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An enzyme-immunoassay  EIA! procedure for the detection
of ciguatoxin  CTX! in fish tissues has been used to
examine fish from clinically documented ciguatera cases
and to assess a 1982 survey of a variety of fish spe-
cies from nearshore waters of the Northwestern Hawaiian
Islands  NWHI!. Results demonstrated that the EIA pro-
cedure distinguished between documented toxic fish tis-
sues and non-toxic tissues. Evaluation of the NWHI
survey by EIA indicated that samples from a number of
species contained CTX-like toxin. Species having
higher percentages of EIA-positive and borderline sam-
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liver samples gave significantly higher EIA absorbance
values than corresponding muscle tissue. Studies with
!!. ~ d ! ! ' !
than females and that there was a slight negative cor-
relation between fish weight and EIA values. Based on
results of this study, the EXA procedure has been shown
to be sensitive, practical, and specific for CTX-like
toxins, and has value in routine analysis of suspected
fish in ciguatera outbreaks.

IIITRODUCTION

The nearshore waters of the Northwestern Hawaiian Islands
have been shown to have excellent potential for the development
of the fishing industry of the state of Hawaii  Okamoto and
Kawamoto, l980!. The recent increased attention given to the
terrestrial and marine resources in the NWHI has mandated a need
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ta develop a rational plan for utilization of these resources
 Craven, 1980!. In addition to the enumeration of the nearshore
species of fishes and evaluation of resources, the Hawaii Depart-
ment of Land and Natural Resources  DLNR! has undertaken studies
to determine the distribution and identification of potentially
toxic fishes in the NWHI. An earlier preliminary report  Ito and
Uchida, 1980! was presented an ciguatoxin distribution by the
National Marine Fisheries Service  NMFS!, Southwest Fisheries
Center Honolulu Laboratory, using the radioisotope method  Hokama
et al., 1977!.

Ciguatera is a kind of fish poisoning associated with the
ingestion of a variety af fishes of tropical and subtropical
regions  Bagnis, 1973; Halstead, 1970; Banner, 1976; Banner et
al., 1960!. A few hours after consumption of toxic fish, victims
suffer fram a variety af neurological, gastrointestinal, and
cardiovascular symptoms  Bagnis et al., 1979!. An important
clinical diagnostic feature is the temperature reversal sensation
when cold objects feel hot. All patients do not share the same
clinical symptoms  Bagnis et al., 1979; Okihiro et al., 1965!.

A majar area of concern in the study of ciguatera has been
the development of a practica1 and specific assay for detection
of toxin directly in fish tissues. Earlier assays, some of which
are still in use, relied on determining the toxicity of either
whole tissues, crude extracts, or partially purified CTX in
animal models or on isolated tissues  Bagnis, 1973; Banner, et
a1., 1960; Banner et al., 1961; Granade et al., 1976!. A
recently developed RIA procedure  Hokama et al., 1977! has been
extensively examined and proven to be effective in screening
$~gla ~d~~z  kahala! and f or assessment of CTX distribution
in the NWHI  Kimura et, al., 1982a; Ito and Uchida, 1979!. Uti-
lizing the same immunological principles, an enzyme-immunaassay
has been recently developed  Hokama et al., 1983!. This proce-
dure has been utilized to assess the 1982 survey of a variety of
species obtained from the nearshore waters of the NWHl by DLNR.
This study has a twofold purpose: �! to assess the prevalence
of toxic levels of CTX in several species from the NWHI; and �!
ta evaluate the ZIA procedure.

MATERIALS AID METHODS

Source of Pish Samples

Fish samples were obtained from the 1982 survey of the NWHI
by DLNR. Both a section of tissue designated A from the anterior-
dorsal musculature  Kimura et al., 1982a, 1982b! and, in larger
fish, a section from liver designated L were collected and exam-
ined using the EIA method. The species examined and catch loca-
tions in the nearshare waters of the specific NWHI islands are
presented in Table l. Data collection for each species included
sex, total and fork length  in cm!, and weight  in kg! . For some
samples of the ~~~ group, the weight was estimated from the
total length.
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Species Location

Nihoa, ~~n Island, Lisianski Island
Necker Island

Nihoa, Necker Island, French Frigate Shoals,
Maro Reef, Laysan Island, Pearl and
Hermes Atoll, Lisianski Island

Necker Island, French Frigate Shoals, Maro
Reef, Laysan Island, Lisianski Island,
Pearl and Herrres Atall

Lisianski Island
Necker Island, Maro Reef, Lisianski Island
French Frigate Shoals, Garbler Pinnacles,

Maro Reef, Laysan Island
French Frigate Shoals, Mero Reef, Lisianski

Island
Pearl and Hermes Atoll
Pearl and Hermes Atoll
French Frigate Shoals, Maro Reef, Laysan

Island, Pearl and Hermes Atoll
French Frigate Shoals
Nihoa, Necker Island, French Frigate Shoals,

Laysan Island, Pearl and Hermes Atoll
Nihoa
Pearl and Hermes Atoll
Laysan Island
Nihoa, French Frigate Shaals, Maro Reef,

Pearl and Hermes Atoll
Nihoa, French Frigate Shoals
Nihoa
Nihoa
French Frigate Shoals, Pearl and Hermes

Atall

French Frigate Shoals, Lisianski Island,
Pearl and Hermes Atoll

French Frigate Shoals
French Frigate Shoa1s
French Frigate Shoa1s, Maro Reef, Lisianski

Island, Pearl and Hermes Atoll
Laysan Island, Maro Reef
Pearl and Heraus Atall

Pgg~lQlS ~<~is
g. ~tQSt~Bggg

Mme muC>i'm

5- 35608QiKIQQ

g~DC~Cg ~C!ggf+

]~o~s sp.
8u~ uzt@Lua

N. ~b8 dpi
M. ~k
5RÃjgSQ LQQQlkQk6
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~ypx c~~
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$eriola dug~~i

Xba.'L xaam axmxcum
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TABLE 1. SPECIES AND LOCATION OF FISH SAMPLES COLI ECTED FROM THE
NWHI AND EXAMINED USING THE EIA METHOD



Ant ibo+ to Ciguat'.oxlo

Sheep anti-CTX  S-anti-CTX! was prepared and purified by
DEAE-cellulose chromatography as described in previous reports
 Hokama et al., 1977; Kimura et al., 1982a, 1982b! .

Shee~anti-CTX-HRP Conjugate

The purified XgG fraction of S-anti-CTX was coupled to
horseradish peroxidase  HRP, Type VI, RZ:3.3, Sigma Chemical Co.,
St. Louis, MO! according to the one-step glutaraldehyde method of
Voller et al. �980!. The 8-anti-CTX-HRP conjugate was divided
into aliquots and stored at -20 C until used. Other aliquots
were lyophilized and stored at O'C. Each aliquot was thawed or
rehydrated only once and the remaining excess conjugate dis-
carded.

EZA Reagents

Tris buffer contained 0.05-M Tris  hydroxymethyl! amino-
methane, pH 7.5 + 0.05, with 0.1 percent human serum albumin
 HSA! and O.Gl percent sodium azide  NaN>!. The H.O~-methanoL
fixative contained 0.3 percent H,O, in absolute methanol pre-
pared just before use  stable 1 hour at room temperature! . The
4-chloro-l-naphthol substrate was prepared fresh just before use
by adding 25 ml of 0.3 percent H>O> in Tris buffer without HSA
and NaN, to 10 mg of 4-chloro-1-naphthol crystals dissolved in
0.125-ml absolute ethanol. After thorough mixing, the substrate
was filtered through Whatman 4l filter paper.

Enzyae-immunoassay

Fish tissue samples for testing were cut into uniform 3-mm
thick slices with parallel razor blades mounted on a handle.
Four discs were then punched out from each slice with a stainless
steel borer, 3-mm in diameter, and each disc was placed in a well
of a 96-well polystyrene microtiter plate  Flow Laboratories,
Inc., Hamden, CT!. Samples were washed once with 0.2-ml Tris
buffer. After the wash solution was aspirated, each sample was
fixed in 0.2 ml of H-,O,-methanol fixative for 30 minutes at room
temperature. Samples were then transferred to clean wells and
0.2 ml of a l:100 dilution of S-anti-CTX-HRP conjugate in Tris
buffer was added to each well. The plate was then incubated at
room temperature for 1 hour. The S-anti-CTX-HRP was removed by
aspiration, and the tissues were immersed for 5 minutes in 0.2-ml
Tris buffer. Each sample was transferred to clean wells and
incubated for 5 minutes at room temperature with 0.2 ml af
4-chloro-1-napthol substrate. The final steps involved removal
of the tissue and addition of 0.015 ml of 3-M sodium hydroxide to
stop the enzymatic reaction. Absorbance readings at 405 nm of
each well were obtained in the Titertek Multiskan  Flow Labora-
tories, Znc.!.



In each microtiter plate, quadruplicate samples of known
toxic  positive! and nontoxic  negative! control fish tissues
were tested in parallel with the unknown samples.

Interpretation of Results

To facilitate data evaluation, test absorbance readings
were converted to ratios by dividing the mean absorbance value
of the quadruplicate samples from each tissue of unknown test
fish by 0.235, the mean absorbance value of all tissue A samples
with absorbances less than 0.350. For evaluation of the sam-
ples tested, tentative toxicity ~anges of these ratios have been
established based on results of clinically documented toxic
fishes:

1.30
1.30 - 1.49

1.50

Negative  n!
Border line  b!
Positive  p!

