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RECRUITMENT PATTERNS OF SESSILE INVERTEBRATES ONTO FOULING
PLATES IN THE BAY OF SANTA MARTA , COLOMBIAN CARIBBEAN

Camilo B. Garcia and Horst Salzwedel

ABSTRACT

Recruitment of sessile invertebrates onto fouling plates immersed for consecutive two-week
periods during one year was found to correlate with the local climatic regime. For selected species it
was found that they recruited at significantly higher levels in certain local climatic periods, but that these
periods are not necessarily the same for the different species. A conceptual model is presented in which
the recruitment process is divided in a pre-settlement and a post-settiement phase. The model attempts
to predict under which combination of global circumstances periods of increased recruitment are to be
expected. Application of the model to the data at hand highlights where the research needs for the

future are.
RESUMEN

Se encontré que el reclutamiento de invertebrados sésiles en placas colectoras inmersas por
periodos consecutivos de dos semanas durante un afio, correlaciona con el régimen climéatico local.
Para especies seleccionadas se encontré que reciutaron a niveles significativamente mas altos en
ciertos periodos del clima local, pero que estos periodos no son necesariamente los mismos para las
diferentes especies. Se presenta un modelo conceptual en el cual el proceso de reclutamientc se divide
en una fase pre-asentamiento y una post-asentamiento. E! modelo pretende predecir bajo que combi-
nacién de circunstancias globales serian de esperarse periodos de mayor reclutamiento. Aplicacion del
modelo a los datos disponibles pone de relieve cuales son las necesidades futuras de investigacion.

INTRODUCTION

The recruitment issue is becoming central for our understanding of the for-
mation and development of invertebrate communities (Connell, 1985; Bhaud, 1988;
Fairweather, 1991). One aspect to consider is that of the periodicity of recruitment.
In temperate waters it is a well established fact that most spawning and recruit-
ment occurs in the warmest months of the year, concomitantly with the seasonal
increase in primary production (Cecere and Matarrese, 1983; Grahame and Branch,
1985; Starr et al., 1990). In tropical waters the recruitment of invertebrates is gene-
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rally not confined to a definite period in the year, but tends to occur all year
around. However, it has been repeatedly observed that during the recruitment sea-
sons the intensity of recruitment fluctuates, although not synchronously among
species (Sutherland, 1980; Alongi, 1989; Hatcher et al., 1989).

The combination of bioecological factors that contribute to such periods of
increased recruitment in the tropics has been less studied. A fundamental question
is why should there be periods of increased recruitment pressure in the tropics
with their low amplitude fluctuations in climatic and environmental conditions:
dry season/rainy season oscillation (Longhurst and Pauly, 1987; Hatcher et al.,
1989). A first partial answer may view this as a consequence of increased synchro-
nous reproductive activity of parental populations. Such increased reproduction
obeys the constraint for sessile invertebrates to optimize the fertilization rate
(Grahame and Branch, 1985; Cameron, 1986). However, mortality of larvae in the
plankton is substantial (Thorson, 1950; Rumrill, 1990), so that recruitment fluctua-
tions do not necessarily reflect fluctuations in initial number of larvae.

For the sake of study, the processes leading to the recruitment of sessile
invertebrates can be divided into a pre-settlement phase and a post-settlement
phase. For each of these phases it is possible to construct a matrix of global circum-
stances showing the combinations which would affect the number of ready-to-set-
tle larvae and the final success of recruitment. Such matrices are shown in Fig. 1.
One global circumstance apparently not considered in the pre-settlement matrix is
the effect of transport by currents away from potential suitable substrata for settle-
ment. Operationally, however, transport away from a given substratum can be con-
sidered equivalent to increased larval mortality (Fig. 1, matrix A) in terms of the
availability of larvae capable of settling on that substratum. The contrary would
also be truth: transport to the substratum can be considered equivalent to increased
reproduction.

