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ABSTRACT: Size at sexual maturity, spawning 
season, and pattern of egg release were determined 
for two of Hawaii's commercially important snapper 
species: uku, Aprion virescens, and onaga, Etelis 
coruscans. Sexual maturity of females was assessed 
by macroscopic and microscopic (oocyte measure- 
ment and histology) techniques and gonosomatic 
indexes. Interspecific differences were noted in 
many aspects of the reproductive biology. Both 
species had protracted spawning seasons: uku 
spawned in May-October while onaga spawned in 
June-November. Female size at sexual maturity 
was 4 2 j 4 7 5  mm fork length (FL) for uku and 675- 
725 mm FL for onaga. Both species were deter- 
mined to be multiple spawners, although the num- 
ber of batches spawned per season could not be 
established. 

Uku, Apn'oii virescens, and onaga, Etelis cor- 
uscans (Lutjanidae), are species of considerable 
importance in terms of total landings and value 
to bottom fish fisheries in southern Japan 
(Masuda et al. 1975), Guam, the Northern Mar- 
ianas (Amesbury and Myers 1982), Vanuatu 
(Brouard and Grandperrin 1985). American 
Samoa (Western Pacific Regional Fishery Man- 
agement Council (Council) 1986), and Hawaii 
(Ralston and Kawamoto'). In addition, many 
other Pacific island natians have subsistence and 
commercial fisheries for these species. In 
Hawaii, uku and onaga ranked second and third, 
after Pn'stipomoides filamentosus, in total catch 
and value among bottom fish species in 1984 
(Pooley 1987). 

Both species are widely distributed through- 
out the tropical Indo-Pacific. Uku range from 
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East Africa to Hawaii and from southern Japan 
to  Australia (Allen 19851, and onaga extend to 
the Atlantic coasts of South America and Africa 
(Druzhinin 1970). Uku are caught a t  the surface 
by trolling gear and at 5 300 m depths by deep- 
sea handline gear (Druzhinin 1970), whereas 
onaga are restricted to deeper waters between 
220 and 320 m. In Hawaii, the greatest portion of 
the uku and onaga catches comes from the Pen- 
guin Bank region, which is southwest of Molokai 
in the main Hawaiian Islands (Ralston'). 

Relatively few reproductive studies have been 
completed for the commercially important bot- 
tom fishes of the western Pacific, even though 
such information represents a critical component 
of the biological basis of management for the 
bottom fish and seamount groundfish fisheries in 
this region (Council 1986). Some information is 
available on Hawaiian stocks of P. filamentosus 
(Ralston 1981; Kikkana 19841, Etelis carbun- 
milus (Everson 1984), and Seriola dumerili 
(Kikkawa and Everson 1984), but none is avail- 
able for uku and onaga. Thus, a study was under- 
taken to determine the size at sexual maturity, 
spawning season, and pattern of egg release of 
uku and onaga. Size at  sexual maturity is a par- 
ticularly important parameter used to assess and 
evaluate the impact of fishing mortality on 
spawning stock biomass and to determine levels 
of optimum fishery yield (Polovina 1987). During 
this study, we also attempted, within the con- 
straints imposed by our sampling program, to 
develop an efficient method for determining 
gonad maturity. A third goal was to discern in- 
terspecific differences between the reproductive 
biology of the two'species and to interpret those 
differences. 
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MATERIALS AND METHODS 

Uku and onaga caught in 198446 and 1985-87, 
respectively, by commercial fishermen using 
deep-sea hook-and-line gear were weighed and 
measured for fork length (FL),  and their capture 
locations were noted. Most were caught in the 
main Hawaiian Islands and were sold through 
the Honolulu wholesale fish auction. Following 
sale of the fish, viscera were extracted by the 
purchasing agent and refrigerated with an iden- 
tifymg tag. Gonad samples were collected later 
and preserved at the laboratory either in modi- 
fied Gilson’s fluid (Bagenal and Braum 1968) or 
B o d s  fluid. 

