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ABSTRACT: It is generally accepted that the intensity of recruitment of pelagic young of temperate 
marine fishes is determined primarily by events that affect young as larvae, and that pelagic processes 
substantially increase variation in recruitment over the level expected from variation in spawning 
output alone. Spawning and recruitment of 6 species of Caribbean damselfishes were monitored 
monthly at a site in Panama for 1 to 3 yr (1983 to 1987) and 7 to 10 yr (1980 to 1989), respectively. 
Intermensual variation in recruitment strength exceeded corresponding variation in spawning output 
by average factors of at least 1.5 to 3.0 (and perhaps as much as 4 to 20) among those species. Serial 
changes in seasonally-adjusted monthly spawning output and 'resultant' recruitment strength were 
not correlated in any species. Thus, regardless of whether or not local populations are self-recruiting, 
pelagic processes evidently do largely control, and substantially enhance, short-term variabihty in 
recruitment strength in these fishes. Interannual variation in recruitment was low in all but one species. 
in which it also exceeded variation in spawning. Thus control of variation in recruitment strength by 
short-term pelagic processes had little or no net effect on interannual variation in recruitment in most 
cases. Interspecific differences in recruitment seasonal~ty and in levels of variation in mensual and 
annual recruitment strength (but not mensual and annual spawning output) ~ndicate that pelagic 
processes affect recruitment of some of these closely related species to different degrees and in 
different temporal patterns. 

INTRODUCTION 

Substantial temporal variation in the intensity of 
recruitment of juveniles at the end of the pelagic 
larval phase is characteristic of many temperate (e.g. 
Cushing 1975, Rothschild 1986) and tropical (Russell 
et al. 1977, Sale et al. 1984, MacFarland et al. 1985, 
Victor 1986, Doherty & Williams 1988, Doherty 1991) 
marine fishes. Such variation is attributed primarily to 
processes that affect the survivorshlp of larvae, and 
much research on temperate-zone species has been 
oriented towards identifying pelagic processes that 
influence recruitment strength on a variety of time 
scales and quantifying their effects. This includes 
examinations of relationships between spawning out- 
put (often inferred from stock size) and recruitment, 
and between recruitment strength and change in 
oceanographic conditions that affect the growth, 
mortality and dispersal of larvae (e.g. Lasker 1981, 
Parrish et al. 1981, Bakun et al. 1982, Cushing 1982, 
Lambert & Ware 1984, Sherman et al. 1984, Roth- 

schild 1986, Koslow & Thompson 1987, Peterman & 
Bradford 1987, Checkley et al. 1988, Thresher et al. 
1989). Comparatively little similar information is 
available for tropical species. The relevant data con- 
sist of time series up to 10 yr on intra- and interannual 
variation and spatial variation in recruitment obtained 
on the Australian Great Barrier Reef. They have been 
used primarily to examine the spatial coherence of 
recruitment activity, and to make inferences about 
oceanographic mechanisms that might produce those 
spatial patterns (see Doherty & Williams 1988, 
Doherty 1991 for reviews). The relationship between 
variation in the magnitudes of spawning and recruit- 
ment apparently has been examined previously in 
only one tropical reef fish, in which Doherty (1980) 
found that the ratio of annual levels of spawning and 
recruitment at a single site varied 13-fold over 2 yr. 
Thus at present we have a very limited ability to 
distinguish between effects of variation in spawning 
output and of pelagic processes on recruitment 
strength of tropical fishes. 
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The relationships between the seasonal cycles of 
spawning and recruitment of the present study 
species, a group of 6 closely related Caribbean reef 
fishes, have been described by Robertson (1990). Here 
we compare both short-term (intermensual), and long- 
term (interannual) variation in the intensity of their 
spawning and recruitment, infer the extent to which 
intermensual variation in recruitment could be due to 
short-term pelagic processes and assess whether there 
are differences in degrees of variation in monthly 
spawning and recruitment activity in different seasons. 
Finally we examine the net effect that such processes 
might have on interannual variation in recruitment 
strength. 