Justification for the post-settlement matrix is the observation that settlement
is also influenced by larval selectivity (Hadfield, 1986; Chia, 1990; Young, 1991) and
that post-settlement mortality can be considerable (Connell, 1985; Zajac et al., 1989;
Hurlbut, 1991). Thus, for successful efective recruitment it is not sufficient that set-
tlement takes place. The settlers should put up with the particular environmental
characteristics of their settling places. A possible artifact in evaluating post-settle-
ment mortality, i.e. early mortality, is the time between censuses. Clearly, the
longer the time between censuses, the stronger the impact of mortality on the
observations.

In this paper recruitment patterns of sessile invertebrates on fouling plates in
a tropical system is examined in the context of the conceptual model presented
above as far as possible with the available data. More than to reach some conclu-
sion, the purpose of the exercise is to signal where research efforts should be put in
the future. On the basis of the results provided by both non-metric multidimen-
sional scaling (NMDS) and classification analysis to group plates inmersed in con-
secutive ftwo-week periods (see below) we specifically test two null hypotheses
which concern the relation between recruitment and the local climatic regime. For
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all the periods as discriminated by NMDS and classification, which correspond
fairly well with local climatic fluctuations (see below), we hypothetize, first, that
the intensity of recruitment either total or for selected species is the same, and sec-
ond, that the growth rate of selected species expressed as mean size reached after
two weeks of immersion, is also the same.

The second hypothesis is an a-posteriori attempt to explain the existence of
increased invertebrate recruitment periods in the system studied in terms of avail-
ability of food expressed as higher growth rates.
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Figure. 1. Combination of global ciorcumstances atfecting the availability of ready-to-seltle larvae in a given period (A)
and the final sucess of recruitment (B). Arrows indicate direction of change.

‘STUDY SITE

The study was carried out under a Pier in the Bay of Santa Marta
(11°15’08”N; 74°13'13"W), Colombian Caribbean. See map with study site in Fig. 2.
The Bay of Santa Marta lies at the margin of the Sierra Nevada de Santa Marta, a
huge mountainous area, which is the main determinant of the local climate affect-
ing direction and velocity of winds, and distribution of rain (Miiller, 1979). Two
main seasons have been distinguished during the year: the dry season from
December to April, and the rainy season from May to November, with a short dry
period from July to August called “Veranillo de San Juan” (Miiller, 1979; Ramirez
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Figure. 2. Bay of Santa Marta, Colombian Caribbean indicating inmersion site of the plates.
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Figure. 3. Generalized annual patterns of precipitation, water surface temperature and salinity, the last iwo weekly
mean minimum and maximum values for the Santa Marta Bay, Colombian Caribbean (moditied from Salzwede! and
Muller, 1983).
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1983; Salzwedel and Miiller 1983). Figure 3 shows the generalized annual patterns
of precipitation, water surface temperature and salinity for the Bay of Santa Marta.

During the dry season the trade winds blowing northeast reach their highest
intensity and velocity, and displace surface water off the bay. This causes an
upwelling phenomenon which brings cooler and more saline waters into the bay.
During the rainy season with calmer winds, temperature rises and salinity decreses
due to the increased discharge from the Manzanares River (and marginally from
the Magdalena River). In July-August (“Veranillo de San Juan”) a small but marked
decrease in temperature and increase in salinity has been observed (Miiller, 1979;
Ramirez, 1983; Salzwedel and Miiller, 1983).

MATERIAL AND METHODS

Asbestos plates (10 cm X 10 cm) were used to simulate discrete, small isolat-
ed patches of habitat. The plates were fixed to a PVC frame tied to the bottom
under a pier and maintained up right by means of buoys so that the plates were
placed at aproximately 9 m depth. Only the side of the plates facing outside of the
pier was studied.

