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INTRODUCTION

Myripristis amaena, the brick soldierfish or "menpachi", is a

small, nocturnally active, carnivorous fish of the family
Holocentridae (Fig. 1). It is an important member of coral reef
communities throughout the central and western Pacific (exclusive
of Easter Island; Greenfield 1968). M. amaena is found in and
around shallow reefs and rocky shoreline areas of high islands,
and around coral atolls. Along with other members of the genus
Myripristis, it supports a sizable recreational and commercial
fishery throughout the central and western Pacific.

Although many studies have been done on various members of
the family Holocentridae, only a few deal with Myripristis.
Greenfield (1965, 1968) reported on the zoogeography of
Myripristis and provided a revision of the genus (Greenfield
1974). Various aspects of the ecology and physiology of the

bigscale soldierfish, Myripristis berndti, have been studied:

Hiatt and Strasburg (1960) reported on its diet and feeding in the
Marshall Islands; Jones and Kumaran (1962) reported on larval
development from surface plankton collections in the Laccadive
Sea; Salmon (1965) studied acoustical behavior of the species;
Brecknock (1969) studied various aspects of its biology, including
habitat, distribution in Hawaii, nocturnal activity, and diet;
Randall and Gueze (1981) reported on Myripristis of the Red Sea
and clarified the taxonomy of the murdjan and hexagonus

complexes. Various aspects of several other species of




Myripristis have been studied briefly. Vivien and Peyrot-Clausade
(1974) reported on feeding behaviors of three holocentrid species,
including M. bowditchae. The study by Hiatt and Strasburg (1960)

on the feeding of fishes of the Marshall Islands included M.

occidentalis. Randall (1967) reported on food habits of reef

fishes of the West Indies, including M. jacobus.
As with most other species of Myripristis, little work has
been done on M. amaena. The species was described by Castelnau

(1873) as Neomyripristis amaenus, and redescribed as M. argyromus

by Jordan and Evermann (1905). Gosline (1955) recorded M.
argyromus at Johnston Island. Nelson (1955) reported on the
morphology of the swim bladder and auditory bulla in the
Holocentridae, including M. argyromus. M. amaena was included in
Greenfield's (1965, 1968, 1974) revision and zoogeography of
Myripristis. Hobson (1974) reported on feeding relationships of
teleostean fishes on coral reefs in Kona, Hawaii, including M.
amaena. Some diet and reproductive results exist as published and
unpublished data from the Hawaii Cooperative Fishery Research Unit
(HCFRU) studies at Puako, West Hawaii (Hayes et al. 1982), and in
the Northwestern Hawaiian Islands (Parrish, pers. comm.).

M. amaena is an important species in the recreational and
commercial catch throughout the central and western Pacific.
However, studies dealing with life history (age and growth,
reproduction, and diet) are lacking for M. amaena and scanty for

all other members of the genus. Because of the importance of M.




amaena in tropical coastal fisheries, and the overall lack of
knowledge of the life history aspects of tropical species in
general, a study on the life history of M. amaena could provide
new and useful results. This information would contribute to
understanding the basic biology of the species, and it would
provide a necessary basis for any kind of quantitative fishery
biology or aquaculture studies of this or any other species of
Myripristis. In addition, knowledge of the life histories of M.
amaena and other Myripristis species can aid in further clarifying
some of the complexities of coral reef trophic structure.

Possible management programs for Hawaiian fisheries in the near
future would require knowledge of life histories of commercial and
recreational catch species.

The M. amaena population at Johnston Atoll (JA) was used for
this study. Although nothing unique has been observed about this
population, JA seems an appropriate place to study M. amaena for
several reasons. It is plentiful and easily collected at many
locations throughout the year, and a good range of sizes (ages) is
readily available. M. amaena is an important species in the
recreational catch at JA, accounting for over one-half of the
total number of fish of all species taken there. The purpose of
this research has been to study the age, growth, reproduction, and

diet of M. amaena from JA.




MATERITALS AND METHODS

Specimen Collection and Handling

Field observations were made and specimens collected between
February 1984 and January 1986 at several locations at JA: around
Johnston Island and Sand Island, and from inside and outside the
barrier reef. All specimens were collected from depths of less
than 15 m; most were collected from less than 5 m. Most samples
were taken at night by bait casting from locations on Johnston and
Sand islands. Chemical collections and spearing were done at
locations close inside and outside the barrier reef and around
Johnston Island at various times during the day. Night
collections near the barrier reef were not attempted because of
logistic and safety constraints. An effort was made to collect
specimens at frequent intervals throughout the year. Sampling was
more intensive in some months than in others due to the scheduling
of triEs to JA or success of sampling by helpers at JA during my
absence.

After capture, specimens were weighed to the nearest 0.1 g,
and the total, fork, and standard lengths were measured to the
nearest millimeter. Whole guts and gonads of captured specimens
were excised at the anterior end of the esophagus and at the anus,
and preserved in 10% buffered formalin for further analysis.

Heads were frozen for otolith examination. In my absence from JA,
collected specimens were first labeled, frozen whole, and stored

for some weeks before the above procedures were performed.




