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Abs tract

A 5- year re search study, in clu ding a 2- year mark- and- re cap tu re pro gram, was de ve lo ped
to es ti ma te growth and re pro duc ti ve as pects of whi te mu llet, Mu gil cu re ma, in Lake Ma ra cai bo.
A sin gle mo del did not fit the whi te mu llet growth cur ve from ju ve ni le sta ges to adult, but the re
were two diffe rent seg ments: fish <130 mm to tal length (TL) grew at a rate of 0.359 mm/d and
fish >130 mm TL grew at a rate of 0.232 mm/d. Parame ters of the von Ber ta lanffy growth func -
tion for the growth pha ses were: L¥ = 231 mm and k = 1.368 year-1 for fish <130 mm TL; L¥ =
282 mm and k = 0.827 year-1 for fish >130 mm TL. The fe ma le:male pro por tion was 37:1. Mean
length of imma tu re fe ma les was 134.7 mm TL, and se xual ma tu rity be gan at ~200 mm TL for
both se xes. Fe cun dity es ti ma tes ran ged from 586,872 to 799,022 oocytes; fe cun dity co rre la ted
well with to tal length and body weight. Two li nes of evi den ce sugges ted that whi te mu llet in Lake 
Ma ra cai bo is a mul tip le spa wner: 1) Oocy te dia me ters diffe red among three de sig na ted zo nes of
the ovary left lobe, and 2) Go na do so ma tic in dex (GSI) va lues typi cal of he te rochro nal spa wners;
GSI va lues for ripe fe ma les ran ged from 2.14 to 8.72%. In the light of the se re sults, ini tia ti ves
should be de ve lo ped to pro tect coas tal areas for whi te mu llet in Lake Ma ra cai bo.

Key words: Whi te mu llet; growth; re pro duc tion; mark- and- re cap tu re; go na do so ma tic
in dex; oocy te dia me ter; Lake Ma ra cai bo, Ve ne zue la.

Cre ci mien to y as pec tos re pro duc ti vos de la lisa blan ca,
Mu gil cu re ma, en el Lago de Ma ra cai bo, Ve ne zue la

Re su men

Se efec tuó una in ves ti ga ción du ran te cin co años, que in clu yó un pro gra ma de mar ca je y
re cap tu ra, para es ti mar el cre ci mien to y as pec tos re pro duc ti vos de la lisa blan ca, Mu gil cu re ma,
en el lago de Ma ra cai bo. Un solo mo de lo no ajus tó la cur va de cre ci mien to des de la eta pa ju ve nil
has ta la adul ta, sino que hubo dos di fe ren tes seg men tos de cre ci mien to: los pe ces < 130 mm de
lon gi tud to tal (LT) cre cie ron a una tasa de 0,359 mm/d y los pe ces >130 mm LT cre cie ron a una
tasa de 0,232 mm/d. Los pa rá me tros de la ecua ción de cre ci mien to de von Ber ta lanffy para las
fa ses de cre ci mien to fue ron: L¥ = 231 mm y k = 1.368 año-1 para pe ces <130 mm LT; L¥ = 282
mm y k = 0,827 año-1 para pe ces >130 mm LT. La pro por ción hem bra:ma cho fue 37:1. La lon gi -
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tud pro me dio de las hem bras in ma du ras fue 134,7 mm LT y la ma du rez se xual co men zó a ~200
mm LT para am bos se xos. Los es ti ma dos de fe cun di dad va ria ron en tre 586.872 y 799.022 ovo -
ci tos; la fe cun di dad se co rre la cio nó con la lon gi tud to tal y el peso cor po ral. Dos evi den cias su -
girie ron que la lisa blan ca en el lago de Ma ra cai bo es un de so va dor múl ti ple: 1) el diá me tro de
los ovo ci tos di fi rió en tre tres zo nas del ló bu lo iz quier do de los ovarios y 2) los va lo res del ín di ce
go na do so má ti co (IGS) fue ron tí pi cos de de so va do res he te ro cro na les. Los va lo res del IGS para
las hem bras ma du ras va ria ron en tre 2,14% y 8,72%. Debido a es tos re sul ta dos, se de be rían de -
sa rro llar ini cia ti vas para pro te ger las áreas cos te ras para la lisa blan ca en el lago de Ma ra cai bo.

Pa la bras cla ve: Lisa blan ca; cre ci mien to; re pro duc ción; mar ca je y re cap tu ra; ín di ce
go na do so má ti co; diá me tro de ovoci tos; Lago de Ma ra cai bo, Ve ne zue la.