The sampling was done biweekly starting April 30, 1981 and ending April
29, 1982. On each sampling date two plates were taken out, one of which had been
immersed at the start and the other two weeks before sampling, and replaced in the
frame by new ones. Plates were also regularly photographed in situ (35 mm slides).
Thus, three series of plates and a photographic record of different stages of devel-
opment were obtained. We will deal here with the second series, i.e. the series that
reflects the bi-weekly potential of recruitment (species which may recruit in a given
two week period). Observations on the other two series of plates will be reported
elsewhere.

Unfortunately in storage the plates dried out, precluding the identification of
soft-bodied organisms (Porifera and Tunicata). Porifera did recruit on the two-
week plates as indicated by the slide analysis. They did so, however, at too low
rates, and growth within the two-week periods was too slow to permit safe quan-
tification from the slides of number of colonies.

Solitary sessile organisms, i.e. serpulid polychaetes and barnacles, were
counted and measured, when feasible (see below). In the case of colonial organisms
{(encrusting bryozoans) number of colonies were counted. For the analyses bry-
ozoans were pooled as one group since they were all encrusting forms and species
were not identified. A number of serpulid species were also pooled in groups on
account of their very similar tubes, which from the two-week plates could not safe-
ly be told apart. These are Hydroides cf brachyacanthus, Hydroides parvus and Protula
sp. henceforth referred to as Hb/Hp/P, Salmacina sp., Filograna sp. and Josephella
marenzelli, henceforth referred to as S/F/J, and Pseudovermilia multiespinosa and
Pseudovermilia occidentalis, henceforth referred to as Pseudovermilia spp. Other
species recruiting to the two-week plates were the serpulid polychaetes Pomatoceros
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minutus, Spirorbinae 1, 2 and 3 and the cirriped Balanus trigonus.

For summarizing and identifying patterns in the data we made use of clasifi-
cation and ordination techniques. Dendrograms were made using the Bray-Curtis
measure of distance for constructing the dissimilarity matrix, and the unweighted
pair groups method using arithmetic averages (UPGMA) as grouping strategy. The
same dissimilarity matrix was used to perform nonmetric multidimensional scaling
(NMDS) on the data (Gauch, 1982; Ludwig and Reynolds, 1988). Analyses of vari-
ance, most of the time parametric but in some instances nonparametric, were
applied when performing univariate comparisons, complemented with a-posteriori
multiple comparisons (Tukey HSD test, Siegel, 1956; Underwood, 1981). The plates
within one period were considered as replicates for the analysis on recruitment
intensity. For the analysis on growth rate (mean size) data within one period are
pooled. Homogeneity of variance was tested and the data transformed when neces-
sary (see text). Correlations between abundances and sizes of recruits were exam-
ined by means of the Spearman rank correlation coefficient (Siegel, 1956).

RESULTS

For most species, recruitment was found to occur rather continuaily during
the period of immersion (Fig. 4A-D). The exception was Spirobinae 1, which did
not recruit during weeks 41-52 (Fig. 4B). Recruiment intensity, though, was found
to vary during the year of immersion. The most conspicuos variation was shown
by B. trigonus, which during weeks 0-34 exhibited low recruitment rates. After this
point recruitment increased dramatically, reaching two strong pulses in weeks 41-
42 and 45-46 (Fig. 4A). This pattern causes total recruitment apparently to peak at
these dates, but when the contribution of B. trigonus is subtracted, a decresing ten-
dency in total recruitment during weeks 35-52 (Fig. 4A) appears. The more impor-
tant contributors to total recruitment were Spirorbinae 3 with 2407 individuals, B.
trigonus with 2342 individuals, S/F/J with 1775 individuals and bryozoans with
999 colonies. The other species recruited at rates one order of magnitude lower
(Fig. 4A-D).

Nonmetric multidimensional scaling (NMDS) and clasiffication performed
on abundance data log (X+1) transformed (Underwood, 1981), show a grouping
into four periods that closely fits the climatic fluctuations in the area. Thus, plates
immersed during May-June (first part of the rainy season), July-August (short dry
period “Veranillo de San Juan”), September-December (Second part of the rainy
season and beginning of the dry season) and January-April (dry season) cluster
apart (Fig. 5A-B). On this basis the two null hypotheses mentioned in the introduc-
tion refering to recruitment intensity and growth rates in relation to local climatic
regime, were tested.