Samples rejected include borderline and positive tissues.

RESUITS

EIA Results with Clinically Documented Toxic and Nontoxic Fishes

Summary of EIA Results of all Species from Mi7BI Survey

Based on EIA results of all NWHI species tested, the highest
h

llIIW'i UN
L IIWtUJJ4
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The results of all the clinicalLy documented toxic and non-
toxic fishes examined using the EIA method are summarized in
Table 2. A total of 8 clinically documented toxic fish samples
all positive with the RIA gave EIA O.D. values at 405 nm from a
low of 0.351  eel species! to a high of 0.442  ZlagMig higjIL-
~~g.!. The nontoxic consumed fishes showed mean absorbances
ranging from 0.169  g~~ sp.! to 0.320  g. ~m~! . The 76
samples of g. ~~ examined a total of 109 times were pre-
viously shown to be negative with the RIA procedure  Kimura et
al., 1982a! and consumed by the public without an incident of
ciguatera poisoning. The calculated ratios  using the negative

!~i~~ mean value of 0.233! for all 8 toxic fishes ranged
from 1.51 to 1.91 and for the nontoxic fishes, from 0.13 to 1.37.
However, when the mean absorbances of nontoxic fish of the same
species were used to calculate ratios, the ratios for the toxic
fishes increased {values in parenthesis in Table 2!. For exam-
ple, with the toxic ~~~ sp., the ratio changes from 1.54 to
2.12 when the mean absorbance for the toxic ~~~ sp. is divided
by the mean absorbance of nontoxic P~~ samples. A similar
case is indicated for the ~~ sp.



Mean
Absorbance

+ SEM at
405 NM

Toxic

n'
Nontoxic Ratio'
Control

Pish Tissue

TOXIC

 Rainbow runner, Midway,
1980!

 Rainbow runner, Midway,
1982!

SDZ sp.  Jack, ulua!
Red Snapper

 Virgin Islands, 27
pieces may include
several species of fish!

~JJlk sp.
 Parrotfish, uhu!

5gO~ sp.
 Parrotfish, uhu, cooked!

 Grouper!

 Rose-colored wrasse,
po'ou!

Eel, sp.  unknown!

31 0.442 2 0.011 1.90

35 0.417 ~ 0.019
19 0.359 + 0.015

1.79
1.54 �.12!'

0.410 + 0.013

0.393

0.374 + 0.029

0.44S Z 0.038

27 1.76

�.09!

�.99!

1.69

1 ~ 61

1.91

0.408
0.351

1.75
1.51

NONTOXI C

BE+ikbL rhuaar.ili
1981 �6 marketed speci-
mens, amberjack, kahala!

QLERLLX sp.
 Jack, ulua � 6 specimens
examined!

Sgj~ sp i
 Parrotfish, uhu, green!

~~ sp.
 Parrotfish, uhu, red!

'~~ 4uuLsrlli
Saxia1a ~aarili
Serials churner.ili
ReriLa1a ~chili

109 0.233 + 0.004 1.00

�.00!29 0.169 + 0.0007

0.188 + 0.003

0.73

�.00!

�.38!

0.81

0 ~ 260 +
0.279 g
0.296 ~
0.320
0.204 X

3

22 1
1

13

0.030
0,016
0.045
0.018
0.015

1.12
1.19
1.27
1.37
0.92

Sour cern Hckama et al., in press

*Nontoxic fishes caused no toxic symptoms after consumption, these
included marketed fishes.

tn ~ number of times samples examined in quadruplicate.
>Negative control value from 9. @gal~, 109 samplinqs 0.233 O.D.
<Ratios in parenthesis based on nontoxic tissue O.D. of the same
species. Examples ~~  sp. 0 ' 359/0 ' 169 ~ �.12!
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TABLE 2 ~ RESULTS OF THE EVALUATION OF CLZNICALIY DOCUMENTED
TOXIC AND NONTOXIC* FISH TISSUES BY EIA



TABLE 3. EIA RESULTS QF FISH SAMPLES FROM THE 1982 NEARSHORE
NWHI SURVEY

EIA Results
Rej ection
 b+ p!

Species* Total No.
n b p

' d

c C
Ll

~~ ~ver,ili
All others  less than 7

specimens! 40 3 0 7.043

450 41 20 11 ' 9511

"Tissue samples taken from the anterior-dorsal musculature  A!
Numbers of fish having negative  n!, borderline  b! and positive
 p! results

percent rejection, a difference which may be in part due to the
* " f 1lmlKCIR

f~l ~ I
d~ f111

similar, ranging from 12.1 to 14.8 percent.

Comparison of EIA Results of Tissue A and Liver Samples

There were significant differences  P < 0.05 to 0.01!
between EIA ratios of tissue A and liver samples  Tables 4 and
5! . All species examined demonstrated higher levels of toxicity
in liver than in flesh. Occasionally, samples with higher toxic-
ity in flesh have been encountered, especially in Z. >~~
thus contributing to smaller differences between the ratios
 Table 4!. Table 5 summarizes the comparison between EIA results
of tissue A and liver samples from all species and shows the
higher rejection rate of liver samples.

114

122

41
68
14

12

99
35

25

38
14

104 17 1

36 1 4
56 6 6
14 0 0

9 2 1

87 8 4
34 1 0

24 1 0
33 1 4

13 1 0

14.8

12.2
17.6

0

25.0
12.1

2.9

4.0
13.2

7.1



TABJ E 4 ~ COMPARISON BETWEEN TOXICITY LEVELS IN FLESH  A!
AND LIVER  L! TISSUES OF SEVERAL FISH SPECIES

Tissue
Sample

Ratio*
x+SD, P'Species

yyyyy

sp.

* mean absorbance of test sample
Ratio =

mean absorbance of all samples
~Significance of difference between A and I. tissues of each
species

TABIE 5. COMPARISON OF EIA RESUI TS BETWEEN TISSUE  A! AND LIVER
 L! SAMPLES FROM ALL FISH SPECIES AND LOCATIONS OF
CAPTURE

No. of Samples with
Following EIA ResultsTissue

Sample
4 Borderline
and Positive

Total

No,
Negative Borderline Positive

Flesh  A! 528
Liver  L! 165

40
42

16
55

472
68

10.6
58.8

Braeination of RIA Ratios Relative to Capture Location and Ser

* y ' y I ~ d
1 yy»' y

summarized. Significantly higher EIA ratios were shown for p,
y

ratios were found among samples from locations moving toward
Pearl and Hermes Atoll. The latter area showed a significant

y1y~ '.y!y
y ' yl d ' * ' ' . y yy y

ratios of samples from various locations were not significantly
different. In Table 7 an interesting finding of higher mean EIA

y yyyyyy t ' .0

115

A L

A L A L A L
15

15

13
13

82

82

33
33

1.04 ~ 0.29
1.98 + 1.21
0.88 + 0.15
1.47 + 0.20
1.01 + 0-27
1.39 X 0.33
1.08 + 0.23
1.25 + 0.22

0 F 05

< 0.01

  0.01

0.05
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TABLE 7. COMPARISON OF EIA RATIOS OF TISSUE A FROM

FROM ALL LOCATIONS

EIA Ratio

x + S.D.

No. of

SamplesGroup

0.01Female

Male

80
34

1.015 i 0.199
1.137 + 0 ' 183

~ x
showed no significant relationship between levels of toxicity and
sex.

Analysis of Weight vs. Toxicity Levels

A comparison of fish weight with levels of activity  EIA
ratios! is shown in Table 8. Two species with the largest number
of samples were evaluated. As shown in Table 8, an inverse rela-
tionship is suggested for toxicity levels vs weight  negative r!.
Essentially, the larger fish showed lower activity levels than

"k ~ " C
icant differences were shown between weight and toxicity in these
two species.

TABLE 8. I INEAR REGRESSION ANALYSIS OF RELATIONSHIP
BETWEEN FISH WEIGHT  IN KG! AND EIA RESULTS
  ABSORBANCE VALUES! OF TWO SPECI ES

Correlation
Tissue" Coefficient P

 r!

No. of
Samples

Species

-0.226

-0.092
-0.035

42

92
95

A A L n. s.

Dm~ sp. n. s.

n. s.

*Tissue samples were taken from the anterior-dorsal
musculature  A! and liver  L!.
n.s. = not significant
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DISCUSSION

Results utilizing the EIA for assessment of 1982 NwHI fish
samples suggest the presence of CTX-like toxin in several
species. Previously reported studies evaluating the S-anti-CTX
antibody currently used in the EIA procedure suggested that the
antibody may react with other compounds  such as okadaic acid!
having a polyether structure similar to CTX  Kimura et al.,
1982b!. The EIA results were similar to those reported in the
1977-79 survey using the RIA procedure  Ito and Uchida, 1980! and
include the overall rejection rate of 11.9 percent for all spe-
cies and the consistently high rejection rates for species such

4UUhcl t l p 9
especially in the major Hawaiian islands. The re j ection rates
were high when livers were examined; findings support data
obtained earlier with bioassays showing a significantly higher
level of toxins in liver tissue, especially in eels  Banner,
1976! . On the other hand, data obtained did not support the gen-
eral contention based on earlier observations that bigger fishes
within a species have more toxin  Banner, 1966! . The data

"A

results observed recently by Kimura et al. �982a! in a 2-year
examination of 9. 4ggLi~~ using the RIA procedure. Nonetheless,
examination of as many species as possible needs to be done,
since the metabolic processes and incorporation of toxin into
tissue may vary with each species.

