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Histological gonad analyses of 1 a t e  summer-early winter co l lec t ions  
of bigeye tuna, T h u n n u s  obesus, and yellowfin tuna T h u n n u s  albacares,  

from the Northwest Atlantic and the Gulf of Mexico 

Stephen R. Goldberg 
Department of Biology 

Whi t t i e r  College 
Whi t t i e r ,  Cal i fornia 90608 

H i  1 1 ary Herri ng-Dyal 
Southwest Fisher ies  Center 

National Marine Fisheries Service,  NOAA 
La J o l l a ,  California 92038 

INTRODUCTION 

There i s  l i t t l e  information avai lable  on the reproduction of yellowfin 
and bigeye tuna i n  the G u l f  of Mexico and adjacent Northwest Atlant ic  Ocean. 
Previous reproductive s tudies  on samples from the Pac i f ic  Ocean (Schaefer and 
Orange, 1956; Orange, 1961; Yuen, 1955; Yuen and June 1957) provide some 
information on the spawning of these species. 
understanding of ye1 lowfin and bigeye tunas' reproductive potential  , a 
histological gonadal analysis  was conducted. This analysis  will contr ibute  t o  
a more complete picture  of the reproductive biology of yellowfin and bigeye 
tunas. 

In order t o  gain an 

METHODS 

Specimens were col lected from the Gulf of Mexico and the Northwest 
Atlantic Ocean (Figure 1 ) .  The co l lec t ions  were made from September 1978 
through December 1979 by United S t a t e s  observers aboard Japanesf longline 
vessels f i s h i n g  i n  the United S t a t e s  Fishery Conservation Zone. 
capture,  fishes were weighed t o  the nearest  kilogram and measured (fork-  
l e n g t h )  t o  the nearest  centimeter. A ventral longitudinal incis ion was made 
on the abgomen and the paired gonads were removed and placed i n  a 10% formal i n  
solution. Formal i n-preserved gonads were weighe t o  the nearest  gram. A 
sample from each gonad was embedded i n  Paraplast.' Histological sect ions were 

Upon 

'Samples were obtained from the National Marine Fisheries Service, 
Southeast Fisher ies  Center, Miami , F1 orida. 

avoided i n  fu ture  samples by making a s l i t  along the l e n g t h  of the gonad 
w i t h  a razor blade. 

Fixation i n  large gonads was not uniform. T h i s  problem can be 

T h i s  will  f a c i l i t a t e  penetration of the f ixa t ive .  
n ' 
U.S. Government. 

The use of t rade names does not imply endorsement by the 
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cu t  a t 8  mm on a rotary microtome, mounted on s l i d e s  and stained w i t h  iron 
hematoxylin followed by an eosin counterstain.  All gonads were h is to logica l ly  
c l a s s i f i e d  according t o  their reproductive stages (Tables 1-2) .  
weights, gonosomatic indices and s t a t i s t i c a l  analysis  f o r  bigeye and ye1 lowfin 
tuna specimens a r e  g iven  i n  Appendix A and B respectively.  

Gonad 

RESULTS 

Females - -  Ovaries of a1 1 femal es ( col lected Augus t  through February) 
were regressed (Tables 1-21 and consisted of primary oocytes arranged along 
connective tissue septa. There was no vacuolization which typ ica l ly  occurs 
pr ior  t o  the beginning of yolk deposition f o r  a new spawning cycle.  
almost to ta l  absence of f o l l i c u l a r  a t r e s i a ,  a process i n  which f o l l i c l e s  
undergo degeneration, suggests the ovaries had been reproductively inact ive 
f o r  several months. 
c lose of the reproductive season when f o l l i c l e s  t h a t  i n i t i a t e d  b u t  d i d  not 
complete yolk disposi t ion,  degenerate. F o l l i c l e s  i n  various s t a t e s  of 
a t r e s i a  remain f o r  some time a f t e r  reproduction ceases. 

Also, the 

Foll icul a r  a t r e s i a  reaches i t s  h i g h e s t  1 eve1 s toward the 

Males - -  Testes (co l lec ted  August through February) were primarily 
r e g r e m ( T a b 1 e s  1-2)  a s  one would expect d u r i n g  a time when no spawning was 
occurring i n  the population. There were masses of residual sperm l e f t  i n  
several males a s  i s  typical i n  regressed t e s t e s .  In other cases,  l imited 
spermatogenesis was i n  progress. 
o f  sperm formation i n  males when females a r e  reproductively inact ive.  
However, the level of sperm formation was grea t ly  reduced from what one would 
have expected d u r i n g  peak spermatogenesis. 

