591 1,185 183 619 2
100 to Masuda ez al. (1980) and Kimura and Suzuki-
_( (1980), C. zebra is said to inhabit somewhat deeper
waters than C. zonatus. However, our data in-
H dicate that at the Igaya Bay study site on Miyake-
| jima both species overlap completely in all as-
_ — Gammaridean pects of their .habltat u?cludmg depth. C. zebrais
< r amphipods  a more gregarious species than C. zonatus, and the
-g’ 50 L increase in numbers at >16 m (Table 1) may be
= more of an indication of social compatibility than
NS of true population density at that depth, a pos-
sibility strengthened by the fact that C. zonatus
—Decapods was found to be very common at 22 m at Awabe,
r Polychaetes and occurred to at least 37 m at Tsubota. Both
Isopods species were observed feeding in identical habitats,
/3':2"935 including bare sand, living and dead corals, algal
- r
0 sre covered boulders, small rocks, etc. Although

C.zonatus C.zebra

Percentage composition of food by higher
taxonomic group in wet weight for Cheilo-
dactylus zonatus and C. zebra at the Igaya Bay
study site.

Fig. 1.

The dietary overlap value (C;) between the two
species was high, 0.787.

Discussion

Water depth has been recognized as an important
component of habitat partitioning among related
marine fishes representing several genera (Ross,
1977; Hixon, 1980; Larson, 1980). According

not tallied on census dives, C. zebra was oc-
casionally observed at depths less than 4 m.
Juveniles of both species were found in tidal
pools. C. zonatus and C. zebra are thus biotically
sympatric at Miyake-jima.

The observations of Randall (1983) that the spe-
cies of the subgenus Goniistius are nocturnal for-
agers and that specimens collected by day tend
to have empty guts clearly do not fit the behavioral
patterns and gut content analyses of C. zonatus
and C. zebra at Miyake-jima. Both species feed
almost continuously throughout the morning and
early afternoon, decreasing feeding activities as
social interactions increase in frequency near
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Table 5. Percentage composition of food by taxonomic group in wet weight and frequency of

occurrence for Cheilodactylus zonatus and C. zebra from the Igaya Bay study site. -+, less
than 0.1 % weight; —, not consumed; N, number of fish examined.
C. zonatus (N=6) C. zebra (N=8)
Food items
% Freq. % Weight % Freq. % Weight

Gammaridean amphipods

Aorid sp. 100 3.5 100 7.2

Lembos sp. 50 4.1 100 11.8

Elasmopus sp. 1 100 5.3 88 1.3

Elasmopus sp. 2 17 0.1 75 2.4

Pontogeneia sp. 67 2.0 75 0.8

Elasmopus sp. 3 17 1.0 —_ —

Unidentified 100 26.2 100 46.5
Crabs

Thalamita spp. 50 5.6 88 8.2

Xanthids 83 3.6 63 1.8

Unidentified 33 1.1 63 6.6
Shrimps

Alpheus spp. — — 38 0.8

Rhynchocinetes uritai — 13 0.2

Unidentified 33 0.8 63 0.6
Isopods

Sphaeromatids 67 2.7 63 0.9

Idoteids 33 9.3 — —
Gonodactylid stomatopods 17 0.2 50 0.6
Galatheid crabs 17 0.1 13 0.4
Hermit crabs — — 13 0.1
Ostracods 100 0.2 63 +
Tanaids 17 0.1 25 +
Mysids — — 13 +
Sponges 100 11.3 100 4.5
Errant polychaetes 100 11.9 75 1.7
Terebellid polychaetes 67 3.4 13 0.4
Gastropods

Stomatella spp. — — 38 1.9

Olivids 50 0.9 — —

Eratoids 33 0.3 — —
Chitons — — 13 0.1
Ophiuroids 17 0.7 50 0.2
Echinoids 33 1.1 38 0.2
Algae 83 0.4 63 0.1
Fish scales — — 13 0.1
Sipunculids 50 0.7 — —
Mytilid bivalves 17 0.1 — —
Unidentified animal material 33 0.6 13 0.2
Sand 100 2.7 100 0.4

sunset. Both species are often observed at rest fish will resume feeding. The conspicuous posture

throughout the day, and their characteristic resting
posture, perched on pelvic fins on corals or in basket
sponges, etc., makes them conspicuous and not
easily forgotten. After a short period (our longest
recorded diurnal resting sequence was 82 sec), the

associated with periodic resting may suggest the
possibility that most foraging takes place at night.
Critical observations of the two Miyake-jima
species, however, have shown that this is not the
case. Other species of the subgenus Goniistius
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may prove to be diurnally active upon closer in-
spection. However, on the basis of a single
observation of “sleeping” at night (M. Hayashi,
pers. comm.), we are not yet prepared to say that
these species are quiescent nocturnally. Our
observations of feeding in almost total darkness
more than 30 min after sunset indicate that forag-
ing resumes after the crepuscular social interactions
cease.

A slight food segregation between C. zonatus and
C. zebra was seen. Although similar food items
were consumed by both species and the dietary
overlap value between the species was high, the
proportions of the food items in the diets were
somewhat different. This type of food segrega-
tion has been recognized among several other
marine (McEachran et al., 1976; Bell et al., 1978;
Targett, 1978) and freshwater fishes (Keast, 1978;
Smart and Gee, 1979). Furthermore, the fact
that C. zonatus had a much higher value of niche
breadth than that of C. zebra indicates that the
former is relatively more of a generalist than the
latter for food resource utilization. C. zebra
tends to feed on epifauna, especially gammaridean
amphipods and decapods, and C. zonatus tends to
take both epifauna, mainly gammaridean am-
phipods, isopods, sponges, and decapods, and in-
fauna, polychaetes. Similar findings in the diet
of C. zonatus have been obtained from Mito and
Misaki, on the Pacific coast of central Japan
(Suyehiro, 1942).

Many ecologists (e.g. Schoener, 1974) have sug-
gested that resource partitioning in ecological
communities usually occurs along the dimen-
sions of habitat, food, or temporal activity patterns.
However, considerable habitat and diet overlap
and similar diel activity patterns were observed
between C. zonatus and C. zebra at Igaya Bay
during the study period, although a slight food
segregation was found. Several studies have
shown that diets among related coexisting fishes
greatly overlap where food is relatively abundant,
while lower food abundance results in greater
trophic and/or habitat segregation (Zaret and
Rand, 1971; Werner and Hall, 1976; Gascon and
Leggett, 1977; Baker-Dittus, 1978; Matthews et
al., 1982; Greenfield, Rakocinski and Greenfield,
1983; Bengtson, 1984). Thus, the considerable
niche overlap between the two Cheilodactylus
species at Igaya Bay may be due to the relative
abundance of food resources, although we did

not examine food resource abundance at the
study area. '
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Japanese Journal of Ichthyology, 32(2), Sano and
Moyer: Page 240, left column, second paragraph, 4th
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