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ABSTRACT: Seasonal and intersexual dynamics in parameters of the length-weight relationship of 
the mudskipper Periophthalmus barbarus, from Imo River estuary, Nigeria, were studied. The pro- 
portionality constant or intercept (a) was aseasonal in males, but in females it was significantly 
higher in the dry season (November-April) than during the rains (May-October) due to heightened 
breeding activity. The length exponent (b) depicted seasonal isometry in males. In females, isometry 
was evident in the dry season while a positive allometry occurred during the wet season. The sizes 
of the smallest and largest specimens examined did not regulate variations in the magnitudes of 
(a) and (b) in both sexes. The insignificant intersexual variation in the length-weight parameters 
suggests the possibility of using a single predictive length-weight equation for the population. How- 
ever, the sexes exhibited different monthly rank-orders of (a) and (b), thus making such composite 
estimates unreliable for a study spanning up to a year, Values of (a) and (b) were inversely corre- 
lated in both sexes. The population dynamics implications of the results are discussed. 

INTRODUCTION 

Fish body weigh t  is a function of any of its l inear dimensions e.g. length. The  length-  

weight  relationship (LWR) of a fish populat ion provides a means  of interpret ing measures  
of length  and weigh t  at any give life stage. The LWR of a fish species descr ibes  the 

functional reg ime  in weight  distribution per  unit size of a subpopulation,  a vital at tr ibute 
for analysing populat ion dynamics.  

The parameters  of the functional l eng th -we igh t  (LW) equat ion are requ i red  for a 

number  of practical  applications including, inter alia, the rapid conversion of the length  
of an individual  fish to weight  in assessing total biomass or s tanding stock; es t imat ing the 

mean  weight  of the fish of a g iven  length  class; assessment  of populat ion biomass yield 

model  of Berver ton-Holt  (Tyler & Gallucci, 1980); the conversion of length-specif ic  yon 
Bertalanffy growth model  to the weight-specif ic  growth model  (Royce, 1972); the 

evaluat ion of overal l  we igh t  growth per formance  index (Moreau et al., 1986) and inter- 

populat ional  comparison of the gross morphology  of the same species or b e t w e e n  dif- 
ferent  species. 

The LWR of a fish species is typical of a g iven  habitat  and is indicative of the ade-  
quacy of the complex  of synecological  conditions that  inf luence fish growth and devel -  

opment  in that env i ronment  (Becker, 1972). It is thus logical to assume that the pa rame-  

ters of the LWR - regress ion intercept  (a), length  exponent  (b) - of a g iven  species  may 
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vary seasonally in response to f luctuating envi ronmenta l  conditions and  biological phe- 
n o m e n a  such as reproductive inves tment  and  spawning.  However, most records of the 
LWRs of Niger ian  fishes, and indeed  those of fishes from other regions, are largely based 
on the overall trends. Consequently,  there is a dearth of information on the seasonal  and  
intersexual  dynamics  of the LWR of fishes. 

The present  contribution examines  the temporal  (monthly and seasonal) and  inter- 
sexual dynamics  in the parameters  of the LWR of the mudskipper  Periophthatmus bar- 
barus, in lmo River estuary, Nigeria (Fig. 1). Very little is known  about the biology of this 
amphibious fish in spite of its role in support ing subsis tence/ar t isanal  fisheries as well as 
its status as an e n d a n g e r e d  species (Egborge, 1993). 

The Imo River basin is located in the tropical rainforest belt with an  equatorial  cli- 
matic regime typified by the dry (November-April)  and  wet (May-October) seasons. De- 
tailed description of the hydrometeorological  conditions in the study area are conta ined 
in Enplan  group (1974). 

MATERIALS AND METHODS 

Monthly samples of Periophthalmus barbarus were obtained from the intertidal sa- 
line swamp of Imo River estuary at Ikot Abasi (Fig.l) be tween  April, 1993 and March, 
1994, using unba i t ed  conical valved basket  traps. Each specimen was sexed by means  of 
the genital  papil la (being larger in females than males), measured  (total length,  cm) and  
weighed (total weight, g) after dra in ing  excess water from buccal cavity and  blot-drying 
the body. 

The LWR was based on an empirical allometric equat ion of the form (Tyler & Gallucci, 
1980): 

W = a. L b (1) 

where W = total weight, L = total length, a = proportionality constant  and  b = regression 
exponent .  The LW parameters  (a, b) were est imated by regressing (least squares  regres- 
sion technique) weight  on length  us ing base-10 double log-transformation of the data 
pairs: 

log W = a + b log L (2) 

The following relationships were also evaluated  using least squares  regression 
method with base-10 log transformation of data pairs: a vs b; a vs m i n i mum length  (Lmj; 
b vs Lmin; a vs maximum length (Lmax); b vs Lm~x. Variabilities in values of a and  b were 
analysed by the coefficient of variat ion (CV) and  associated F-ratio test (Lewontin, 1966). 