Intensity of total recruitment (all data together) did not differ between peri-
ods, nor were differences found for any pair of means (Table 1). However, as above
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when the contribution of B. trigonus is subtracted, recruitment does show different
intensities in the different periods (Table 1). The a-posteriori multiple comparisons
test shows that total recruitment to the two-week plates (without B. trigonus)
occurred in a pattern which is somewhat shifted with respect to the generalized cli-
matic annual changes (Fig. 3), recruitment concentrating in the rainy season (Table
1).
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Figure 4. Recruitment of two-week plates inmersed in the Bay of Santa Marta, Colombian Caribbean. See text for
acronyms

As expected from the results above, ANOVA suggests differences in recruit-
ment intensity of B. trigonus in the four periods (Table 1). The multiple compar-
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isons test indicates that mean recruitment intensity in period 4 (January-April, cor-
responding to the dry season, Figs. 3 and 5A-B) was significantly higher compared
to the other periods, for which it did not differ (Table 1). Clearly B. trigonus exhibits
a strong seasonality in recruitment in the year of immersion of the plates, this being
concentrated in the dry season.
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Figure. 5. Metrical muitidimensional sclaing (A) and calification (B) of two-week fouling plates inmersed in the Bay of
Santa Marta, Colombian Caribbean.-Numbers represent plate labels.
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Table 1. Mean abundance (number per ptate+1s.d.) and mean size of recruits (mm+1s.d.) on the twoo-week fouling
plates in four periods as discriminated by NMDS and classification (Fig. 5A-B) in the Santa Marta Bay, Colombian
Caribbean. Items without asterisc: ANOVA found no significant differences. items with one asterisc: ANOVA found sig-
nificant differencies in mean abundance. ltems with two asteriscs: ANOVA found significant differences both in mean
abundance and mean size. Means sharing the same letter are not significantly different (Tukey HSD A-posteriori multi-
ple comparisons test). Significant=p<0.05.

ltem Abundance (No. of plates) Size (No. of individuals)

B. trigonus™**

Period 1 10.0£18.1(4)A 0.55740.141(43)A
Period 2 17.6+24.0(5)A 0.754+0.294(88)B
Period 3 5.616.3(8)A 0.59340.181(45)A
Period 4 241.0£241.9(9)B 0.56010.161(639)A
P. minutus™*

Period 1 47.0+28.8(4)A 1.182+0.683(229)A
Period 2 42.8£19.0(5)A 1,50620.684(213)B
Period 3 5.615.5(8)B 1.10520.456(45)A
Period 4 4.4+6.5(9)B 1.033+0.319(40)A
Spirorbinae 3**

Period 1 10.0+17.4(4)A 0.707+0.525(40)A
Period 2 109.2+41.5(5)BC 0.659+0.407(378)A
Period 3 170.3157.6(8)B 0.564:+0.290(521)B
Period 4 51.1£35.6(9)AC 0.481+0.273(410)C
Spirorbinae 2**

Period 1 4.5£3.3(4)A 0.587+0.168(21)A
Period 2 15.8+12.2(5)A 0.599+0.142(79)A
Period 3 15.4+4.47(8)A 0.577+0.180(123)A
Period 4 8.115.9(9)A 0.592+0.111(73)A
Total recruitment

Period 1 119.0£53.4(4)A

Period 2 380.41£153.7(5)A

Period 3 377.4+81.2(8)A

Period 4 399.24266.2(9)A

Total recruitment without B. trigonus*

Period 1 109.0453.4(4)A

Period 2 362.8+148.5(5)B

Period 3 373.0+81.1(8)B

Period 4 158.2485.5(9)A

Bryozoans*

Period 1 4-0i2-0(?fA

Period 2 43.6£27.7(5)B

Period 3 48.4+17.1(8)B

Period 4 42.0+15.8(9)B

Intensity of recruitment of P.minutus also differs for the four periods (Table
1). The a-posteriori multiple comparisons test shows a main recruitment season
extending over periods 1 and 2 (May-August, Fig. 5A-B) which correspond with
the first part of the rainy season and the “Veranillo de San Juan” (Fig. 3), while the
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rest of the year was of consistently lower recruitment intensity (Table 1).

