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Chapter 6 

Ontogenetic, social, spatial and seasonal variations 
in condition of the reef herbivore Sparisoma viride 

Jules van Rooij, Henrich Bruggemann, John Videier, Anneke Breeman 

Key words: Length-weight relationship, Food quality, Territoriality, Seasonality, Fish, 
Scaridae 

Abstract 

We studied the condition of stoplight parrotfish, Sparisoma viride, collected from the 
fringing reef of Bonaire (Netherlands Antilles) between MaTch 1987 and October 1991. To 
this end, we compared length-weight relationships using ana1ysis of covarianee. The 
condition of different life phases (juveniles, initial phase [IP] and terminal phase [TP] 
adults) and social categories (territorial and group adults) is compared in different seasons, 
taking into account spatial variability along a depth gradient. Variations in condition are 
related to differences in behaviour, the use of space and the distribution of food. The 
average length-weight relationship of fish with empty guts is described by the equation: 
W Empty = 9.115* 10-6 * FL3

.
140 (n=386, R2=99.82%, W in g, FL in mm). 

Territorial TP males were found to be in poorest condition, whereas (sexually 
inactive) group TP showed the best and IP fish an intermediate condition. These 
differences are asc ri bed to varying investments in territory defence and reproduction, which 
affect condition more than the vertical distribution of food . All categories were in 
minimum condition between May and July, the season with longest day lengths and 
increasing water temperatures . This seasonal effect cannot be ascribed to increased 
reproductive effort and suggests that the higher energetic demands due to the longer active 
period of fish are not completely met by increased food uptake. It is inferred that food may 
be a limiting factor at times. 
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Introduction 

The relative weight (W) of a fish, compared to that of conspecifics of equal length (L), is 
usually assumed to reflect its state of well-being. It is often quantified by the condition 
factor K = cxW/I}, where c is a constant. A more accurate estimate can be obtained when 
the average length-weight relationship of a population is taken into account (Pauly 1984, 
Boiger and Conolly 1989, Wootton 1990). Variations in fish condition can be caused by 
differences in the relative amounts of storage tissues (Cowey and Sargent 1979), gonadal 
tissue (Wootton 1985) and gut contents (Pauly 1984). Temporal changes in condition 
reflect fluctuations in the uptake and allocation of energy. Since length-growth of fish is 
slow when the asymptotic ph ase of the growth curve is reached (Ricker 1979), condition 
analyses will be more sensitive to such fluctuations than growth studies. 

A main feature of the social organization of the herbivorous stoplight parrotfish, 
Sparisoma viride (Bonnaterre), at the fringing reef of Bonaire (Netherlands Antilles) is the 
distinction between two social units among adults: fish residing in territories and fish in 
group are as (van Rooij et al. in press b). At depths >3 m harem-like groups (1 male and 
on average 2 to 8 females, depending on depth) occupy permanent territories that serve the 
dual function of feeding and mating. On the shallower reef parts relatively large groups of 
males and females share common home ranges. Most group males are sexually inactive, 
whereas group females spawn with territorial males on the deeper reef. The preferred food 
of adult S. viride, turf- and endolithic algae growing on/in low skeletal-density substrates, 
is not evenly distributed over the reef. In our study area, high yield food and substrate 
types were shown to be relatively more abundant on the deeper (>3.5 m) reef 
(Bruggemann et al. 1994a) and to form a larger propoportion of the di et of the (mainly 
territorial) fish residing there (Bruggemann et al. 1994b). As aresuit, fish residing at 
different depths are facing different food supplies and the access to favourable food 
sources is largely socially determined. Furthermore, different life phases and members 
from different social units invest varying amounts of energy in reproduction and territory 
defence. These differences in food supply and energy expenditure can be expected to affect 
the condition of the fish. 

Seasonal variation in fish condition is often related to reproductive seasonality. 
Spawning of S. viride was found to occur all year round with no indication of seasonal 
pattems in spawning frequency (van Rooij et al. in press b). However, seasonal variation in 
fecundity and food supply has not been investigated and some fluctuation in temperature 
and day length does occur. Both primary productivity and energy uptake and expenditure 
of fish are affected by temperature and day length (the active period of fish), so the daily 
energy budget will vary with the seasons. Seasonal variation in condition can therefore not 
be excluded beforehand. 