Age and Growth

Specimens were selected so that a wide range of sizes (ages)
was represented. Otoliths were extracted by making a frontal
section just above the eyes. All six otoliths--pairs of sagittae,
lapilli, and asterisci--were extracted whenever possible. The
sagittae were then cleaned in sodium hypochlorite, dried at 60° C
overnight, measured in weight to the nearest 0.0001 g, and the
largest dimension measured to the nearest 0.01 mm. The sagittae
from selected specimens were then mounted in clear casting resin,
sectioned perpendicular to the long axis of the otolith, attached
to aluminum stubs, ground and polished. They were then etched for
10-20 minutes, depending on the size of the otolith, in 7% EDTA
(pH 7.4) and then vacuum coated with gold for viewing with a
scanning electron microscope (SEM). Increments were counted from
video tapes and scanning electron micrographs of the sagitta
surface, usually starting at the rostrum (anterior) and moving to
the origin (center). SEM increment counts were done by Dr.
Richard Radtke (Hawaii Institute of Marine Biology, University of
Hawaii, Honolulu, Hawaii). On the assumption that one increment
equals one day's growth (Panella 1971, 1974), the data were fitted

to the von Bertalanffy growth equation,

1, = Lo (1-e K(E-t0))

where:




1. = the standard length in millimeters at age t

Lo = the maximum length attainable (asymptote) in millimeters

K = a measure which describes the rate at which 1t
approaches L=

t = the age of the fish in years

t, = the X intercept, or the time at which theoretically

the length was zero

To validate the assumption of periodicity in layering of
otolith increments, a marking study was conducted. Injecting the
antibiotic tetracycline into live specimens allows the otoliths to
be marked in vivo (Blacker 1974; Wild and Foreman 1980; Ralston
and Miyamoto 1983; Campana and Neilson 1985). Tetracycline
becomes incorporated onto the growing surface of all calcium
carbonate hard parts, producing a mark on the otolith which is
visible as a fluorescent green band when viewed under a microscope
with an ultraviolet light source. Periodicity in layering of
otolith increments can also be validated by marking the otolith
using the diuretic acetozolymide. Acetozolymide inhibits
calcification of the growing surface of the otolith, and
consequently produces a disruption area in otolith increments
which is visible when viewed with a SEM.

Fourteen live M. amaena (72 mm - 127 mm SL) were collected
from Johnston Island by bait casting and immediately transferred
to aquaria. After the specimens had become acclimated and had
been eating for approximately one week, the marking study was
started. Six specimens were weighed and then given an
intraperitoneal injection of 100 mg/kg wet body weight of the

tetracycline. The remaining eight specimens were weighed and




given an intraperitoneal injection of 1 mg/kg wet body weight of
acetozolymide. The fish were then fed and monitored daily for 21
days after injection, during which five specimens died. The four
remaining tetracycline-marked fish and five remaining
acetozolymide-marked fish were then sacrificed and weighed, and
the standard, fork, and total lengths were measured. The saggitae
from the marked fish were extracted, cleaned, weighed, measured,
mounted and sectioned as in the above procedures. Tetracycline-
marked sagittae were examined and increments counted using a
microscope fitted with an ultraviolet light source.
Acetozolymide-marked otoliths were examined with a SEM. For both
chemical markers, the number of increments between the mark and
the outside edge of the sagitta were counted and compared to the
number of days the fish remained alive after injection.

If deposition of otolith increments is indeed daily, the
estimated date of birth or spawning can be calculated by
subtracting the total number of increments from the date of
capture. This was done for the two youngest individuals to arrive

at the estimated date of birth.

Reproduction

Spawning season, size at first reproduction (SFR) and
fecundity were studied in order to provide a basis for
understanding the reproductive biology of M. amaena. Gonads of
430 specimens were visually examined and classified (based on

their size, color, texture, and morphology) as male, female,




immature, or unknown. A selection of these gonads from specimens
collected during reproductive and nonreproductive periods were
removed, wet weighed to the nearest 0.001 g, and preserved in

70% isopropyl alcohol for further examination. Gonads selected
for histology were prepared and embedded using Kahles solution
(108 ml formalin, 270 ml 95% EtOH, 18 ml glacial acetic acid, 540
ml distilled water), with a graded series of EtOH and butyl
alcohol dehydration. Embedded gonad subsamples taken from the
anterior, middle, and posterior regions of the selected gonads
were then sectioned at five and 10 microns, mounted on plain
microscope slides, and stained using Delafield hematoxylin and

eosin Y techniques.

SFR was estimated based on visual examination of gonads and

by using the gonadosomatic index (GSI), where:

GSI = (gonad wet weight / whole body wet weight) x 100

GSI was plotted against standard length (SL) for male and female
M. amaena collected from periods during which the species appeared
to be reproductively active. A sharp rise in the gonad weight at
some length indicated the SFR. SFR was also estimated based on
histological examination of gonads from specimens collected during
the April 1984 spawning peak. Eggs were examined for size and
stage of development from sections of 11 females representing a

range of sizes. Staging was based on size, morphology, and




staining properties of eggs (Khoo 1978; Wallace and Selman 1981).
Testes from five males were examined histologically for presence
of sperm.

Spawning season was estimated by plotting GSI against month of
capture for sexually mature specimens. Males and females (n=99)
above 145 mm SL collected throughout the sampling period were
used. Histological sections of samples from March, April, May,
July, and August 1984 were examined for further validation of
reproductive periods. Since frozen gonads do not stain well,
histology was not done on the January or October collections which
were frozen after capture.

Batch fecundity is defined as the estimated number of mature
ova in the gonad of a spawning female (Everhart and Youngs 1981).
Ovaries from 12 gravid females collected during the January 1986
spawning peak were used to estimate fecundity. Three 0.02 g
aliquots from mid sections of each ovary were taken. All mature
ova were counted using a binocular dissecting microscope. Based
on the histology, mature ova were defined as all ova larger than
0.4 mm on the major axis. A fecundity estimate, F, was calculated

for each female from the formula:

F = ((Ny+Ny+N3)/3) x (G/S)

where:
Ny, N2, N3 = the number of mature ova in each aliquot
G = total gonad weight
S = weight of a gonad aliquot (0.02 g).




