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Abstract. Regional variation in the duration of the planktonic larval phase of three species of reef fishes, Thalassoma lucasanum (Labridae), Stegastesflavilatus, and Microspathodon dorsalis (Pomacentridae) was investigated
between 1982 and 1991 at several sites in the tropical
eastern Pacific over a distance of 3500 km, encompassing
virtually their entire range of distribution. Durations of
the larval phase, determined from counts of daily otolith
increments, were significantly different (1.3 to 1.6 x) between sites. Populations of all three species had a consistently shorter larval life at the most northern site, Cabo
San Lucas (Mexico) compared to Panamb and the offshore islands of Galapagos and Cocos. Analyses of
otolith increment width over the precompetent period
revealed that this disparity in larval duration primarily
reflected differences in larval growth rates: faster growing fish spent less time in the plankton. In T lucasanum,
some of the variation in larval duration between Panamb
and offshore sites (Galapagos Islands and Cocos Island)
may be accounted for by a higher frequency of individuals delaying metamorphosis at the offshore sites. These
data indicate that conditions in the planktonic environment are not homogeneous throughout the tropical eastern Pacific and may have a profound effect on aspects of
the larval ecology of reef fishes in this region.

Introduction
'2

The larval life of nearly all reef fishes is spent in the
plankton (Sale 1980, Doherty and Williams 1988). Since
this habitat is still relatively unexplored, little is known
about many of the basic aspects of the larval ecology of
reef fishes. Direct assessment of the distribution and
abundance of larvae has proven difficult, and problems
of sampling have been further compounded by identifications limited to the familial or generic level (Leis and
Rennis 1983). The most comprehensive information so
far about the larval life of reef fishes has come from
studies making use of aging by daily otolith increments

(Brothers et al. 1983, 1976, Victor 1986a, b, c, 1987,
Thresher and Brothers 1989, Thresher et al. 1989,
Wellington and Victor 1989, Thorrold and Milicich
1990).
Studies of larval otoliths have proven useful in revealing several important aspects about larval and adult biology, such as the timing of settlement and geographic
patch-size of recruitment events (Victor 1984, Wellington
and Victor 1985), and the linkage between reproduction
and recruitment (Robertson et al. 1988). Estimates of larval duration, combined with size at settlement, have been
used to calculate overall growth rates of larvae during the
planktonic phase (Victor 1986b, 1987, Thresher and
Brothers 1989, Thresher et al. 1989, Wellington and Victor 1989, Thorrold and Milicich 1990, Cowen 1991). Attempts have been made to relate larval duration with
geographic range to explain patterns of species distribution (Brothers and Thresher 1985, Thresher et al. 1989,
Wellington and Victor 1989). Yet, despite the potential
wealth of information that can be derived from estimates
of the length of timt: larvae spend in the plankton (i.e., the
planktonic larval duration, hereafter referred to as PLD),
very little is actually known about the ecological factors
which influence the time larvae spend in the plankton. It
is not known, for example, if environmental factors such
as water temperature and food availability influence the
PLD, or how much of the observed variation in PLD is
genetically determined. This information would be fundamental to understanding the ecological significance of
the variability in larval duration.
If planktonic larval duration varies temporally or spatially, inferences drawn from data collected from a locality at one time should not be generalized to other sites
within the range of the species. Thus far, most estimates
of planktonic larval duration for individual species are
derived from collections from a single site (e.g. Brothers
et al. 1983, Brothers and Thresher 1985, Thresher and
Brothers 1985, Victor 1986a, c, Robertson et al. 1988,
Wellington and Victor 1989). There is usually an implicit
assumption that the larval duration of a particular species varies little over time and space. Although studies
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have not systematically addressed the variation of PLD
over the broad range of a reef fish, some work has indicated that the larval duration in several species of wrasses
(Victor 1986c) and damselfishes (Thresher et al. 1989,
Thorrold and Milicich 1990) can differ significantly between sites.
In this study we examine regional geographic variation in planktonic larval duration in three species of reef
fishes whose PLD spans periods from 3 wk to as long as
3 mo. To insure full sampling of the potential variation
within a species, collections were made over a broad geographic range of 3 500 km that encompasses nearly the
entire range of distribution of the three species. The survey covered a variety of both nearshore (continental and
peninsular) and offshore (island) habitats that vary in
temperature, productivity and current patterns (Hubbs
and Roden 1964, Wyrtki 1966, Forsbergh 1969,
Zeitzschel 1969). We compared PLDs between regions,
areas we define as broad subsets of the total geographic
range of a species which, in this case, included an offshore
island group along with coastline areas.