Analysis of the EIA procedure reveals the following critical
technical factors which one should be aware of in running the
test: �! the size and shape of the tissue samples, should be
uniform, and replicate samples from each area should be tested;
�! the fixation step of the fish tissue with methyl or ethyl
alcohol is essential  isopropyl, butanol, and acetone are not
satisfactory!; and �! both fresh and cooked fish tissues may be
examined using this procedure, provided the tissues are firm and
not flaky. Further studies are needed to determine optimal tis-
sue sampling sites. In this regard these preliminary studies
show that liver samples can be tested using the EIA procedure,
unlike the RIA method  Hokama et al., 1977! .

Based on the data presented in this study, it is suggested
that the EIA procedure may be the acceptable choice for the
routine direct, assessment of CTX in fish tissues. The procedure
is sensitive  it can detect approximately 0.01 to 0.05 ng CTX at
the lower level! and practical and has specificity for CTX. The
procedure warrants further examination and evaluation. Thus,
this procedure is currently being used for routine survey of new
fishing grounds and for analyzing fishes from clinically docu-
mented ciguatera outbreaks.
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common inhabitant of coral reef environments in the
Northwestern Hawaiian Islands and could be subject to
developing shark fisheries. Yet, little information on
its life history -- especially on age, growth, and
reproduction � is available, making effective utili-
zation and management of this species difficult. In
this study, gray reef sharks captured by longline fish-
ing methods were aged using rhythmic laminations on
sectioned vertebral centra. Ages ranged from young-
of-the-year individuals measuring 590 to 840-mm total
length  TL! to adults with 12 bands measuring up to
1,688-mm TL. Von Bertalanffy growth curves fit the
estimated age and length data well, resulting in an
asymptotic length of 1,879-mm TL, considerably smaller
than the maximum reported length of 2,540-mm TL.
Because gray reef sharks are reported to mature between
1,300 and l,350-mm TL, their age at maturity is esti-
mated to be between 6 and 8 years. Preliminary data
from electron microprobe analyses for calcium and phos-
phorus in centrum sections provided support for the
hypothesis that one opaque band is praduced during the
summer, and another, more translucent, band during the
winter. This study has demonstrated new techniques for
age determination and verification, and has pravided
life history information which will be useful in model-
ing the population dynamics of elasmobranch fishes.



INTRODUCT IOR

Sharks, which are high-level predators, are important in the
functioning of coral reef ecosystems due ta their trophic posi-
tion  Volterra, 1928; Hassell, 1976!. Thus, a basic understand-
ing of the life history processes of these predators is necessary
before the dynamics of coral reef ecosystems can be fully under-
stood. Also, because fisheries for elasmobranchs are increasing
in many coastal environments and may indeed undergo rapid devel-
opment in tropical environments such as the Hawaiian islands,
information on such life history features as age, grawth, and
reproduction will be necessary for proper management of these
potential emerging fisheries far elasmobranchs.

The determination of age of individual sharks collected fram
the field is a prominent problem in elasmobranch fisheries
research, and only recently has major progress been made. Reso-
lution of age determination will allow growth rates to be cal-
culated and will make it possible ta incorporate age-specific
parameters such as mortality and production into population
dynamics madels. Most age determination studies on sharks have
utilized rhythmic patterns in their cartilaginous vertebral cen-
tra. However, techniques used to determine age in elasmabranchs
vary from species ta species, and na one technique has proven
successful for all species  Cailliet et al., 1981; Cailliet et
al., in press!. Thus, techniques have to be developed and tested
for each new elasmobranch species ta be studied.

9 F
the more common inhabitants of Hawaiian reef ecosystems  Mass,
1971!, and as one of the top predator s in these systems, it could
greatly influence the functioning of these ecosystems. Indeed,
their agonistic behavior has been well documented  Johnson and
Nelson, 1973; Nelson, 1981!. Their abundance has led some ta
suggest that they could support a fishery. However, very little
is known of the life history of this species  Tinker, 1973;
Garrick, 1982!, and management of such an emerging fishery would
be hindered by the lack of information necessary for understand-
ing their population dynamics, It would be preferable to gather
such information before a fishery is started in order to avoid
over-explaitation, a common problem typical of other elasmobranch
fisheries  Holden, 1977! .

To help fill the gap in knowledge of the life history of
Hawaiian reef sharks, age, growth, and reproduction of selected
species were studied. In this study, concentric bands observed
in the vertebral centra of the gray reef shark were utilized to
estimate ages and to generate growth characteristics, and energy
dispersive x-ray spectrometry was utilized to characterize the
chemical nature and periodicity of band formation in this species
from the Northwestern Hawaiian Islands.
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MATBRXALS AN9 METHODS

Standard longline fishing methods were utilized to collect
specimens of the gray reef shark in the Northwestern Hawaiian
Islands. The majority �l percent! of specimens examined for
this study were taken from French Frigate Shoals. Upon capture
the sharks were measured using total length to the nearest centi-
meter, and vertebrae were removed from below the first dorsal
fin. Each section of vertebrae was then frozen for later study.

Upon defrosting, the vertebrae were separated and their
centra were cleaned of all connective tissue following procedures
outlined by Cailliet et al.  l981, in press!. They were then
stored in 70 percent ethanol. One centrum from the vertebral
column of each specimen was embedded in epoxy casting resin and a
longitudinal section approximately 200 thick was cut from the
central area of each embedded centrum using a diamond lapidary
saw  S. Smith, National Marine Fisheries Service, Tiburon Labora-
tory: personal communication!. This section was cleaned and
polished and then viewed with reflected light at 40X with a dis-
section microscope. Each section was observed by at least two
independent observers, and any disagreements in counts were medi-
ated by a third observer. First, the birth check was located.
This was a clear zone occurring approximately 3 to 4 mm from the
center of the centrum  Figure 1!. Then, assuming the birth
occurxed prior to or during summer, one complete growth zone was
defined as the point at which there were two complete bands--
one opaque and the other translucent. The resultant age esti-
mates were plotted against total length to characterize growth,
and a von Bertalanffy growth equation was calculated.

To verify the periodic nature of band formation, calcium and
phosphorus concentrations in sectioned centra were analyzed using
a Cambax x-ray electron microprobe scanner. For this analysis, a
female gray reef shark measuring 1,120-mm TL was collected off
Midway Island on August 9, 1980. Its sectioned centrum was
embedded in epoxy resin with one side free to form a 1-inch diam-
eter disks The surface of the disk and the sample were then
highly polished in order to prevent analytical errors and dif-
fraction of x-rays. The specimen disks and standards were then
coated with carbon to further dampen diffraction of resultant
x-rays and to increase electron conductance. Analyses of calcium
and phosphorus concentrations were performed at 25-u intervals
with the electron beam focused on a 5-v~ area. Calcium and
phosphorus concentrations were presented as percentage weight.
The pattern of calcium and phosphorus levels across analyzed
sections was then compared with band patterns discerned from a
separate section of an adjacent centrum which had been prepared
and aged using standard techniques.

RESULTS

Preliminary counts of bands in sectioned vertebral centra
from 59 gray reef sharks indicated that this species grows
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relatively slowly with the oldest estimated age being 12 years
for a specimen measuring 1,688-mm TL. Growth was more rapid in
smaller individuals  from 735-mm TL! and began to slow down after
approximately 1,600-mm TL, which corresponds to 10 bands. The
von Bertalanffy growth model fit the data well and predicted an
asymptotic length  L ! of 1,879-mm TL. The von Bertalanffy
curve predicted a size of 600-mm TL at birth. Because specimens
over 1,600-mm TL are not represented in the sample of 59 individ-
uals, a growth curve for the species is not presented.

Electron microprobe analysis demonstrated that there were
three reduced and four elevated zones of calcium phosphate along
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the axis of the sectioned centrum examined, and these patterns
correspond well to a standard band count of 3 years for this
individual  j."igure l!. Small disruptive zones were observed from
the interior portion of the centrum, presumably formed during the
gestation period. The first peak in calcium and phospharus
levels presumably reflects the first summer' s growth after birth,
with subsequent peaks indicating subsequent summers. The outer
edge comprises a portion of a peak and indicates that the speci-
men, when collected during August 1980, was depositing its fourth
summer band. Despite the strong evidence presented here for
annual periodicity of opaque and translucent band-pair formation,
further work on additional vertebrae is necessary to demonstrate
the usefulness of electron microprobe analysis in verifying age
estimation procedures.

DISCUSSIOH

Our results indicate that available techniques for assessing
age using vertebral band patterns in elasmobranchs are useful in
studying the gray reef shark in Hawaiian waters. The bands seen
in sectioned centra provide reasonable estimates of age and add
another species to the list of elasmobranchs .for which age is
known  Cailliet et al., 1981; in press!.

The resultant growth curve for this species agrees with
Holden �977!, indicating that they are long-lived and grow rela-
tively slowly. Since specimens ~hich are considerably smaller
than the largest reported, from 2,400-mm TL  Kato et al., 1967!
up to 2,540-mm TL  Garrick, 1982! were studied, the conclusion
regarding longevity will probably be modified by further analysis
of additional data.