MATERIALS AND METHODS 

Organisms and study site. We monitored spawning 
and recruitment by 6 species of Caribbean dam- 
selfishes (Pomacentridae), Abudefduf saxatilis, Micro- 
spathodon chrysurus, Stegastes diencaeus, S. dorso- 
punicans, S. leucostictus, and S. partitus, on fringing 
reefs at Punta de San Blas, on the Caribbean coast 
of Panama (9" 34' N, 78" 57' W). There are 2 main 
weather seasons in Panama. The dry season, when 
northeast trade winds blow fairly constantly, lasts from 
about mid-December to about mid-April. During the 
remainder of the year rainfall is higher and winds are 
lighter and more variable in direction. Sea-surface 
temperatures range from 26 to 30°C (Cubit et al. 1989, 
Robertson 1990). 

Spawning output. In each species eggs are laid in 
discrete, densely packed, monolayered clutches in 
well-defined, prepared nests, which typically are used 
repeatedly. In each species spawning is lunar periodic 
and eggs are defended by the male parent until they 
hatch shortly after dusk, 3.5 to 5.5 d after spawning 
(Robertson et  al. 1990). 

Nests were tagged with flagging tape and censused 
either at 1 to 2 d intervals year-round (Abudefduf 
saxatilis, Stegasfes dorsopunicans and S. leucostictus), 
or at 3 d intervals during the part of each lunar cycle 
when spawning usually occurred (remaining species). 
At each census the number of clutches present and 
the maximum and minimum dimensions of each new 
clutch (readily distinguished by its color) were 
recorded. The area of each clutch was estimated by 
treating it as an ovoid, which is the usual shape As our 
measure of per capita output we used the mean num- 
ber of cm2 of eggs censused per nest (including tem- 
porarily unused nests) per month (see also Robertson 
et al. 1988, Robertson 1990, Robertson et al. 1990). 

The reef system in the study area is composed of 
over 200 discrete patch reefs (Robertson 1987). 

Spawning by Microspathodon chrysurus, Stegastes 
diencaeus and S. partitus was monitored concurrently 
for 3 yr on 2 patch reefs 1 to 2.5 km apart. Spawning by 
S. dorsopunicans was monitored on 1 reef for 3 yr, and 
a second reef (1.5 km away) during the last year of 
that period. In each case the 2 reefs chosen provided 
situations representative of high and low exposure to 
seasonal change in sea conditions (Robertson 1990). 
Variation in levels of monthly egg production on the 
pair of reefs was positively correlated in each species 
(Pearson r = 0.52, n = 38, p < 0.01 for M. chrysurus; r = 
0.37, n = 37, pc0.05 for S. diencaeus; r = 0.62, n = 12, 
~ ~ 0 . 0 5  for S. dorsopunicans; and r = 0.51, n = 37, 
p < 0.01 for S. partitus). We used the average of the 2 
monthly spawning-output values from a pair of reefs 
when estimating levels of variation in spawning. The 
number of nests monitored, their average levels of egg 
production and the monitoring periods are shown in 
Table 1. 

Settlement and recruitment. Here settlement refers 
to the first appearance of the smallest individuals of 
each species that are observed in benthic habitats. 
Average sizes of settlers of the study species are ca 10 
to 12 mm standard length and there is little intra- 
specific variation in those sizes (Robertson 1992). In 
those species for which data are available (all except 
Microspathodon chrysurus) settlement is lunar peri- 
odic and minimal around full moon (Robertson 1992). 
The duration of the pelagic stage of the 6 species is 
about 3 to 5 wk (Robertson et al. 1988, Thresher & 
Brothers 1989, Wellington & Victor 1989). 

Recruits of a lunar month are fish that settled during 
and survived to the end of that lunar cycle (full moon). 
Monthly recruitment censuses were made during the 
week before each full moon. During a census each of 
a set of permanent plots scattered as much as 
2.5 km apart was systematically searched in the same 
way by the same observer (D.R.R.) and all recruits of 
the month (recognized by their small size) were 
recorded. The monitoring schedules and sampling 
effort are shown in Table 1. 