Diet

Guts preserved in 10% buffered formalin were rinsed in fresh
water. The volume of the full gut was measured by displacement of
water in a graduated centrifuge tube. After contents were
removed, the gut was rinsed again, and the displacement volume of
the empty gut was recorded. All diet items were sorted into
systematic groups and identified to the lowest possible taxa. For
each prey group, the number of individuals, length, extent of
digestion, location in gut, and volume were recorded. Whole
reference specimens were used as an aid in identifying prey items
and estimating the original size of the prey by comparison of the
dimensions of recognizable parts. Volume of each prey group was
estimated by measuring its displacement in the graduated
centrifuge tube (Wolfert and Miller, 1978). A measure of overall
importance of each prey group was calculated using the Index of

Relative Importance (IRI), as defined by Pinkas et al. (1971):

IRI = (numerical ¥ + volume %) x frequency %
where:

numerical % = (the number of individuals of one prey

category divided by the total number of prey

individuls found in all the guts) x 100

volume % = (the volume of one prey category divided by
the total volume of all prey found in the guts) x 100

frequency % = (the number of guts containing prey of

one category divided by the total number of guts
which contained any identifiable prey items) x 100
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RESULTS

Age and Growth

The relationship between the total wet body weight (W) in
grams and the standard length (SL) in millimeters was plotted
(Fig. 2) and described by performing a power fuction regression on

these two variables. The equation is :
W = 0.00003097 (SL)3-942 | (2 =  995)

For M. amaena, weight is approximately a cubic function of
standard length, indicating nearly isometric growth.

Growth increments of sagittae from 15 M. amaena ranging in
size from 44 to 187 mm SL were counted using SEM to give age
estimates (Fig. 3). Assuming that the increments were deposited
daily, the data were fitted to the von Bertalanffy growth equation
and the growth curve was plotted (Fig. 4). The estimated values
for the parameters and their confidence limits are given in
Table 1.

The periodicity of growth increment formation was examined
using four tetracycline and five acetozolymide marked specimens
held for 21 days post injection. A discrete disruption of
increments was discernible in three of the five acetozolymide
marked specimens (Fig. 5), and increments were counted for those
sagittae. The mean number of increments from the disruption mark
to the sagitta perimeter based on nine counts of the three

specimens was 20.22 with a pooled range of 19 to 22 increments

11




(Table 2). A discrete fluorescent band was discernible in all

four tetracycline marked specimens (Fig. 6 and 7), and increments

were counted in three of them. The mean number of increments from
the inner edge of the tetracycline mark to the perimeter of the
sagitta, based on nine counts of the three specimens, was 19.33

with a pooled range of 17 to 22 increments (Table 3).

Reproduction

GSI's of females and males collected during reproductive
periods throughout the year indicated an increase in GSI at a
range of 153-156 mm SL for females (Fig. 8) and a range of 149-156
mm SL for males (Fig. 9). Based on histological examination of
developing oocytes in females, five developmental stages were
defined (Table 4). Sexual maturity was defined based on the
presence of ovaries with oocytes in the late yolk granule stage
for females (>0.4 mm diameter; see Fig. 10) and the presence of
mature sperm in males (Fig. 11). The 11 ovaries and five testes
examined histologically indicated that sexual maturity occurred
near 154 mm SL for females, and 149 mm SL for males.

In order to determine spawning season, 99 mature individuals
(>145 mm SL) were put into classes based on month of capture.
Fish were collected during all months except September. GSI was
then plotted against month of capture (Fig. 12). Spawning peaks
occurred during January, April, May, and October, with the major
peak in April. Based on visual examination, GSI, and histology,

no sexually mature individuals were recorded among specimens

12




collected during any other months. The fecundity estimated from
the 12 ovaries sampled ranged from 12,400 mature ova for a 156-mm
SL fish to 69,200 for a 181-mm SL fish. Linear regressions were
performed in which fecundity, F, in thousands of eggs was compared
with standard length, SL, in millimeters and whole wet body weight

in grams (Fig. 13). The regression equations are

3.0 x 10° + 1942.76(SL) , (r2 = .67)

o)
Il

F = -1.27 x 10° + 889.31(W) , (r? = .83)

Diet

Gut contents of specimens collected during the day and night
were compared. Specimens collected at night yielded large numbers
of prey items in guts, whereas specimens collected during the day
almost always had empty guts or well digested contents. From 62
daytime collected guts analyzed, only four contained more than one
identifiable food item. These four samples were all collected at
0730 hours, so the food items within them were most likely taken
while it was still dark. All 64 guts examined from night
collections (2000-0200 hrs) contained identifiable prey items
which were analyzed quantitatively and qualitatively (Table 5).
Crab megalops (Portunidae) occurred in a great majority of the
guts and had the highest IRI. Hermit crab larvae (Paguroidea)
occurred in over half of the guts analyzed. Alpheid shrimps
occurred in slightly less than half. Based on the combination of
all abundance measures, these were the three most important prey

items in the diet of M. amaena at JA.

13




DISCUSSION

Age and Growth

Although the volume of growth and age data on temperate and
tropical marine fish species is large and expanding, virtually no
work has been done on holocentrids, including Myripristis. Based

on length-frequency data, Pauly (1978) reported von Bertalanffy

parameter estimates for one small squirrelfish, Sargocentron |
diadema (Table 6). There appear to be no other studies on growth
of holocentrids.

In the present study, the otolith counts made with SEM gave
age estimates for M. amaena that could be represented well by a von
Bertalanffy age-length model, and the daily nature of increment
deposition was validated by the tetracycline and acetozolymide
marking experiments. The high increment counts (5000 for a 187-mm
SL fish) and low K estimate seem to indicate that M. amaena is a
long-lived, slow growing fish. It becomes sexually mature at
approximately six years of age and lives up to at least 14 years.
There was no detectable increase in length of the aquarium held
specimens during the 21 days of the marking experiment, even
though the specimens were fed to satiation daily. This also
suggests slow growth. The estimated L and its confidence limits
indicate that M. amaena can grow to a maximum standard length of
205 mm, relatively close to the largest specimen (215 mm SL)
recorded from all collections made at JA throughout this study.