The question of temporal periodicity involved in the centrum
band formation was clarified by electron micraprobe analysis,
which supported the hypathesis that one opaque and one trans-
lucent band are deposited each year, presumably in the summer and
winter months, respectively. The correspondence, when measured
in detail along the axis af the section, is quite good, but cer-
tainly not perfect. This could be due to the fact that different
vertebrae were used for microprobe analysis than for band count-
ing, and that perhaps different wings of the section might have
been counted. Nevertheless, the correspondence is sufficient to
suggest further microprobe work on this and other species ta add
evidence about the periodic nature of band depositian in elasmo-
branch vertebral centra.

It is obvious that the microscapic structure of the elasmo-
branch centrum is canducive to electron microprobe analysis, and
that the resultant calcium and phosphorus levels indicate areas
of calcium-phosphate depositian as bone apatites. Our results
agree quite well with the study of Jones and Geen �977!, who,
using similar x-ray spectrometry procedures, demonstrated the
potential of this method to detect growth bands in vertebrae of

1 ' " " ~~. 1' " 1 ' 1 1 ll
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undoubtedly prove valuable to further studies on growth in
elasmobranch fishes.

The minor deflections detected by microprobe analysis in the
internal portion of the centrum most likely are related to ~
~~ growth processes. Because gray reef sharks are estimated
to have a 1-year long gestation period  Wass, 1971!, the length
of this portion of the centrum should be equivalent to 1 year' s
growth. It is interesting that the presumed m ~~ portion of
the centrum has no major peaks and depressions in either calcium
or phosphorus levels, and that these peaks and depressions
occurred only after birth, when the shark is more susceptible to
such external factors as temperature and food availability.

Besides longevity, another life history feature which could
make a species susceptible to over-exploitation is age at repro-
ductive maturity. Holden  l977! proposed that maturity occurs
relatively late in life in elasmobranchs. Garrick �982! sug-
gested that gray reef sharks mature at approximately 1,300 and
l,350-mm TL, corresponding to an age of about 6 to 8 years old.
Xf gray reef sharks reach 2,540-mm TL, they may become mature at
approximately 53 percent of their maximum size. However, if gray
reef sharks live to be only 12 to 13 years old, as our largest
specimens indicate. then maturity occurs relatively late in life.
Samples in this study do not include the largest individuals
recorded; hence, the estimate of longevity will probably
increase. Extrapolating from the von Bertalanffy growth model
derived for 59 specimens, it would take approximately l8 years to
reach asymptotic length. Assuming this to be an accurate esti-
mate of longevity, the gray reef shark becomes mature between 33
percent and 44 percent of its lifespan. Further work on repro-
duction in this species is certainly needed.

Zn conclusion, the results of this study on age, growth, and
reproduction of the gray reef shark agree well with Holden's
 l977! generalizations concerning elasmobranchs. They appear to
grow slowly, have long gestation periods, and reproduce rela-
tively late in life. Should a fishery for this or any other reef
shark species be initiated, these parameters should be carefully
considered. Hopefully, this preliminary information, coupled
with more sophisticated and thorough research in the future, will
allow intelligent management of this or any other shark fishery
in Hawaiian waters.
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various banks throughout the Northwestern Hawaiian
Islands during 1977-81. Ovaries were microscopically
examined to determine the most advanced developmental
stage. Mean monthly gonadal somatic indices indicated
that maturation began in May and spawning occurred from
July to September. Ehu were found to be serial spawn-
ers, i.e., they spavined multiple batches of ova during
the season. Most females spawned by the time they
reached 35 to 40-cm fork length and older  >45 cm! fish
were found to remain in spawning condition longer. The
overall sex ratio in a pooled sample of 833 ehu was in
favor of females by 2:1. Females also predominated in
the larger size ranges �5 to 65-cm fork length! and
during certain times of the year, indicating possibly
that they live longer or aggregate during spawning.
Fecundity of ehu 38.3 to 50.8 cm was estimated at
349,500 to 1,325,600 ova.

ehu
ova
sex ratio

maturation

spawning
fecundity

INTRODUCTION
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In 1976, fallowing the enactment of the Magnuson Fishery
Conservation and Management Act  FCMA!, the Southwest Fisheries
Center Honalulu Laboratory, National Marine Fisheries Service
 NMFS!, in cooperation with the U.S. Fish and Wildlife Service
 FWS! and the Division of Aquatic Resources  DAR!, Hawaii
Department of Land and Natural Resources  DLNR!, initiated a
5-year assessment. of the marine and terrestrial resources in the



Northwestern Hawaiian Islands  NWHI!. An important goal of this
study was to describe the distribution and abundance of commer-
cially valuable deepwater s~apper. Khu or red snapper,

P
caught  in numbers! during this period. It ranked third in total
weight. Iittle is known about reproduction in Hawaiian deepwater
snappers and there has been nothing reported on the spawning and
maturation of ehu. To better understand the recruitment of this
species into the fishery, a study was initiated to determine the
ehu's spawning season, fecundity, and other important aspects of
its reproductive potential.

The range of ehu is limited to the Indo-western Pacific, and
within this region the distribution is considered discontinuous
and is restricted to the Indian Ocean, southern Japan, and
Polynesia  Druzhinin, 1970; Forster et al., 1970!. Within the
Hawaiian Islands ehu is caught on nearly every major bank from
the island of Hawaii to Kure Atoll  Figure 1!. Their major
habitat is the bottom in areas of deep �00 to 350 m! dropoffs
around ledges, rock outcrops, and pinnacles  Ralston and
Polovina, 1982! . During the sampling period they were most
abundant in the area northwest of Lisianski bank  see paper in
this proceedings by Uchiyama and Tagami!, comprising 45 to 86
percent of the total number of bottomfishes caught. Ehu is a
very important food fish in Hawaii and is of high commercial
value  Uchida et al., 1979!.

The major obj ectives of this study were to determine the
spawning season, size at first maturity, and sex ratio of ehu and
to determine any differences in these aspects of spawning among.
banks within the NWHI chain. All of this information is impor-
tant for any future management of the fishery.

METHODS

Fish were sampled during cruises of the NOAA ship ~~~i/
Q~~ aver a 5-year period between 1977 and 1981. The
majority of fish were caught at bottom handline fishing stations
at depths ranging from 200 to 350 m from various banks within the
NWHI throughout the year  Figure 1!. Hydraulic handline gurdies
were used usually with four Nos. 20 or 28 hooks. Stripped squid
were used as bait. Of the 935 ehu caught at these stations, 273
�3 percent! were males and 553 �7 percent! were females; 109
fish were not sexed. All fish were weighed to the nearest 0.01
kg and measured to the nearest O.l cm. About 300 ovaries collec-
ted during fishing operations were either frozen or preserved in
10 percent Formalin. Testes were not saved. Ovarian samples
were taken randomly on each cruise and were not necessarily
representative of any area, size class, developmental stage, or
time of year.

To evaluate differences in ehu reproduction within geogra-
phic locations in the NWHI, the area was divided into three
different regions. Region I extended from Nihoa to Gardner
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Pinnacles, region II from Raita Bank to Lisianski Island, and
region III from Pearl and Hermes Atoll to Kure Atall  Moffitt,
1980!.

Various methods have been used to define the spawning seasan
in fishes. The main criterion used in the past has been to moni-
tor the development of the ova, determined by ovum diameters,
throughout the year. Each mode in the frequency distribution of
ovum diameters was assumed to represent a distinct developmental
stage. This technique was used successfully by Clark �934! for
the California sardine, Yuen �955! for bigeye tuna, and Otsu and
Uchida �959! for albacore. Another method used was to note the
developmental stage by microscopically examining the physica1
characteristics of individual ovum. This can be accomplished by
taking a sample fram an ovary and teasing out the ova  Uchiyama
and Shomura, 1974! or by histalogically examining a section of
the ovary  Crossland, 1977! . The gonadal somatic index  GSI! may
also be calculated ta assess the fluctuations in ovary weight as
a function of body weight during the year  Bagenal and Braum,
1968; Morse, 1980; Goldberg, 1981; Love and Westphal, 1981;
Baglin, 1982!. A combination of these methods that allowed for a
rapid assessment of maturity state and spawning frequency were
used.

Each preserved pair of ovaries was blotted dry and weighed
ta the nearest 0.1 g. To determine stages of development, a
dorsoventral sample  completely through the ovary! was taken at
the posterior half of the lef t lobe with a cork borer. The
entire sample was teased apart to separate the ova from ovarian
connective tissue. All of the ova within the sample were exa-
mined under a compound microscope at 40X magnification. The
proportion of ova in each development stage and the most advanced
stage was noted. Random ovum diameters were measured ta deter-
mine the size range in each stage, as well as the largest ovum in
each sample. The stage of development was classified according
to physical characteristics nat. necessarily dependent on ovum
diameters  Uchiyama and Shomura, 1974!  Table 1!.