Some assumptions. To assess the effects that pelagic 
processes have on juvenile settlement one ideally 
should measure larval production at hatching and 
abundances of juveniles at settlement. Due to logistic 
constraints we measured the production of eggs, which 
develop on the substratum for a few days before the 
larvae enter the pelagic environment, and the recruit- 
ment of young fish about 10 d after the lunar period of 
peak settlement. 

When estimating larval production we are assuming 
that egg mortality does not systematically disrupt the 
relationship between egg production and hatchling 
production. We evaluated this assumption with 
Stegastes dorsopunicans. This was the only species 
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Table 1. Summary of monitoring data base for spawning and recruitment of some Caribbean damselfishes 

Abudefduf Microspathodon Stegastes Stegastes Stegastes Stegastes 
saxa tills chrysurus dlencaeus dorsop~~njcans leucostictus partitus 

Spawning output 
No. of patch reef populations 1 X 1 yr 2 x 3 y r  2 x 3 y r  l x 3 y r + l x l y r  l x 3 y r  2 x 3  yr 
and monitoring period (1987) (1983-5) (1983-5) (1985-7) (1984-6) (1983-5) 

No, of nests monitored 
per populat~on 3 5 20-25 20-30 27-40 20-25 20-25 

Average output nest-' m--' ' 

No. of clutches 2.0 3.1 2.1 2.0 6.6 5.6 
Total clutch area (cm') 422 238 85 7 9 105 107 

Recruitment 
No, sites monitored 8 8 6 l l b  
Total area of sites (m2) - 14 000 - 1500 > 3000 - 2 6 0 0 ~  
Average no. recruits yr-' 762 106 75 412 94 398 
No. years monitored (until 1989) 7 7 10 7 7 7 

From Robertson et al. (1990), bS. dorsopunicans, S. leucostictus and S. partitus were all monitored at the same sites 

for which nests were censused daily over an extended 
period (3 yr). This allowed more precise estimation of 
egg losses prior to hatching. Hatching occurs on the 
evening of the fourth day after spawning (Robertson et 
al. 1990) and we estimated egg mortality using 
clutches that remained in the nest for < 4 d.  The level of 
egg mortality was not significantly correlated with the 
level of production of new eggs each month (Pearson 
r = -0.29, p > 0.05, n = 37), and the levels of variation in 
monthly production of new and last-day eggs did 
not differ statistically (Levene's Test: t = 1.18, n = 37, 
p>0.20; see below for details of this test). Thus our 
assumption that variation in egg production can be 
used to estimate variation in larval production appears 
valid. 

Does variation in the intensity of recruitment mirror 
variation in the intensity of settlement? Since early 
mortality of newly settled reef fishes often is high 
(Doherty & Sale 1986, Victor 1986, Sale & Ferrel 1988, 
Booth 1991) and can be density dependent (Forrester 
1990, but see Victor 1986), it potentially could either 
increase or decrease variation in the intensity of 
recruitment relative to that in settlement. Milicich et  
al. (1992) examined relationships between variation in 
early recruitment (within 1 wk after settlement) and 
the influx of late-stage larvae (collected at light-traps) 
of several damselfishes on the Great Barrier Reef. They 
concluded that recruitment variation mirrored varia- 
tion in the settler supply on a spatial scale similar 
to that used in the present study, and that early post- 
settlement mortality did not disrupt the settlement/ 
recruitment relationship. This appears to be the case 
with our study species. Settlement of 4 of them (no data 
for the others) was monitored for 4 yr by making daily 
removals of newly settled fishes from small isolated 