Sexual maturity of females was evaluated by 
several methods. First ,  ovaries were staged 
macroscopically and given a preliminary matur- 
ity stage designation (Hilge 1977) (Table 1). To 
refine and confirm these macroscopic designa- 
tions, at least one of the following three addi- 
tional microscopic techniques was used: volu- 
metric or cork borer subsampling, which is based 
upon t h e  size and appearance of individual 
oocytes, or standard histological examination. 
Hilge’s (1977) table was also used to assign a 
h a 1  stage designation to these ovaries. To avoid 
confusion, prespawning adults prior to vitel- 
logenesis were classified as stage I immature, 
and prereproductive individuals a s  s tage I 
juvenile. 

To determine oocyte sue-frequency distribu- 
tions by volumetric subsampling, uku ovaries 
preserved in modified Gilson’s fluid were ex- 
amined. After adequate time for dissolution, 

connective tissues were removed, and the re- 
maining “free” ova were placed in a flask, which 
was then filled with 200 mL of water. A homo- 
geneous distribution of ova was obtained by us- 
ing a magnetic stirrer (Van Dalsen 1977). A 3 
mL sample was then pipetted onto a gridded 
petri dish and examined under a binocular dis- 
secting scope a t  5Ox. With an ocular micro- 
meter, 100-200 oocytes were measured along 
their longest dimension. This method precluded 
the need to measure oocytes from various sites 
within the ovary to determine spatial homo- 
geneity of development. Maturity stages were 
assigned based upon the largest oocyte mode and 
the degree of oocyte transparency (Table 1). 

Subsamples of ovaries of both species pre- 
served in Bouin’s fluid were taken from the 
anterior portion with a cork borer and examined 
under a binocular dissecting microscope at 50 x . 
The average diameter of the largest oocyte mode 
was determined, and the percentage of each 
maturity stage present was noted. Oocyte di- 
ameter frequency plots were constructed for uku 
ovaries in various stages of development and 
compared with similar plots constructed by us- 
ing oocyte diameter data obtained by the vol- 
umetric method. 

For histological examination, some ovaries of 
both species representing various visually iden- 
tifiable maturity stages were transferred from 
Bouin’s fluid to 70% ethanol. Portions of ovaries 
from 28 uku and 22 onaga caught at various 
times of the year were embedded in paraffin, 
sectioned at  5 pm, stained with hematoxylin, 
and counterstained with eosin. Each was as- 

TABLE 1 -Ovary developmental stage designations used for study of the reproductive 
cycle of uku and onaga Designations are adapted from Hilge (1977) 

Oocyte Stage 
developmental Gonad external classification 

appearance 

I Immature Oogenesis from Genit ridge to defi- Oogonia trans- 
oogonium to pri- nite gonad, individ- parent, primary 
mary oocyte with ual eggs not dis- OOCtes translucent 
cytoplasmic va- cernible 
cuoles beginning 
to appear 

critenon Class Stage status 

II Developing Vitellogenesis Elongation of the Opaque yolked 

111 Ripe Hydration Swollen, ovary wall Transparent, ripe 

IV Spent Atresia, general Slack, shrinking Residual ova 
cell breakdown ovary, ovary wall 

ovary oocfles 

thin ova 

thick 
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signed a maturity stage based on the criteria in 
Table 1. Oocytes were histologically identified 
using information provided in Crossland (1977). 
Sectioned ovaries also were examined for the 
presence of postovulatory follicles and oocyte 
atresia, features used to establish criteria for the 
estimation of spawning frequency and to sep- 
arate juveniles from prespawning adults for de- 
termination of size a t  sexual maturity (Hunter 
and Macewicz 1985). 