Fecundity was estimated from five ripe-appearing ovaries
that were frozen at the time af collection. Thawed samples were
placed in modified Gilson's solution  Bagenal and Braum, 1968!,
until the ova were freed from connective tissue following the
procedure described by Kikkawa and Everson  see report in this
proceedings!. The diameter of 100 randomly selected ova was
measured from each ovary  Clark, 1934; Yuen, 1955! to determine
the most advanced made. Ova in this modal group were counted to
obtain fecundity estimates since they are most likely to be
spawned in a seasan. These may include ova fram maturity stages
III to VI. Subsamples were obtained using Van Dalsen's �977!
volumetric technique, madified slightly by Kikkawa and Everson
 see report in this proceedings!. The ova were placed in a
2,000-ml beaker and initially mixed with a stirring rod. To
create a counterflaw a magnetic stirrer was then switched on
until a hamogeneous mixture was obtained. At this time a 5-ml
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TABLE 1. DESCRIPTION OF REPRODUCTIVE STAGES OF EHU BASED ON
EXTERNAL APPEARANCE OF OVARY AND MICROSCOPIC
EXAM I NATION OF OVA

Maturity Stage

I. Primordial  diameter 0,04 to 0.13 mm! l. Izsmture

II. Early developing �.10 to 0.16 ran!

III. Developing �.26 to 0.52 mm! 2. Developing

IV. Advanced developing �.39 to 0.52 mm!

A translucent xmrgin bordered by a
fertilization membrane is visible. Oil
droplets are just starting to form.

V. Early ripe �.44 to 0.58 ran! 3. Ripe

VI. Ripe �.5 to 0.78 xm!

VII. Residual  atretic! 4. Sp.nt

Ova have beooxm shrunken, wrinkled, and
translucent in app'arance. Degeneration and
resarption in progress.
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oocytes are transparent and irregular in shape
with no sign of vitillogenesis. These comprise
the oocytes from which sxmller nuabers of ova
mature. Individual ovua are invisible to the
naked eye and very difficult to separate from
mnnective tissue.

Ooc!~ are semitransparent and ovoid in aha~.
A chorian mssbrane has begun to form around the
ovum and yolk granules have started to be
deposited within. Barely discernible to the
naked eye.

Ova are spherical in shap and have become
completely ~ and yells due to yolk
material. They are readily visible within the
follicles and can be separated from connective
tissue fairly easily.

Oil droplets have begun to cluster into a
single oil globule. The yolk material
altars translucent, and ova have beccee
completely round.

Ova have becxmm almost completely transparent.
A single, pronounced yellow oil globule has
formed. Ovary wall has becorre considerably
thinner, oil globule  diameter 0.13 to 0.2 mm!.

Ovaries are ssall and firm in texture and
ribbonlike in shape. Very light  white! in
color. Sex msy be discernible by gross
examination. Individual ova are not visible.

Ovaries enlarged, elongated, and slightly
swollen in girth. Indivickaal ova discernible
through the ovarian membrane. Ova, visible
to the eye, are snail, white, and granular.
Ovary appears yellow due to the presence of
yolk material.

Ovary is greatly enlarged reaching its zmximum
size as it fills the ~nal cavity mx!
hydration takes place. large riIm ova are
discernible through the thin ovarian xxznbranei
ova are easily dislodged fraa follicles and
connective tissue. Ovary is yellow to orange
in color.

Ovary mnpty, flaccid in appearance, and dark
gray in color � only primordial ova left.
Ovary wall very thick and tcugh. Residual
oocytes xmy be present.



sample was drawn. This procedure was repeated for each ovary
examined. Fecundity estimates were obtained from the formula

l V
F =  Nl + N2!

2 5ml

where

F = fecundity
Ng and Nz = number of ova in each subsample

V = total volume of the mixture in milliliters

RESULTS

Seasonality of Spawning

Stages of maturity, based on the physical characteristics of
the ova, were compared with GSI calculated for ehu captured at
various times throughout the year. The GSI increased with
advancing stage of maturity and was highest at stage VI  ripe
stage!. The GSI and stages of maturity were positively correla-
ted  r = 0.8562, N = 286, P < 0.01!  Figure 2!. A plot of the
mean GSX by month  data for all years pooled!  Figure 3! showed a
similar trend when compared with the percentage frequency of
maturity stage versus month  Figure 4!. The mean GSI values were
relatively low from January to April when females were exclu-
sively in stages I and II. In May-June, however, as evidenced by
the mean GSI and maturity stages, maturing females were more
prominent in the samples. The highest mean GSI's and the most
advanced maturity stages were found in July-September. The GSI
values decreased and the number of advanced stages declined
sharply in October and remained low the rest of the year. Based
on these results, the spawning season can be divided into four
separate phases: resting phase  January-April!, maturing phase
 Nay-June!, spawning phase  July-September!, and postspawning or
recovering phase  October-December!. Similar results were
obtained when monthly mean GSX's were compared for each individ-
ual year from 1977 to 1981.
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Figure 4. Monthly percentage of ehu ovaries in various stages of
maturity, 1977-81
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The presence of residual ova  Table 2! was highest �7 per-
cent! in the postspawning phase of maturity and lowest in the
maturing phase �.4 percent! .

TABLE 2. OCCURRENCE OF RES IDUAL QVA BY MONTH FOR EHU OVARIES
1977-81. MATURITY STAGES I to V OF DEVELOPING OVA
ARE ALSO NOTED FOR EACH OVARY.

Number PercentMonth Stage

l.7

8.5
13.6

11.9
3.4

5.1
13.6

III

III, IV, V

I

I

I

3.4
32.2

3 ' 4

Ova diameters were compared with maturity stage for five
ovaries in different stages of development. Ova size increased
with each advancing stage of development  Figure 5!.

The results show that ehu may be multiple spawners and may
release several batches of ova during a season. Evidence for
multiple spawning is the presence of multiple modes in the ova
diameter frequency distribution  Figure 6!. Additionally, mature
ovaries found during the spawning season contained residual ova
 Table 2!, and no ehu were found with ovaries that were com-
pletely spawned out  containing only stage I ova! until the end
of the spawning season.

Maturation

Two separate criteria were evaluated to determine the rela-
tionship between maturity and size of fish. In this study,
mature fish are defined as those with ovaries that contain
developing  stage 1II! ova and have the potential to spawn during
the current season. In contrast, ripe fish are defined as those
with ovaries containing ripe  transparent � stages V, VI! ova and
are considered imminent spawners with at least one batch spawned
during the current season
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February
Mar ch
April
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June

July
August,
September
October

November
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OVA DIAMETER  OCULAR MICROMETER UNITS]

Ova diameter frequency distribution of the most
advanced ova for five ehu in various developmental
stages. Also shown is the size  diameter! frequency
distribution of the oil globule in ripe ova. l mm =
72.5 ocular micrometer units
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OVA DIAMETER   OCULAR MICROMETER UNITS !

F'igvre 6. Ova diameter distribution in three ehu ovaries used in
fecundity estimates. 1 mm = 72.5 ocular micrometer
units
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1n May, 12 percent of the ehu were mature  Table 3!; mature
ehu increased to 95 percent by July. The fish captured from Hay
to September ranged from 29.7 to 63.5-cm fork length  FL!. Of
these, the smallest fish considered mature was 29.8 cm. The
proportion of mature fish in each 5-cm size class by month showed
that 50 percent were mature in the 25 to 30-cm size class. The
proportion increased sharply to 86 percent at 30 to 35 cm, then
remained fairly stable through the rest of the size classes.



TABLE 3 ~ THE PERCENTAGE OF MATURE  STAGES III TO VI! AND
RIPE  STAGES V TO VI! EHU OVARIES BY FISH SIZE
 FL! FOR EACH MONTH OF THE SPAWNING SEASON

July August. September TotalSize Class May June

100
0

100
75

139

25 � 30

N

M

R

30-35

N

M

R

35-40

N

M

R

40 � 45
N

M

R

45 � 50
N

M
R

50 � 55

N

M

R

55 - 60
N

M

R

60 � 65
N

M

R

Total

N
M

R

12
17

0

6
33

0

33
12

0

6

50
0

6

50

0

9
22

0

6

17
0

30
30

0

1

100
0

1

100

0

5

80

0

4

100
25

2
100

0

1

100
0

1

100
100

22

90

9

5

100

33

13

100
23

19

90
26

21
90
24

21
100

24

7
100

43

86

98
27

2

100

100

6

100

83

2

100
100

14

100
86

2

50

0

7
86
33

22
77

23

37

68
13

47

68

19

38
71

18

26
65

31

4
75
75

185

71
20



Due to the limited number of samples at the lower size classes,
it was difficult to determine the smallest size at which ehu
reach sexual maturity. The available data indicate that at least
some of the females are mature at 25 to 30 cm for age I  Uchiyama
et al., in preparation! and that the majority are mature by the
time they reach 35 to 40 cm or age II.

Ripeness as an indication of maturity showed a slightly dif-
ferent trend with size  Table 3!. There were no ripe fish in the
25 to 30-cm range; the smallest fish with ripe ovaries was 31.8
cm; however, the small sample size at the lower end of the range
may bias the data. The 30 to 35-cm range showed a 33 percent
increase in the number of ripe fish. In July, 9 percent of the
ehu had ripe-appearing ova and no fish   45 cm was ripe. By
August, small    45 cm! ripe fish began to appear and the number
of ripe to nonripe increased to 27 percent. In September, 86
percent of all fish caught were ripe, but fish   45 cm were not
represented.