RESULTS 

Table 1 presents  the monthly  variat ions in the parameters  of the LWRs of male Pe- 
riophthalmus barbarus, along with the sample sizes, size limits and  correlation coeffi- 
cients. Annua l  mean  proportionality constant  was a = 0.0119 • 0.0057 with high varia- 
bility (CV = 47.9 %). It ranged  from 0.0065 in May and  November  to 0.0251 in March. The 
dry and  wet  season (a) values were not significantly different (t = 0.710, df = 10, p > 0.05); 
intraseason variability was slightly higher  in the dry than in the wet season even  though 
this difference was not statistically significant (F = 2.459, p > 0.05: Table 2). 
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Fig t. Map of Imo River estuary, showing the location of the study area. Inset: Map of Nigeria, 
showing the location of Imo River 
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Table 1. Monthly variation in the parameters  of the length-weight  relationship of male  P. barbarus 
in Imo River estuary, Nigeria 

Months  N Total length  fcm) Regression parameters  r* 
Lmm Lma x Intercept (a) Exponent (b) 

April 42 5.4 10.7 0.0089 3.077 0.982 
May 30 6.3 10.6 0.0065 3.230 0.979 
June  39 5.7 11.6 0.0066 2.224 0.987 
July 35 6.1 13.7 0.0125 2.974 0.990 
August  36 7.5 15.6 0.0103 3.027 0.986 
Sep tember  52 3.3 12.1 0.0093 3.076 0.994 
October  33 5.9 11.6 0.0181 2.729 0.924 
November  32 4.6 11.2 0.0065 3.211 0.923 
December  33 6.3 14.3 0.0084 3.091 0.991 
January  36 5.5 14.0 0.0160 2.885 0.985 
February 37 5.3 12.9 0.0143 2.918 0.981 
March 50 6.3 10.6 0.0251 2.676 0.910 

�9 All correlations significant at p < 0.001 

O v e r a l l  m e a n  l e n g t h  e x p o n e n t  w a s  b = 3 .010  e 0. i 83  w i t h  low v a r i a b i l i t y  (CV = 6 .1%).  

T h e  (b) w a s  no t  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  t h e  c u b i c  v a l u e  (t = 0.200, df  = 11, p > 0.1). 

T a b l e  2 s h o w s  t he  s e a s o n a l  (b) v a l u e s ;  m e a n  (b) w a s  no t  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  3.0 

in  b o t h  t h e  d ry  (t = 0.309, df = 11, p > 0.1) a n d  w e t  {t = 0.566, df = 11, p > 0.1) s e a s o n s .  T h e  

d ry  a n d  w e t  s e a s o n  m e a n  v a l u e s  of (b) w e r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  e a c h  o t h e r  

(t = 0.564,  df  = 10, p > 0.1); i n t r a s e a s o n  v a r i a b i l i t i e s  w e r e  low a n d  n o t  s i g n i f i c a n t l y  dif-  

f e r e n t  f r o m  e a c h  o t h e r  (F = 1.044, p > 0.05). 
T h r o u g h o u t  t h e  year ,  v a l u e s  of (a) a n d  (b) w e r e  s t r o n g l y  i n v e r s e l y  c o r r e l a t e d  

(r = - 0 . 9 8 7 ,  df = 10, p < 0.001: T a b l e  1) a c c o r d i n g  to t h e  p o w e r  func t ion :  

a = 24 .3729  (b) -7'016 (3) 

w h i c h  a c c o u n t e d  for  97.4 % of t h e  v a r i a n c e  (r 2) in  t h e  da ta .  T h e r e  w e r e  n o  s i g n i f i c a n t  cor-  

r e l a t i o n s  i n  t h e  f o l l o w i n g  r e l a t i o n s h i p s :  Lmi n v s  (a) (r = 0.193,  df = 10, p > 0.1), Lmi n v s  (b) 

(r = -0 .204 ,  df = 10, p > 0.1), Lmax vs (a) (r = 0.089, df = 10, p > 0.1) a n d  Lmax vs (b) 

(r = - 0 . 0 4 1 ,  df = 10, p > 0.1). T h e  c o m p o s i t e  LW f u n c t i o n  for m a l e  P. barbarus  w a s  

(r = 0.990,  df = 453, p < 0.001): 
W = 0 .0093 L 3'~ (4) 

Th i s  s h o w s  t h a t  w e i g h t  i n c r e a s e d  i s o m e t r i c a l l y  w i t h  f i sh  l e n g t h ;  a b o u t  98.0 % of t h e  

v a r i a t i o n  in  b o d y  w e i g h t  w a s  e x p l a i n e d  b y  c h a n g e s  in  l e n g t h .  