I t  i s  not unusual t o  f i n d  small quant i t ies  

DISCUSSION 

Although yellowfin tuna and bigeye tuna a r e  reported t o  spawn most of the 
year i n  tropical areas  (Yuen, 1955; Yuen and June, 1957) we found no evidence 
of spawning a c t i v i t y  d u r i n g  Augus t  through February f o r  yellowfin tuna and 
September through February f o r  bigeye tuna sampled from the populations under 
study. Furthermore, the lack of f o l l i c u l a r  a t r e s i a  i n  females d u r i n g  February 
through September indicates  they had not been spawning d u r i n g  the previous 6-8 
weeks. 

Prior t o  the onset of spawning, there  i s  typ ica l ly  an increase i n  oocyte 

T h i s  was not 
s i z e  w i t h  a concomitant appearance of vacuoles. 
histological development t o  occur 8-10 weeks p r i o r  t o  spawning. 
observed i n  the samples of e i t h e r  species from December through February and 
would push  the postulated onset of spawning t o  April through May a t  the 
earl  i e s t .  

One would expect this 

I t  t h u s  appears based gn these data,  t h a t  the populations under study 
undergo a brief s p r i n g  spawning period s imi la r  t o  t h a t  of northern f i shes  
(Quasim, 1956) which have a r e s t r i c t e d  spawning season. In order t o  t es t  our 
hypothesis of a postulated sp r ing  spawning period, i t  will  be necessary t o  
obtain additional female gonads from the period March through June. These 
addi t ional gonads woul d be of particul a r  i n t e r e s t  i n  obtaining other Val uabl e 
information regardless of the reproductive s t a t e .  Assuming t h a t  spawning 
femal es were obtained , we coul d then cal cul a t e  fecundi ty  es t imates ,  m i n i m u m  
size a t  sexual maturity,  p l o t  a seasonal gonosomatic index graph and obtain 

A 
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information a s  t o  the k i n d  of spawning cyc le  the popula t ions  undergo. For 
example, a r e  one o r  two modes of eggs spawned o r  is  a mode of eggs matured and 
gradual l y  r e l eased?  I f  the specimens were reproduct ive ly  i n a c t i v e  this 
information would be o f  interest and perhaps i n d i c a t e  the popula t ions  were 
t r a n s i t o r y  and migrated i n t o  the a r e a  a f t e r  spawning elsewhere. Other 
f a c t o r s ,  such a s  the p o s s i b l e  existence of  inadequate  n u t r i t i o n  t o  permi t  
spawning i n  the study a r e a s  and the p o s s i b i l i t y  o f  environmental p o l l u t i o n  
i n h i b i t i n g  reproduct ion ,  need examining. 
answered by add i t iona l  c o l l e c t i o n s ,  e s p e c i a l l y  o f  sp r ing  specimens. 

These a r e  ques t ions  t h a t  can only be 

c 



-4- 

LITERATURE CITED 

Orange, C.J. 1961. Spawning o f  y e l l o w f i n  tuna and sk ip jack  i n  the  
eastern t r o p i c a l  P a c i f i c  as i n f e r r e d  from stud ies  o f  gonad develop- 
ment. Inter-American Trop ica l  Tuna Commission V(6) :459-526. 

Schaefer, M.B., and C.J. Orange, 1956. Studies o f  the  sexual develop- 
ment and spawning o f  ye1 low f in  tuna (Neothunnus macropterus) and 
sk ip jack  (Katsuwonus pelamis) i n  th ree  areas o f  the  eastern P a c i f i c  
Ocean, by exami nation-ads. Inter-American Tropica l  Tuna 
Commi ss ion I ( 6 ) : 283-349. 

Quasim, S.Z. 1956. Time and du ra t i on  o f  the  spawning season i n  some 
marine t e l e o s t s  i n  r e l a t i o n  t o  t h e i r  d i s t r i b u t i o n .  J .  Cons. I n t .  
Expl or. Mer. 21: 144-154. 

Yuen, H.S.H. 1955. Matu r i t y  and fecundity o f  bigeye tuna i n  the  
Pac i f i c .  U.S. Dept. o f  I n t e r i o r ,  F i s h  & W i l d l i f e  Service, Special 
S c i e n t i f i c  Report, F i she r ies  No. 150, 30 pp. 

Yuen, H.S.H., and F.C. June. 1957. Ye l low f in  tuna spawning i n  the  
cen t ra l  equator ia l  P a c i f i c .  U.S. F i s h  & W i l  d l  i f e  Service, Fish. 
Bu l l .  57 ( 112) : 251-264) . 

