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Langebaan, and hundreds of waders gather together in summer at the salt marshes (de 

GraalT and Hanckom 1995). 

The lagoon has been pflldaimed a RA'vISAR site of international conservation 
importanc~ and is divid~d into three different utilization >,nnes: sanctuary, restricted 

recreational zone and controlled. multi-purpose recreational zone (Fig. 1) (de Graafl" and 

Han~kom 1995). The islands and the wuthem end of the lagoon arc indudcd in the 
sanctuary zone where no access is allowed. The middle section of the lagoon is th~ 

'rcstrict~d recreational zone' where power boats and iishing arc not allowed. The mouth 
of the lagoon is a multi-puIVose recreational zone "here power boat<;, yachts, "awrskicrs 

and lisher~ are pcnnittcd. 
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Fig.1: Ihe sOllth-western C"PC, <howing the h)Cation of Langebaan Lagoon and Saldallba Sa) 
and the thr ... z(}ne, "ithin Langebaull L"goon. 
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Fig. 2: Macroscopic view of female stoentjie gonads: (a) juvenile. (b) active, (c) ripe and (d) 
spent ovarks that were remowd from fish that were frozen after capture from Langebaan 
Lagoon. 

10 



Univ
ers

ity
 of

  C
ap

e T
ow

n

I: 

Sta e 
I Juvenile 

2 

3 

4 

5 

Active 

Both 
sexes 

Testis thin and flattened and 
inkish white. 

Testes become thicker and No 
fluid is visible 

th .. ,"' .. rh the testes. Some 

due to an increase in egg size. 
eggs can be seen with well. 

the naked eye. There is much 
vascularisation. 

is flattened reddish in 
colour with very few eggs visible. 

have the appearance of a 
sac. 

in the ovaries 

~""U""U'OUll"" are 

Testes smaller than 3, no sperm While may be in 
appear flaccid and some lobules of the testes, most lobules 

ovaries are visible 
on the inside of the and appear 
similar to those described for the 

whilst the male testes are 
on the outside of the 

are inkishlwhitish in colour. 

are small. 
be seen in 
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Sines 
Dorsal Mean 11 

Min 10 
Max 11 

Anal Mean 3 
Min 2 
Max 4 

Pectoral Mean 
Min 
Max 17 

,,,;UUU:,,",,,, In .waII!:'.,",U""'" .... "'!:'.\Ju .. 

Parameter Mean SE* Ran e n 

246.9 2.10 149 346 300 
222.7 1.90 136 312 302 

Males 
Total 295.1 2.61 259-346 59 
Fork 266.8 2.41 234-312 59 

Females 
Total 
Fork 

* SE = standard error 
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Reproductive biolo~v 

Sexually active males are distinguishable lrom non-sexually active males and females 
by ha\'ing the bright bluc and yellow heads and blue marlings on lhe llanh (Fig. S). In 

frozcn samples. all males appeared blucr and darker in colour than in fresh samples 
including thosc that did not display lhe mating colonration at the timc of capture. All fish 
with the 'bluehead' phase were males with testes dassilied as either acli,e or ripe (Slage~ 

2 and 3). ;\lone 01" lhe juvenile males exhibited the mating colouration and most spenl 
male>; had lost their ~olouration (Table VI). \1ale~ v.'itoont the maling colomation were 
lllund to have reduced gonad mass (Fig. 9) lhan similar ~i~.ed male~ exhibiting mating 

colours, ,AJthough there \','ere no ~ignificant differences in fork length between males with 
and without mating colouration (U - 326, 7, - - 1.4 7 and p = 0.14), there were significant 
diJ1"erences between the gonad masses of lhe two groups (lJ - 3.5. 7. = 6.48 and p = 

<0.001). The o~cummce of mating colours became less frequent towards the end of the 
~pawning season (Fig. 10). 

Fig, 8: l'h[){[)graphs of male (a, bl and f.male (e, d) ,teemjies in breeding sea!;Qn. illu;;trating 
<cxual dichromati,m. 
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Tahle V I: Macm;;copic gonad ,tag .. of mal. steentjie, with and without mating colour'_ 

Gon.d .tog. With mati"g oolour. Without lIloti"g c"l"ur! T"tol 

, 
" 

, , 
. .. . , n , n 

; " 
, 

" , , 
" " Total " N 59 

f ig. 9: Relationship' betw •• n gonad mass and fork length of male slecnljic, wilh and without 
mating coloma/ion from Lang.haan Lagoon. 
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~ ~, 

MONTH 

Fig. 10: Monthly percentage of males exhibiting mating colour.. 