Sex Ratio

Sex ratio was determined from a total of 833 ehu collected
over a 5-year period. The overall ratio for the period between
1977-81 deviated significantly from the expected 1:1; 557 �6.9
percent! were female and 276 �3.1 percent! were male. Each
separate year also showed a significant deviation from 1:1. The
sex ratio, calculated for each 5-cm size class, showed that for
small ehu �5 to 30 cm!, the female to male ratio was 1:1, but
among larger  older! fish, there was a gradual increase in the
percentage of females. The percentage of females in the 45 to
50-cm class was 65 percent, 84 percent in the 50 to 55-cm class,
and 96 percent in the 55 to 60-cm class  Table 4!. Contingency
table analysis showed that sex ratio and size are not independent
 x~ P   0.05, d.f. = 7! . An analysis of the difference in sex
ratio for October and May to test for possible variation due to
behavioral factors such as spawning aggregation or female feeding
dominance showed no significant difference  Table 5!. During the
spawning months, however, the percentage of males in the sample
dropped from 41 percent in June to 18 percent in August, rose
slightly to 26 percent in September, before approaching near nor-
mal levels  for this population of ehu! of 38 percent in October.
This suggests that sex ratio and season are also dependent
 x~ P   0.01! .
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TABLE 4. TEST TO DETERMINE THE DEPARTUR OF THE
SEX RATIO OF EHU FROM 1:1 BX 5-CM FL
INTERVALS.  DATA POOLED OVER 5 YEARS!

Fork Length  cm! XFemales �!

ip < 0.05

TABLE 5. TESTS OF THE HYPOTHESIS THAT SEX RATIO
DID NOT VARY SIGNIFICANTLY WITHIN
MONTHS OF THE YEAR FROM THAT OF THE
ACTUAL POPULATION OF EHU �: 1!

Contribution
to Total xMonth Females  %!

Note: Total x = 26.50, d. f. = 11, P < 0.01

Fecundity

A linear regression using natural log transformed data pro-
vided the best fit when fecundity  F! was compared with fork
length  FL!in centimeters and total body weight ]w! in kilograms.
The regression equations were F ~ 0.05413  FL!~ and
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25 � 30
30 � 35
35 - 40
40 � 45
45 � 50
50 � 55
55 � 60
60 � 65

January
February
March
April
May
June

July
August
September
October
November
December

33
33

59
96
57

176

50

138

57

21

96
17

12
48

114

211
199

162
74

10

60. 6
69.7
55.9
69.8

68.4
58.5
62.0

81.9
73.7
61.9
63 ' 5
70.6

50 ~ 0
45.8
59.6
53.6
65.3
84.0
96.0

90. 0

0 0.33
4.24*
1,07

18.70*
74.68*
62,48*

6.40*

0.6

0.1
3.2
0.3

0
5.5
0,6

14.1
1.2
0.3
0.5
0.1
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Figure 7. Length-fecundity relationship of ehu

F = 3.412 x 10  W!'' . This indicated that fecundity increased
as a function of both length  r = 0.991! and weight  r 0.987!
 Figure 7! . Because of the sample size  N = 5!, the estimates of
fecundity should be considered tentative, although the correla-
tion for both indicators was quite high. The data did give an
approximation of the number of ova spawned by a particular size
range of fish. The estimated fecundity ranged from 349,600 to
1,325,600 for ehu between 38.3 and 50.8-cm FL and between 0.97
and 2.49 kg.

Regional Comparisons

To test for differences in spawning season among the three
regions within the NWHI, monthly mean GSI versus region was com-
pared. All three regions showed a similar trend of low GSI in
January-June, increasing in July-September, then decreasing in
October-December. The available data did not show any signifi-
cant differences in monthly mean GSI among regions.
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The sex ratio in regions 1 and 3 did not differ from that of
the population ratio �:1! whereas in region 2 the ratio was
slightly skewed in favor of females �.8:1!.

DISCUSSION

Spawning Seasonality

Ehu begin maturing throughout the NWHI in Nay and spawn in
July-September. This corresponds to the time of year when
environmental conditions such as temperature and photoperiod are
at a peak in this area  Uchida, 1977!. Similar observations were
made by Grimes and Huntsman �980! on the vermilion snapper,

h h 92' . b
1 	9 ! " " , ~ 9 . 1" h

19, 9 b [»! 9
11 1 h

pers to be summer spawners. Ehu seem to have a shorter, more
defined spawning seasan than many other snappers. Druzhinin
�970! reported that the spawning period of Lutjanids may be very
protracted, extending over a period of several months. In con-
trast, ehu in spawning condition were found only during a 3-manth
period. Spawning ceased in October when GSI values dropped and
ovaries containing ripe ova were no longer found. Further degen-
eration takes place in November-December as indicated by a high
percentage of residual ova in the ovaries during this period.
Goldberg �981! found atretic ova near the close of the spawning
periad when the ava that failed to complete yalk deposition
underwent resorption.

Ehu appear to be serial spawners, that is, they release
multiple batches of ova during the season. The actual mechanism
for this type of spawning varies considerably among different
species and depends to a large degree on the environmental

h h 1 ~ h9 9 9 ill!9
a dominant egg batch is spawned in the most favorable breeding
period, then smaller batches are spawned under less favorable
environmental conditions  Chigirinskiy, 1970!. Crossland �977!
reported similar results in which serial spawning took place an
an annual cycle where successive batches of ripe eggs matured
from a stock of developing eggs. Results of this study indicate
that a similar pattern occurs with ehu where a develaping group
of ova matures each year from a core of primary ova and various
batches af ova ripen and are spawned each season from this
developing stock. Further evidence of serial spawning is that
spawned-out ovaries containing mainly primordial ova were not
found until the end of the spawning seasan. This observation was

9
1981! . In addition, ehu avaries contained ova in various stages
of development throughout the spawning season, supporting the
contention of Grimes and Huntsman �980! that this may also
indicate fractional spawning.
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It can be concluded that ehu ovaries develop asynchronously
 Wallace and Selman, 1981! throughout the year, but during the
maturation phase they develop synchronously and batches of ova
ripen and are spawned. The final stage, that is, from ripe to
actual spawning, occurs very rapidly  Grimes and Huntsman, 1980!,
as evidenced by paucity of ripe females and the complete absence
of hydrated ovaries in the samples. The absence of fish with
ripe or hydrated ova may also be due ta behavioral factors, i.e.,
fish feed less prior to spawning  Reshetnikov and Claro, 1976! or
that running ripe fish may shed their eggs when lifted out of the
water  Htun-Han, 1978!. The latter explanation is very pertinent
to ehu since they are caught in deep water and often experience
severe stress from the change in pressure as they are brought to
the surface.

Investigators have used various criteria to determine the
minimum size of sexual maturity. Many feel that the presence of
developing  type IIl! ova indicates that the fish is likely to
spawn during the current season  Clark, 1934; Crossland, 1977;
DeNartini and Fountain, 1981! . For ehu, the presence of ripe
 types V and VI! ova gave a better indication of the percentage
of fish that will actually spawn in any size class. Ehu with
mature  type III! ovaries began appearing in Nay and were always
found in greater proportion than those with ripe ovaries. These
fish have the potential to spawn, but many never reach the ripe
stage due to environmental conditions  Chigirinskiy, 1970! or age
constraints  Clark, 1934!. The ova that did not mature would
cease development and be resorbed. As with other snappers
 Starck and Schroeder, 1971; Grimes and Huntsman, 1980! larger
ehu  ~45 cm! mature earlier in the season and remained in spawn-
ing condition longer than small  <45 cm! fish.

The smallest mature ehu caught was 29.8 cm, and 50 percent
of the fish in the 25 to 30-cm size class had mature ovaries. In
contrast, the smallest fish that had ripe ovaries was 31.8 cm,
and 33 percent in the 30 to 35-cm size class were ripe. Because
of the scarcity of small size classes, due possibly to hook
selectivity  Ralston, 1982! or other behavioral factors, size at
maturity could not be confidently estimated. The data indicated,
however, that some ehu spawn during their first year at around 32
cm and that the majority spawn after age II �9 cm! .

There appeared to be no differences in spawning season,
maturation, and sex ratio for the three regions within the study
area. Apparently the change in the environment accompanying the
change in latitude from Nihoa to Midway Islands is not signifi-
cant enough to cause any fluctuation in the spawning within the
NWH I.

Sex Ratio

The sex ratio of ehu  all samples pooled! deviated signifi-
cantly from the expected 1:1 and also by size and season. There
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was a preponderance of females in nearly every category. A devi-
ation in sex ratio among different size classes was also found in
the vermilion snapper  Grimes and Huntsman, 1980! . Female ver-
milion snapper increased to 60 percent of the sample at 25 to
30-cm total length  TL!, to 70 percent at 50 to 55 cm, and to 90
percent above 55 cm, suggesting that this anomaly resulted f rom
differential mortality and longevity. The data for ehu show an
even greater disproportion of females in the upper size range
 Table 5!. This implies greater male mortality in the higher
 �0 cm! size classes. Age and growth data for ehu are very lim-
itedg however, female ~~ ~~~gzia grow more rapidly and
survive to a greater age than males  Reshetnikov and Claro,
1976!.

The data for the sex ratio of ehu over the year show that,
during the prespawning month of June, the ratio of males
increases to about 41 percent then decxeases to 18 percent during
the peak spawning period in August  Table 4!. This suggests
behavioral changes during the spawning season such as feeding
response and spawning aggregations by females.