I 

t 
i 



-5- 

aJ 
tu r 
7 

aJ 
tu 

L L  

7 

5 

I 
I 
I 
I 
I 

I 
I 
I 
I 
I 

I 
I 
I 
I 
I 

0 

cu 
N 

cu cu 

I 
I 
I 
I 
I 

I 
I 
I 
I 
I 

I 
I 
I 
I 
I 

0 

+ 

d 

I 
I 
I 
I 
I 

I 
I 
I 
I 
I 

I 
I 
I 
I 
I 

0 

In 

In 

0 

0 

* 

* 

co 

03 

I 
I 
I 
I 
I 

I 
I 
I 
I 
I 

I 
I 
I 
I 
I 

0 

m 

m 



- - 3- 

m r- m 
8-l 

L 
aJ n 
5 
V a 

c 
ET, 
3 
0 
L c 
c, 
a3 r- m 
8-l 

L 

n 

n 
v) 
U 
CCI 
E 
0 el 
m r 
3 
E 

L 

el 
aJ 
c 

n 
CCI 
I- 

I I I  1 I 
l I I d I I 8 - l I d I  

I I I  I I 
I I I  I I 
I I I  I I 

I I I I I I I  
0 1 0 : ; ; ; ; ;  I 

. .  
I I 1 1 1 1 1  
I I I I I I I  

i I I I 

8 - l o d o 8 - l m o b o  

L 
aJ n 

n 
E 
c, 
aJ 
v, 

L aJ 
0 c, 
n 

V 
0 

> 
0 z 

>1 L 
a 
3 
L 
a 
LL 

n 

c, 
v) 
3 ~ 

ET, a 

L 
W n 

n 
FJ 
c, 
aJ 
v, 

L aJ 
0 
c, 
V 
0 

n 

L 
dl a 
E > 
0 z 



-7- 

a 
0 

Q) 

.I 

L 

z 
0 
d 
0 

c, 
v) 

0 = 0  
2 4 0  

0 
0 
Pa 

0 
0 
cy 

t 

0 
0 
(0 

0 
0 
h 

0 
0 
00 

0 
0 
0, 

3 
0 
0 
0 
F 



-8- 
APPENDIX A. Sumnary o f  ye l lowf in  tuna gonad data col lected 9/78 through 

12/79 i n  the northwest At lant ic  and Gulf  o f  Mexico 

mean mean mean 
f i s h  gonad gonad No 

Date Sex weight S t *  weight S?* indice S2* Samples 
EX 

n 
2 =($ 

X P 
- 

9/78 d 

9/78 9 

10178 d 
10178 9 

11/78 d 

11/78 9 

2/79 d 

2/79 9 

8/79 d 

8/79 9 

9/79 d 

9/79 9 

10/79 d 

10179 9 

11/79 d 

11/79 9 

12/79 d 

12/79 9 

TOTAL 

24 .O 
25 .O 

24.64 
20.00 
23.00 

- 
31.00 
19.00 
21.67 
37 .oo 
25.44 

- 
29.88 
23.75 
26.14 

- 
25.00 

1 .oo 67.50 
2.00 43 .OO - - 
0.55 57.89 
- 22.6 

1.58 41.02 - 
3 .oo 152.37 
- 15.22 

0.88 51.16 
5.58 42.63 
0.38 50.66 
- - 

2.42 73.64 
1.65 11.55 
1.35 61.29 - - 
5 .oo 58.02 

6.8 
8.9 - 
3 3 0  
- 

8.49 - 
28.90 

- 
13.48 
13.59 
4.72 
- 

13.22 
0.85 
9.49 - 

13.82 

.28 

.17 - 

.23 

.ll 

.16 - 

.48 
0.39 
0.24 
0.15 
0.20 

- 
0.23 
0.05 
0.23 

- 
0.23 

.04 

.02 

.01 

- 

- 
.04 - 
.05 
- 

.07 

.03 

.02 
- 

.02 

.01 

.03 
- 

.01 

2 
2 
0 

44 
1 
5 
0 
3 
1 
3 
5 
9 
0 

18 
4 
7 
0 
2 

106 

*S = variance 
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APPENDIX B. Summary o f  bigeye tuna gonad data col lected 10178 through 

12/79 i n  the northwest At lant ic  and Gulf  o f  Mexico 

mean mean mean 
f i s h  gonad gonad No 

Date Sex weight Si* weight Sf*  indice S?!* Samples 

R 1 i =(# 
- 
n 

- - - - - - 0 10178 d 

10178 Q 36.73 4.32 143.42 20.68 .34 .03 22 

11/78 d 58.44 5.12 37.14 3.72 .07 .01 9 
11/78 Q 54.16 2.64 215.64 18.88 .41 .03 18 
12/78 d 35.10 2.46 25.00 3.37 .08 .01 25 

- - - - - 0 
12/78 9 33.19 1.85 119.43 10.87 .33 .02 57 

9/79 d 
9/79 Q 33 .OO - 143.32 - .43 1 

10179 d - 0 

10179 Q 25.60 0.87 74.62 11.59 .29 .03 5 

11/79 d 20.75 4.03 16.46 2.05 .09 .02 4 

- - - - 

11/79 Q 30.88 3.36 120.78 20.37 .36 .05 8 
d - - - 0 12/79 - 

12/79 0 26.11 2.51 72.61 10.25 .28 .02 9 

TOTAL 158 

*S = variance 