The estimate of t_  (-0.66 years) seems quite a large negative

14




value. This may be due to the lack of data for young specimens
(smaller than 44 mm SL). One method of compensating for this data
deficiency is done by inserting plausible, hypothetical age at
length data near the origin of the growth curve. Inserting the
single datum point length zero at time zero into the growth
regression changes the t, estimate to -0.29 years with an upper
confidence limit of -0.057 years, but changes the rest of the
curve only slightly. Radtke (1978) and others found that in
species having rapidly developing embryos, initial increment
deposition does not occur until yolk-sac absorption or first
feeding (Jones 1986). This would result in negative t  estimates
for such species. Pauly (1978) stated that t, is almost always
negative.

Growth parameters and maximum age estimates derived from
enumeration of annuli on otoliths and scales for some long-lived
fish species as reported by Manooch (1982) are presented in Table
6 for comparison with estimates from the present study for M.
amaena. Age estimates and growth parameters for M. amaena are
similar to those of other species reported by Manooch. Those for
M. amaena, however, are very different from estimates derived from

length-frequency data for the squirrelfish Sargocentron diadema,

and the bigeye Priacanthus tayenus (Pauly 1978; Ingles and Pauly

1984; see Table 6)--both nocturnally active fish with similar
lifestyles and habitat to those of M. amaena. These differences
could be strongly affected by the different methods used to arrive

at the estimated values.
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Although the marking experiments performed strongly suggest
that otolith deposition is a daily phenomenon, longer and more
thorough marking experiments using a wider range of specimen
sizes--especially juveniles--would help to confirm the periodicity
of deposition. Recent studies indicate that deposition rates can
vary depending on a variety of factors such as photoperiod,
feeding, temperature, and life stage (Wild and Foreman 1980;
Victor 1982, 1986; Brothers et al. 1983; Ralston and Miyamoto
1983; Campana 1984; Campana and Neilson 1985; Radtke 1985; Jones
1986). Jones (1986) found that when these factors were within the
range of a species' natural environment, both in the field and
laboratory deposition was daily for the larvae of most species she
studied. From otolith marking experiments, Ralston and Miyamoto
(1983) found that increments were formed daily in subadult

opakapaka, Pristipomoides filamentosus. Based on

growth-rate data from the otoliths of unmarked adults, they
suggested that the onset of reproductive maturity temporarily
interrupted daily increment deposition and otolith growth.
Subadult M. amaena were used for the marking experiment in the
present study, and all showed deposition of daily increments.
Some species exhibit distinctly different increment
characteristics and deposition rates on otoliths before and after
recruitment (Victor 1982, 1986; Brothers et al. 1983; Campana
1984; Radtke 1985; Tricas pers. comm.). In M. amaena sagittae,

increments at and around the central nucleus were distinctly

16




different from increments deposited later in life (Fig. 14). 1In
all planes of all sectioned sagitta examined, these distinctive
early increments were present and arranged in radiating
"peripheral nuclei" (Campana 1984) around the central nucleus.
Peripheral nuclei extended out to a clearly defined point and
abruptly ended where the "outer-zone increments" (Campana 1984;
see Fig. 3) began. Similar peripheral nuclei have been reported
by others (Brothers et al. 1983; Campana 1984; Campana and
Neilson 1985). They are known to occur in many fish species, and
are deposited asymmetrically around the central nucleus through an
unknown mechanism (Campana and Neilson 1985).

For sagittae in starry flounder, Platichthys stellatus,

Campana (1984) concluded that the transition between the inner
peripheral nuclei and the outer zone occurred at metamorphosis,
and thus growth increments between the core and the transition
zone would have been formed during the larval stage. The sagittal
incremént microstructure of the inner zone was radically different
from that of the outer zone. Such changes in increment
microstructure may accompany concurrent shifts in behavior and
habitat such as those that occur from larval life to metamorphosis
to settlement (Campana 1984). Radtke (1985) found similar
transition zones in sagittae of the Hawaiian damselfish, Abudefduf
abdominalis.

Sagittae of M. amaena demonstrated a distinct pattern of
structurally different inner and outer increment zones with an

abrupt transition between them that could be interpreted as a

17




"settlement mark". The number of "presettlement" increments
within the inner zone would indicate that the one specimen
examined had a larval life phase of about 115-125 days. O0f 100
species of wrasses reported by Victor (1986), the longest duration
of the planktonic larval phase was 121 days, and average duration
was about six weeks. Walsh (in press) reported planktonic stages
of up to three months for some Hawaiian fishes. In 12 families of
fishes, Brothers et al. (1983) reported the length of larval life
for most species to range from three to six weeks, with a minimum
of just over two weeks and a maximum of 12 weeks. It may be that
M. amaena, with its long life span, slow growth, and slow
maturation, has an extremly long larval stage.

The occurrence of subdaily increments would provide an
alternate explanation for the many early increments. Campana and
Neilson (1985) surmised that there is a basic daily frequency of
increment deposition in most fishes due to an endogenous circadian
rhythm. Fluctuations in water temperature or feeding schedule
under both natural and experimental conditions can then cause
subdaily increments to be formed in addition to the daily
increments (Campana and Neilson 1985). Other investigators have
reported inducing the formation of subdaily increments
experimentally by means of water temperature variation (Brothers
1978) and by extended photoperiods (Taubert and Coble 1977).
Because of the lack of young specimens (smaller than 44 mm SL),

the results of the present study can only suggest the

18
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interpretation of this portion of the growth history. More
detailed examination of a series of otoliths from young specimens
will be necessary to fully interpret this early development and
the events of larval life and metamorphosis.