In tro duc tion

Whi te mu llet Mu gil cu re ma (Va len cien -
nes, 1836) is the most abun dant and wi dely
dis tri bu ted of the six spe cies of mu gi lids
that occur as ju ve ni les and adults in the Ve -
ne zue lan coas tal areas (1), and it is an im -
por tant mi gra tory es tua ri ne spe cies that
supports an ex ten si ve ar ti sa nal fishery in
Lake Ma ra cai bo (2). Al though the re is some
evi den ce of whi te mu llet spa wning in si de
Lake Ma ra cai bo (2-4), avai la ble data in di ca -
te that all mu llet spe cies are ca ta dro mous
and must spawn in the sea. This re qui re -
ment en tails re gu lar mi gra tion, chan ges of
en vi ron ment, and ex po su re to a va riety of
po ten tial mor ta lity fac tors (5). Thus, dis tur -
ban ce of the po ten tial mi gra tion rou tes of
whi te mu llet to and from Lake Ma ra cai bo
could have great effects on the ar ti sa nal
fishery (2). Lan dings of this spe cies in Lake
Ma ra cai bo have de cli ned 35% in the last six
years, with an nual cat ches ran ging from
1,842 me tric tons in 2000 to 1,193 me tric
tons in 2005 (6).

Des pi te the eco no mic im por tan ce of
whi te mu llet, its bio lo gi cal and fishery fea tu -
res are not well do cu men ted in Lake Ma ra -
cai bo (2-4, 7). For examp le, the re is some in -
for ma tion on re pro duc ti ve de ve lopment of
whi te mu llet in eas tern Ve ne zue lan coasts
(8), but it is no ne xis tent in Lake Ma ra cai bo.
Also, some po pu la tion pa ra me ters of whi te
mu llet have been do cu men ted in Lake Ma -
ra cai bo (3, 7) and Gulf of Ca ria co (9), in clu -
ding as pects re la ti ve to length fre quen cies,

se xual ma tu rity, and de ter mi na tions of
growth in length using mo dal pro gres sion
analyses with pro gram packa ges (e.g., ELE -
FAN, Fi SAT).

In nor theas tern Ve ne zue la whi te mu llet 
is con si de red an isochro nal spa wning fish
(10), i.e., they have synchro nous ga me te de -
ve lopment and in di vi duals spawn all their
re pro duc ti ve ma te rial at once or in bat ches
over a few days (11); howe ver, the re have not
been ob ser va tions suppor ting this in Lake
Ma ra cai bo. Knowledge on its re pro duc ti ve
pat terns has im pli ca tions for fu tu re ma na -
ge ment pur po ses, sin ce clo sed fishing sea -
sons may be im ple men ted to pro tect spa -
wning stocks. Tagging may pro vi de va lua ble
data on mo ve ments, abun dan ce, age,
growth, and mor ta lity (12- 15). Con se -
quently, the pur po se of this study addressed 
as pects on growth and re pro duc ti ve bio logy
of whi te mu llet in Lake Ma ra cai bo, Zu lia Sta -
te, Ve ne zue la.

Ma te rials and Methods

Lake Ma ra cai bo, lo ca ted on the wes tern 
coast of Ve ne zue la (Fi gu re 1), is re la ti vely
sha llow, much of it less than 6 m deep, ex -
cept for a shipping channel, 12- 18 m deep
and 182 m wide, which leads from the lake to 
the Gulf of Ve ne zue la. Ex ten si ve ti dal salt
marshes exist along the sho re li ne of the
lake, and the sha llow, open- wa ter areas con -
tain is lands, ti dal flats, and ti dal streams.
The southern part of the lake re cei ves subs -
tan tial flu vial input, and the sur fa ce wa ter
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sa li nity throughout the lake fluc tua tes
stron gly. Sam pling was con cen tra ted at two
sta tions within the Bay of El Ta bla zo, in the
north en tran ce of the Strait of Ma ra cai bo,
one in the eas tern side (Pun ta de Pal mas)
and one in the wes tern side (Pla ya Uni ver si -
ta ria); near the sam pling sta tions sa li nity
ran ges from 10 to 28 ppt (6). The sam pling
area has a ma xi mum depth of about 12 m at
mean low wa ter, and its subs tra tes are pri -
ma rily fine sand and mud.

Whi te mu llet were cap tu red for tagging
se mi- monthly from May 1995 to April 1997,
hour ly bet ween 800 and 2400 hours, by
means of beach se i nes 12.7-mm mesh, 70 m 
long x 2 m deep, and cast nets 25.4-mm
mesh, 2.5-m dia me ter. Beach se i nes were
num ber-9 mul ti fi la ment nylon; cast nets
were num ber- 12 mul ti fi la ment nylon. Cap -
tu red fish were tagged with in ter nal an chor
tags with an at ta ched ex ter nal blue or green
streamer. Tags were im prin ted with a uni -
que tag num ber so that in di vi dual spe ci -
mens could be iden ti fied. Be fo re tagging,
tags and appli ca tors were dipped in Be ta di -
ne (Bru ce Me di cal Supply, Wal tham, MA) to
mi ni mi ze the pos si bi lity of in fec tion. An chor
tags were in ser ted through a 2-mm dia me ter 
hole made with a poin ted, stain less- ste el rod 