Spirorbinae 3 shows a more complex behavior. Recruitment intensity differs
between periods (Table 1). The four periods form a hierarchy of mean recruitment
intensities. Thus, as the first part of the rainy season progressed and through the
“Veranillo de San Juan” recruitment intensity increased from the lowest level to
peak in the second part of the rainy season and from there to drop then in the dry
season to a level similar to that in the “Veranillo de San Juan” (Table 1, Fig. 4C).

Although overall differences in recruitment intensity of Spirorbinae 2
between the periods were found (ANOVA, Table 1) no single pairwise difference in
mean recruitment intensity turned out to be significant (Table 1). Looking at Figure
4B marked fluctuations spanning the year can be seen. This suggests only weak dif-
ferences between periods. No particular pattern in recruitment intensity is appar-
ent for this species.

In contrast, bryozoans show a defined pattern of mean recruitment intensi-
ties. First, the periods are different from one another (Table 1). The multiple com-
parisons test (Table 1) shows that period 1 (May-June, first part of rainy season Fig.
5A-B) exhibits a significantly lower mean recruitment intensity in relation to the
other 3 periods, which are very similar.

In order to test the second null hypothesis, namely, that the growth rate of
recruits expressed as mean size reached after two weeks of immersion of the plates
does not vary between the periods identified by NMDS and clasification (Fig. 5A-
B), we selected four species: Balanus trigonus, Pomatocerus minutus, Spirorbinae 3
and Spirorbinae 2.

B. trigonus grew at different rates in the four periods (ANOVA, Table 1). The
Tukey HSD test (Table 1) clearly identifies period 2 (July to August, short dry peri-
od “Veranillo de San Juan”, Fig. 5A-B) as the period in which B. trigonus reaches a
maximun mean size for the four periods (Table 1).

For P. minutus heterogeneity of variances could not be removed. However,
since the ANOVA F probability is highly significant (p= 0.000) and nonparametric
Kruskal-Wallis one way analyses of variance on the same data and periods is con-
sistent (p=0.000) with its parametric equivalent, the parametric ANOVA will be
considered valid here. As with B. trigonus, period 2 (July-August, “Veranillo de San
Juan, Fig 5A-B) is the one with significantly higher growth rate, while for the rest of
the year the growth rate did not vary (Table 1, Tukey HSD test).

For Spirorbinae 3 heterogeneity of variances could likewise not be removed.
But based on the same arguments as above incluiding the Kruskal-Wallis one-way
analyses of variance (p=0.000) the parametric ANOVA is also considered valid in
this case. This species shows significant differences in growth rates that form a
hierarchy (Table 1). Maximum growth rates occur during the first part of the rainy
season and “Veranillo de San Juan” then gradual decline through the second pait
of the rainy season to a minimum growth rate in the dry season.

With Spirorbinae 2 the same situation was found as above with respect to
heterogeneity of variances. However, this case does not need much argumentation
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as the ANOVA F turned out to be non-significant and this result is reliable
(Underwood 1981). Ne differences were found between any pairwise comparison
of mean size (Tukey HSD test, Table 1). Thus, during the year of immersion of the
plates this species grew at similar rates the entire year.