Pacific Ocean

*

cocos
Island
Galipagos
Islands

*

2%'

Fig. 1. Map of tropical eastern Pacific region showing location of
study sites (stars). Coordinates for collecting sites: Galapagos
Islands, O015'40"S, 9lo26'20"N; 0°19'30"N, 9Oo24'00"W; O002'0OS,
9I033'40"W; O010'00"S, 9Oo49'52"W; Cocos Island, 5"33'2ON,
87O2'45"W; Panama, 8"37'23"N, 79"02'31"W; 8"42'1ON,
79"30'00"W; Cabo San Lucas, 22"50'3ON, 110"00'00"W

Materials and methods
Sites and species
We collected a series of juvenile reef fishes (from 9 to 30 mm standard length, SL) from several sites in the tropical eastern Pacific
Ocean. The sites included the Galapagos Archipelago (Santiago;
Marchena, Isabela and Fernandina islands), Ecuador; Cocos Island, Costa Rica; Contadora and Taboguilla islands, Panama; and,
Cabo San Lucas, Mexico (Fig. 1).
We examined the rainbow wrasse Thalpssoma lucasanum (Labridae), and two damselfishes (Pomacentridae), the giant damselfish
Microspathodon dorsalis, and the beaubrummel Stegastesflavilatus.
S.flavilatus is confined to mainland shores from the Gulf of California to sauthern Ecuador, while M. dorsalis and T. lucasanum have
distributions that extend to offshore islands (Thomson et al. 1979).
T. lucasanum is reported to have a mean larval life of 74 d v i c t o r
1986c), while the larvae of M . dorsalis and S.flavilatus spend an
average of about 30 to 35 d in the plankton (Wellington and Victor
1989). Specimens used in the present study were collected between
1982 and 1991; however, the majority were collected during the
1989-1990 settlement season. Details of locality, collection date
and sample size are presented in Table 1.

Table 1. Localities, collection dates and sample sizes of study specimens. (n): numbers collected. Site coordinates are given in legend
to Fig. 1
Locality
Tltalassoma lucasanum
Galapagos
cocos
Panama
Cabo San Lucas
Microspatltodon dorsalis
Galapagos
cocos
Cabo San Lucas
Stegastes flavilatus
Panama
Cabo San Lucas

Date
Dec.
Apr.
Nov.
Nov.
Apr.
Oct.
Nov.

( 4
(1987)
(1990)
(1990)
(1982)
(1990)
(1989)
(1991)

Apr. (1990)
Nov. (1990)
Oct. (1989)
Dec.
Apr.
Oct.

(1989)
(1990)
(1989)

Otolith analyses
Specimens were preserved in 95% ethanol. The standard length of
preserved fish was measured to the nearest 0.1 mm. The otoliths
(sagittae and lapilli) were extracted and mounted on microscope
glass slides in immersion oil and, after a minimum period of 7 d,
they were examined using transmitted light at 650 x magnification,
with a polarizing filter placed between the light source and the slide.
For damselfishes, the lapilli were used for counting daily increments
since increments of the lapilli were generally clearer than those on
the sagittae. In the wrasse, however, increments on the sagittae were
clearer. The daily nature of these increments has been demonstrated
experimentally in juveniles for species in the genera Thalassoma
(Victor 1982) and Stegastes (Robertson et al. 1988, Wellington and
Victor unpublished data). We assume that these increments are also
daily for species of Microspathodon. We make the assumption that
the otolith increments formed during the larval stage are also daily;
while no field studies have validated this assumption, evidence from