on the left dor sal side of the fish near the dor -
sal fin, with the streamer pro tru ding
through the body wall. To tal length, lo ca -
tion, method of cap tu re, tag num ber and
tagging date were re cor ded for each fish
tagged. Pos ters ad ver ti sing a reward were
dis tri bu ted to ma ri nas and boat launch si tes 
along the nor theast coast of Lake Ma ra cai bo. 
The pos ter re ques ted that the lo ca tion of
catch, to tal length and date of cap tu re were
sent, along with the tag and, if pos si ble, the
spe ci mens, to the Ins ti tu to Na cio nal de In -
ves ti ga cio nes Agrí co las at Ma ra cai bo or any
ma ri na in the area. Ma ri nas and boat launch 
si tes were pro vi ded with for mal dehyde and
plas tic bags to pre ser ve spe ci mens un til ta -
ken to the la bo ra tory.

For es ti ma ting the von Ber ta lanffy
growth func tion (VBGF) using growth in cre -
ments, we used the Appel do or n’s method
ba sed on Appel do orn (16) and So ria no and
Pauly (17) from the FAO- I CLARM Fish Stock
As sess ment Tools (Fi SAT II, Ver sion 1.2.0;
18). This method allows using growth in cre -
ment data to es ti ma te the pa ra me ters of a
sea so na lly os ci lla ting ver sion of the VBGF.
The method mi ni mi zes the fo llowing func -
tion using the Mar quardt’s al go rithm for a
non li near fit:

(( ){SSE L L L Li t i= - ¥- ¥-+å D

( ) ))( }exp - - + +k S St t t tD D

2

whe re SSE = squa red sum of errors, L¥=
asymp to tic length, Li = length at age i, L i t+ =D

length at age i+Dt, k = growth coe ffi cient, St =
(C k/2Õ sin (2Õ (t-ts)), St+Dt = (C k/2Õ) sin
(2Õ((t+Dt)-ts)), and ts = 0.5 + WP (whe re WP=
win ter point). The pa ra me ter C de ter mi nes
the am pli tu de of the pe rio dic os ci lla tions re -
la ti ve to the mean an nual va lue of k; C ta kes a 
va lue bet ween 0 and 1. If C= 0, we ob tain the
growth equa tion without sea so na lity. The
higher the va lue of C, the more pro noun ced
are the sea so nal os ci lla tions. If C= 1, then the
growth rate be co mes zero at the so ca lled win -
ter point de no ted by WP.
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Figure 1. Sam pling area and its re la ti ve po si -

tion on the Ve ne zue lan coast. S1 and

S2 re pre sent the co llec tion sta tions.



A mo di fi ca tion of the Ho te lling’s T2 test
(19) was used to com pa re growth cur ves of
the two growth pha ses found. This test assu -
mes that es ti ma tions of L¥ and k (also t0 in
the ori gi nal ver sion) for the two growth pha -
ses (two se xes in the ori gi nal ver sion) were
ob tai ned from two nor mal dis tri bu tions of
joint pro ba bi lity with two (three in the ori gi -
nal ver sion) va ria bles and one common va -
rian ce.

In addi tion, each two hours (bet ween
0900 and 2300 hours of each sam pling day)
a ran dom samp le (typi ca lly 25 spe ci mens) of 
whi te mu llet was ta ken to de ter mi ne some
bio lo gi cal fea tu res. Addi tio nal sam ples co -
llec ted from the com mer cial ar ti sa nal
fishery were also used. Com mer cial ar ti sa -
nal fishers typi ca lly use gill nets 6.4-,7.6-,
8.9- and 10.2-cm stret ch- mesh mo no fi la -
ment nylon. Sam ples used for the se
analyses co ve red 24 months, and were ob -
tai ned from the com mer cial ar ti sa nal fishers 
at nor mal ope ra tion time (typi ca lly late af -
ter no on and ear ly eve ning). Stan dard mor -
pho me tric mea su re ments in clu ded to tal
length (TL; mm), body weight (W; g), sex, and 
fe ma le ma tu rity sta ge. Ma tu rity sta ges were
re cor ded fo llowing a mo di fi ca tion of the ge -
ne ra li zed clas si fi ca tion of ma tu rity sta ges in
fish of Ni kolsky (20). Fe ma les were judged to
be in a spe ci fic ma tu rity sta ge ba sed on ex -
ter nal cha rac te ris tics of the go nads (e.g.,
weight, co lor) and on the de ve lopmen tal sta -
ge of the oocytes. Four ma tu rity sta ges were
iden ti fied (3, 8, 20): I) Ova ries fu lly trans pa -
rent and in cons pi cuous, whi tish- ye llow and 
roun ded with a small dia me ter, oocytes not
dis tin guished neither ma cros co pi ca lly nor
mi cros co pi ca lly, weight of go nads less than
2.4 g; II) Ova ries roun der and wi der than in
sta ge I, ye llow, oocytes only dis tin guished
mi cros co pi ca lly, weight of go nads ran ged
2.4-7.2 g, oocy te dia me ter less than 0.20
mm ; III) Ova ries lar ge, pale ye llow, smooth,
tur gid and roun ded. Oocytes ea sily dis tin -
guished ma cros co pi ca lly (as gra nu lar),
weight of go nads ran ged 7.2-39.5 g, oocy te
dia me ter ran ged 0.266-0.622 mm; IV) Spent 