patch reefs (Robertson 1992). Recruitment was moni- 
tored during the same period on nearby reefs. 
Intermensual variation in the intensity of recruitment 
and settlement were positively correlated in each of 
those 4 species. In each case the data fitted a linear 
relationship better than curvilinear relationships that 
would have indicated either positive or negative den- 
sity dependency in recruitment, and enhancement or 
dampening of settlement variation. In addition, levels 
of intermensual variation in settlement strength and 
recruitment strength did not differ in three of those 
species. While recruitment did vary less than settle- 
ment in Abudefduf saxatilis, that difference probably 
was due simply to the large (200-fold) difference in the 
spatial scales on which settlement and recruitment 
were measured in a species whose settlers and recruits 
are highly aggregated (Robertson 1992). Consequently 
we treat the level of intermensual variation in recruit- 
ment strength as being equivalent to that in settlement 
strength. 

Data analyses. Intermensual variation in spawning 
and recruitment: We provide data on the range of 
variation (the maximum/minimum ratio) in recruit- 
ment and spawning because such ranges are com- 
monly used to describe variation in recruitment of 
fishes (e.g. Hennemuth et al. 1980, Rothschild 1986, 
Doherty & Williams 1988). However they cannot be 
compared statistically. 

To statistically compare relative levels of variation 
in spawning and recruitment we used Levene's Test 
(Schultz 1985). In this test each of the set of sample 
variates is transformed relative to the sample median 
[i.e. Y = {[X - M(X)] / M(X)} X 100 %] and a t-test is 
used to compare the means of 2 sets of transformed 
(i.e, percent deviation from the median) values. 



108 Mar. Ecol. Prog. Ser. 94: 105-113, 1993 

We compared both total and non-seasonal monthly 
variation in spawning output and recruitment strength. 
When considering total variation we used one median, 
maximum and minimum value for each entire multi- 
year data set. When comparing wet versus dry season 
activity we used a single median value for all months in 
each season. To examine overall non-seasonal varia- 
tion we removed the effects of seasonal variation by 
using the maximum, minimum and median values 
from each of the 12 mo. Whenever Levene's Test 
detected a significant difference between variation in 
spawning and recruitment we used a multiplicative 
Mann-Whitney U-test (see Zar 1974) to establish the 
minimum factor by which they differed: the amount by 
which each of the set of values with the smaller median 
had to be multiplied to obtain a Uvalue with a p > 0.05. 

Our analysis of intermensual variation In spawning 
and recruitment is in 2 parts. First we assume that 
the local population is not self-recruiting (but that the 
level of variation in spawning that we observed is rep- 
resentative of that at  the recruits' origin) and ask the 
question: (1) 'Does the level of variation in spawning 
differ from that in recruitment in each species?' Then 
we assume that the local population is self-recruiting 
and ask 2 further questions: (2) 'Does the level of 
recruitment in a month depend on the level of spawn- 
ing that produced that recruitment?' (3) 'By what factor 
does the level of recruitment differ from the level of 
spawning that produced that recruitment?' 

To answer Question 2 we ran cross-correlations 
between seasonally-adjusted values for spawning 
output and recruitment (using SYSTAT 1988), with 
recruitment lagged by 1 mo to account for the larval 
duration (see above). Prior to performing those cross- 
correlations any significant autocorrelations in each 
series were removed by first-difference transformation 
of the data (Cohen et al. 1986, Thompson & Page 1989). 
To examine Question 3 we reduced monthly values for 
spawning output and recruitment to a common scale, 
relative to their maximum values (= 1). The larger of 
the scaled values of either spawning or 'resultant' re- 
cruitment for each month was then divided by the 
smaller of the two to obtaln the level of the difference 
between them. These difference values provided a 
measure of the degree to which pelagic processes in- 
creased or decreased recruitment strength in relation 
to spawning strength. 

Interannual variation in spawning and recruitment: 
Variation in a population's spawning output depends 
on both per capita output and population size. We 
measured per capita output. Average adult life spans 
of our study species are on the order of 1 yr or more, 
and there are no consistent patterns of seasonal 
change in population size of any measured (D.R.R. 
unpubl. data). Thus variation in population size is 

unlikely to influence intermensual variation in spawn- 
ing, and we restrict our attention to its potential effect 
on interannual variation in spawning. To estimate the 
potential range of interannual variation in population 
spawning output of each species we multiplied the 
range of per capita spawning values observed during 
the present study by the average proportionate change 
in population size that occurred over all 3 yr periods 
for which there were data (Table 2). Those proportion- 
ate changes in population size were determined from 
annual censuses of populations of each species (D.R.R. 
unpubl. data). 