In all samples collected during this investigation, the sex ratio was dominated by 

females (4.4 female: 1 male - al! data) and there were no significant differences r.i = 

0.23, df ~ 5, P < 0.99) between the relative frequencies of males and females caught each 

month between August 2004 and January 2005 (Fig. 11). 

n- 120 

Fig. II: Variations in the monthly sex ratios of stcentjies from Langebaan Lagoon. 
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Macro~copic examination of gonads during the study period suggests a late wimer­
bllring >pawning season for ~teen~ies in Langebaan Lagoon, with females and males 
displaying similar paUem> in lenTI> of the maturity (Fig. 12 and 13). In !xJth sexes 
juvenile stages were only observed beh,'een Kovember and January. Active females were 

present throughout the study period but active males were onl~' found between September 
and November. For bo\h :;exes, an incrca~ing number of ~pent individuals w'ere observed 
bem'een November and January, and Ripe females were pre:;enl for a month longer 
(December) than ripe males, Monthly variations in the mean OS! (Fig. 14) funher >upport 

a spring spa"''Tling season. The (i-Sls ofhoth ~exes show the ~ame pattern with females 
having a much larger OS! in eveQ' monlh ><Impled; the (iSI of !xJ\h sexes had >Il1alleSl 

v,liues in January when the resting period would appear to Slart. The matmation pro~e >s 
is ~Iower for females, the OS! peaking one monlh aller males. 

~ "-< [J R'I'O 

" " Act .... 0 

" II JL>ler;' " " 

MONTK 

Fig. 12: ~t(}mhly perc~nlag~ of macro,;copic ovarian ,(ag~' for <Ieemjic, caught during this 
'(lIdy. 
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MONTH 

Fig:. 13: Monthly percentage of macroscopic testicular stages for .l""ntiies caught during this 
study. 

'oi 

, 
x 
w 
0 , 
0 

\ , 
0 
0 

2 
8 

MONTH 

Fig. 14: Monthly variation in the gonado.otnatic index (+ 1 S.E), calculated when there was 
more than one sample) in male and female sleentjies sampled during this study. 
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Ail females < 150 mm FL were juvenile. There werc no lrends in FL and sexual staging 
for males as males of all sizc classes were presenl wilhin each sexual stage. By rdating 
[na~roscopic gonad stages to fork length (logistic ogive to projXIrtion of mature fish per 

length class). the length-at-50"/o-maturity (FL) was estimatcd for females as 171 mm 
(fL). ·111e smallest reproductively active female had an FL of 154 mm while the smallest 
reproduc\ivel)· active male was 239 mm (Fl.). The size at 50% sex change was 
delermined trom lhe whole sample of fish in each size group using a maturity ogive. rhe 
proportion of individClals that had changed sex was calculated and plottcd against size. 

·111C data wcre thcn fined using an iterative least squarcs procedure (Microsof\ EXCEL 
(Microsoft corp., lOOO) SOI.VER routine wilh "Iew\on algorilhm option) using thc 

logistk funclion (eq. 1), with the LJO representing the size at 50'% sex change. 

fo"r steen\jies w-ere found \0 have bOlh o"!Iie~ and testes under macroscopic 

examination (fig. 15). These individuals fell in the size range of overlap bctwcen thc two 
sexes (243 -- 279 mm I'L). Microscopic examination of the histological sec\ions indicated 
lhal there was some varialion in the stages of ripeness along the lenb>th of the gonads. In 
most cases, the majority of lhe sections removed from the middle and posterior parts of 

the gonad werc in agreemcnt with the stage that had been allocaled \0 that gonad 
macroscopically. Accordingly, lhe middle section was "sed w,hen confimting the 
macroscopi~ staging (Figs. 16 to 18). Examinations of male gonad tissue containing 

atrctic ooc;1es eonfimted that stecntjics arc protogynous hcmtaphrodites (Fig, 19), 
Hiswlogical examination also indicated that some females classified as bein\( ripe 
(macroscopicall)') had in fact already started developing male lestes. However d"e \0 lhe 
relatively small sample size (n - 13) of the histological work it ,,,-as not possible to make 
a statistically valid comparison bet,,,-een histological and macroscopic stages_ The 

histological analyses perfomted during this investigation arc preliminary due 10 lime 
conslrain\s. 
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Activ~ t~.te5 

rig. I 5' Steentjie gona,1 dt:piCling >p<'nt (",mllant) ()\.'arie< and adi" e testes, 

rig 16: '>1icroscopic yiew of ajuvcnile male <1eentji-e \e;;te;;, rem()voo from a fish frozen aflcr 
caplure from l.angebaan Lagoon. 
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Fig. 17: Microscopic ,"icw of a ripe f~male steentjie ovary'. r.moved from ~ fish froz.n an.r 
capture from Langebaan Lagoon. 

Fig. 18: Microscopic view of acti,"e male stccngie testis, removed from a fish frozen after capture 
from Langebaan LagOOll, 
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Fig. 19: Microocopic view of a mature male steenljie testis with a putative degenerating unyolked 
oocyte amongst the male tissue. The testis was removed from a fish frozen after capture 
from Langebaan Lagoon. 