ova ries purp le and wrin kled. The re was no
his to lo gi cal con fir ma tion of ma tu rity sta ges.
Ova ries were ex ci sed from spe ci mens, blo -
tted dry and weighed to the nea rest 0.01 g,
and then pre ser ved in 10% buffe red for ma -
lin. Fe cun dity was es ti ma ted by coun ting the 
num ber of oocytes in three tissue sub sam -
ples, 0.5 g each, ran domly se lec ted from the
left lobe. Each sub samp le was coun ted three 
ti mes and counts were ave ra ged. To tal fe -
cun dity was then es ti ma ted by ex tra po la ting 
from the num ber of oocytes in each sub -
samp le to the to tal num ber of oocytes for
each ovary ba sed in weight. To de ter mi ne
oocy te dia me ter (OD), three diffe rent sub -
sam ples, 0.25 g each, were ta ken from each
of three de sig na ted zo nes of the left lobe (an -
te rior, me dial, and pos te rior) and pla ced in a
Pe tri dish. Two hun dred fifty oocytes were
mea su red from each de sig na ted zone. Oocy -
te dia me ters were mea su red along the lon -
gest axis with a mi cro me ter moun ted in a
ste reos co pic mi cros co pe. A go na do so ma tic
in dex (GSI) was cal cu la ted for each fe ma le
whi te mu llet fo llowing the method of Ren der
et al. (21), whe re GSI was ex pressed as ovary
weight (OW) di vi ded by W such that GSI =
(OW/W) x 100. All of the sam ples were
analyzed within twenty- four hours af ter pre -
ser va tion be fo re the pre ser va ti ve could cau -
se any sig ni fi cant shrin ka ge and weight loss.

A TL-W re la tion was de ter mi ned by the
equa tion W = aTLb, whe re W was weight of an
in di vi dual fish and TL was to tal length. Leng -
th- weight re la tions were cal cu la ted in de pen -
dently for fish judged as imma tu re and for
fish judged as de ve lo ping+ripe. A Stu dent’s
t- test (PROC MEANS, 22) was used to dis cern 
whether fish showed iso me tric (b = 3) or allo -
me tric growth (b¹ 3). The Pear son pro duc t-
 mo ment co rre la tion (PROC CORR, 22) was
used to dis cern de grees of li near asso cia tions
bet ween re pro duc ti ve and mor pho me tric va -
ria bles, and one- way analysis of va rian ce
(ANO VA; PROC GLM, 22) was used to de tect
pos si ble diffe ren ces in oocy te dia me ters
among the three de sig na ted zo nes of the
ovary left lobe (i.e., an te rior, me dia, and pos -
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te rior) and length clas ses. Sig ni fi can ce for all
analyses was de cla red at a= 0.05; all ANO VA
un der lying assump tions were tes ted. A loge

trans for ma tion of oocy te dia me ters co rrec ted 
he te ro ge neity of va rian ces.

Re sults
In all, 3,840 in di vi duals (104 to 225 mm 

TL) were tagged, of which 2,120 were co llec -
ted by beach se i nes and 1,720 were co llec ted
by cast nets. Af ter ini tial handling mor ta lity
and tag shedding, 2,842 in di vi duals were
suc cess fu lly tagged. Se venty- eight (2.7%) in -