The results of these four visual methods were 
compared with gonosomatic index (GSI) values 
[(gonad weighthody weight) x 1001. Gonoso- 
matic indexes were calculated for both species to 
provide a rapid but preliminary indication of 
developmental stage, although an insufficient 
number of uku testes were obtained. Excluded 
from this analysis were individuals that had not 
yet reached size at  sexual maturity. Spearman’s 
coefficient of rank correlation (Snedecor and 
Cochran 1978) was used to ascertain whether a 
positive relationship existed between GSI and 
maturity stage during the spawning periods for 
females of each species. 

150  350 450 5 5 0  650  750 8 5 0  950 1010 

I -- I 
4 5 /  ONAGA 

2: “ =FEMALE 

FORK LENGTH (mm) 

FIGURE 1.-Length-frequency distribution of male and 
female uku and onaga. 

Size at sexual maturity (L5,,) was defined as 
the smallest length category in which a t  least 
508 of the individuals were mature (i.e., stage I1 
or beyond, GSI > 1.5) during the spawning 
season. The logistic equation was fitted to the 
percentage of mature individuals in each size 
class ( P J  and F L  (Gunderson et  al. 1980; Ni and 
Sandeman 1984); that  is 

100 
P,, = 

1 + exp(aFL + b)  ’ 

where a and b are fitted parameters and = 
- b/a. We also calculated the percentage of max- 
imum length (MAXLEN) at  which sexual matur- 
i t y  occurred. This  r a t io  has  been used to  
compare proportionate size a t  maturity for 
species by habitat type, zoographic province, or 
depth range (Grimes 1987). 

Sex ratios were compiled and examined for 
significant deviation from unity and to determine 
whether sex ratio and size (in 50 mm F L  inter- 
vals) were independent using chi-square statis- 
tics. Two-way contingency table analysis was 
performed to determine whether the sex ratio 
differed during the year when pooled into bi- 
monthly periods. 

RESULTS 
Spawning Season 

Spawning season was determined from a wide 
size range of uku and onaga (Fig. 1). The Spear- 
man rank correlation coefficients (r,) calculated 
by comparing GSI with stages 1-111 were r, = 
0.6203 for uku ( P  < 0.0001), and I, = 0.8685 for 
onaga ( P  < 0.0001), indicating a positive rela- 
tionship between GSI and stage of development 
for both species, although the correlation was 
considerably lower for uku. In addition, the 
range in GSI values representing stages I1 and 
I11 ovaries was greater for uku than for onaga 
(Fig. 2). Thus, rather than using GSI as the 
single method for estimating spawning season- 
ality by month or  fish length, visual staging 
methods also were used. 

Both species reached maturity in the spring 
and summer and spawned continuously until fall 
or early winter. Neither species reached stage I1 
of development (vitellogenesis) at any other time 
of the year. Uku spawning began in May and 
peaked 1 month later in June, as evidenced by 
the sharp rise in GSI values and the presence of 
mature and ripe fish during this time (Figs. 3,4) .  
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FIGURE 2.-Range in (A) uku and (B) onaga gonosomatic 
index (GSI) for each developmental stage designation in 
Table 1 .  

From July to October, the mean GSI values 
gradually decreased as spawning activity ta- 
pered off. By November, all fish examined were 
either partially or completely spawned (stage 
IV). Stage IV fish were not found during the 
spawning season. 

In contrast, female onaga began maturing in 
June. Fully ripe onaga were not found until July, 
and spawning activity did not peak until October 
(Figs. 3, 4). The GSI values dropped sharply in 
November a s  t h e  incidence of completely 
spawned and partially spawned individuals 
abruptly increased. As with uku, completely 
spawned individuals were not found until the 
close of the spawning season. Mean,monthly GSI 
values for male onaga reflected a similar pattern. 