When rnalung multiple cornpansons of levels of varia- 
tion in spawning and recruitment of different species we 
used the Bonferroni technique (Rice 1989) to adjust 
significance levels when variances were homogeneous, 
and the Games and Howell method (Sokal & Rohlf 1981) 
when variances were heterogeneous. 

RESULTS 

Magnilude of intermensual variation in spawning 
and recruitment 

In 5 species (i.e. all except Stegastes leucostictus), 
spawning output varied 5- to 9-fold overall, and 3- to 7- 
fold when effects of seasonal variation were removed 
(Table 3). The range of variation in recruitment was 
10 to 15 times as great as that in spawning in those 5 
species (Table 3). Similarities in the range of variation 
in the spawning and recruitment of S. leucostictus 
reflect the absence of spawning and recruitment in 
some months. 

The level of total variation in recruitment was signif- 
icantly greater than the level of total variation in 
spawning output in each of the 6 species (Table 3). 
Non-seasonal variation in recruitment exceeded that 
in spawning in all species when all data on recruitment 

Table 2. Interannual variation in sizes of adult populations of 
4 species of Caribbean damselfishes (based on unpubl. data 
of D. R. Robertson). Proportionate change in populat~on = 
largest population value /smallest population value in each 
3-consecutive-year period. n :  no. of 3 yr periods. Population 
size: combined size of all populations on at least 25 patch 

reefs per species 

Species Proportionate change n 
in population size 

Average Range 

Stegastes djencaeus 1.37 1.06-1.83 9 
Stegastes dorsopunicans 1.21 1.14-1.27 2 
Stegastes leucost~ctus 1.70 1.09-2.17 3 
Stegastes partitus 1.13 1.09-1.17 5 
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were included in the analyses. When the analy- 
ses were restricted to concurrently collected data, 
variation in recruitment exceeded that in 
spawning in all species except Stegastes partitus 
(Table 3) .  Mean levels of variation in recruitment 
were about 3 to 4 times greater than those in 
spawning output in 5 species and 5 to 20 times 
greater in the sixth (S. diencaeus). The U-tests 
indicate that variation in recruitment exceeded 
variation in spawning by factors of at  least 1.5 to 
3.0 (Table 3). These differences between spawn- 
ing and recruitment are not due to differences in 
sample sizes (recruitment was monitored for 
much longer than spawning) because levels of 
variation in recruitment during the 3 yr when 
spawning was monitored were essentially the 
same as levels over the longer term (Table 3). 

There were no significant differences between 
levels of variation in spawning output during the 
wet and dry seasons in any species (Table 4). 
Levels of variation in recruitment did not differ 
in the 2 seasons in 5 species, while limitations in 
the data make the situation unclear in the sixth 
(Stegastes diencaeus; Table 4) .  However, because 
of the relatively small sample sizes for recruitment 
and, especially, spawning in the dry season, and 
the large variances in activity, the power of this set 
of tests to detect even moderate differences in the 
means is not high (Table 4). 

There were no significant differences among the 
5 species in levels of variation in total or nonsea- 
sonal spawning output (multiple comparisons of 
means in Table 3, all p > 0.05). Levels of total varia- 
tion in recruitment did not differ between Stegastes 
di'encaeusand S. leucostictus, or among the other 3 
species (p >0.05). However, total variation in the 
recruitment of both S. diencaeusand S. leucostictus 
differed (at p < 0.05) from levels in the remaining 3 
species. Levels of non-seasonal variation in recruit- 
ment did not differ among the species (Table 3, 
multiple comparisons, all p > 0.05). 