Diel 

Of the 284 steentjies that had their foreguts examined, 255 (136 - 209 rom FL) 

contained food. The composition of fOregut contents is shown as percentage occurrence 
in Fig. 20. [t must be noted that in every foregut examined, there were unidentifiable 

elements (excluded from Fig. 20 to enable the identified elements to be depicted clearly) 
and se\"era! steen~ies had up to three different food types present in the foregut at one 
time. Small individuals « 178 rom FL) consumed only plant items. Larger fish 
consumed all food types but only steentjies 204 nun FL or larger consumed crab. 

30 
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F h Prawn Stones 
3
1;0 11% 1% 

Mysids 
14% 

Octopus 
0% 

Plant 
12% 2% 

Bait 

Fig. 20: Percentage occurre'lCe of dietary item, in 232 ,teentjies ,ampled fmm Langebaan 
Lagoon. Note: rercent"ge, add up to more than 100 oocmose >orne fish had more than 
one item in their stomach, 

The ranks for foregut fullness in each month are illustmled in Fig, 21 (ma]e~) and Fig. 

22 (remule~) and indicate that males arc at their fnllest in November (where over 50''10 of 
the males \\'ere given the nmk of 5), and January (all males were ranked either 4 or 5), In 
contrast, more females with a foregut fullness ranking oj' 5 "ere Found in September than 

in other months (Fig. 22), hut fewer females than males genemlly displayed rank 5 
forcgnt fullne~s (U- 3164.5 and p < O,O()()]). 

Sop! (n06) Oct{rI"'4) No> (n_31) Doo (n~1D) J. n (CF4) 

MONTH 

Fig. 21: rnliness of male steenljie forcgnts dnring September to J"llUary in Langcbaan lagoon, 
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100'" 

1 D'/. 

o" 1-- ---l-- --1---+-----.; 
Sop! (n=23) Od (".-32) No, (' - 89) Dec (n-~7) Jon ( n-2~) 

MONTH 

rig. 22: ruline" of female slecntjie [oregu\S during Scptcm!>cr to January in LangehaJln Lag""" 

Age and growth 

Otoliths from 302 fish were examined during this component of the ~tlldy. Otolith 
weight displayed a strong linear rela(ion~hip ",;th fish length (Fig. 23) (R" - 0.88, P 
<0.(001). Of the 302 otoliths examined, data from 27 (8,9%) were discard~d beeanse of 
~lidc~ breaking during replicale readings. The remaining sampk presented here is 
therelore based on a sample consi,>ted of 275 otoliths from fish, of whkh 221 were 
female and 54 male, The smallest fish (136 - 146 mm I'L) had otoliths with an opaque 
~enlre and either none. one or two tmnslucelll zones. The largest fish examir...,d was 312 

mmI'L. 
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Fig. 23: Relation,hip between the otolith mass (OM) and fork length of 302 steentjies collected 
during this srudy. 

In total, 101 otoliths were read whole (Fig. 24). and subsequent readings of these 

otoliths tended to yield fewer rings (increasingly negative residuals) than earlier readings 

(Fig. 25) indicating strong reader bias, and specifically a tendency to increasingly 

underestimate the age of the fish with successive readings, Because of this element of 

bias. the sectioned otolith method was subsequently adopted (Fig. 26). The mean 

residuals of each counting session using the sectioned otolith method (Fig, 27) showed no 

indication of bias; no directional trend in the mean of the residuals of each count is 

apparent. 

Fig. 24: Whole otolith of a 2-y"ar-old ste"ntjie ohov,ing ajuvenile ring (1), false ring (F) awl t h~ 
true growth ring, (Al uoder reflected light (X 10.5). 
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~,10 

Fi£. 25: Plot of mean residuals across all otoliths for each of the counting session, for whole 
otol iths. 

-

Fi£. 26: Photomicrograph of a sectioned otolith from a 5-yenr-old steengie (~iewed under 
transmitted light at 14X magnification). 
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Fig. 27: Plot of mean r~siduals across all otoliths for each of the cOIlming ,""ion, for Sl:cliooed 
otoliths. 

Indices of precision (APE, CV and Dj were calculated from replicate age data obtained 

fi-om the same fish using both techniques Crable VII). It should be noted that the first 

readings were exclw.led fi-om these analyses as they were test readings aimed at clarifying 

otolith interpretation criteria. The whole otolith method appeared to be more sllitable. The 

sectioned otolith method yields precision indices more than twice as high as those from 

the whole otolilh data set. The data collected from the whole otoliths displays a strong 

clement of bias (Fig. 25) ",ith the reader tending to increasingly underestimate age with 

each successive reading. This element of bias was not apparent in the data collected using 

the se~lioned otolith method. On the basis of the bias, it wa~ decided to employ the 

sectioned otolith techni'l"" for the colle~tion of further age data. In fact, the two methods 

gave similar age estimates, with the whole otolilhs estimates being 0.4 years younger on 

;In,''''ge (Fig. 28). 