T h e  m o n t h l y  t r e n d s  in  t h e  LW p a r a m e t e r s  of f e m a l e  P. barbarus, a l o n g  w i t h  t h e  s a m -  

p l e  s i zes  a n d  s ize  r a n g e s  a re  p r e s e n t e d  in  T a b l e  3. O v e r a l l  m e a n  p r o p o r t i o n a h t y  c o n s t a n t  

w a s  a = 0 .0101 _+ 0.0031 w i t h  a m o d e r a t e l y  h i g h  v a r i a b i l i t y  (CV = 30.7 %); m e a n  v a l u e  of 

(a) w a s  s i g n i f i c a n t l y  h i g h e r  in  t h e  d r y  s e a s o n  t h a n  d u r i n g  t h e  r a i n s  (t = 3 .447,  df  = 10, 

p < 0.01) (Tab le  2) b u t  i n t r a s e a s o n  v a r i a b i l i t i e s  w e r e  no t  s i g n i f i c a n t l y  d i f f e r e n t  (F = 1.633, 

p > 0.05). 
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Table 2. Seasonal variation in the parameters of the length-weight relationship of male and female 
R barbarns in Imo River estuary, Nigeria 

Length-weight parameters Seasons  
Dry. season (N) Wet season (N) 

Males 
Intercept (a • sd) 0.0132 • 0.0069 (6) 0.0106 + 0.0044 (6) 
Coefficient of variation (%) 52.3 41.5 
Exponent (b + sd) 2.97 • 0.0190 (6) 3.043 • 0.186 (6) 
Coefficient of variation (%) 6.4 6.1 

Females 
Intercept (a + sd) 0.012 • 0.0023 (6) 0.0079 _ 0.0018 (6) 
Coefficient of variation (%) 1.86 22.8 
Exponent (b + sd} 2.948 • 0.079 (6} 3.154 + 0.122 (6) 
Coefficient of variation (%) 2.7 3.9 

A n n u a l  m e a n  l e n g t h  e x p o n e n t  w a s  b = 3.050 + 0,145 a n d  d id  no t  s ign i f i can t ly  d e v i a t e  

f rom 3.0 (t = 1.200, df = 11, p > 0.1). M o n t h - t o - m o n t h  var iab i l i ty  w a s  low ove r  t h e  o n e  yea r  

pe r iod  {CV = 4.80%),  w i th  v a l u e s  of (b) r a n g i n g  f rom 2.887 in N o v e m b e r  to 3.364 in May. 

T h e  a v e r a g e  {b) d e p i c t e d  i s o m e t r y  in the  dry  s e a s o n  t = 1.613, df = 5, p > 0.1) bu t  a posi-  

t ive a l lomet ry  d u r i n g  the  ra ins  (t = 3.072, df = 5, p < 0.05) {Table 2). M o r e o v e r ,  m e a n  (b) 

for t he  w e t  s e a s o n  s ign i f i can t ly  s u p e r s e d e d  tha t  of t h e  dry  s e a s o n  {t = 3.139, df  = 10, 

p < 0.02); i n t r a s e a s o n  var iab i l i ty  w a s  low for e a c h  s e a s o n  a n d  t h e r e  w a s  no  s i g n i f i c a n t  dif- 

f e r e n c e  b e t w e e n  s e a s o n s  (F = 2.385, p > 0.05) (Table 2). 

Table 3. Monthly variation in the parameters of the length-weight relationship of female P. barbarus 
in Imo River estuary, Nigeria 

Months N Total length (cm) Regression parameters r* 
Lmi. L , , a x  Intercept (a) Exponent (b) 

April 13 6.0 12.6 0.0093 3,076 0.969 
May 33 5.9 10.5 0.0048 3.364 0.993 
June 32 6.6 11.8 0.0085 3.101 0.993 
July 36 4.7 13.3 0.0092 3.091 0.990 
August 66 4.7 12.6 0.0067 3.233 0.953 
September  75 1.3 12.2 0.0092 3.073 0.991 
October 71 5.3 12.2 0.0090 3.050 0.921 
November 68 5.1 10.7 0.0119 2.887 0.919 
December 37 4.6 13.6 0.0100 3.018 0.971 
January 35 5.0 11.1 0.0148 2.904 0.983 
February 79 4.7 12.4 0.0137 2.896 0.988 
March 57 5.9 13.5 0.0144 2.906 0.944 