laboratory studies shows that increments are formed daily in larvae
of temperate (Kingsford and Milicich 1987) and tropical (Thresher
et al. 1989) reef fishes.
Repeated daily increment counts were made independently by
two workers on otoliths, which were mixed blindly with respect to
date and location. Several counts were made by each worker until
consecutive counts were within f2 increments (generally 2 to 4
counts were required). Counts made on the same otolith by different
observers varied by < 10%. The final value represented the mean of
four counts.
For Tltalassoma lucasanum, presettlement increments were defined as those which occurred from the center of the otolith to the
settlement mark, which was identified as a wide band with either
wide and faint increments, or clear and lacking increments entirely
(Victor 1982, and present Fig. 2). Since wrasses release fertilized
eggs into the plankton and their otoliths do not form until 1 to 2 d
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Table 2. T/zalassorna lucasanum, Microspathodon dorsalis and Stegastes/lavilatus. Results of statistical analyses performed on log,,transformed data for planktonic larval duration and mean otolith
increment w ~ d t hat various localities in tropical eastern Pacific.
Descriptive statistics are shown in Figs. 3 and 4. Post-hoc comparison are bascd on Tukey's HSD test for i? lucasanum and M. dorsalis
and Student's two tailed t-test for S.jlavi1alu.s. Locations with different letters mdicate significant differences in mean values
(c(=0.05). nd: no data
Locality

l? lucasanum

M . dorsalis

S.jla&atus

Planktonic larval
duration
Statist~c
Significance

=50.48
p <0.001

F,,,, =52.05
p < 0.001

td5= 10.72
p<O.OOl

A
B
C
C

A
nd
B
B

A
B
nd
nd

1;,,,23=50.84
p <0.001

F2,,,=9.20
p < 0.001

td5=1O.45
p<O.OOl

Cabo San Lucas
Panam$
Cocos Island
Galipagos Island
Mean otolith increment width
Statistic
Significance
Cabo San Lucas
Panami
Cocos Island
Galapagos Island

Fig. 2. Thalrrssornn lucasanurn (A), Microspalllodon dorsalis (B),
and S~rgaslesjlavilntus(C). Photomicrographs showing presettlement increments on otoliths. (A) Sagitta from 12.7mm standard
length (SL) 7: lucansanzm7 collected from Galapagos Island,
Ecuador; arrows indicate end of presettlement period (PR) and
beginning of postsettlement period-(^^), with seklement'ma>k inbetween. (B) Lapillus from 15.9 mm SL M . dorsalis from Cabo San
Lucas, Mexico; arrow indicates transition from wide @resettlement) to narrow (postsettlement) increments. (C) Lapillus from
11.3 mm SL S.jlavi1atu.s from Taboguilla Island, Panami; arrow as
in (B). All scale bars = 40 pm

later, we added 2 d to the presettlement increment number in order
to arrive at an estimate of the total time spent in the plankton
(Victor 1982). For damselfishes, presettlement increments were
identified as the wide increments that precede a n abrupt transition
to narrow increments. Justification for using this transition as a

A

B
B
B

settlement mark is based' on the fact that newly-settled individuals
lack the narrow increments while those collected after settlement
have narrow increments between the transition and the edge of thc
otolith (Wellington and Victor 1989, and present Fig. 2). The prcs.ence of a transition in the sequence of otolith increments corresponding to settlement has been found in other damselfishes also
(Pitcher 1988, Thorrold and Milicich 1990). Since damselfishes incubate their eggs until they hatch and the otoliths form just prior to
hatching, pretransition increment counts were used as a direct estimate of PLD without any adjustment (Wellington and Victor 1989).
Wc measured increment widths in two ways. Mean otolith increment uiidths wcre calculated simply by dividing the maximum radius of the otolith between the centcr and the settlement mark by the
number of increments. In addition, we made individual measurements of increment widths on a subsample of T/~alassorna lucasanum is order to determine if regional variation in the P L D was
influenced by the ability of this species to delay metamorphosis, as
has been documented in its Caribbean congener (Victor 1986b).
These measurements were made along the maximum radius of the
otolith from enlargements of photographs taken through a microscope. In delayed metamorphosis, some individuals rcach settlement s i x and then continue to live in the plankton but grow at a
much reduced rate. Regional differences in PLD could, of course,
be accounted for by varying proportions of individuals delaying
settlement, rather than by simple differences in larval growth rate.