Serial change in spawning and recruitment 

Serial mensual change in seasonally-adjusted 
spawning output and 'resultant' recruitment were 
not correlated in any species (Microspathodon 
chrysurus: r = 0.08; Stegastes diencaeus: r = -0.11; 
S. dorsopunicans: r = 0.10; S. partitus: r = -0.12). 
Average degrees of difference between levels of 
spawning and 'resultant' recruitment ranged from 
3- to 20-fold among the 6 species, while maximum 
degrees of difference ranged from 15- to 100-fold 
among those species monitored for > 1 yr (Table 5). 
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Table 4. Intermensual variation in spawning output and recruitment by 6 species of Caribbean damselfishes during the wet and 
dry seasons. Mean level of variation - see Table 3 and 'Matenals and methods' for details. t = Levene's t-test for difference 

between means: ns, p >0.05; l-P = power of test to detect that one mean is half the size of the other (see Cohen 1969) 

Species Mean (SE) level of variation 
Spawning output Recruitment 

Dry season n Wet season n (t, l-P) Dry season n Wet season n (t, l-P) 

Abudefduf saxatilis 70 6 (34.3) 4 24.3 (9.0) 8 (ns, .15) 72.1 (15.4) 20 66.8 (11.3) 41 (ns, .43) 
Microspathodon chrysurus 43.4 (13.9) 12 24.7 (3.8) 26 (ns, .28) 78.3 (16.1) 20 109.6 (15.3) 44 (ns, .45) 
Stegastes diencaeus 39.2 (8.3) 12 28.0 (4.4) 24 (ns, .28) NAd 31 21 1.7 (35.1) 64 (NAd, -) 
Stegastes dorsopunicans 33.8 (6.4) 12 34.0 (4.3) 25 (ns, .29) 120.6 (43.5) 20 87.6 (15.3) 45 (ns, .45) 
Stegastes leucostictus 36.6 (8.9) 12 44.1 (5.3) 29 (ns, .29) 127.6 (26.5) 20 229.3 (70.2) 41 (ns, .43) 
Stegastes partitus 45.3 (9.5) 12 32.9 (3.8) 26 (ns, .31) 33.1 (42.9) 22 95.9 (17.8) 43 (ns, .46) 

dCalculation not possible because med~an  for dry season = 0 

Interannual variation in spawning and recruitment 

Levels of variation in recruitment and spawning out- 
put differed in only 1 of 5 species (Stegastes dien- 
caeus), in which recruitment was more variable than 
spawning (Table 6). This also was the only species 
in which the range of variation in recruitment was 
obviously much larger than the range of variation in 
spawning (Table 6). When changes in sizes of adult 
populations were taken into account, the estimated 
range of variation in spawning output differed notice- 
ably from that in recruitment only in S. diencaeus 
(Table 6). 

There were no differences among the species in 
levels of interannual variation in spawning output 
(multiple comparisons of means in Table 6 ) .  Differ- 
ences among the species in levels of interannual varia- 
tion in recruitment involved Stegastes diencaeus, with 
each of S. leucostictus, S. partitus and Abudefduf 
saxatilis (at p < 0.05, multiple comparisons of means 
in Table 6). 

DISCUSSION 

Fish that recruit onto reefs in the general area of San 
Blas Point may be produced outside that area. If so and 
if our assumptions (about levels of variation in spawn- 
ing, relations between egg and larval production, and 
relations between settlement and recruitment) are 
correct, then differences between levels of variation in 
spawning and recruitment should be due to pelagic 
processes. What is the magnitude of the effects of 
pelagic processes on vanability in recruitment on 
different time scales and do those processes act in the 
same way on different species? 