�9 All correlations significant at p < 0.001 
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The monthly values of (a) and  (b) were inversely correlated (r = -0.978, df = 10, 
p < 0.001) according to a functional equa t ion  of the form: 

a = 18.3668 (b) -6"776 (5) 

which accounted for 95.7 % of the variat ion in the data. No significant correlations were 
found in the following relationships: Lm,n vs (a) (r = 0.016, df = 10, p > 0.1), Lma~ vs (a) 
(r = -0.371, df = 10, p > 0.1), Lmin vs (b) (r = 0.009, df = 10, p > 0.1) and  Lma~ vs (b) 
(r = -0.450, df = 10, p > 0.1). The overall l ength-weight  relationship for the female fish 
was (r = 0.972, df = 620, p < 0.001): 

W = 0 . 0 1 1 1  L 3"013 (6) 

This indicates an isometric re la t ionship ,  with 94.5 % of the variation in body weight 
be ing  accounted for by changes in length.  

There was no significant intersexual  variation in values of (a) (paired t = 1.343, 
df = 11, p > 0.1) and (b) (paired t = 0.792, df = 11, p > 0.1). Intersexual d ivergence  in varia- 
bility was insignificant  in respect of (b) (F = 1.593, p > 0.05) but was significantly higher 
in males than females in respect of (a/(F = 3.381, p < 0.05). Since there was no significant 
intersexual  differences in the LW regression parameters  of P. barbaras, the data were poo- 
led for the general  relationship of the form (r = 0.921, df = 1.011, p < 0.001): 

W = 0.1533 L 2"9~ (7) 

which accounted for 84.8 % of the variance in the data. The exponen t  of equat ion 7 
depicts an isometric relationship. The only intersexual  differences in the LW parameters  
were in the monthly regimes as depicted by the rank-orders (n = 12) of (a) (Spearman 
rank correlation rs = 0.430, p > 0.05 and  (b) (rs = 0.413, p > 0.05) (Tables 1 and  3). 

DISCUSSION 

The overall mean  regression exponents  in the length-weight  relat ionships of male 
and  female P e r i o p h t h a l m u s  barbarus  were not markedly  different from 3.0. Conse- 
quently, isometry was main ta ined  in both sexes, thus suggest ing indifferent  growth in 
male and  female fishes. The populat ion of P. barbarus  in Imo River es tuary is, therefore, 
a homogenous  group with body weight  varying approximately with the cube of the total 
body length  (cf. Khan et al., 1991). This was also reflected in the pooled length-weight  
function for the populat ion (eqn. 7). The results connote  that the dynamics  of P. barbarus 

populat ion in Imo River estuary can be analysed us ing  various models which assume iso- 
metry (Sparre & Venema, 1992). The ranges  of the regression coefficients in the males 
(b = 2.676-3.230) and  females (b = 2.887-3.364) are well within the limits g iven by Car- 
l ander  (1969), Royce (1972) and  Lagler et al., (1977) for fin fishes. Etim et al. (1996) esti- 
mated  b = 2.940 for the Cross River (Nigeria) populat ion of P. barbarus.  This is not mar-  
kedly different from the present  overall est imate (b = 2.902). 

The aseasonali ty in the values of the length-weight  parameters  in male P. barbarus  

indicates that biological p h e n o m e n a  such as foraging pattern, testicular anabol i sm (re- 
productive investment)  and deple t ion dur ing  spawning  have little impact  on the length- 
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weigh t  functions. In females,  mean  (a) was h igher  in the dry season while (b) was h igher  

during the rains. The he igh t ened  va lue  of (a) in the dry season is at tr ibutable to increase 
in reproduct ive  investment ,  and the wet  season decl ine to ovarian deplet ion at spawning  
(authors' unpubl,  data). 

In both sexes of R barbarus, variabili ty in values  of (a) exceeded  that of (b) probably 
because  in the functional l eng th -we igh t  equation,  values  of (a) vary with envi ronmenta l  

factors whereas  (b) tends to remain u n c h a n g e d  during a g iven life phase  (Bagenal & 

Tesch, 1978). Cai l louet  (1993) found a significant nega t ive  interspecific correlation bet- 

w e e n  (a) and Lmax. The  lack of significant  correlations be tw een  Lmm and Lm~ and the 
l eng th -we igh t  parameters  of male  P. barbarus indicates that the size limits of spec imens  

examined  did not inf luence variations in the magni tudes  of (a) and (b). 