Otoliths of most teleost fishes are composed of aragonitic
calcium carbonate situated within a protein matrix. 1In faster
growing fishes, or during periods of fast growth, it appears that
more protein is deposited in the otolith, resulting in a lighter,
less calcified otolith. In slow growing fishes, or during periods
of slow growth, higher proportions of calcium carbonate are
deposited, resulting in a heavier, more calcified otolith (Radtke
1984a). Sagittae of M. amaena proved to be highly calcified.
Highly calcified otoliths often require long etching times (15-25
minutes), and special techniques such as differential etching may
be needed to adequately expose increments (Radtke 1984b, pers.
comm.). For some species, the lapillus or asteriscus gives
better‘results and is used in place of the sagitta (Jones 1986;
Radtke pers. comm.). In future studies of Myripristis age and
growth, one of these other otoliths may prove to be better to work

with than the sagitta.

Reproduction

The results from the three independent analyses of gonads--
histology, GSI, and visual examination--indicate that sexual
maturity of M. amaena occurs at 153-156 mm SL for females and 149-

156 mm SL for males. These results correspond closely to SFR
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estimates from specimens collected at Puako: 145-160 mm SL, sexes
combined (Hayes et al. 1982). The Puako GSI data are included in
Fig. 8 and 9. Creel census data taken at JA from February 1984 to
January 1986 indicate that 60% of all M. amaena taken were below
150 mm SL. Although the species is now abundant at JA, fishing
pressure on it accounts for over 50% of the total number of fish
of all species taken there (Dee et al. 1985). There is apparently
no serious problem at this level of catch, but excessive catch of
prereproductive menpachi over time could result in recruitment
overfishing which can seriously damage a stock.

It is well known that many tropical marine species show a
collective spring spawning peak and a second peak in the fall
(Watson and Leis 1974; Johannes 1978; Walsh in press). Spawning
of M. amaena at JA appears to occur in April/May, with a secondary
peak in late September. Although no collections were possible in
September, visual examination and GSI data from collections made
throughout October 1985 suggested the late stages of a spawning
period which probably peaked in late September. Back calculation
using the total number of otolith increments counted for the two
smallest individuals aged by SEM examination indicated that one
individual was spawned in late September and the other in early
October. A spawning peak also occurred in January 1986, which
could have been due to the unseasonably calm conditions during
that month. No spawning activity was observed from collections of
M. amaena made during January 1985. Spawning was also recorded

during January 1986 for Megaprotodon trifascialis, which had not
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been known to spawn during that month in previous years (D. Irons
pers. comm.). GSI's for M. amaena collected in January 1986 were
as high as those of specimens collected during the April spawning
peak, or higher.

Spawning appears to be concentrated in April and early May by
M. amaena at JA and throughout May and early June at Puako (Hayes
et al. 1982). Munro et al. (1973) reported on spawning seasons
for two holocentrids in the Caribbean. High percentages of ripe

specimens of longjaw squirrelfish, Holocentrus ascensionis, were

collected from January to May, 1971 with the greatest proportion
ripe in February. Low percentages of ripe specimens of

Holocentrus rufus were collected from February to June, 1971. No

data were available for other months of the year. Variability in
timing of spawning due to factors such as lunar periodicity, water
temperature, plankton productivity, photoperiod, currents and
rainfall occurs commonly, and spawning time can vary from year to
year, even at the same location (Watson and Leis 1974; Wyrtki
1974; Johannes 1978; Walsh in press).

Watson and Leis (1974) proposed that the combined spring and
fall reproductive peaks they found for Hawaiian marine fishes
represent an adaptation to the local current system, enabling
larvae to develop in the plankton and return to the reefs when
ready to settle. Lobel and Robinson (1986) found that eddies
generated by the Island of Hawaii, interacting with the local

current system, can entrain locally spawned larvae and retain them
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in the area long enough for many reef fish species to complete
their pelagic development phase, and that passive drift back to
their natal reef areas is possible. Walsh (in press), however,
stated that changes in water temperature and/or photoperiod are
most likely responsible for observed patterns of spawning and
recruitment in Hawaiian reef fishes. For M. amaena at JA, there
was no indication that temperature affected the time of spawning.
Temperatures during the reproductive period of January 1986 were
among the coldest recorded during the entire study, while
temperatures during spawning in April 1984 were among the highest
recorded (Irons et al. 1984).

Many marine species appear to have lunar spawning cycles;
most of these spawn on or around the full or new moon (Johannes
1978). The adaptive significance of lunar periodicity in spawning
has not been clearly established. Of the Hawaiian fishes
investigated thus far, lunar periodicity in spawning has been
demonstrated for fewer than half (Walsh in press). There
may be a possible correlation between lunar cycle and time of
spawning for M. amaena. Examination of eggs of gravid females
collected during January 1986 showed increasing percentages of
mature ova from collections made closer to the date of the full
moon. Interpretation is based on only minimal data, however, and
one can only suggest the possibility of lunar periodicity in
spawning of M. amaena.

Larval and newly settled M. amaena were elusive throughout

the present study, and very little data could be collected

22




regarding recruitment. For Hawaiian fishes in general, based on
numbers of spawning records, the peak spawning period occurs in
April and May, with a secondary period in October for some
species. Based on numbers of recruitment records, the peak
recruitment period for most Hawaiian fishes studied occurs in June
and July with a secondary period in February and March (Walsh in
press). As with spawning, there appears to be considerable
variability in the timing of recruitment from year to year, and
the factors determining recruitment variability may be highly
localized in time and space (Victor 1982; Williams 1983; Sale
1985; Schroeder 1985; Walsh in press). For M. amaena, estimated
spawning dates in late September and early October were derived
from sagittal counts for the two youngest specimens aged in the
present study. Enumeration of increments before and after the
assumed settlement mark appear to indicate that the youngest
specimen settled in early February. Although based on minimal
data, these results correspond roughly with one of the seasonal
reproductive periods presented by Walsh (in press).