di vi duals (fe ma les) and their tags were re tur -
ned from both com mer cial and ex pe ri men tal
fishe ries. Time elap sed bet ween tagging and
re co ve ring ran ged from 28 to 326 days,
averaging 186 days. Length ran ge of fish re -
tur ned was 105- 177 mm TL, and es ti ma tes of 
growth rate (GR) from re tur ned tags va ried
wi dely (0.07 mm/d for a fish 167 mm TL to
0.647 mm/d for a fish 126 mm TL; in this
case TL re pre sents ave ra ge from length at
tagging and length at re co very). Re sults
sugges ted two dis tinct growth pha ses for fe -
ma les; mean GR was re la ti vely fast un til fish
at tai ned ~130 mm TL (GR= 0.359 mm/d, se=
0.02; Fi gu re 2), and then slowed down once
fish at tai ned >130 mm TL (GR = 0.232 mm/d, 
se = 0.01). Pa ra me ters of the VBGF for the two 
growth pha ses were: L¥ = 231 mm, se =
19.862, CV = 0.147, and k= 1.368 year-1, se =
0.429, CV = 0.371 for fish <130 mm TL; L¥ =
282 mm, se = 10.037, CV = 0.089, and k =
0.827 year-1, se = 0.289, CV = 0.241 for fish
>130 mm TL. Growth pa ra me ters diffe red
bet ween growth pha ses (T2= 8657.21; P <
0.01).

A to tal of 1,450 in di vi duals (102 to 389
mm) co llec ted from the ex pe ri men tal and
com mer cial fishe ries was used to analyze re -
pro duc ti ve as pects. Fe ma les sig ni fi cantly
out num be red ma les in the sam ples co llec ted
(Chi2 = 984; P < 0.001); the fe ma le:male sex
ra tio was 37:1. Mean length of imma tu re fe -
ma les was 134.7 mm TL (95% con fi den ce li -
mits: 109- 283 mm TL). Go nad de ve lopment
to at tain se xual ma tu rity be gan at appro xi -
ma tely 200 mm TL for both fe ma les and ma -
les, al though many small (~110 mm TL) in di -
vi duals co ming from the com mer cial fishery
were in late ma tu rity sta ges. Fe cun dity for a
com bi ned samp le (ex pe ri men tal + com mer -
cial) of 400 fe ma les whi te mu llet ran ged from
586,872 oocytes for a 353 mm TL spe ci men to 
799,022 oocytes for a 382 mm TL spe ci men.
Fe cun dity co rre la ted well with TL (r = 0.722,
P= 0.0122) and W (r= 0.663, P = 0.0263). Re -
gres sions of fe cun dity with TL and W were li -
near (TL: Fe cun dity = -1.05x106 + 4,568.3 TL,
ad jus ted r2 = 0.505, P= 0.0058; W: Fe cun -
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Figure 2. Relation between total length and

growth rate as derived from

mark-and-recapture data for (A)

small (105-130 mm TL) and (B) large

(132-177 mm TL) white mullet (Mugil

curema) collected at Lake Maracaibo,

Venezuela. 



dity= 1.44x105 + 1,190.4 W, ad jus ted r2=
0.431, P= 0.0122). The GSI for de ve lo ping fe -
ma les ave ra ged 0.92% (ran ge: 0.65 to
1.84%); in con trast, the GSI for ripe fe ma les
ave ra ged 5.97% (ran ge: 2.14 to 8.72%). To tal
length, OD, and fe cun dity were all highly li -
near ly co rre la ted with GSI (TL: r = 0.719, P =
0.0127; OD: r = 0.950, P < 0.0001; fe cun dity:
r = 0.604, P = 0.048).

The re was a high de gree of va ria bi lity in 
oocy te dia me ters over the en ti re length
range of whi te mu llet analyzed. Mean oocy te
dia me ter for fish judged as de ve lo ping + ripe
ran ged from 0.266 to 0.622 mm. Oocy te dia -
me ters diffe red across diffe rent zo nes of the
same ovary, but the re was a mar gi nal sig ni -
fi cant diffe ren ce (F= 34.56, df= 2, P= 0.0496) 
in oocy te dia me ters among the three de sig -
na ted zo nes of the left lobe (i.e., an te rior, me -
dial, and pos te rior). When fish were grou ped 
by length, a sig ni fi cant diffe ren ce in oocy te
dia me ters among length clas ses was ob tai -
ned (F= 122.12, df = 2, P= 0.0123), in di ca -
ting that dia me ters de crea sed as fish length
in creaed. Mean oocy te dia me ter was 0.524
mm for fish ran ging from 327 to 347 mm TL,
0.475 mm for fish ran ging from 348 to 368
mm TL, and 0.453 mm for fish ran ging from
369 to 389 mm TL.

The TL-W re la tion for imma tu re fe ma le
was cal cu la ted from a com bi ned samp le of
ex pe ri men tal and com mer cial fishe ries (N =
800). The equa tion was: W = 6.53x10-6 TL3.06

(r2 = 0.985, P < 0.0001). The sma llest imma -
tu re fe ma le whi te mu llet co llec ted mea su red 
102 mm TL and weighed 12.5 g, whe reas the 
lar gest mea su red 283 mm TL and weighed
241 g. The TL-W re la tion for de ve lo ping +
ripe fe ma les was cal cu la ted from a samp le
(N= 650) of the com mer cial fishery. The
equa tion was: W = 2.43x10-4 TL2.43 (N = 650,
r2 = 0.734, P < 0.0001). Stu dent’s t- tests on
the b coe ffi cients in di ca ted that growth for
imma tu re fish was iso me tric (H0: b = 3; t =
0.978, df = 799, P = 0.0781), whe reas for de -

ve lo ping + ripe fish was ne ga ti ve allo me tric
(H0: b = 3; t = 4.567, df = 649, P = 0.0012).