In the genera l ized  l eng th-weigh t  relat ionship (eqn. 1), the magni tudes  of the para- 
meters  can be used to depict  the populat ion (or subpopulation) condition factor (Bolger 

& Connolly, 1989). In a case of isometry in a LWR (i.e. b = 3.0), the proportionali ty 

constant  (a) can be in terpre ted  as condit ion factor (K) when  mult ipl ied by 100 (Pauly, 
1993). The LW functions of both sexes of R barbarus conform to this criterion. Table 4 

shows the monthly trends in the condit ion indices of male and female fishes. Male  

condit ion ranged  from Kmm = 0.65 (May, November)  to Kmax = 2.51 (March), with a gross 

ave rage  of K = 1.19 • 0.57. The latter did not significantly deviate  from the expec ted  
value  of 1.0 for fish in good body condit ion (t = 1.155, df = 11, p > 0.1). Average  condit ion 

indices for the dry (K = 1.32 • 0.69) and wet  (K = 1.06 _+ 0.44) seasons were  not signifi- 

cantly different (t = 0.710, df = 10, p > 0.05). Similarly, intraseason variability for the dry 
(CV = 52.3 %) and wet  (CV = 41.5 %) seasons were  not significantly different (F = 2.459, 

p > 0.05). 

Overal l  mean  condit ion of female  R barbarus was K = 1.01 • 0.31 and did not signi- 
ficantly deviate  from 1.0 (t = 0.112, df = 11, p > 0.1); it var ied from Km,n = 0.48 dur ing the 

onset of the rains (May) to Kmax = 1.48 dur ing the peak  of the dry season (January). Aver- 

age  condition for the dry season (K = 1.24 • 0.23) significantly exceeded  the wet  season 

Table 4. Monthly vanation in the condition factor (K) of male and female R barbarus in Imo River 
estuary, Nigeria 

Month Condition factor (K) 
Male Female 

April 0.89 0.93 
May 0.65 0.48 
June 0.66 0.85 
July 1.25 0.92 
August 1.03 0.67 
September 0.93 0.92 
October 1.81 0.90 
November 0.65 1.19 
December 0.84 1.00 
January 1.60 1.48 
February 1.43 1.37 
March 2.51 1.44 
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v a l u e  (K = 0 .79 • 0.1) (t = 3 .445,  df  = iO, p < 0.01) d u e  to i n c r e a s e d  d ry  s e a s o n  r e p r o d u c -  

t ive  i n v e s t m e n t .  D u r i n g  t h e  w e t  s e a s o n  m o s t  of t h e  f e m a l e s  w e r e  in t h e i r  p o s t - s p a w n i n g  

or  r e c o v e r y  p h a s e s  of o v a r i a n  cyc le  t y p i f i e d  by  l ow  b o d y  c o n d i t i o n  ( a u t h o r s '  u n p u b l i s h e d  

data}. I n t r a s e a s o n  v a r i a b i l i t y  in  b o d y  c o n d i t i o n  for t he  d ry  (CV = 18.6 %) a n d  w e t  

(CV = 22.8 %) s e a s o n s  w e r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  (F = 1.633, p > 0.05}. 

M a t e  a n d  f e m a l e  R b a r b a r u s  w e r e  no t  s i g n i f i c a n t l y  d i f f e r e n t  in  t h e i r  b o d y  c o n d i t i o n  

(pa i r ed  t = 1.342, df = 11, p > 0.1) b u t  i n t r a - a n n u a l  v a r i a b i l i t y  w a s  s i g n i f i c a n t l y  h i g h e r  in  

m a l e s  (CV = 47.9 %) t h a n  f e m a l e s  ( C V  = 30.7 %) (F = 3.381, p < 0.05). 

T h e  h i g h e r  i n t r a - a n n u a l  v a r i a b i l i t y  in  v a l u e s  of (a) a n d  c o n d i t i o n  f a c t o r  (K) of m a l e  

R barbarus  vis  a v i s  t h e  f e m a l e  c o u l d  b e  d u e  to t h e  fac t  t h a t  t h e  f o r m e r  s e x  is m o r e  sus-  

c e p t i b l e  to f l u c t u a t i o n s  in  e n v i r o n m e n t a l  c o n d i t i o n s .  T h e  r e a s o n  for th i s  t r e n d  is u n c e r -  

t a i n  bu t  c o u l d  b e  l i n k e d  to m a l e s '  g r e a t e r  m o b i l i t y  o v e r  t h e  m u d f l a t s  w h i l e  f o r a g i n g  a n d  

p r o t e c t i n g  t h e  b u r r o w s .  
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