Associations between recruitment rate and growth rate of recruits of the
selected species were investigated by means of Spearman rank correlation coeffi-
cients. Comparisons were made considering the plates both individually and
grouped in the same fashion as suggested by ordination and clasiffication (Fig. 5A-
B). Compared were abundance of recruits (or mean abundance when comparing by
groups) versus mean size (per plate and per group, respectively) of each of the
selected species. This comparjson addressed the question whether assumed better
feeding conditions (manifested as larger size) result in increased recruitment.

Only in one case was a significant positive association found: between abun-
dance and mean size of Pomatoceros minutus, considering the plates individually (p
< 0.05). Thus, at least for the year of immersion of the plates, environmental condi-
tions promoting increased recruitment were apparently unrelated to environmen-
tal conditions leading to higher growth rates.

DISCUSSION

The expectation that recruitment in the Caribbean tends to occur all year
round was substantiated by this study. The recruitment patterns, however, were
complex, though apparently related to the local climatic regime. Four different
recruitment modalities for non-colonial species could be identified: (1) Recruitment
occuring most of the year but failing in one definite period. An example is
Spirorbinae 1, which was not found on the two-week plates from week 42 to week
52, second part of the rainy season. (2) Recruitment occurring all year round but
with definite periods of significantly higher recruitment. Balanus trigonus, for
instance, recruited preferentially in the dry season, while Pomatoceros triqueter
recruited preferentially in the first part of the rainy season. (3) Gradually increasing
recruitment reaching a maximum within a definite period, after which recruitment
significantly decreases, thus suggesting a broad semicyclical pattern during the
year. The recruitment of Spirorbinae 3, for example, increased from the beginning
of the rainy season through the “Veranillo de San Juan” to reach a maximum in the
second part of the rainy season, falling then significantly in the dry season. And (4)
Recruitment with a nearly constant intensity all year round or with intensity vary-
ing independently of climatic change. Spirorbinae 2, for instance, showed no pref-
erence as to the season of recruitment.

Similar habits of recruitment have already been noted for other tropical sys-
tems, such as sandy beaches and subtidal shallow soft-bottoms (Alongi, 1989 and
references therein), rocky shores (Ortega, 1987; Sutherland, 1980) but also for fou-
ling systems (e.g. Galdn, 1976). Thus, there appears to be an increasing amount of
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evidence supporting the assertion that recruitment in the tropics operates in a vari-
ety of forms of which continuous recruitment at constant rate is only one among
several and probably the less usual. The different forms imply fluctuations of the
intensity of recruitment in definite periods during the year which often can be cor-
related with climatic fluctuations as in the present study. The recruitment fluctua-
tions of different species do not need to occur simultaneously or to be of the same
sign. In fact total recruitment intensity was found not to vary with climatic change
in this study, which is explained by the different periods of increased (or
decreased) recruitment that cancel total recruitment differences between climatic
periods. However, as mentioned above, if the contribution of Balanus trigonus is
ignored, a net tendency of increased recruitment in the rainy season emerges,
which is interesting because recent studies on demosponges in the area (Zea,
1992A, B) have shown that their recruitment to fouling plates attached against hard
bottoms was concentrated in the rainy season as well.

The causes of periods of significantly higher recruitment pressure, as show
by the two-week plates in the study site, requires an explanation. Not less impor-
tant is to try to explain why such periods occured in different times of the year for
the different species and their apparent relation to the local climatic regime.

In the conceptual model presented in Fig. 1 the process of recruitment was
divided in two phases, one concerning the availability of ready-to-settle larvae (Fig.
1, Matrix A) or pre-settiement phase and the other concerning actual settlement
(Fig. 2, Matrix B) or post-settlement phase. The question here is: which combination
of global circumstances can explain the observed recruitment patterns in the foul-
ing system studied.