Mode of spawning in Myripristis and all other holocentrids is
still unknown (Leis and Rennis 1983). Jones and Kumaran (1962)
reported on larval and juvenile development of M. murdjan
collected at night from surface plankton tows in the Laccadive
Sea. The largest postlarvae collected measured 16.3 mm TL and
nearly approached the juvenile in general appearance, with the

exception of the remaining rostral, supraoccipital and
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preopercular spines. The smallest juvenile obtained from their
collections measured 51 mm TL and was similar to adult M. murdjan
in all essential features (Jones and Kumaran 1962). From the
information given, it is difficult to tell if the 51 mm TL
specimen was indeed associated with the plankton, or if it had
merely been feeding at the surface as adults do at night. Leis
and Rennis (1983) recorded the size of the largest pelagic
specimen of Myripristis they examined to be 48 mm SL. The
smallest specimen of M. amaena collected in the present study
measured 44 mm SL. Collected during the day from a small coral
head under a pier at Johnston Island, it appeared to have been a
new recruit (Randall pers. comm.).

The equations relating fecundity of M. amaena to standard
length and weight suggest that fecundity can be expressed as a

2

linear function of both variables. Weight (with an r“ value of
0.83) appears to be a better linear predictor of fecundity than is
standard length (with an r2 value of 0.67). In many other species
as well, variations in fecundity are explained in terms of weight
as well as or better than in terms of length (May 1967; DeMartini
and Fountain 1981). The reproductive life of M. amaena may exceed
eight years, with batch fecundity ranging from 12,400 mature ova
for a 156-mm SL fish to 69,200 for a 181-mm SL fish. An estimate
of the batch fecundity of the largest specimen (215 mm SL)
reported from JA is 115,800 mature ova. The number of spawnings

per year for M. amaena is unknown. Assuming a minimum of one

spawning per year, the estimated average lifetime fecundity of an

24




individual that lived 15 years would be 475,000 ova. This
conservative estimate suggests that M. amaena is a species of
relatively low fecundity. Even with multiple spawnings per year,
the lifetime fecundity would still be low compared to many other
species. From the present study, there is no evidence for or
against multiple spawning. Considering the relatively low batch
fecundity estimates, it is quite possible that M. amaena has more
than one spawning period in a year and/or spawns more than once
per spawning period.

Compared to the eggs of many other species, mature eggs of M.
amaena are relatively small (0.40-0.54 mm). Because small eggs
contain small amounts of yolk, it is likely that hatching and
prolarval periods for M. amaena are short. The postlarval stage
appears to be very long, which may allow postlarval M. amaena to
selectively settle onto suitable reef areas. A larval life
history such as this, combined with production of several small
batches of eggs over a long reproductive life, would lend itself
to establishing a stable population, similar to those which appear

to be characteristic of Myripristis.

Diet

It is well documented (Hobson 1974) that M. amaena--like
other Myripristis species--is primarily a nocturnal feeder (Hiatt
and Strasburg 1960; Randall 1967; Vivien and Peyrot-Clausade
1974). Guts from specimens collected during daylight after early

morning yield few or no food items (Hobson 1974; Parrish pers.
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comm.). Results from the present study also indicate that M.
amaena feeds almost exclusively at night. Although the majority
of its feeding activity takes place in the upper water column, the
present study indicates that M. amaena at JA is not a strict
planktivore. Instead, it frequently takes certain food items
from or near the substrate. The opheliid polychaete,

Polyophthalmus pictus and the eunicid polychaete, Nematonereis

unicornis, are both bottom dwellers and were frequently taken by
M. amaena. Another eunicid occasionally taken was Eunice
antennata which is also benthic (J. Bailey-Brock pers. comm.).

The benthic alga, Dictyosphaeria sp., common at JA, was also

occasionally found in gut contents of M. amaena, and on two
occasions, coral fragments were found. Gastropods and coral
fragments have been reported from gut contents of M. berndti
(Brecknock 1969).

Differences in diet of M. amaena at JA due to differences in
habitat were studied for possible trends. Guts from specimens
collected around Johnston Island, a heavily impacted area
consisting primarily of seawalls, piers and dredge spoil, were
compared with guts from specimens collected around Sand Island, a
much less impacted area with a relatively unchanged substrate.
Only slight differences in diet were detected between these areas.
Specimens collected around Johnston Island occasionally had guts
filled only with hermit crab larvae, while specimens collected

around Sand Island occasionally had guts filled only with crab
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megalops. This suggests that possible "swarms" of these prey
would occasionally occur at one of these locations and not at the
other. Certain polychaetes appeared to be much more prevalent at
one location than at the other, perhaps a result of the different
substrate characteristics of the two locations. 1In order to fully
examine these types of dietary trends, however, comparisons should
be made between very pristine and very impacted locations. The
general surroundings of both Johnston Island and Sand Island have
experienced considerable alteration.

Zooplankton eaten by M. amaena and other holocentrids is
usually an abundant and accessible food source in shallow reef-
dominated environments such as JA. It commonly contains a large
component of resident meroplankton which remains cryptic during
the day and becomes active at night (Parrish in prep.). Crab
megalops, hermit crab larvae and alpheid shrimps are the major
items in the diet. Stomatopods, tanaids, mysids, fish and benthic
polychaetes are also taken.

Diet results for M. amaena from JA were compared with those
from other locations (Table 7). Crab megalops comprised the vast
majority of the total diet volume at Kona (Hobson 1974), with
decapod shrimps second. In the Northwestern Hawaiian Islands
(Parrish pers. comm.), stomatopods comprised the majority of the
total diet volume, followed by fish and crab megalops. In studies
based on numerical percent at Puako, the major prey were crab
megalops, shrimps, and amphipods in decreasing order of importance

(Parrish pers. comm.). Taken together, these results suggest
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that, at least in remote, central Pacific islands, crustaceans
make up the major portion of the diet of M. amaena, with crab
megalops usually the most important food item overall. Brecknock
(1969) reported crab megalops to be the primary prey of M.
berndti.