Dis cus sion

Fishery re search on mu gi lids in ge ne ral 
(e.g., 5, 23), and on whi te mu llet in par ti cu -
lar (e.g., 24- 27), show a re la ti vely high
growth rate. Many fish spe cies have in de ter -
mi na te growth, and many im por tant as pects 
of their bio logy chan ge with body size (28).
Knowing growth is a pre re qui si te for sta -
blishing and op ti mal fishery ma na ge ment,
and par ti cu lar ly for un ders tan ding a spe -
cies’ po pu la tion dyna mics. In Lake Ma ra cai -
bo, it was not pos si ble to age whi te mu llet by
con ven tio nal pro ce du res (e.g., sca les, otho -
liths), as sea so nal marks are not evi dent on
hard struc tu res. Thus, using tagging for
growth de ter mi na tions was via ble. Small
fish (<130 mm TL) grew fas ter than lar ge fish
as de mons tra ted by diffe ren ces in the
growth coe ffi cient (k) from the VBGF.

Es ti ma tes of L¥ for both growth pha ses
are not com pa ra bles with tho se of other
works (e.g., 24- 27) with the same spe cies, be -
cau se they in clu de es ti ma tions of L¥ for an
en ti re ran ge of lengths. Howe ver, cu rrent re -
sults in di ca ted that k va lues for both growth
pha ses of whi te mu llet from Lake Ma ra cai bo
were higher re la ti ve to tho se cal cu la ted by the 
abo ve works el sewhe re. For examp le, Al va rez
La jon che re (26) re por ted a k of 0.10 year-1 in
Cuba; whe reas Ri chards and Cas tag na (25)
re por ted a k of 0.78 year-1 in Vir gi nia, USA. In
our case, the k va lues rea ched 0.827 year-1 for 
fish >130 mm TL, and 1.368 year-1 for fish <
130 mm TL. This fea tu re may in di ca te ove -
rex ploi ta tion of whi te mu llet stocks at Lake
Ma ra cai bo, be cau se when fishing is very in -
ten se, the com mer cial fish size de crea ses and 
the va ria tions of the k coe ffi cient in crea ses
(24). For examp le, Fe rrer Mon ta ño (3) re por -
ted a length ran ge from 272 to 387 mm TL for
whi te mu llet from the com mer cial fishery in
1986, with most fish ran ging from 302 to 367
mm TL; whe reas To le do et al. (7) re por ted a
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length ran ge from 240 to 435 mm TL for whi -
te mu llet from the com mer cial fishery in
1993, with most fish ran ging from 240 to 335 
mm TL, in di ca ting that in a pe riod of se ven
years the to tal length of the com mer cial
fishery de crea sed 35 mm, and that fishers
were cat ching sma ller fish in 1993 than in
1986.

Growth ra tes of fish are den sity- de pen -
dent, and vary with fac tors such as tem pe ra -
tu re, food avai la bi lity and ex ploi ta tion ra tes
(29- 33). Re sults of this study in di ca ted that
growth sta ges of whi te mu llet took ad van ta -
ge of Lake Ma ra cai bo wa ters, par ticu lar ly
the Bay of El Ta bla zo. The Bay of El Ta bla zo
is a very pro duc ti ve open sys tem which pro -
vi des an abun dant supply of food for young
fish and ser ves as re fu ges from pre da tors
(2), pro vi ding the most sui ta ble con di tions
for growth and sur vi val (34). Food avai la bi -
lity has been in di ca ted as an im por tant pri -
mary attri bu te re flec ting ha bi tat va lue for
coas tal la go ons and es tua ries in ge ne ral
(e.g., 35- 36). This fea tu re could have
accoun ted for diffe ren ces in the growth coe -
ffi cient bet ween the two growth pha ses of
whi te mu llet in Lake Ma ra cai bo and the
growth coe ffi cient of whi te mu llet el sewhe re.