Size at Sexual Maturity 
Uku matured a t  a substantially smaller size 

than onaga. Fifty percent of the female uku at- 
tained sexual maturity at 425-475 mm FL, as 
evidenced by elevated GSI's (Fig. 5) and by the 
percentage of fish judged mature by visual stag- 
ing (Table 2). By the time the fish reached the 
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FIGURE 3.-Monthly mean gonosomatic index (GSI) for 
female uku and onaga. Bars indicate 95% confidence limits. 
Juvenile (<E40 mm FL) uku and juvenile (<600 mm FL) 
onaga were excluded from analysis. Sample size is indicated 
next to each data point. 

TABLE 2.-Stage of maturity. compared by 50 mm fork length 
(FL) size classes, for uku and onaga sampled dunng their 
resnective soawnina seasons. 

U ku 

Percentage 
FL(mm) N mature 

275-324 2 0 
325-374 1 0 
375-424 2 0 
425474 3 66 
475-524 12 100 
525-574 21 100 
575-624 10 95 
625-674 20 95 
675-724 15 94 
725-774 4 100 
775-024 5 100 

Onaga 

~ ~ ( m m )  N mature 

475-524 1 1  9 
525-574 15 7 
575-624 12 33 
625-674 4 25 

725-774 13 92 

825-074 6 100 
075-925 5 100 

Percentage 

675-724 13 77 

n5-824 16 100 
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FIGURE I.-Monthly percentages of uku and onaga ovaries at  various stages of development determined by visual 
staging methods. K = number of samples per month. 

500 mm size class, 100% were mature. The small- 
est uku with vitellogenic (stage 11) ovaries dur- 
ing the spanning season was 429 mm F L  (1.27 
kg), which is 41.7% of the maximum length 

FIGURE 5.-Mean gonosomatic index (GSI) plotted by 50 mm 
FL intervals for female uku and onaga sampled during their 
respective spawning seasons. 

(MAXLEN) recorded for the study animals. The 
smallest individual with ripe (stage 111) ovaries 
was 4 7  mm FL (1.82 kg) or  46.4% of the 
MAXLEK. The predicted value of Ls0 obtained 
from the logistic fit of percentage mature on F L  
(Fig. 6) was 449 mm FL (a  = -0.3444, b = 

A /  -IKu a /. ---- 
250 350 450 550 650 750 850 0 

FORK LENGTH tmm) 

FIGURE 6.-Proportion of sexually mature female uku and 
onaga within each size class, plotted with the predicted pro- 
portion of mature females. 
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154.31). Interesting to note was the propensity 
for decreasing mean GSI's in uku larger than 600 
mm FL (Fig. 5). 

In contrast, the smallest mature onaga was 
522 mm FL (2.22 kg) or 53.9% MAXLEN, and 
ripe individuals were not encountered until 605 
mm FL (3.22 kg) or 62.4% MAXLEN. The pre- 
dicted value of Lm obtained from the logistic fit 
of percentage mature on F L  was 663 mm FL (a 
= -0.0233, b = 15.462; Fig. 61, and 77% of the 
onaga in the 675-725 mm F L  class were found to 
be at  stage I1 of development or beyond (Table 
2). Onaga spawned over a narrower size range 
(600-900 mm FL; Fig. 5) compared with uku 
(4561,050 mm FL; Fig. 5). 

Histological examination of ovaries indicated 
that both species follow a similar pattern of de- 
velopment (Fig. 7). The progression from 
oogonia to  hydration is typical of snappers and 
has been covered in detail by Crossland (1977) 
and Wallace and Selman (1981). Postovulatory 
follicles were not identifiable in tissue sections 
from ripe (stage 111) ovaries of either species. 
None of the immature (stage I) ovaries examined 
histologically showed signs of atresia, indicating 
that these fish had not previously spawned. 
Identifiably atretic individuals in later stages of 
development were not observed until the end of 
the spawning season. 