Holocentrids commonly make up a significant portion of the
total fish community and are important predators throughout their
range. In the Northwestern Hawaiian Islands, seven species of
holocentrids, including M. amaena, comprised 12% of all
individuals in the fish community (Parrish et al. 1986). 1In
Tulear, Madagascar, three species of holocentrids comprised 2.2%
of the total fish population (Harmelin-Vivien 1981). At JA, M.
amaena alone accounted for approximately 2% of all individuals in
the fish community. M. amaena, along with three other species of
holocentrids, accounted for approximately 3% of the total fish
community there (Dee et al. 1985).

The importance of holocentrids as predators has been well
documented (Randall 1967; Hobson 1974; Vivien and Peyrot-Clausade
1974; Gladfelter and Johnson 1983). Gladfelter and Johnson (1983)
found that seven species of squirrelfishes comprised >99% of the
nocturnally active, benthic-crustacean-feeding fishes at St.
Croix, U.S. Virgin Islands. Randall (1967) reported that
holocentrids accounted for approximately 14% by number and 11% by
weight of all zooplankton consumed as prey by the fish community

at St. John, U.S. Virgin Islands. In the Northwestern Hawaiian
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Islands, holocentrids including M. amaena are among the most
successful families of fish predators, accounting for 38% by
number, 64% by weight, and 52% by volume of the large crustacean
community (crabs, shrimps, stomatopods and lobsters) taken as
prey. The fraction of the complete food consumption (all prey in
the community combined) by this entire fish community, that is
eaten by holocentrids, is about 13-17% (Parrish pers. comm.).
Holocentrids are also an important element of the community as
prey for other fishes. In the Northwestern Hawaiian Islands, 6%
of all identified fish prey individuals were holocentrids (Parrish
et al. 1986). As a widespread and abundant group that is an
active predator and vulnerable prey, holocentrids play a major

role in the trophic structure of tropical marine ecosystems.
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SUMMARY

M. amaena at Johnston Atoll has an interesting (and somewhat
unconventional) life history pattern and apparently is an
important element of the community. It seems to have a long
larval life. It grows slowly, maturing at about six years of age
and living at least 14 years. It reaches at least 215 mm SL.
Sexual maturity occurs at 153-156 mm SL for females and 149-156 mm
SL for males. Spawning appears to be concentrated in two peaks--a
major one from about early April to early May, and a secondary one
in September. Mode of spawning (Leis and Rennis 1983) and number
of spawnings per year are unknown. The reproductive life of M.
amaena may exceed eight years, with relatively low batch
fecundity, ranging from 12,400 mature ova for a 156-mm SL fish to
69,200 for a 181-mm SL fish. Over time, a life history strategy
such as this could establish stable populations. M. amaena is a
nocturnal predator feeding primarily on meroplankton, especially

brachyuran crab megalops, hermit crab larvae and alpheid shrimps.
Its ability to exploit an abundant planktonic food source
(probably of both local and pelagic origin) as well as a variety
of benthic prey contributes to its trophic success. Holocentrids
are abundant, quantitatively important (often dominant) reef
predators and prey.

M. amaena accounts for over half the total fishing activity at
JA, and is a prized catch throughout Hawaii and the central and

western Pacific. Fishing pressure over the years has greatly

30

o APANSAIIEINTE  AANSAMNI L iR A P BESwamm o em e




depleted stocks of M. amaena and other Myripristis species all
around Oahu and most other inhabited areas of Hawaii. This comes
as no surprise in light of results from this study. Compared to
most tropical species studied thus far, M. amaena appears to be a
long-lived, slow growing fish which takes several years to mature.
It is heavily preyed upon (Parrish et al. 1986), but persists with
high populations throughout its range, except where excessive
fishing pressure by man has occurred. Because of the high demand
for M. amaena and other Myripristis species in many tropical
areas, harvest at high levels--especially of prereproductive
fish--could seriously damage the stocks.

Acquiring an understanding of the basic life history should be
the first step in the scientific study of an animal. The
relationships are usually complex; information about one aspect
may contribute to understanding other aspects. Knowledge of
growth related patterns in the structures of a fish can aid in
interpreting its larval life, recruitment and settlement, and
other population parameters. Knowledge of the age and growth of a
fish can clarify the timing of events in its reproductive life and
help in estimating its reproductive output. Understanding diet
and the effects of variation in diet can aid in understanding
growth responses and the pattern in growth structures. Human
activities can produce effects on all of the above. The more

fully the life history of an animal is understood, the clearer its
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relationships to other animals and its environment become.
that perception comes a better ability to wisely manage and

conserve the resource.
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Figure 1.

Myripristis amaena.
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Figure 2. Results for total wet body weight
and standard length (SL) for M. amaena at
Johnston Atoll (N = 85). The equation is:

W = 0.00003097 (sL)3-942 = (2 = 0.995)
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Figure 3. Scanning electron micrograph of growth
increments of a sagitta from a 180-mm SL
M. amaena, as utilized for daily
increment enumeration.
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Figure 4. Von Bertalanffy growth curve for M. amaena at

Johnston Atoll, based on daily increment

counts from sagittae of 15 specimens read
with a SEM.

1, = 194.28 mm ( 1 - e 0.219 (t + 0.66),
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Figure 5.

Scanning electron micrograph of a sagitta
from a 127-mm SL M. amaena marked with
acetozolymide. The specimen had been
injected 21 days prior to sacrifice.

The acetozolymide mark (arrow) is visible
as a disruption in the growth increments.
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Figure 6. Light micrograph of a sagitta from a
76-mm SL M. amaena marked with
tetracycline. The specimen had been
injected 21 days prior to sacrifice. 200x
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Figure 7. Ultraviolet micrograph of the same sagitta

section as Fig. 6. The fluorescent

tetracycline mark is visible as a light
band along the sagitta perimeter. 200x
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Figure 8.

Relationship between gonadosomatic index
and standard length for female M. amaena
collected during reproductive peaks at JA
and Puako, Hawaii (Puako data from

Hayes et al. 1982).
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Figure 9.