Fecundity

Estimates of fecundity for ehu are slightly higher than
those for the vermilion snapper. Estimates of the fecundity of
vermilion snapper ranged from 8,168 to 1,789,998 ova for 41
females 229 to 557-mm TL  Grimes and Huntsman, 1980!. The
estimates for ehu ranged from 349,000 to 1,325,600 for fish
between 38.3 and 50.8 cm and are based on the total number of
eggs that may be spawned under ideal environmental conditions in
a given season.

RKPEREHCSS

Eggs and early life history.Bagenal, T. B., and E. Braum. 1968.
In

ed. W. E. Ricker, pp. 159-181.
Blackwell Scientific Publications.Oxford and Edinburgh:

Baglin, R.E., Jr. 1982. Reproductive biology of western
Atlantic bluefin tuna.
80�!:121-134.

145

Because ehu is a multiple spawner, the estimates may be less
precise since it is difficult to determine the number of spawn-
ings per year and the number of eggs per spawning  Hunter and
Goldberg, 1980!. Environmental conditions may determine whether
some or all of the batches may be spawned  Chigirinskiy, 1970!.
Also, the relationship among the number of maturing ova in an
ovary, the number of ova spawned, and the viable larvae produced
are unknown. Therefore, considering all these factors, fecundity
estimates for ehu represent an approximation of its reproductive
potential.



Chigirinskiy, A. I. 1970. The nature of oogenesis and fecundity

et Schlegel!]. o 10�!:755-760.

Clark, F.N. 1934. Maturity of the California sardine  ~re~
~ux~m! determined by ova diameter measurements.

D m 49

pp.

Crossland, J. 1977. Seasonal reproductive cycle of snapper,
I

11 �!: 37-60.

DeÃartini, E.E., and R.F. Fountain. 1981. Ovarian cycling
frequency and batch fecundity in the queenfish, Qg~~g
gg~I~: Attributes representative of serial spawning
fishes. 79 �!: 547-560.

Druzhinin, A.D. 1970. The range and biology of snappers  Fam.
Lutjanidae!. 10: 717-736.

Forster, G.R., J.R. Badcock, M.R. Longbottom, N.R. Merrett, and
K.S. Thomson. 1970. Results of the Royal Society Indian

P ~

175: 367-404.

Goldberg, S.R. 1981. Seasonal spawning cycle of the black
t t d 1. X~

79 �!: 561-562.

Grimes� C.B., and G.R. Huntsman. 1980. Reproductive biology of
PP

Carolina and South Carolina.
78�!:137-146.

Htun-Han, M. 1978. The reproductive biology of the dab,
1ig~g  L.! in the North Sea: Seasonal changes in the
ovary. 13:351-359.

Hunter, J.R., and S.R. Goldberg. 1980. Spawning incidence and
b

s 77�!:641-652.

Love, M.S., and W.V. Westphal. 1981. Growth, reproduction, and
h»i *k, Mt ~~, f

central Calif ornia. 79�!:533-545.

Moffitt, R.B. 1980. A preliminary report on bottomfishing in
C-tJ

ed. R.W. Grigg and R. T. Pfund, pp. 216-225.

146



UNIHI-SEAGRANT-MR-80-04. Univer sity of Hawaii Sea Grant
College Program, Honolulu.

Morse, W.W. 1980. Spawning and fecundity of Atlantic mackerel,
~iamb~ gLi~gi~, in the Middle Atlantic Bight. gigJhgzg

7

Otsu, T., and R.N. Uchida. 1959. Sexual maturity and spawning
of albacore in the Pacific Ocean.

59�48!:287-305.

Ralston, S. 1981. A study of the Hawaiian deepsea handline
fishery with special reference to the population dynamics of
P ~" ~ ~~77' "7

Ph.D. Dissertation, University of Washington, Seattle.

Ralston, S. 1982. Influence of hook size in the Hawaiian
deep-sea handline fishery.

39 9!:1297-1302 '

Ralston, S., and J.J. Folovina. 1982. A multispecies analysis
of the commercial deep-sea handline fishery in Hawaii.

80 �!:435-448.

Reshetnikov, Y.S., and R.M. Claro. 1976, Cycles of biological
processes in tropical fishes with reference to ~~

16�!:711-723.

Starck, w.A., II, and R.E. schroeder. 1971. Investigations on
the gray snapper,

224 pp.

7'7, . . . .. * ' . 77.

Southwest Fisheries Center Administrative Report H-79-20,
National Marine Fisheries Service, NOAA, Honolulu, HI 96812,
» pp

Uchida, R.N. 1977.
Southwest

Fisheries Center Administrative Report 4H, 1977, National
Marine Fisheries Service, NOAA, Honolulu, HI 96812, 60 pp. +
attachments.

Uchiyama, J.H., J. Enitan, and J.D. Sampaga. Age and growth
estimates of snappers and jacks of the deep-sea handline
fishery of the Northwestern. Hawaiian Islands. Southwest
Fisheries Center Honolulu Laboratory, National Marine
Fisheries Service, NOAA, Honolulu, HI 96812. In
preparation.

Uchiyama, J.H., and R.S. Shomura. 1974. Maturation and
fecundity of swordfish, ~~~ ~~, from Hawaiian
waters. In

147



Part 2.

Review and Contributed Papers, ed. R.S, Shomura and F.
Williams, pp. 142-148. U. S. Department of Commerce, NOAA,
Technical Report NMFS SSRF-675.

Van Dalsen, A.P. 1977. An improved technique for subsampling
eggs for fecundity studies.
9:6-10.

Wallace, R.A., and K. Selman. 1981. Cellular and dynamic
aspects of oocyte growth in teleosts.
21:325-343.

Yuen, H.S.H. 1955 . Naturity and fecundity of bigeye tuna in the
Pacific.

150, 30 pp.

148



Pr oc. Res. Inv. NWH I
UNIHI-SEAGRANT-MR-84-0l

0
Ikuslasm.

Bert S. Kikkawa

Southwest Fisheries Center Honolulu Laboratory, National Marine
Fisheries Service, NOAA, P.O. Box 3830, Honolulu, Hawaii 96812

p ' 1' 1 1

1 d
was studied. Development of ova within the paired
ovar ies was heter ogeneous, and the sta ges of matu ra-
tion, based on the development of ova in the most
advanced mode in ova diameter size-frequency distri-
butions, were positively related to the gonadal somatic
indices. The data indicated that the spawning season
for opakapaka is from June through December, with
spawning peaks in August. Fork length appeared to be
the best predictor of fecundity. Estimates of annual
fecundity ranged from 477,990 ova for a 48.7-cm fish to
1,461,875 ova for a 76.3-cm fish. The species reaches
sexual maturity at about 42.S cm and spawns at 52 cm.
The sex ratio  data pooled by years! showed a signifi-
cant departure from l:l. More males were observed in
January and more females in August. Females predom-
inated in the samples at sizes >70 cm.

maturation snapper
sex ratio spawning

INTRODUCTION

In l978 a tripartite cooperative agreement was signed by the
U.S. Fish and Wildlife Service, Hawaii Division of Aquatic
Resources, and the Southwest Fisheries Center Honolulu Labora-
tory, National Marine Fisheries Service  NMFS! to investigate the
marine and terrestrial resources in the Northwestern Hawaiia~
Islands  NWHI!. Under this agreement, NMFS was responsible for

l49



the survey and assessment of benthic and pelagic fishery
resources  Uchida et al., 1979!.

Part of the Honolulu Laboratory's work included life history
studies of commercially important species such as opakapaka,

have been extensively fished around the main Hawaiian islands for
decades. Prized for its good taste and pleasing appearance,
opakapaka is one of the most important bottomfish in terms of
landed weight and cash value.

In this study the spawning season, size at sexual maturity,
sex ratio, and fecundity of the opakapaka was examined.

There is a limited amount of data in the literature on the
life history and reproductive biology of this deepwater snapper.
Ralston  l981! studied the commercially caught opakapaka in the
Hawaiian Archipelago and determined that opakapaka was sexually
mature at 38-cm fork length  FL! and spawned from July to
November.

MATERIALS AND NETHODS

For a major portion of the NWHI resource assessment program,
the NOAA ship +~~~ i~i."i~~ was used to survey the bottamfish
resource. The opakapaka, as well as other bottomfishes, were
caught on handline gear using four hooks  No. 28 size! per line.
Samples were collected fram 'most of the banks and reefs from
Necker Island to Northampton Seamount at depths of 73 to 220 m.

Landed fish were measured for fork length  FI! and standard
length  SL! in millimeters and weighed to the nearest 10 g.
Ovaries fram l50 fish were collected and preserved in 4 percent
buffered formaldehyde-seawater solution. Ovaries were not exam-
ined until 6 or more months had passed and shrinkage had stabi-
lized. The developmental stage of all the ovaries was determined
by the physical characteristics of the ova  Table 1!.

Homogeneity of Ova Developwent

A pair of ovaries was examined for homogeneity of ova
development. A cark borer with an inside diameter of 10.026 mm
was used to sample ovarian tissue from the anterior, middle, and
posterior regions of both lobes. Each of the core samples
extended from the outer layer of the ovary to the central lumen.
Each core sample was sectioned into three equal parts, the outer
epithelial layer, middle layer, and inner layer adjacent to the
lumen, for a total of l8 subsamples. From each of the sub-
samples, ova were teased from the connective tissue and 200
randomly selected ova was measured. Diameters of the irregularly
shaped ova were measured in a petri dish etched with parallel
lines. An ocular micrometer was used to measure the ava
following the methods of Clark �934!.
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TABLE 1. DRVELOPMENTAL STAGES OF THE OVA

Size Range
 mm!DescriptionStage

Primordial Found in all the ovaries; usually
ovoid and transparent.