The present objective is to establish an average length-weight relationship for our 
population and to analyze deviations from this relation. In particular we want to study the 
effect of social status and season on condition, taking into account variations due to 
ontogeny (differences between the three life phases) and spatial effects (along a depth 
gradient). We will discuss the variations in condition in relation to the distribution of food 
and to differences in behaviour. 
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Chapter 6 

Fig. 1. Seasonal fluctuations of A) 
seawater temperature (monthly 
means of recordings between 1 

and 10 m depth) and B) dav 
length (meteorological definition, 

calculated from formulas in DJing, 
1984). Due to missing data 

temperature curve in 1988 largely 
estimated by extrapolation 

(dashed line). 

A total of 475 fish were collected from the fringing reef off Karpata ecological centre on 
the leeward coast of Bonaire (l2°N, 68°W) between March 1987 and October 1991. The 
study site is ~escribed in more detail by van Rooij et al. (in press b), while food 
distribution and selection are described by Bruggemann et al. (1994a). Mean monthly water 
temperatures between 1 and 10 m depth fluctuated between 25.8 and 29.8 oe with highest 
temperatures in September and minima in February (Fig. IA). Day length reaches a 
maximum of 12 h 51 min at 21 June, 86 min longer than at 22 December, the shortest day 
of the year (Fig. IB). 

Capture, measurement and categorizing of fish 

Fish were captured either at night, using handnets and an anaesthetic (quinaldine, "Aquavet 
Seaquin" water-base collection anaesthetic), or in the daytime (between 10:00 and 15:00 h) 
by encirclement with a seine net (84 m long, 10 m deep, 5 cm stretched mesh). Juveniles 
were never found at night and escaped through the mesh of the net. They had to be chased 
into acrevice where they could be narcotized. 

Before measurement, fish > 10 cm were anaesthetized in seawater containing 0.1 
mI/I quinaldine. Water was forced out of the gills and beak, and the fish were dried in a 
humid towel before weighing them to the nearest g. Fork length (FL, length from tip of 
closed mouth to end of median caudal fin ray) was measured to the nearest mmo Fish <10 
cm were weighed to the nearest mg and length was measured in tenths of a mm using a 
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calliper gauge. 
Variations in gut fullness obscure condition comparisons, especially in parrotfish 

with an excavating grazing mode that process large amounts of carbonate (Gygi 1975, 
frydl and Steam 1978, Bellwood and Choat 1990). Parrotfish guts are completely filled 
throughout most of the day (Smith and Paulson 1974, Frydl and Steam 1978, Bruggemann 
et al. 1994 b, c). Shortly after grazing stops fish also stop defecating (pers. obs. J.M. van 
Rooij). The remaining faeces are excreted early next moming as a large, compact faecal 
pellet (comparabie to the 'bolus' described by Montgomery et al. [1989] for surgeonfish). 
By keeping fish ovemight and measuring them the next moming, just after excretion of the 
bolus, we obtained empty weights (W EmPIY) ' However, most fish captured in the daytime 
were released later the same day (in order to prevent loss of social status) and could only 
be measured with full guts. To allow these fish to be included in our analyses, we treated 
gut fullness as a confounding factor in our designs. 

S. viride is a protogynous sequential hermaphrodite in which three life phases are 
distinguished: juveniles (JU, <15 cm fork length, FL), initial phase (lP) fish (15-34 cm FL, 
drably coloured, mainly females) and terminal phase (TP) males (17-40 cm FL, brightly 
coloured) (van Rooij et al. in press b). Adult fish can further be subdivided in territorial 
(TIP and TTP) and group (GIP and GTP) fish . Fish were therefore categorized according 
to: 
1) gut fullness (empty or full), 
2) life ph ase and social status (JU, GIP, TIP, GTP, TTP, and fish with transitional (IP~TP) 

colour pattem; this factor is further simply referred to as status), 
3) dep th of the home range (ranges: 0-3, 3-6, 6-10 and 10-22 m), 
4) season (Nov-Jan, Feb-Apr, May-Jul, and Aug-Oct) . 
Status and residence depth of some of the fish that were caught were determined by 
following them after their release and by observing their behaviour on successive sightings. 
TP fish could be individually recognized by a distinct yellow tail spot, whereas most lP 
fish were tagged with fin clips and/or with anchor tags (type FD-67 or FD67F, applied 
with a Mark II SS tagging gun, Floy tag & Manufacturing Inc., Seattle). Fish whose status 
or depth were not determined were treated as a separate category (?lP or ?TP). Exploratory 
analyses showed no significant year to year variations in the condition of fish from 
comparable categories, therefore the data from all years were pooled. Table 1 shows the 
numbers of fish measured in each category. 