Relationship between gonadosomatic index
and standard length for male M. amaena
collected during reproductive peaks at JA
and Puako, Hawaii (Puako data from

Hayes et al. 1982).
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Figure 10. Light micrograph of a section of ovary from
M. amaena showing oocyte development stages:
a) primary growth b) perinuclear
c) early yolk vesicle d) late yolk vesicle
e) yolk granule f) maturation. 63x

57




L

58




Figure 11. Light micrograph of a section of testis from
M. amaena showing mature sperm. S indicates
large pockets of mature sperm. 63x
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Figure 12. Gonadosomatic index plotted against month of
capture for M. amaena from JA and Puako,
Hawaii (Puako data from Hayes et al. 1982).
N = 99.
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Figure 13. Linear regression of the relationship between
batch fecundity and total wet body weight for
M. amaena at Johnston Atoll (N = 12).

F = -1.27 x 10° + 889.31(W), (r2 = 0.83)
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Figure 14.

Scanning electron micrograph of a sagitta
from a 44-mm SL M. amaena showing
characteristic radiating peripheral nuclei.
The transition to outer zone increments is
shown with arrows close to the outer edge
of the sagitta.
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Table 1. -- Growth parameter estimates, with 95% confidence
intervals, derived from the von Bertalanffy equation for standard
length of M. amaena.

Parameter Estimated Value Confidence Limits

lower upper
K 0.219 /yr 0.183 /yr 0.256 /yr
ts -0.66 yr -0.90 yr -0.56 yr
Loo 194.28 mm (SL) 184.88 mm (SL) 203.68 mm (SL)
2 0.99
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Table 2. -- Growth increment counts from an acetozolymide mark

to the margin of the sagitta for three M. amaena specimens.

Sagittae were removed 21 days after the fish were given an

intraperitoneal injection of acetozolymide. Counts were made
at three positions on each sagitta.

Specimen Count 1 Count 2 Count 3 Mean Std. Dev.
Al 22 21 241 21.33 577
A2 19 19 20 19.33 577
A3 19 20 21 20.0 1210
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Table 3. -- Growth increment counts from a tetracycline mark

to the margin of the sagitta for three M. amaena specimens.

Sagittae were removed 21 days after the fish were given an

intraperitoneal injection of tetracycline. Counts were made at
three positions on each sagitta.

Specimen Count 1 Count 2 Count 3 Mean Std. Dev.
o 18 T 18 17.67 577
T2 20 19 22 20.33 1.53

T3 19 20 21 20.0 1.0
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Table 4. -- Stages of development of oocytes in M. amaena
(also see Fig. 10).

oogonia and
primary growth

perinuclear

secondary growth
and yolk vesicle

yolk granule

maturation

Oocyte Diameter

0.01-0.04 mm

0.04-0.056 mm

0.056-0.14 mm

0.14-0.40 mm

0.40-0.54 mm

Description
scant cytoplasm; centrally
located nucleus; single large
nucleolus; stains dark red

multiple nucleoli around
inner side of nuclear
membrane; stains dark purple

clear staining cortical
alveoli begin as ring at
cytoplasm periphery, then
increase in size and occupy
whole cytoplasm

true vitellogenesis; red
staining yolk granules
begin to form around cyto-
plasm periphery (early vit.)
then increase in size and
occupy whole cytoplasm

(late vit.); zona radiata
first appears

yolk granules fuse into
yolk "plates" which stain
light blue; fusion begins
at center and spreads
throughout cytoplasm
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Table 5. -- Summary of gut content analysis for 64 specimens of
M. amaena taken at night. All contained identifiable prey.

Prey Item Numerical & Volume % Frequency % IRI
CRUSTACEA
Portunidae 37.8 27.6 90.6 5923
(crab megalops)
Paguroidea 23.0 22.7 59.4 2717
(hermit crab larvae)
Alpheidae 11.8 10.8 46.9 1062
Tanaidae 5.4 2.0 50.0 370
Stomatopoda 1.6 6.7 37.5 311
Mysidacea 549 4.3 18.8 193
Amphipoda 0.1 0.1 9.4 2
POLYCHAETA
Eunicidae
Nematonereis 658 2.8 59.4 541
Eunice 0.4 8.9 9.4 88
Opheliidae
Polyophthalmus 5.3 3.6 43.8 390
PISCES
Unidentified fish 2.2 8.5 21.:9 234
(probably Myrichthys maculosus)
Unidentified fish 0.2 2.0 15.6 34
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Table 6. -- Growth parameters and maximum age estimates
reported for several reef fishes. Lo estimates are
expressed as total length (TL).

Species Maximum Age Leo K to

(yr) (mm) — (/yr)  (yr)
Mycteroperca phenaxl 91 1,090 0.067 -3.91
Calamus nodosusl 17 459 0.212 -1.75
Haemulon plumieril 13 640 0.108 -1.01
Sargocentron diadema2 -- 168 1.13 --
Priacanthus tayenus3 2 290 1.25 --
Myripristis amaena® >14 245 0.239 -0.59
Sewrees:
1

Manooch (1982)

Pauly (1978)

Ingles and Pauly (1984)
This study
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Table 7. -- Summary of gut content analysis for M. amaena from
Kona, Hawaii (Hobson 1974); Puako, Hawaii (Hayes et al. 1982); and
the Northwestern Hawaiian Islands (Parrish pers. comm.).

Prey Item

Numerical %

Crab megalops
Decapod shrimps
Fish
Cephalopods
Mysids
Gastropods
Polychaetes
Amphipods
Stomatopods
Isopods
Copepods
Crustacean fragments

Volume %

Kona NWHI
75 n1 13, 5

9.3

2.9 30.4

Ly

0.3

0.4

0.4

0.2

0.1 56.0
O]

0.1

9.7

NWHI Puako
37.6 70.0
8.4
12.3 2.8
0.3
0.9
Ol 3
5.2
50.1 4.3
1.2
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