Spawning Frequency a n d  Pattern of Egg 
Release 

The size-frequency distributions of oocyte di- 
ameter were constructed for ovaries of uku 
caught during the spawning season, using the 
volumetric method, and were found to be poly- 
modal, suggesting that uku may release multiple 
egg batches (Fig. 8a). All ovaries possessed a 

FIGURE 'i.-Photomicrographs showing transverse histological sections of uku and 
onaga ovaries in various stages of development. Scale bars represent 0.10 mm. A. 
Early developing uku (386 mm FL) ovary classifed as juvenile (stage 1) containing 
numerous previtellogenic (PV) oocytes. Larger oocytes (LO) have reached the 
lipoid or yolk vesicle stage, just prior to vitellogenesis. B. Developing (stage 11) 
uku (525 mm FL)  ovary. Shown are previtellogenic (PV) and vitellogenic (VT) 
oocytes. C. Ripe (stage 111) uku (541 mm FL) ovary with hydrated (HY) oocytes. 
Lipoid vesicles have fused to form a single mass (LV). D. Juvenile (stage 1) OM@ 
(506 mm FL) ovary consisting of previtellogenic (PV) oocytes with large central 
nucleus (NU) containing numerous nucleoli (NO. E. Developing (stage 11) onaga 
(753 mm FL) ovary showing numerous mature oocytes in different stages of vitel- 
logenesis (VT). F. Enlargement of a developing onaga ovary. Shown are gran- 
ulosa (GR) and thecal (TH) cell layers, zona radiata (ZR), and yolk granules 
(YG). G. Ripe (stage 111) onaga (605 mm FL) ovary showing hydrated (HY). 
vitellogenic (VT) and previtellogenic (PV) oocytes. 
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FIOI.RE 8.-Size-frequency distributions of uku ovaries in 
various stages of development (cf. Table 1) preserved in 
( A )  Gilson's fluid and (B) Bouin's fluid. Each distribution 
shown represents a single ovary. 

G mode of immature oocytes not represented in the 
figure. Stage I1 ovaries contained a mode of 
oocytes at  0.3M.35 mm, representing various 
stages of vitellogenesis, while stage I11 ovaries 
included this developing mode and another mode 
(0.50 mm) nearing hydration. A large amount of 
variation was noted in the relative frequency of 
oocytes in the most advanced mode of the stage 
I11 ovaries. Similar results were exhibited for 
size-frequency distributions of uku ovaries con- 
structed by the cork borer method. This method 
allowed delineation of the immature mode as 
well as the other advanced stages (Fig. 8b). 
Additional evidence that  multiple batches of 
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oocytes ripen and are successively spawned was 
indicated by the wide range in GSI values calcu- 
lated for both species during the spawning 
season. 

Sex Ratio 
The sex ratio of male to female uku was 1.05:l 

(51.2% males, A: = 559 individuals combined). A 
chi-square goodness of fit test suggested that 
this ratio was not significantly different from the 
expected 1:l ratio ($ = 0.302, P > 0.05). By 
examining sex ratio at 50 mm FL intervals, inde- 
pendence was determined and the percentage of 
females was shown to decrease between the 600 
and 750 mm FL categories from 50.0 to 40.98, 
then increase 65.59 at 800 mm FL before reach- 
ing 100% beyond 900 mm FL. Based on two-way 
contingency table analysis, the percentage of 
females caught increased significantly towards 
the end of the spawning season (September- 
October; Table 3). Males were caught in higher 
percentages in the spawning months from May 
to July. 

DISCUSSION 
The spawning season for both uku and onaga 

extends throughout the summer months in 
Hawaii. as evidenced by the advanced condition 
of the ovaries and the peaks in ova diameters and 
GSI values during this period. This pattern has 
been reported in Hawaii for other snapper spe- 
cies, including E .  carbwccitliis (Everson 1984) 
and P. filamentosz6.s (Kikkawa 1984). Spawning 
activity also occurs during the austral summer 
for populations of A .  virescens from New Cale- 
donia (Fourmanoir and Laboute 1976) and East 
Africa (Talbot 1960; Nzioka 1979). Likewise, 
peak summer spawning with intermittent activ- 
ity throughout the rest of the year seemed to be 
the pat tern for E .  coritscans in Vanuatu 
(Brouard and Grandperrin 1985). The seasonal 
peak in spawning activity may be most closely 
tied to  increases in water temperature and day 
length, as suggested by Walsh (1987) who ob- 
served that spawning activity for Hawaiian reef 
fishes declined rapidly in September to October 
as maximum water temperatures were reached. 