Calculation of length-weight relationship and comparison of condition 

The average relationship between length and weight of fish follows the equation: W = 
axLb

• Parameters a and b were estimated by linear regression of the natural logarithm of 
weight (LnW, in g) on LnFL (in mm). 

Because both length and weight of fish in a natural population are: a) subject to 
natural variability, b) usually not normally distributed, and c) not strictly sampled at 
random, the classical regression model ('model I regression ' cf. Sokal and Rohlf 1981) 
does not apply . Ricker (1973 and 1984) has shown that in such situations the geometric 
mean (GM) regression yields the best estimate of the true length exponent and also gives 
the most accurate predictions of weight from length and vice versa. Therefore, the GM 
regression parameters were also ca1culated: 

bGM = b/r, and aaM = avg(LnW)-[bGMxavg(LnFL)] 
where r is the correlation coefficient of the ordinary y on x regression and avg(LnW) and 
avg(LnFL) denote the average of the dependent and the independent variabie respectively 
(Ricker 1984). 
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Table 1. Sparisoma viride. Numbers of individuals measured with empty or full guts, listed by (life 
phase and social) status, season and depth range. JU: juveniles, TIP: territorial initial phase fish, 
GIP: group lP fish, ?IP: lP fish of unknown social status, TIP: territorial terminal phase fish, GIP 
group TP fish, ?TP: TP fish of unknown social status, lP -+ TP: fish with transitional colour pattern. 

EMPTY WEIGHT FULLWEIGHT 

STATUS Depth (m): Depth (m) 
SEASON ? 0-3 -6 -10 >10 ? 0-3 -6 -10 >10 

JU 
Nov-Jan 17 17 
May-Jul 5 1 3 
Aug-Oct 7 1 

TIP 
Nov-Jan 3 1 
Feb-Apr 8 1 1 1 
May-Jul 3 1 5 1 7 1 
Aug-Oct 1 1 1 

GIP 
Nov-Jan 1 
Feb-Apr 4 1 4 
May-Jul 1 2 2 1 1 
Aug-Oct 1 3 1 1 

?IP 
Nov-Jan 8 7 1 1 2 
Feb-Apr 5 1 4 1 
May-Jul 9 33 3 5 
Aug-Oct 10 27 2 2 1 

TTP 
Feb-Apr 1 
May-Jul 2 1 1 1 
Aug-Oct 3 3 1 1 

GTP 
Nov-Jan 1 1 
Feb-Apr 4 4 2 2 
May-Jul 92 2 4 5 
Aug-Oct 82 1 1 1 

?TP 
Feb-Apr 1 
May-Jul 9 2 1 1 1 1 
Aug-Oct 6 

IP~TP 
Feb-Apr 1 
May-Jul 2 1 
Aug-Oct 1 
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When length exponent b in the length-weight relationship of fish is close to 3, the 
widely used condition factor K (= cxWfU) gives a satisfactory estimate of condition. 
However, when exponent b deviates from 3, K becomes size dependent and can only be 
used to compare fish with similar length distributions. Patterson (1992) proposes a linear 
modelling approach, that uses analysis of covariance (ANCOV A) to compare length-weight 
relationships. We here follow Patterson's method. The generalized model is: 

Ln W = a[O]+bxLnFL+c[gut fullness]+d[factorl]( +e[factor2]+ .. ) 
where a[O] is the overall intercept, c[gut fullness] the effect of either full or empty guts on 
weight, and d and erepresent the effect of the factors of interest (status, season or depth) . 
Positive parameter estimates for these factors indicate increased condition and negative 
values point to a lower than average condition. 