For the pre-settlement phase it can be seen in Fig. 1 (Matrix A) that there are
three combinations of global circumstances which would lead to increased num-
bers of ready-to-settle larvae. Of these three, the combination equal repro-
duction/reduced mortality probably does not apply for the present case, for it has
been shown that tropical invertebrates undergo fluctuations in reproduction which
may be correlated with climatic fluctuations (e.g. Alongi 1989 and references there-
in). More realistic appear the combinatiens increased reproduction-equal mortality,
and increased reproduction/reduced mortality, the last one resulting in the highest
number of ready-to-settle larvae.

The next step is actual settlement. It would seem reasonable to assume that
the plates used were neither particulary attractive nor repellent to the larvae. Thus,
only two global interactions appear relevant in this phase: equal settlement attrac-
tion/equal post-settlement survivorship and equal settlement attraction/increased
post-settlement survivorship (Fig. 1, Matrix B), the last one leading to the highest
effective recruitment.

If we assume that the main factor affecting post-settlement survivorship
was feeding conditions (e.g. Zajac et al, 1989), which does not seem unrealistic as
space was not at a premium, there was no interference by adults, and predation on
the recruits is unlikely because of the plates being isolated, we may expect a posi-
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tive correlation between periods of increased recruitment and mean size reached in
two weeks of sessile life. That was not the case. The consistent lack of correlation
between abundance and size of recruits found in this study suggests that condi-
tions promoting higher recruitment are uncoupled from the conditions promoting
growth of recruits. Therefore, in the post-settlement phase the combination of glob-
al circumstances equal settlement attraction/increased post-settlement survivor-
ship does not seem to apply. If we consider the combination equal settlement
attraction/equal post-settlement survivorship as the more likely combination, it
follows that periods of increased recruitment are a function only of the occurence
in the pre-settlement phase (Fig. 1, Matrix A). Clearly, the problem is that we do
not know when the assumed periods of increased reproduction (see above) took
place and cannot make estimations because we do not know the lenght of plank-
tonic life for the different larvae nor where they come from. The extent of mortality
in the water column is another open question, perhaps the central one.

As mentioned in the section Study Site, the dry season (December to April)
in the Santa Marta area is related to an upwelling phenomenon (Mduller, 1979;
Ramirez, 1983; Salzwedel and Miiller, 1983). However, there has been, to our
knowledge, no study on primary production in the Bay of Santa Marta, and there is
reason to suspect that in the rainy season the entry of nutrients carried by continen-
tal water is not less important, as found by Ramirez (1987) for the Bay of
Nenguange, which lies not much further to the north of the Bay of Santa Marta.
Moreover, the same author in a later study concluded that upwelling in the Santa
Marta area has mostly physical rather than biological consequences due to the olig-
otrophic nature of the water transported to the photic zone (Ramirez 1990). Thus, it
seems unlikely that a significant change in primary production during the dry sea-
son occurs. In fact, there are indications that, if there is an increase in primary pro-
duction at all, it occurs in the rainy season. For instance, Caycedo (1977) for the
year 1974-1975 recorded in the Bay of Nenguange the largest phytoplankton bloom
at the beginning of the rainy season. In the present study three of the four species
considered grew at higher rates in the first part of the rainy season and in the
“Veranillo de San Juan” (see Results).

If we assume that changes in primary production are unimportant, we
should then postulate changes in temperature, salinity, turbidity and even moon
phases (e.g. Lessios, 1991) or some combination ¢f these factors as triggers for
increased reproduction and as factors potentially affecting mortality in the water
column. For instance, for demospongie in the area, Zea (1992A) found a close corre-
lation between recruitment and high temperatures and low salinities as they occur
in the rainy season (see Zea, 1992A for a discussion on these factors).

Questions as to why there should be periods of increased recruitment, why
these periods were found apparently to correlate with the local climatic regime,
and why these periods differ from one species to the other (although there seems to
be a certain convergence in the rainy season) in the system studied can not be
answered at this stage. Most intriguing are situations in the model where the sign

42



of fluctuations in number of ready-to-settle larvae and success of recruitment are
unpredictable (Fig. 1). We hope, however, to have shown some of the needs for
future research.
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