TAELE 3.-Tests of the hypothesis that sex ratio of uku and onaga did not vary 
significantly from the sample populations during the year. Data are pooled by 2 mo 
intervals for samples collected in 1984-87 Idf = 51. 

U ku Onaga 

Percentage Contribution Percentage Contribution 
Month N female to total y2 N female to total x2 

Jan.-Feb. 15 56 37.5 0.277 
Mar.-Apr. 2}17 47.0 0.027 19 15.8 4.976 
Maydune 359 46.5 0.776 23 60.9 3.771 
July-Aug. 88 43.0 1.637 76 47.4 1.292 
S e p t . 4 3 .  69 63.8 6.153 130 33.9 2.719 
Nov.-Dec. 28 64.3 2.673 62 41.9 0.174 

Total 11.266' 13.209' 

' = P < 0.05 

The sex ratio of male to female onaga differed 
significantly ( x 2  = 8.99, P < 0.05) from 1:l in 
favor of males (61.44, N = 347 individuals com- 
bined). The overall ratio of males to females was 
1.59:l. There was a significant preponderance of 
males within the 50 mm FL intervals from 600 to 
750 mm. However, females predominated above 
850 mm FL, reaching 1008 of the individuals in 
the 950 mm FL category. The two-way contin- 
gency table analysis suggested that sex and 
month of capture were not independent (Table 
3). 

This pattern would ensure optimum tempera- 
ture conditions for developing larvae. A similar 
post-summer spawning decline associated with 
changing local environmental conditions was 
noted by Grimes and Huntsman (1980) for 
Rhoniboplites aurorubens from North and South 
Carolina and by Everson (1984) for E .  car- 
bunculus. The extension of onaga's spawning 
season into November, with a peak in October, 
may reflect that the genus Etelis is restricted to 
much greater depths than are the other reef- 
associated lutjanid species. Seasonal changes in 
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temperature and photoperiod are much less pro- 
nounced at these depths. In Vanuatu, Brouard 
and Grandperrin (1985) found that seasonal 
changes in gonad maturation based on GSI 
values differed among species inhabiting dis- 
crete depths. 

Grimes (1987) has suggested two distinct 
spawning patterns for snappers. One is a re- 
stricted pattern with spawning centered around 
the summer months, typical of species associated 
with continental habitats where peaks in produc- 
tion cycles occur because of nutrient run-off re- 
sulting from high rainfall. The opposing pattern 
is characterized by year-round spawning with 
peaks occurring in spring and fall, a pattern 
thought to be typical of less productive insular 
populations. Grimes (1987) has noted that Cuba 
and New Caledonia are large islands that follow 
the continental pattern, with spawning peaks 
arising during periods of high rainfall. Etelis car- 
bunculus (Everson 1984) and P. filamentosus 
(Kikkawa 1984) have also been reported to follow 
a restricted spawning pattern in the North- 
western Hawaiian Islands. Both uku and onaga 
in our  s tudy also followed the  restricted 
spawning pattern associated with continental 
habitats. Spawning took place over a protracted 
period centered around the summer months. 
Neither species was found in spawning condition 
at any other time of the year. Since temporal 
primary production cycles exhibit little seasonal 
variation throughout the Hawaiian Archipelago 
(Bienfang and Szyper 1981; Bienfang et al. 1984), 
the basis for this restricted pattern observed for 
uku and onaga is unclear. Apparently, the 
seasonal changes in day length and water tem- 
perature in Hawaii provide adequate spawning 
stimuli. 