Results

Major differences in larval duration were found between
sites for all three species (Fig. 3; Table 2). For Thalassoma ltrcasanum, the mean PLD ranged from a low of
44.7 d at Cabo San Lucas to a high of 72.3 d at Cocos
Island (70.0 d at Galapagos Islands). Populations in
Panama have an intermediate mean PLD of 63.0 d. Individuals PLDs ranged from a low of 37 d at Cabo San
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Fig. 3. Thalassoma lucasanum, Microspathodon dorsalis, and Stegastesflavilatus. Duration of planktonic larval period from various
localities in tropical eastern Pacific. Vertical bars show means, horizontal bars 95% confidence interval of the mean, and horizontal
lines range in values. Numbers above means are samplc sizcs. Note
different scales on abscissas

Lucas to a high of 102 d at Galapagos. While the range
of values overlap extensively, the mean PLDs were significantly different between island and mainland populations, and between Panama and Cabo San Lucas. Mean
planktonic larval duration for the widely distributed
damselfish Microspathodon dorsalis was 22.2 d at Cabo
San Lucas in contrast to 28.2 d and 31.5 d at the offshore
sites of Galapagos and Cocos, respectively. Individual
PLDs for this species ranged from 33 d at Cocos to 20 d
at Cabo San Lucas, a difference of nearly 2 wk. A similar
range in PLD (20 to 33 d) was observed for Stegastes
jlavilatus, a species limited to the mainland. At the two
sites sampled for S.Jlavilatus, the mean PLD in Panama
was 30.3 d, in contrast to 23 d in Cabo San Lucas. The
largest magnitude of difference in mean PLD between
sites was comparable for all three species: 1.6,1.4 and 1.4
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Mean Otolith Increment Width (pm)
Fig. 4. Thalassoma lucasanum, Microspathodon dorsalis and Stegastes flavilatus. Mean otolith increment widths (pm). For 1: lucusanum, measurements were derived from maximum radius of
sagitta from center of otolith to beginning of settlement mark; for
M. dorsalis and S.flavilatus, otolith increment widths were derived
from maximum radius of lapillus from center of otolith to end of
presettlement period

fold, for 7:lucasanum, M. dorsalis and S. jlavilatus, respectively (Fig. 3; Table 2).
If the size of larvae at settlement were similar between
sites, the variation in larval duration would reflect differences in larval growth rates. The assumption that fish
settled at about the same size at all sites is supported by
the finding that the otolith size at settlement (a likely
measure of size at settlement) varied little between sites.
In fact, the maximum radius of the otolith at settlement
ranged among sites from a mean of 200 to 212 ym
(sagitta) for Thalassoma lucasanum, 256 to 279 ym (lapillus) for Microspathodon dorsalis, and 241 to 253 ym
(lapillus) for Stegastes jlavilatus - a difference of only 5
to 8%.
Fish settling at Cabo San Lucas grow up to one and a
half times faster than conspecifics at other locations in
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Fig. 5. Thalassoma Iucasanum. Photomicrographs of sagittae presented on same scale (scale bar=22 pm), showing variation in width
of daily increments among individuals from two regions in eastern
Pacific. (A) 11.3 mm SL individual from Cabo San Lucas, Mexico

with 38 d planktonic larval duration; (B) 12.9 mm SL individual
from Galipagos Islands, Ecuador, with 67 d larval duration. Arrows indicate position of beginning of settlement marks

TabIe3. Tha[assoma lucasanum. Comparison of mean otolith
(sagittae) increment widths of ten individuals (n) from three eastern
Pacific localities, showing mean and range of planktonic larval
duration (PLD). Otolith increment value represents overall mean
derived from mean value for each individual for the first 40 increments (days) of planktonic larval life. Locations with a different
letter were significantly different ( p < 0.05) based on Tukey's HSD
multiple-comparisons test

To determine if delayed metamorphosis in Thalassoma
lucasanum could explain, at least in part, the large regional differences in the PLDs, we measured the widths
of individual increments over the first 40 d of planktonic
'life (the estimated precompetent period since the earliest
age at settlement was 37 d). The width of otolith increments in T lucasanum during the precompetency period
a t the three sites was significantly different (ANOVA:
F,.,, = 24.4, p <0.0001; Table 3). Pairwise comparisons
show that increments were substantially wider among
individuals from the Cabo San Lucas population compared to either Galapagos or Panama (Table 3), and these
differences were consistent over the entire precompetent
period (Fig. 5). Furthermore, calculated values for the
mean otolith increment width for each sample of T lucasnnum from the three sites are consistent with those for
7: fucasanum measured from photographs of otoliths.
For example, at Cabo San Lucas the mean increment
width was 4.40 ym for the 40 individual increments measured (Table 3) vs 4.49 ym for all increments averaged
over the presettlement period (Fig. 4).
We conclude that the differences in PLD between sites
is primarily explained by simple variation in growth rates
in the plankton rather than delayed metamorphosis. The
only exception to this is found in comparisons of the
PLDs of Thalassoma fucasanum at Panama and the offshore sites (Galapagos and Cocos islands) (Fig. 3;
Table 2). The significant difference in the PLDs between
Panama and offshore sites appears, in part, to be due to
delayed metamorphosis. The percentage of settlers showing evidence of delayed metamorphosis, as evidenced by
an abrupt narrowing of increment width towards the end
of larval life was 20% (n =72) in the Galapagos and Cocos islands combined, but only 9% (n= 35) for Panama.