No measure-

ments taken

Ova are transparent to translucent;
opaque yolklike material may be
present in the ovum. Ova usually
ovoid or wedgelike.

Ear ly
developing

0.15-0.39

Developing Ova are completely opaque and ovoid. 0.16-0.67

Ova are ovoid and have a translucent
margin. The fertilizatian membrane
has formed.

Advanced

develaping
0.39-0.60

Early ripe Ova are usually round or spherical.
Yolk material is translucent and oil
globules may be present.

0.47-0.58

No ripe ovary
collected

Ripe Ova are transparent and contain oil
globules.

Ova are degenerating and show signs
of degradation.

Residual

Source: Adapted from Uchiyama and Shomura, 1974

Fecundity

Ova were teased from the connective tissues and a randam
sample of 300 ova were measured ta establish the size range of
the ova in the most advanced mode. Ova in the most advanced mode
were then counted.

Fecundity was estimated from each subsample by multiplying
the number of ova in the most advanced made by the ratio of the
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Estimates of fecundity for five individual fish were
obtained by the gravimetric method  Bagenal and Braum, 1968!.
Preserved avaries were dried un paper towels and gently squeezed
to expel any liquid within the lumen. An electronic balance was
used to weigh each pair of ovaries to the nearest 0.1 mg. A
middle care sample was extracted from the left lobe and sectioned
into three equal layers and each layer was weighed to the nearest
0. 1 mg.



total ovary weight divided by the subsample weight. The mean of
these estimates was used to represent the fecundity of the fish.

RESULTS

Homogeneity of Developaent

Because the frequency distributions of the ova diameters
 see Table 1! from the 18 subsamples were skewed to the right of
the means, a Kruskal-Wallis, nonparametric test  Sokal and Rohlf,
1969! was used to compare the 18 subsamples. The results showed
that the variances among the sites were significantly different
 X2 = 191.45, d,f. = 17, P < 0.01!, indicating that the ova in
opakapaka ovaries developed heterogeneously.

Fecundity

Fecundity estimates ranged from 478,000 for a 48.7 cm fish
to 1,462,000 for a 76.3 cm fish. Relationships of the log
fecundity to fork length and weight were determined by the least
squares method. The relationship between fecundity and fork
length gave the best fit  r 0.90!  Figure 1! . The relation-
ships of fecundity to length and weight were:

log fecundity
r

log fecundity
r

4.74 + 0,0187 FI
= 0.90 and

5.43 + 0.108 wt
0.87

where FL is in centimeters and wt in kilograms.

Spawning Seasonality

The gonadal somatic index  GSI! can be used to estimate the
spawning season, provided that it can be shown to have a positive
relationship with the various stages of ovarian maturity. A test
to determine the relationship between fish size and GSI indicated
that fish size was positively correlated with GS1  r 0.447/
d.f. = 137, P < 0.01! . A test between fish size and stages of
maturity also showed positive correlation  r 0.873, d.f. = 131,
P < 0.01!  Figure 2! . It appeared that as the female developed
sexually, the weight of the ovary not only increased faster than.
that of the total body weight, but also rose and fell in relation
to ovary development, spawning, and redevelopment.
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Relationships of fecundity to fish length and body weight
were examined by plotting fecundity estimates against lengths and
weights. Regression lines of the form Y = a + bX  where Y = log
of the number of ova, X = fish length in centimeters or weight in
kilograms! were fitted by the least squares method.
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Figure 1. Relationship between the log of fecun-
dity and the fish length  fork length!
of opakapaka fram the Northwestern
Hawaiian Islands



45

4,0

3.5

30

EARLY
RIPE RES! DUAL

STAGE OF MATURITY

Figure 2. Relationship between stages of matu-
rity and gonadal somatic index in the
opakapaka

154

X.
CI
Z 25

0 I-
E
O

2.O

8

O

EARLY ADVA CED
LMMATURE DEVELOPING DEVELOPING DEVELOPING



The spawning cycle of the opakapaka was determined by plot-
ting the GSI against the month of capture  Figure 3! . The
results showed that spawning commenced in June  GSI = 3.5 per-
cent! and peaked in August  GSI = 4.1 percent!. At the conclu-
sion of the spawning season in December, the GSI was 3.3. percent.
The lowest GSI was found in January. However, the occurrence of
ripening ovaries during this period suggests a protracted spawn-ing season. 4.0

35

3.0
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Z'

Z
20

lh
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Z O l5
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MONTH OF CAPTURE

Figure 3. Gonadal somatic index of l35 female
opa kapa ka by month of captur e
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Size of Nattarity

Since it was determined that fish size was closely related
to sexual development, size at maturity of the opakapaka was
determined by the percentage of change in mean gonad weight at.
each 5-cm size class  Figure 4!. The greatest percentage of
increase in gonad weight is expected when a fish matures. For
the opakapaka the greatest percentage of increase in gonad weight
was observed at the 40 to 50-cm class. The data indicate that
opakapaka mature at about 42.5 cm. The smallest mature fish was
42.7 cm. The smallest ripe fish was 37.4 cm and was probably a
precocious fish.

40160

210140

180120
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30

45 50 55 60 65 70 75
I I I I

49 54 59 64 69 74 79
40
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34
35
39

FORK LENGTH  CI!!!

Figure 4 . Ovary weight and percent change in ovary weight by
5-cm size classes  sample size in parentheses!
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Sex Ratio

Sex data were obtained for 643 opakapaka during the 4 years
of the resource assessment program. Because the yearly sex
ratios did not deviate significantly from the expected  Table 2!,
the data for 1978, 1979, 1980, and 1981 were pooled. Females

TABLE 2. NUMBER OF MALE AND FEMALE OPAKAPAKA COLLECTED BY MONTH
AND YEARS i 1978 THROUGH 1981

XTotal d. f.
1978 1979 1980 1981

61:35 2:3 6.19"

4.12*

4.76*

ll:193:8

0:114:34 11:8

10:9 0.034:10 4:0

6 ll 2.463 ~ 5 0 1 9:17

2.2512:10 5:11

22: 21

9:17

3:5 0. 02July

9:22 13.78 t10:18

2. 191:24:1

1.1438:34

0. 032I3

0.604:3 6:92:6

147:148 18:20 71:86 59:88 295:342

1 1 1 1

0.003 O.ll 1.43 5.72*

d.f.

x 2

Note: The deviation of the axle to female ratio from an expected 1:1 was
tested by Chi-square.

*P < 0.05
tP ' 0.01
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January

February

March

April

August

September

October

November

December

4:16

18i12

1145

12:12

63:38

14:27

25:43

18:19

26:38

25: 26

23:56

23:15

49:39

14:15



were more abundant than males. For the pooled sample, the male
to female ratio of 1:1.18 significantly differed from the
expected 1:1  x = 4.37; d.f. = l~ P = 0.05!.

Monthly sex ratios deviated significantly from 1:l on four
occasions. Lar ger numbers of males were caught in January and by
contrast females were more numerous in February. Also during the
peak spawning period in August, females were more predominant
than males by 2.43 times.

When size of the fish was considered, the sex ratio deviated
from the expected in two size groups. Females were more numerous
in the 30 to 39-cm class �.92:1! and in the largest size class,
70 to 79 cm �.96:1!  Table 3!.

TABLE 3. NUMBER OF MALE AND FEMALE OPAKAPAKA GROUPED
IN 10-CH SIZE CATEGORIES

Fork Length
 cm! XFemalesMales

20-29

30-39

40-49

50-59

60-69

70-79

2.67

10.37*69 10836

12566 0.3959

74 160 0. 9086

83 171 0.15

7.784

88

49 7425

Note: Deviation of the sex ratio from the expected
1:l was tested by Chi-square.

*P   0.01

DISCUSSIOR
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The distribution of ova in various stages of development
throughout the 18 subsamples indicated that development of the
ovary in the opakapaka was heterogeneous. Of the total 18
subsamples from 1 fish, only 6 subsamples had ova in the advanced
developing stage and only 2 subsamples had ova in the ripe stage.
In the test for homogeneity of location, developing ova were used
because of their consistency throughout the 18 subsamples.



Zt appears likely that opakapaka spawn more than once in the
protracted spawning period of 7 months. During the spawning
season, only 2 percent of the females of mature size had indices
lower than l percent which occurred only at the conclusion of the
period. Also, all of the sexually mature females during that
time exhibited either developing or ripening ovaries and none was
found in a spent or resting condition. From the continuous
development of the intraovarian ova and the absence of resting
ovaries during the spawning period, it is concluded that the
opakapaka is probably an intermittent spawner.

Spawning is probably initiated by transient environmental
conditions that promote rapid ova development and optimize
development and survival of the short planktonic life of the
lutjanid larvae  Randall and Brock, 1960!.

Although the yearly sex ratios for 1978-81 did not deviate
significantly from the expected, the sex ratio for the pooled
sample deviated significantly from 1:1 in favor of the females.
Kami  l973! observed significantly higher catches of male
opakapaka in Guam, whereas Ralston �981! found no predominance

'' ' " y '1 y. ~ gh
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