Interspecies differences in size a t  sexual 
maturity also were noted. The slope of the lo- 
gistic curve fitted to the size at sexual maturity 
data was considerably steeper for uku compared 
with onaga (Fig. 6). Uku matured at 450500 
mm FL, with nearly 100% mature above 550 
mm FL, and onaga matured at 550-800 mm FL, 
with 1009 mature at 850 mm FL. Size at sexual 
maturity differed between species in terms of 
the percentage of MAXLEN at which maturity 
occurred. Uku began maturing at about 429 mm 
FL or 4 2 4  of their MAXLEN, whereas onaga 
began maturing at about 522 mm FL or 54% of 
their MAXLEN. Talbot (1960) reported that 
male and female A. virescens of East Africa 
reached maturity at 410 mm SL (51%) and 465 

mm SL (58%), respectively. Apn'on virescens 
off Vanuatu matured at 440 mm FL, a figure 
that Brouard and Grandperrin (1985) calculated 
from a MAXLEN coefficient of 57.6%, which 
was based upon the average values obtained 
from 34 tropical fish species from the west coast 
of Africa. The same coefficient, applied to 
Vanuatu populations of E. coruscans, indicated 
that sexual maturity was reached at  470 mm 
FL, although developmental staging data ob- 
tained for this species revealed that mature fish 
were first sampled at 330-380 mm FL. The 
actual size at which maturity commenced in all 
of these locations agreed closely with our data 
for uku in Hawaii, while the percentage of 
MAXLEN values differed considerably. How- 
ever, Hawaii and Vanuatu populations of onaga 
matured at substantially different sizes. 

Disparities in size a t  sexual maturity between 
areas may reflect differences in resource utiliza- 
tion and growth allocation. Grimes (1987) calcu- 
lated the average percentage of MAXLEN at 
which sexual maturity occurred for lutjanid pop- 
ulations occupying similar zoogeographic loca- 
tions and habitats. Insular and continental popu- 
lations had average MAXLEN values of 51 and 
432,  respectively, while the deep (> 91 m) and 
shallow (< 91 m) species were calculated at  49 
and 43%. The MAXLEN value of 42% calculated 
for the study population of uku indicates that 
this species fits the shallow, continental pattern. 
As previously mentioned, onaga, are found at  
much greater depths and therefore seem to be 
less influenced by continental effects than uku. 
These observations are substantiated by the fact 
that the MAXLEN value of 54% calculated for 
onaga conforms closest to the deep, insular pat- 
tern reported in Grimes (1987). He reasoned that 
these anomalies may result from regional differ- 
ences in food production. Fish from a relatively 
resource-rich environment may mature at a pro- 
portionally smaller size than fBh in less produc- 
tive habitats. He further speculated that selec- 
tion may favor maturation at a larger maturing 
size in insular regions because the cost of year- 
round spawning may be higher in these areas. 

Estimates of von Bertalanffy growth param- 
eters, derived from weight-frequency distribu- 
tions for uku and onaga landed in Hawaii in 
1984-86, indicate that uku mature at  about ages 
4-5 (429 mm FL), while onaga begin maturing at 
ages 5-6 (522 mm FL) (Ralston and Kawamoto, 
fn. 1). In the same study, Ralston and Kawamoto 
(fn. 1) calculated the size at entry to the fishery 
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and onaga and suggested that these species also 
spawn repeatedly during the spawning season. 
Although it has been documented that the oocyte 
size-frequency distribution of many snapper 
species contains two or three distinct modes, the 
exact number of batches spawned per season is 
rarely reported. This is because the process of 
recruitment from the undifferentiated oocyte 
pool is  dynamic and difficult to characterize 
(Grimes 1987). 