Table VI]; lndice, of Precision calcutated for whole lUld sectioned otol ith readins_' of _'tcenlj ies 
flUll Langebaan lagOOfl. 

Preci.ion--'---------'v".,C"",,o---------, 

iodicc. 

cv 
o 

Wl>ol. ototith, 
4.37 '/; 

Sectioned otmitk' 
10.62 
15.32 
8.84 
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0 0 0 
0 0 ,ect",,,,,d = 0.9971who1 . " 0.443.2 

e' ~ 0.5246 

0 

0 , , , , ; 
MEAN AGE -I'IIHO!.E OTOLIT11S 

Fig. 28; Relatiunship OCt',.-..,n mean age, estimated from the <;ectioned and whole otolith 
reading'_ 

Th~ meall-lenglh-al-ag~ data for both sexes arc displayed in fig, 2<;1, It is clear that 
males are larger than females or the .\.ame age. This difference is significant for each age 
class (",flen both sexes are pr~s~llt). An age-length-hy ror ~l~entjie~ [rom (his study by 

l-cm FL classes is presented in Appendix A: Table At. 
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Fig. 29: Plot ofmean-1ength-at-age (± SE) for sloontjies caught in Langebaan Llgnan during this 
im'estigation. 

Figurc 30 shows the sex-disaggregated age-length relationships of male and female 
stooentjies hased on otolith ring COWlts. lhe Garratt <II al. (1993) model allows for sex 
change from female to male over a range of ages (>3years), whereafter the males undergo 
a short period of accelerated grov.1h (Fig. 30). The growth parameters associated with the 

model are provided in Table VIII. 
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Fig. 30: Mean and observed length_at_age fur male. (in blue) and females (;" da>hed pink). The 
various shades of blue represent the mean length-at-age curves for different cohorts of 
males. 

Table Vlll: Gro"th parameters obtaincd from fitting the Garratt et ai, (1993) gro"th model to 
the data collected 011 steengies from langebaan Lagoon. SS refers to the value of the sum 
of squares function corre,ponding to the parameter values give". 

mmeler 'ahw 

II 2g9.15 
00 

Lm 
00 

2g3,44 
, 

Kf 0.22 

Km 1.26 

r -3.82 I 
0 

55 91476.76 
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Morta lity 

Inslanlan~ous 10lal mortality rale (Z) \yas estimated to be 0.7 y"l. based on the dala 
collected during this investigation (Fig. 31). 

\ 

, 
ro 

,w • 
~ 

'" 

• 

Nt . ~1 40g0·0.72 

R '- O,70 

• 
20 •• 

,~---,----,-------=----=::~~ 
02345£ 

AGE (YEARS) 

, 

Fig. 3 j: Numbers at age of ,teemjies fTom Lang.ebaan Lag.oon caught hom September 2004 to 
February 2005 (age, 0 and I have been excluded). 

DISCLISSION 

J\furphOllctric. 

Morphomctric mcasurements are often used to aid idenlification of species of teleosts. 
Morphometric data can highlight differences between fish of different sub species and 
Can k lIsed in conjunction with genetics to indicate subspecies. External measurements 
and fin counts are rapid and in~xpensiye_ Grim\hs (1997) used morphometric data in 
coniunction with tagging and biological dala 10 aid dislinc\ion be\w~en thrce stocks 01' Ihe 
silver kobo Argyrosomus inodol"U5. As s\eentjies are thought to grow larger \lithin the 
lagoon than on the south coasl, fin counl dala were obtained in ordcr to dcterminc 
\yr..;,thcr thc isolated population at Langebaan is identical \0 thos~ lound on the south 
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Age 
0 1 2 3 4 5 6 7 Size Class 

Sex: Total 
F Tot F Tot F Tot F M Tot F M Tot F M Tot F M Tot M Tot 

Size class 
13 1 1 1 

4 
15 2 2 2 
17 1 1 3 3 4 
18 13 13 7 7 1 1 1 1 22 
19 12 12 23 23 2 2 37 
?n 4 32 
21 1 1 1 23 
22 3 22 
23 1 1 6 6 29 2 31 2 1 3 5 1 6 
24 3 3 9 3 12 1 2 3 2 1 3 1 1 2 23 
25 1 5 6 1 2 3 8 1 9 2 1 3 21 
26 1 1 2 2 3 7 10 13 
27 6 6 6 6 1 1 13 
28 1 1 1 1 2 
29 2 2 2 2 4 
30 I 1 1 1 1 2 
31 1 1 1 1 2 
36 1 1 1 
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