The de crea sing growth rate for Lake
Ma ra cai bo whi te mu llet >130 mm TL was
asso cia ted with the pro cess of se xual ma tu -
ra tion. Growth is most ra pid be fo re se xual
ma tu ra tion be cau se, with ma tu rity, much
energy is de vo ted to de ve lo ping se xual pro -
ducts rather than to growth (37- 38). As it
was in di ca ted, many whi te mu llet in the Bay
of El Ta bla zo rea ched se xual ma tu rity at
small lengths, al though ave ra ge length at
ma tu rity was ~200 mm TL, co rres pon ding to 
the length at which whi te mu llet left the Bay
of El Ta bla zo and move to more sa li ne, dee -
per wa ters in the Gulf of Ve ne zue la. Fe rrer
Mon ta ño (2) in di ca ted that ju ve ni le whi te
mu llet lon ger than 150 mm TL were un -
common in the coastal wa ters of Lake Ma ra -
cai bo. Thus, ha bi tat use of the bay by ju ve -
ni le sta ges of whi te mu llet appea red to be vi -
tal for po pu la tions of the spe cies. This fin -

ding was not just ba sed on the pa ra digm
that fish pre sen ce re flec ted ha bi tat func tio -
nal va lue, but a con fir ma tion that the Bay of
El Ta bla zo, along with many other es tua ri ne
areas of Lake Ma ra cai bo (es pe cia lly the
Marsh of Los Oli vi tos in the nor theas tern
por tion of the Bay of El Ta bla zo), pro vi ded
whi te mu llet with ha bi tat, re fu ge and food.

The leng th- weight re la tion has both
applied and pure appli ca tions. Ricker (39)
ex pressed the im por tan ce of leng th- weight
re lations in po pu la tion as sess ment. In eco -
logy, the leng th- weight re gres sion coe ffi cient 
is of ten used as a mea su re of fish con di tion
(40). Ge ne ra lly, a cy cli cal chan ge in con di -
tion occurs as the fish, par ti cu lar ly the fe ma -
le, de ve lops its go nads (41). In this case, the
leng th- weight re la tion showed that the re
were va ria tions in re lation to the ma tu rity
sta ge. Re sults of this study showed that for
the length ran ge stu died, the re were two sta -
ges with dis tinct cha rac te ris tics for the co -
rrespon ding leng th- weight re la tion. Accor -
ding to Tesch (42), cri ti cal sta ges in the bio -
logy of fish (e.g., me ta mor pho sis, chan ge of
ha bi tats, se xual ma tu rity), may cau se chan -
ges in the leng th- weight re la tion. For whi te
mu llet in Lake Ma ra cai bo, the chan ge in the
slo pes of the re gres sion took pla ce for the
length in which whi te mu llet rea ched the se -
xual ma tu rity and mi gra ted to dee per zo nes.
Fe rrer Mon ta no (2) re por ted that with
growth whi te mu llet mo ved from coas tal
sha llow areas to other es tua ri ne ha bi tats.

Es ti ma tes of fe cun dity re por ted in this
study were si mi lar to tho se re por ted for whi te
mu llet in other areas of  Ve ne zue la (10, 43- 45); 
fe cun dity of whi te mu llet in Lake Ma ra cai bo
was also si mi lar re la ti ve to size com pa red to
tho se re por ted for other mu gi lids el sewhe re
(21, 45- 46). Howe ver, com pa red to whi te mu -
llet in coas tal areas of nor theas tern Ve ne zue la
(10, 43- 44), fe cun dity was less va ria ble in
Lake Ma ra cai bo, ran ging from 586,872
oocytes for a 353 mm TL spe ci men to 799,022
oocytes for a 383 mm TL spe ci men; whe reas
Ma rin and Dodson (10), analyzing spe ci mens
ran ging from 230 mm stan dard length (SL) to
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420 mm SL, re por ted fe cun di ties ran ging
from 190,000 to 110 x 104 oocytes. High de -
gree of va ria tion in fe cun dity for fish of si mi lar
lengths and weights has been re por ted for
other fish spe cies (e.g., 47- 48 for skipjack
tuna Kat su wo nus pe la mis), and evi den ces
suggest that this may be due to the se lec tion
of fish which had not yet spa wned, and others
which had al ready spa wned at least one
group of ova and were pre pa ring to spawn
again. Jo seph (47), con clu ded that the re may
be some de crea se in fe cun dity du ring suc ces -
si ve spa wnings of the ye llowfin tuna, Thun nus 
al ba ca res. Pro ba bly, a si mi lar de crea se
occurs in the whi te mu llet which would
account for the va ria tions ob ser ved in fe cun -
di ties of fish from nor theas tern Ve ne zue la and 
Lake Ma ra cai bo.