Location

(n)

Galapagos Island
(Ecuador)

(10) 70.9(11.84) 51 -86

2.97(0.159) B

Contadora Island (10) 63.7 (9.04) 52-81
(Panami)

2.85(0.142) B

Cabo San Lucas
(Baja California,
Mexico)

4.40(0.163) A

-.

Planktonic larval
duration (days)

Mean (SE) Sigotolith
nifiincrement cance
Mean (SD) Range (pm)

(10) 44.0 (8.64) 37-61

the eastern Pacific. This conclusion is corroborated by
significant differences in the otolith increment width of
all three species (Fig. 4; Table 2). Mean otolith increment
width ranged from 2.92 pm (Galapagos) to 4.49 ym
(Cabo San Lucas) for Thafassoma lucasanum; 8.89 ym
(Cocos) to 10.33 pm (Cabo San Lucas) for Microspathodon dorsalis; and 8.36 ym (Panamh) to
10.47 pm (Cabo San Lucas) for Stegastesflavilatus. The
magnitude of difference between populations was 1.5,1.2
and 1.3 fold, for T fucasanum, M. dorsafis and S.flavilatus, respectively. These differences are similar in magnitude to those found for the PLDs noted in the first paragraph of this section.
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Table 4. Thalassoma lucasanum. Interannual comparison of duration of larval life (PLD) at three sites in eastern Pacific. t: Student's
two-tailed t-test. (n): number of individuals
Locality/period

(n)

PLD (days):

t

Mean (SD)

P

df

Galapagos
Apr. 1990

32

73.9 (12.10)

Panama
Nov. 1982

21

64.1 (9.43)

Apr. 1990

14

63.0 (5.83)

Cabo San Lucas
Oct. 1989

20

45.6 (7.34)

Nov. 1991

20

44.0 (6.16)

)

>
>

33

38

In the Cabo San Lucas population, there was no evidence
of a change in otolith increment width, as would be expected with delayed metamorphosis.
Discussion

Wide variability in the timing of larval duration and size
at settlement within a species is characteristic of a number
of invertebrate species (Chia and Rice 1978). Whether
this is true for fishes remains an open question (cf. Chambers and Leggett 1987, Chambers et al. 1988). Very little
is known, however, about the factors which may regulate
the larval duration of fishes. In this study on Thalassoma
lucasanum, Microspathodon dorsalis and Stagaster JZavilatus, we found large regional differences in the planktonic larval duration (from 130 to 160%) over a geographic range of 3 500 km. Based on analyses of otolith
increment width, the differences in larval duration appear
to be a product of simple variability in larval growth rates
rather than to be related to differences in size at settlement (similar growth rate but settlement at different
times), or delayed metamorphosis (Victor 1986b).
Differences in PLD can reflect either simple variation
in larval growth rate or delayed metamorphosis, or a
combination of the two. Delayed metamorphosis represents a reduction in growth (resulting in abrupt narrowing of otolith increments of the planktonic larvae) after
settlement size (=competency) is reached. This phenomenon has been described in wrasses which tend to
have long larval durations (Victor 1986b, Cowen 1991)
but has not been found in species with shorter larval
durations such as damselfishes (Wellington and Victor
1989). We did find evidence that delayed metamorphosis
in Thalassoma lucasanum was partially responsible for
some regional differences in PLD, especially between
populations in Panama and offshore islands. It has been
argued that a pelagic larval existence with a long precompetent (developmental) period is likely to result in high