Results 

Average length-weight relationship 

Weight is plotted against fork length in Fig. 2. The relationship as obtained by ordinary 
regression for empty weight is: 

WEmpty = 9.255xlO·6 
X FL3

.
137 (n=386, R2=99.82%, p<.OOI) 

where W is expressed in g and FL in mmo GM regression yields the equation: 
W = 9 l15xlO·6 

X FL3.
140 

Empty . 
The figure also gives the relationship for full weights, the slope of which proved to be 
significantly larger than that for W Empty' This is probably explained by underestimation of 
the full weights of JU. Because they were harder to catch, the time lag between capture 
and measurement was relatively large, resulting in less full guts. Therefore, the slope found 
for the W Empty data was forced on the W Full data. 

Comparison of condition 

Our data set did not allow simultaneous inclusion of all factors in one 4-way ANCOV A 
design (Tabie 1). Therefore, a stepwise analysis of the effects of these factors was carried 
out. Gut fullness was included in all analyses except that of JU, because their full weights 
were underestimated and therefore excluded from all further analyses. The effect of gut 
fullness was significant in all analyses, except that of TIP males where sample sizes were 
smal!. The effect of status was deterrnined using the pooled data from all dep th ranges and 
seasons. The effects of dep th range and season were determined separately for the different 
status categories. 

Effect of status 
Condition of the different categories was compared by fitting the model : LnW = 
a[O]+bLnFL+c[gut fullness]+d[status]. Comparison of TIP, GIP and ?IP showed that the 
condition of lP fish was not significantly affected by their status (F2,174=0.13, p=.882). 
Therefore, all lP data were pooled into one category in all further analyses. 

The condition of JU, lP, TIP, GTP and fish with transitional colour pattern clearly 
differed (F4,422=5.36, p<.OOl), TIP showing a lower and GTP a better condition than 
average (Tabie 2). However, the slopes were inhomogeneous (F4,418=9, 14, p<.OO I), the 
implications of which will be discussed later. 

Effect of season and residence depth 

102 



Chapter 6 

Fig. 2. Plots of weight versus fork 
A) Fish with empty guts 

0 length for all measured fish. A) LnW=3.140.LnFL- 11 .606; r= .9991 n=386 

1200 Fish with empty guts. GM 
regression equation shown. B) 
Fish with filled guts. The slope 

"""' found for WEmpty forced on the WFUIl Ol 
'-' 800 data; intercept and corrected 
~ 

correlation coefficient (r') obtained ..c 
0"> 
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!: 
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400 
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The condition of JU (no data on residence depth) was not significantly affected by season 
(F2,2S=1.23, p=.309). The parameter estimates indicate a minimum in May-Jul and a 
maximum in Aug-Oct. 

A first investigation of the effect of season on the condition of lP fish (depth ranges 
pooled) indicated a significant effect of season (F3.172=4.22, p=.007). In Aug-Oct and Nov
Jan lP fish showed a better condition than in both other seasons, although only May-Jul 
deviated significantly from the mean (Tabie 3). Therefore, the seasons were pooled in one 
(Aug-Jan) with higher and one with lower (Feb-Jul) condition, allowing simultaneous 
incIusion of season and depth in the ANCOVA. Again season (F1,164=12.33, p=.OOI) had a 
significant effect, as weil as residence depth (F3•164=3 .55, p=.016). lP condition in the 0-3 
m range was higher than average (Tabie 4). 

The data for TTP were too scarce to allow simultaneous incIusion of season and 
depth in one model. Tested separately neither showed a significant effect (season: 
Fl.s= 1.45, p=.263; depth: F2.9= 1.08, p=.380), although the parameter estimates suggest a 
better condition in Aug-Oct than in May-Jul and an increasing trend with greater depth . 

GTP were only collected from the two shallowest ranges, and only in two seasons 
both ranges were represented. Therefore, the four seasons were first compared with depth 
ranges pooled, yielding no significant overall effect (F3.193=2.14, p=.097). However, the 
parameter estimates show a significantly reduced condition in May-Jul (Tabie 5). Only the 
two seasons with lower condition could be considered in a design incIuding the effect of 
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depth. Neither season nor depth had a significant effect now (F1•106=0.36 resp. 0.78, p=.553 
resp . .380). 