Al though the re was a high de gree of va -
ria bi lity in oocy te dia me ters over the en ti re
length ran ge of whi te mu llet analyzed, cu -
rrent re sults in di ca ted that whi te mu llet at
Lake Ma ra cai bo was a mul tip le spa wner
[sen su Batts (48)]; howe ver, as it was in di ca -
ted abo ve, ANO VA only con fir med a mar gi -
nal sig ni fi cant diffe ren ce in oocy te dia me -
ters among the three de sig na ted zo nes of the 
left lo bes stu died. Batts (48) in di ca tes that
the re are two li nes of evi den ce to be con si de -
red to de ter mi ne whether a fish is a mul tip le
spawner or an isochro nal spa wner. The first
evi den ce is se ve ral mo des in oocy te dia me -
ters, and data of the cu rrent study subs tan -
tia te this ob ser va tion; and the se cond evi -
den ce (not de ter mi ned in this study) is ova -
ries con tai ning re si dual oocytes, accom pa -
nied by a new ri pe ning group. In this case,
ano ther line of evi den ce in di ca ting whi te
mu llet in Lake Ma ra cai bo is a mul tip le spa -
wner is GSI va lues. Va lues of GSI for Lake
Ma ra cai bo whi te mu llet were qui te low com -
pa red with tho se of many ma ri ne te leosts,
in clu ding mu gi lids (e.g., 21, 49); GSI for
whi te mu llet in Lake Ma ra cai bo ran ged from
2.14 to 8.72%, com pa red with va lues of up
to 37% re por ted by Ren der et al. (26) for stri -
ped mu llet (M. cepha lus) in Loui sia na es tua -
ri ne wa ters. An exa mi na tion of pu blished

GSI va lues for some mul tip le spa wners
shows that most GSI are be low 10%. Burt et
al. (49) in di ca ted that mul ti ple- spa wning
spe cies would have sma ller ova ries be cau se
of the se quen tial na tu re of oocy te ma tu ra -
tion and egg re lea se, which re sults in a de -
crea sed need for sto ra ge spa ce within the
body ca vity. Non- con clu si ve evi den ces on
whether whi te mu llet in Lake Ma ra cai bo is a
mul tip le spa wner or not, wa rrants fur ther
re search on the to pic. His to lo gi cal exa mi na -
tion is ne ces sary to fu lly dis cern on the
issue.

Fe cun dity co rre la ted well with TL and
the re gres sion was a li near re la tion, in di ca -
ting that fe cun dity in crea sed with length;
howe ver, a sig ni fi cant diffe ren ce in oocy te
dia me ters was de tec ted when fish were grou -
ped by length clas ses, in di ca ting that oocy te
dia me ters de crea sed with length. If we use
length as a su rro ga te for age, this could be
rea so na ble evi den ce that al though whi te
mu llet in crea sed their fe cun dity with age,
the se oocytes could be less via ble as the fish
get ol der. Hoyt (50), re por ted that oocy te dia -
me ters of sil ver jaw min now (Ericym ba
bucca ta) de crea sed with age; the ave ra ge
oocy te dia me ters was highest (0.768 mm) in
fish of age group I, in ter me dia te (0.746 mm)
in fish of age group II, and lowest (0.737 mm)
in fish of age group III. In the pre sent study,
mean oocy te dia me ter was 0.524 mm for
whi te mu llet in the 327- 347 mm TL class,
0.475 mm for whi te mu llet in the 348- 368
mm TL class, and 0.453 mm for whi te mu llet
in the 369- 389 mm TL.

Growth, re pro duc tion and fe eding ha -
bits re pre sent im por tant cha rac te ris tics of
the ge ne ral life his tory of fish. Our re sults
de mons tra ted that growth rate for whi te mu -
llet va ried accor ding to to tal length and thus, 
a sin gle mo del did not fit the whi te mu llet
growth cur ve from ju ve ni le sta ges to adult,
but the re were two diffe rent seg ments. Es ti -
ma tes of growth for whi te mu llet pro vi de one
of the three ba sic sta tis tics pre re qui si te to
es ti ma te of to tal pro duc tion and sus tai na ble
yield (the other two are mor ta lity and a re lia -
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ble ich thyo mass es ti ma te). Cu rrent re sults
also in di ca ted that ju ve ni le sta ges of whi te
mu llet used in ten si vely the Bay of El Ta bla -
zo, and that, at least for a seg ment of the
whi te mu llet po pu la tion, the on set of ma tu -
ra tion was ini tia ted when they were pre sent
in the study area. Con si de ring that whi te
mu llet forms the ba sis of an im por tant ar ti -
sa nal fishery in Lake Ma ra cai bo, and that
the Lake Ma ra cai bo ba sin is un der ex ten si ve 
de ve lopment pressu re, which has led to ex -
ten si ve mo di fi ca tion of coas tal areas and
loss of man gro ves that ser ve as nur sery and
fe eding areas (2), it is im por tant to de ve lop
ini tia ti ves to pro tect coas tal areas as the
ones sam pled in this study. The se ini tia ti ves 
would not only assu re fe eding and nur sery
areas for whi te mu llet in Lake Ma ra cai bo,
but pro ba bly spa wning stocks of whi te mu -
llet for Lake Ma ra cai bo and many other
northwes tern coas tal areas of Ve ne zue la.
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