Our data indicate that pelagic processes increase 
intermensual variability in recruitment over that 
expected due to spawning by averages of at least 

1.5- to 3.0-fold and perhaps by as much as 10- to 
15-fold. Neither spawning nor recruitment appeared to 
be more variable in one season than the other in any 
species. In addition, levels of variation in spawning 
output and levels of non-seasonal variation in recruit- 
ment did not differ among the species. Interspecific 
differences in recruitment patterns were observed only 
in total intermensual and interannual levels of varia- 
tion (present data) and in seasonal cycles of activity 
(Robertson 1990); the former differences reflect inter- 
specific variation in the degree of seasonality in 
recruitment (Robertson 1990). These data indicate that 
interspecific differences in recruitment patterns of 
these species are produced mainly by seasonal change 
in the base level of activity of pelagic processes that 
determine larval survival, and that those processes 
show minimal seasonal change in the degree of 
variability in their activity. 

Damselfish populations on the San Blas Point reef 
system may be self-recruiting. In that case the lack of 
a correlation between serial subseasonal change in 
spawning and 'resultant' recruitment in any species 
indicates that pelagic processes have overriding con- 

Table 5. Degree of difference in the level of spawning output 
in a month and the level of recruitment that 'results' from 
that month's spawning In 6 species of Caribbean dam- 
selfishes. Difference value = larger of each month's scaled 
(max = 1) spawning and recruitment values divided by the 

smaller of the two 

Species Difference value 
Average Maximum 

A budefduf saxatilis 3.3 7 
Microspathodon chrysurus 4.7 26 
Stegastes diencaeus 20.7 83 
Stegastes dorsopunicans 8.0 7 2 
Stegastes leucostictus 20.8 106 
Stegastes partjtus 3.8 l 5  
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Table 6. Interannual variat~on in the magnitude of spawning output and recruitment by 6 species of C a r ~ b b e a n  damselfishes 
Pop.: es t~mated populat~on value = per c a p ~ t a  value X average interannual proportional change in population s u e  (from Table 2) 
Mean = mean % deviation from the median (see 'Materials and methods' for details). Concurrent : recorded during the period 
when spawnlng was monitored. ND = no data on per caplta output and/or change in population size. t = Levene's Test: per capita 

mean for spawning vs all years mean for recruitment ns = p >  0 05, ' =  p < 0.05 

Species Spawning variat~on Recruitment variation 

Range Per capita Concurrent \mth spawning All years 

Per caplta Pop [Mean (SE) n Range Mean n Range Mean (SE) n t 

Abudefduf saxatills ND ND ND ND ND 1 8  13 .3  (4.8)  7 - 

Mlcrospathodon chrysurus 1.4 N D  10.2 (8.6) 3 1.9 19.0 3 1 9 26.4 (8.8)  7 ns 
Stegastes dlencaeus 1 7 2 3 16.3 (8.5) 3 2.1 57 0 3 12.3 52.7 (8.3)  10 
Stegastes dorsopun~cans 1.4 1.7 9.7 (8.4) 3 1 6  12.2 3 2.5 21.2 (5.9)  7 ns 
Stegastes leucostictus 1.6 2.2 12.3 (11 1)  3 1 4  6.8 3 1.6 12.3 (6 9 )  7 ns 
Stegastes p a r t ~ t u s  1.2 1.4 7.5 (4.7) 3 1 2  7 4  3 2.1 17.7 (4.7) 7 ns 

trol over recruitment strength in all species. Those 
processes would not only determine the serial pattern 
of monthly variation in recruitment strength, but 
would also greatly increase (by 4- to 20-fold on aver- 
age and up to 15- to 100-fold in the extreme) variation 
in it over what could be expected due to variation in 
spawning. 

In 5 of our 6 study species interannual var~ation in 
recruitment is not only at the low end of the range of 
values recorded for similar reef fishes at other sites 
(primarily in the West Pacific; Doherty & Williams 
1988), but is about the same as or only slightly greater 
than interannual variation in spawning. Thus although 
short-term pelagic processes controlled and substan- 
tially increased intermensual variation in recruitment 
this evidently had little or no net effect on year-class 
recruitment strength in most species. 