Discussion 

We showed the occurrence of significant vanatlOns in condition between life phases 
(ontogenetic effect), between territorial and group mal es (social effect), between fish from 
different depth ranges (spatial effect), and between seasons. We will discuss some causes 
and implications of these variations. 

Effect of status 

The poor condition of TIP males suggests that the benefits from their (more exclusive) 
access to high yield food and substrate types (Bruggemann et al. 1994 a, b) does not quite 
compensate their greater investment in territory defence and reproduction (van Rooij et al. 
in press b) and their lower foraging rates (Bruggemann et al. 1994b). 

For IP fish no difference between territorial and group fish was found. This 
probably arises from the fact that most lP fish from both units are sexually active females, 
spawning once or twice a day (van Rooij et al. in press b). So unlike TP males, both 
territorial and group females in vest equally in reproduction. Furthermore, TIP females do 
not spend more time on interactions with conspecifics than GIP « I %, van Rooij et al. in 
press b), which suggests that their investment in territory defence is low. This low 
investment is apparently outweighed by their access to the high yield food patches on the 
deeper reef. 

Egg collections in the field show that up to 10,000 eggs (ca. 2 g fresh weight) may 
be released in a single spawning (unpubl. data lM. van Rooij). Product ion of eggs is 
energetically much more expensive than the production of sperm (Wootton 1985), which 
explains the reduced condition of IP females compared to GTP males. The even lower 
condition of TIP must be related to the high demands of territorial life. They spend up to 
4% of their time on social interactions, many of which are aggressive chases of intruders 
(van Rooij et al. in press b). TIP males further spend quite some time on territory patrol 
(throughout the day) and on courtship (during the 90 min daily spawning period), resulting 
in lower grazing rates than attained by TIP females (unpubl. data lM. van Rooij, 
Bruggemann et al. 1994a). 

The near average condition of fish in transitional colour pattern suggests that the 
colour change (which usually begins near the end of the gonadal transformation; Robertson 
and Warner 1978, Cardwell 1989) does not require extreme metabolic demands. The 
relatively po or condition of JU is probably related to the absence of developed gonads and 
a high investment in growth rather than in (fat) reserves (van Rooij et al. in press a). 

The unequal length exponents among status categories (mentioned above) can be 
ascribed to a statistical bias. Ricker (1973) has shown that in mutual variabie datasets the 
ordinary regression slope is dependent on the range of the independent variabie: the larger 
the range, the steeper the slope. The largest JU in our dataset was 9.2 times longer than the 
smallest, whereas for TIP this ratio was only 1.1. Since the most reliable length exponent 
is obtained by fitting data from the largest possible length range (Ricker 1973), the 
differences between categories can be safely ignored, as would be done in a traditional 
two-stage comparison of condition factors. 

Effect of depth range 
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Table 2. Sparisoma viride. Effect (Iife phase plus social) status on condition. Model: LnW=a[O]+c[gut 
fullness ]+d[ status ]+bxLnL. 
Seasons and depth ranges pooled. Significant deviations shown in bold letter. Abbreviations as in 
Table 1. 

PARAMETER ESTIMATE SE P 

Effect status 
d[JU] -0.022 0.023 .347 
d[IP] 0.013 0.012 .271 
d[TTP] -0.043 0.022 .051 
d[GTP] 0.033 0.010 .001 
d[IP~TP] -0.003 0.022 .893 

Table 3. Sparisoma viride. Effect season on condition lP fish. 
Model: LnW=a[O]+c[gut fuliness]+d[season]+bxLnL. Depth ranges pooled. Significant deviations in 
bold letter. Abbreviations as in Table 1. 

PARAMETER ESTIMATE SE P 

Effect season 
d[Nov-Jan] 0.015 0.010 .113 
d[Feb-Apr] -0.017 0.009 .067 
d[May-Jul] -0.022 0.008 .004 
d[Aug-Oct] 0.023 0.014 .095 

Table 4. Sparisoma viride. Effect depth range + season on condition lP fish. Model: LnW=a[O]+c[gut 
fullness]+d[season]+e[depth]+bxLnL. 
Feb-Apr pooled with May-Jul, Aug-Oct pooled with Nov-Jan. Significant deviations in bold letter. 
Abbreviations as in Table 1. 