Much of the above evidence is largely con- 
tingent on the assumption that multiple oocyte 
modes continue to develop and are successively 
spawned. Foucher and Beamish (1980) observed 
that,  for Pacific hake, Merluccius productus, 
from the Strait of Georgia, oocyte development 
was multimodal during the spawning season, 
suggesting multiple spawning for this species. 
Histological examination of the ovaries revealed, 
however, that  only the largest batch became 
hydrated and was spawned and all remaining 
residual yolked oocytes were resorbed. More 
direct evidence for this mode of spawning, as 
well as the delineation of the number of batches 
spanned, has been obtained through the process 
of identifying and ageing postovulatory follicles 
in species that exhibit these multiple modes of 
oocyte development. This method has been used 
to estimate spawning frequency in several en- 
graulid species (Hunter and Goldberg 1980; 
Hunter and Macewicz 1980, 1985; Alheit et al. 
1984; Parrish et ai. 1986; Clarke 1987) and also 
for the skipjack tuna,  Katsuwonus  pelamis 
(Hunter et al. 1986). Ageing postovulatory fol- 
licles seems to work well for species normally 
found in large aggregations or schools but has 
yet  t o  be applied to  snappers.  The ageing 
method using postovulatory follicles may be 
more difficult to apply to such species as snap- 
pers, which are known to occur in fewer num- 
bers. Although our study attempted to  identify 
postovulatory follicles in natural populations of 
uku and onaga, they could not be positively iden- 
tified or  aged. Fu tu re  studies will have to  
address this problem, since the delineation of 
spawning frequency is important for accurate 
fecundity estimates. 

as 650 mm FL for uku and 450 mm F L  for onaga 
in the main Hawaiian Islands, indicating that, 
for onaga, the present fishery is capturing indi- 
viduals that  have not yet reached sexual matur- 
ity. Continuing this practice could lead to a ser- 
ious decline in spawning stock biomass (Polovina 
1987). 

Sex  r a t io  also differed between the  two 
species. The ratio of male to female uku was 
judged not signiiicantly different from the ex- 
pected ratio of 1:l. In contrast, the onaga sex 
ratio was significantly different from unity in 
favor of males. Females dominated in the larger 
size classes for both species. The preponderance 
of large females has also been reported for other 
snapper species, including Lzitjanus synagris 
(Reshetnikov and Claro 1976), R. aurorubens 
(Grimes and Huntsman 1980), and E .  carbun- 
cu lus  (Everson 1984). This phenomenon is 
thought to be due to differential mortality of the 
sexes rather  than to growth (Wenner 1972; 
Grimes and Huntsman 1980). The preponder- 
ance of male onaga in the smaller size ranges is 
more difficult to explain and may reflect inter- 
sexual behavioral differences. If smaller males 
feed more aggressively, they would be overly 
abundant in the catch. Differences in feeding 
behavior may also explain monthly variations in 
sex ratio reported for both species. The ratio of 
female uku increased markedly at  the close of 
the spawning season, suggesting a heightened 
vulnerability to the fishing gear ouing to what 
may be greater nutritional demands of post- 
spawning females. Seasonally, the largest catch 
of uku occurs in summer (May-October), when 
fish are thought to form spawning aggregations 
(Ralston, fn. 2). 

Numerous investigators have suggested that 
snappers are multiple spawners, based upon the 
presence of multiple size modes of developing 
oocytes (Min et  al. 1977; Grimes and Huntsman 
1980; Everson 1984; Kikkawa 1984; Grimes 
1987). Other evidence reported as substantiating 
this phenomenon has been the wide variations 
exhibited in GSI’s of L. griseus (Starck and 
Schroeder 1970) and R. aurorubens (Grimes and 
Huntsman 1980) during the spawning season. 
Ralston (1981) suggested that P. filamentosus is 
a multiple spawner because the ovaries of ripe 
females make up only about 4% of the total body 
weight, a relatively small percentage compared 
with t h a t  of a single spawning t empera t e  
species. These observations, the presence of 
multiple size modes of developing oocytes and 
the wide variations in GSI’s, were noted for uku 
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