The exception among this group of species is 
Stegastes diencaeus, which has distinctly higher inter- 
annual variation in recruitment than the others. It also 
differs from them in the strength (but not the timing) of 
its recruitment seasonality (Robertson 1990). Even in 
years when recruits of S. diencaeus were most abun- 
dant they still were rare relative to those of all other 
Stegastes spp. (D.R.R. unpubl, data). From this it 
appears that pelagic processes that control the recruit- 
ment of S. diencaeus are somewhat species specific in 
their action, are usually unfavorable to survival of its 
larvae, and tend to be unfavorable throughout entire 
years. 

The data on short- and long-tern~ variation in the 
intensity of spawning and recruitment presented here 
and elsewhere (Robertson 1990) on the seasonality of 
reproduction indicate that the widely held view that 
recruitment strength in temperate marine fishes is 
controlled primarily by pelagic processes affecting 
larval survival and promoting variation in recruitment 
should be applied to tropical reef fishes. Dependency 
of recruitment strength on spawning output is unlikely 

in highly fecund fishes (which damselfishes are, e .g .  
Doherty 1983) that necessarily have high larval mor- 
tality, because small changes in larval mortality rates 
can lead to large changes in recruitment strength 
(Koslow 1992, see also Shulman & Ogden 1987). 

No data have yet been published on the larval 
biology of tropical reef fishes that bear directly on the 
question of what pelagic processes determine larval 
survivorship and affect recruitment levels. Very little is 
known about larval growth and mortality in such 
species (Thorrold & Milicich 1990), and the orlgin of 
pelagic juveniles that recruit onto a particular reef 
within a large reef system (e.g.  the Caribbean) is not 
known for any case. Pelagic processes that control 
monthly recruitment strength of San Blas damselfishes 
could act at  any point between the release of hatch- 
lings just after dusk and the settlement of juveniles 
onto a reef at night about a month later. Pelagic larvae 
of West-Pacific damselfishes typically are found close 
to reefs and larvae of different taxa of these fishes, 
including some congeneric taxa, can have d~fferent 
(and dielly and ontogenetically changing) horizontal 
and vertical distributions in near-reef waters (Leis 
1986, 1991a, b). Such differences, or others associated 
with other aspects of the ecology of larvae, could be 
involved in producing consistent patterns of inter- 
specific variation in recruitment. Research is lacking 
on these aspects of the ecology of fish larvae In the 
Caribbean and knowledge of the oceanography of the 
Caribbean waters of Panama is limited to a general 
idea of large-scale water currents (see Lessios et  al. 
1984 for summary) and to characterisation of the 
coastal weather regime (Cubit et al. 1989). 

Some reef fishes (including damselfishes) at  inter- 
mediate and higher tropical latitudes show moderately 
strong seasonality in their reproduction and recruit- 
ment. At more equatorial locations other species, such 
as those discussed here, exhibit seasonally more 
extended or year-round spawning and recruitment. 
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Relationships between reproductive seasonality and 
environmental seasonality vary among those sites 
(Robertson 1991). Interannual variation in recruitment 
of most of the present study species appears to be low 
in comparison to levels recorded for damselfishes else- 
where (e.g.  Doherty & Williams 1988). Such differ- 
ences in levels of variation could arise in 2 ways. First, 
pelagic processes that control settlement success of 
many species simply may have relatively low vari- 
ability in the comparatively more benign environment 
of the South-West Caribbean. Second, if recruitment is 
effectively possible during only a short period each 
year then short-term adversity in environmental condi- 
tions that control larval survival could lead to failure of 
a n  entire year class of recruits and  so to high inter- 
annual recruitment variation. When recruitment can 
occur throughout all or most or the year similar short- 
term evironmental change would have less effect on a 
year's recruitment level, and hence on interannual 
recruitment variation. Comprehensive analyses of 
relations between recruitment seasonality and varia- 
tion in recruitment strength within and  among various 
taxa of fishes at  those and other sites could be  useful in 
revealing how pelagic processes produce geographic 
differences in the temporal structure of recruitment 
that would impact on the dynamics of benthic popula- 
tions and communities. 
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