dispersal, and that the ability to delay metamorphosis
may represent a mechanism for prolonging the competent period and the chance of finding a suitable settlement site (Jackson and Strathmann 1981). In the present
study, the higher incidence in islands populations of T lucasanum showing delayed metamorphosis and the absence of delayed metamorphosis in damselfish -with
shorter larval lives (and presumably less distant dispersal), supports the Jackson and Strathmann hypothesis.
However, even when the effects of delayed metamorphosis are taken into account, the major regional differences
in the PLD for both wrasses and damselfish were a product of basic differences in larval growth rate between
sites.
What are the possible factors accounting for variation
in larval growth rates? Larval growth rate is influenced
by both temperature (e.g. Mosegaard et al. 1988) and
food (Riley 1966, Houde 1977, Houde and Schekter
1980, Hovenkamp 1990). Warm temperatures and high
food supplies should promote maximum growth, but
these two conditions are generally negatively correlated
in the field. Based on collecting dates and the age of the
fishes in our samples, it appears that sea surface temperatures during the larval period were quite similar (25 to
28 "C) at all four sites, according to prior oceanographic
studies in this region (Hubbs and Roden 1964, Wyrtki
1966, Forsbergh 1969, Robinson 1973). However, productivity studies conducted in the Gulf of California indicated that primary production may persist at a high level
throughout the year, and it is reported to be 2 to 3 times
higher than in open Atlantic or Pacific ocean waters at
similar latitudes (Zeitzschel 1969). Also, coastal current
patterns in and around the Gulf of California during the
summer and fall are northwesterly and thus should promote retention of larvae within the productive waters of
this region (Hubbs and Roden 1964). Detailed studies on
temperature and productivity are needed at all these sites
before regional differences in larval growth rates can be
explained in terms of variable temperature and food supply.
To what extent does temporal variation in PLD explain the observed differences between sites? Our data
cannot conclusively answer this question since temporal
variation can best be evaluated by simultaneous sampling
at all sites over several seasons. An inter-annual comparison of the PLD for Thalassoma lucasanum, however,
indicates that temporal variability is not likely to be important in explaining the regional differences we observed since there were no significant differences in PLD
between years at the same site (Table 4). In addition, since
our collections included juveniles of all sizes, each sample
represents a set of settlement events over many weeks and
we did not detect any consistent differences in PLD between cohorts. Because we did not collect recruits during
the cool-water season (when settlement is low) at any of
these sites, it is possible that some seasonal variation in
PLD exists.
Regional differences in planktonic larval durations
may not be uncommon, although the regional variation
reported has been much less than that found in our study
(but see Victor 1986~).Studies by Thorrold and Milicich
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(1990) on the Great Barrier Reef noted a difference of 5 d
in the mean PLD of populations of the damselfish Pomacentrus coelestis at sites located 500 km apart. In this
case, however, both size at settlement and larval growth
rates contributed to differences in larval durations. Taking differences in settlement size into account, the population with a shorter planktonic larval phase had a higher
growth rate (0.88 mm SL/d) than that with the longer
phase (0.79 mm SL/d). To account for these differences,
Thorrold and Milicich suggested that larval duration
may be influenced by local oceanographic conditions.
Thresher et al. (1989) found a significant difference of
only 2 d between the PLDs of P. coelestis populations in
Papua New Guinea and the Great Barrier Reef - about
1 000 km apart.
Regardless of the factors involved, regional variation
in the PLD has major implications for understanding the
dynamics of recruitment to reef populations. A relationship between growth rate and larval mortality, such that
faster growing larvae have higher survivorship, may, in
part, explain regional variation in recruitment rates (Doherty 1987, in: review by Doherty and Williams 1988:
p. 534).
Regional variation in PLD can also confound the results of studies attempting to link larval duration to patterns of geographic distribution when inferences are
made based on collections for one or a few sites. Surveys
have largely concluded that the range of a species cannot
be readily explained by the duration of the planktonic
larval life (Brothers and Thresher 1985, Victor 1986c,
Thresher et al. 1989, Wellington and Victor 1989). Some
of the discrepancy in these findings, however, may be
resolved if regional variation exists. Victor (1986~)found
that conspecifics in Hawaii tend to have much longer
planktonic lives than those in Palau - several thousand
kilometers to the west.
In conclusion, the major implication of our findings is
that planktonic environments within the tropical eastern
Pacific region do not have a similar effect on the life
history of reef-fish larvae. Large differences in larval
growth rates and planktonic duration can only mean that
very different conditions exist within this region. Although we are uncertain about the factors which may
account for this variation, the fact that different species
seem to be influenced in similar ways argues that there
must be some fundamental differences in the planktonic
milieu within this region.
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