PARAMETER ESTIMATE SE P 

Effect season 
d[Feb-Jul] -0.018 0.005 .001 
d[Aug-Jan] 0.018 0.005 .001 

Effect depth 
e[0-3m] 0.024 0.010 .012 
e[3-6m] 0.003 0.009 .756 
e[>6m] -0.009 0.010 .336 
e[unknown] -0.018 0.007 .013 
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Table 5. Sparisoma viride. Effect season on condition GTP. 
Model: LnW=a[O]+c[gut fuliness]+d[season]+bxLnL. Depth ranges pooled. Significant deviations in 
bold letter. Abbreviations as in Table 1. 

PARAMETER ESTIMATE SE P 

Effect season 
d[Nov-Jan] 0.055 0.028 .055 
d[Feb-Apr] -0.022 0.016 .179 
d[May-Jul] -0.032 0.014 .018 
d[Aug-Oct] -0.001 0.022 .980 

Condition of the lP fish in the 0-3 m zone is better than that of fish residing on the deeper 
reef. This is not what we would expect from the increased availability of high yield food 
and substrate types at greater depth (Bruggemann et al. 1994a). The reproductive status of 
most shallow lP fish was unknown, whereas most lP from the deeper reef were sexually 
active terri tori al females. Sexually inactive lP fish (e.g. lP with transitional gonads) are 
restricted to the shallow group areas (van Rooij et al. in press b). Therefore, the better 
condition of lP fish in the 0-3 m range probably reflects their lower reproductive effort, 
which masks the effect of food supply. 

The effect of depth on TIP condition was not statistically significant due to the 
small sample size. The magnitude of the effect is quite large however (TIP from > lOm 
weighing 12% more than TIP from 3-6 m) and is biologically relevant. An increase of 
condition with depth agrees with the lower reproductive effort and reduced investment in 
territory defence found by van Rooij et al. (in press b). Furthermore, the increased 
availability of high yield grazing patches at greater depths (Bruggemnn et al. 1994a) may 
also contribute to the observed trend. 

It can be concluded that differences in condition with depth result not only from the 
vertical distribution of food, but also from differences in social and reproductive status of 
the resident fish . The latter effect is apparently more important than the first. 

Seasonal variation 

All categories showed the poorest condition between May and July, the season with 
longest days and intermediate water temperatures, although only for lP fish and GTP males 
this effect was significant. We have no indications of higher spawning frequencies in this 
period (van Rooij et al. in press b) and females with mature ovaries were found in I1 
different months (no data for April). Year round spawning of S. viride was also suggested 
by Robertson and Wamer (1978; study area at 9°33' N), Cardwell (1989; 16°45 ' N), Colin 
and Clavijo (1988; 17°54' N), and by Koltes (1993; 21°90' N) . However, Koltes found a 
higher proportion of ripe females in Feb-Apr, when the gonadosomatic index of both sexes 
also reached a peak. Therefore, seasonal variation in fecundity cannot be excluded. But if 
so, it would not have affected the condition of the (sexually inactive) GTP and JU. 

Longer days imply longer periods of activity and increased metabolic demands, 
which are apparently not quite met by increased food uptake. The same conclusion was 
reached by Montgomery and Galzin (1993) for two acanthurid species . from the Red Sea 
and French Polynesia. The decrease in condition of these herbivores in late summer, some 
months after spawning had ceased, was also ascribed to their higher demands during longer 
days. These fish build up fat stores and condition in the winter, when their diet mainly 
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consists of blooming green algae that are not available in the summer (Fishelson et al. 
1987). We did not ob serve a diet shift for S. viride. However, seasonal variation in 
abundance and quality of food has not been studied and may explain the seasonal 
fluctuations in condition. 

The observed seasonal variation in condition suggests that food may be limiting at 
times. The lack of territorial behaviour of S. viride towards other scarid species, with 
whom they share most grazing substrates, led van Rooij et al. (in press b) to suggest that 
food is either not limiting, or partitioned between species at a finer scale than that of 
substrate types. Dur present findings do not support the first hypothesis. 
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