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The relationship between the vertical distribution of spiny lobster phyllosoma larvae
(Crustacea: Palinuridae) and isolume depths generated by a computer model
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Resumen: Durante un muestreo de zooplancton (Programa SEFCAR: SouthEastern Florida and CAribbean
Recruitment) en los cayos de la Florida, se encontré que las larvas filosomas de Pamulirus spp. (80% estadios I-IT)
migran verticalmente de 20-40 m en el dia a 0-20 m durante la noche. Hubo ciernta coincidencia entre profundidades
de "isolimenes” generados por un modelo de computadora, y la distribucion vertical, aunque ésta no es
estadisticamente ¢.gnificativa, tal vez debido a la heterogencidad espacial y fisica. Los mecanismos que controlan la

migracién vertical diaria posiblemente también son complejos.
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Diel vertical migration (DVM) of spiny
lobster (Panulirus spp.) phyllosoma larvae may
be a key component in the biological-physical
coupling which affects their transport and
survival in the Florida Keys. Light is often
invoked as the most important factor to
influence DVM (Angel 1985). In this study, we
describe the diel changes in the vertical
distribution of Panulirus spp. phyllosomata.
We then use a computer model to hindcast
irradiance in the water column associated with
the vertical distribution pattemns, and explore
the possible correlation between them. The
ability to predict the vertical distribution of
phyllosomata with a light model will be useful
n quantitative sampling and in the modeling of
larval transport and recruitment mechanisms.

Phyllosomata were collected in the Florida
Keys during a SouthEastern Florida and
CAribbean Recruitmext (SEFCAR)
zooplankton survey, May 23-28, 1990.
Sampling plan and methods were described in
Yeung and McGowan (1991). During each
I-m" MOCNESS (Multiple Opening/Closing
Net and Environmental Sensing System, Wiebe
et al. 1976) tow, five 20 m strata were sampled
from 0-100 m, two 30 m strata from 100-160

SN

m, and one 40 m stratum from 160-200 m. Two
series of 24-hr sampling were conducted at
fixed stations: i) 241-244 i) H1-H2 (Fig. 1,
Table 1).

Mean abundances (standardized to ne10 m?)
were not different between day and night stations
(t-test P=0.937), thus, no adjustment was made
for avoidance. The center of concentration (C)
was used to describe vertical distribution at each
station, and was calculated as:

n
C=X®ixZ;)
i
C= center of concentration (m)
n= number of depth strata sampled in one
tow
Zi= mean depth of i* sampling stratum (m)
P; = % concentration (n/1000m?) in i®
stratum

A computer model (Couillard 1992) was
used to calculate integrated values of solar and
lunar submarine irradiance within the 400-700
nm spectral range at each station. The input
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Fig. 1. MOCNESS sampling stations off the Florida Keys during SEFCAR cruise LH1.

parameters include the Greenwich Mean Time
(GMT) and date, latitude and longitude of
sampling, air mass type (marine or continental
dominated aerosols), relative humidity, cloud
cover, precipitable water vapor, mean wind
speed over 24 hours, current wind speed,
visibility, ozone scale height and chlorophyll-a
profile for the water column. Continuous
real-time chlorophyll indices were recorded by
a fluorometer on the MOCNESS and calibrated
to typical chlorophyll-a values for this region
(D. Frazel, pers. comm.). Meteorological data
were obtained from the National Weather
Service records for Key West.
Computer-generated irradiance data (Wm?)
were log-transformed, and selected values
(2.0,1.5,1.0,0.5,0.0) were plotted against depth
as one continuous 24-hr series. This series was
compared to the vertical distribution of
phyllosomata with Pearson correlation.

A total of 1,330 Panulirus spp.
phyllosomata were caught almost entirely
(99%) between 0-60 m. Approximately 80%
were the early stages I-II, out of 11 larval
stages. The depth difference between day and
night C was small but statistically significant
(t-test P=0.003). The night mean C was 1444
S.E. (n=7), and day mean C was 2219 S.E.
(n=21). Diel changes in vertical distribution at
both 24-hr sampling series were consistent
with this overall pattern (Fig. 2). ‘

New moon was on 24 May, 1990, and cloud
cover was 70-100% for 95% of the stations. As
a result, all night stations except two (H1, 65)
had negligible lighi at the surface (Table 1),
Day values ranged from =26-260 Wm™
(=120-1200 pEm-’s"") at the surface, and
decreased exponentially to near extinction at
100 m. Parabolic functions fit well to
fog-transformed irradiance data (Fig. 3). C of
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Fig. 2. Chronological series of the vertical dlstnbutxon of Panulirus spp. phyllosomata at the H1, H2 (left) and 241-244
(right) 24-hr stations. The log-irradiance (Wm™ ) profiles are superimposed upon the distribution. Stations 242, 243 had
negligible surface imradiance. (Shaded bars=night, blank bars=day, n=total catch per 1000m3 at station, LT=local time)
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Fig. 3. Depths of isolumes of log-imadiance Wm™) (0.0,
0.5, 1.0, 1.5, 2.0) and the center of concentration (a) of
Panulirus spp. phyllosomata over the diel cycle. Since
mean depth of stratum was used to calculate center of
concentration, the minimum depth of distribution is 10 m
for the surface stratum (0-20 m).

Panulirus phyllosomata was above lhe depth of
the 0.5 isolume (=3 Wm =12 pEm’s'=0.01%
surface irradiance). During the day, C was above
the 1.0 isolume (=10 Wm™"= 40pEm- ‘5=

0.05% surface irradiance). The deepest C S
occurred between 0800-1600 hr in the day.

Isolume contours also showed deepest
penetration between these hours. However,
correlation between the depth of any of the five
selected isolumes and the dcplh of C was
insignificant (Pearson r 220.028-0.104,
P=0.166-0.553).

Rimmer and Phillips (1979) reported the
DVM of Panulirus cygnus in association with
isolumes off the west coast of Australia, which
they hypothesized to facilitate the return
transport of larvae to their origin. They
calculated lunar irradiance at the surface with a
model, whereas daylight was measured by a
submarine quantum meter at 5-10 m intervals.
Our irradiance data were calculated with a
model, which incorporated some real-time
sampling data (chlorophyll index, time, date,
latitude, longitude). Isolume contours thus
produced corresponded well with the
characteristic diurnal pattern, despite
time-points over several days' sampling being
condensed into one continuous 24-hr series.
This close correspondence reflects low
variability in the diel set of input parameters
over the temporal-spatial scale of our sampling
period.

In general, we found Panulirus st
phyliosomata to be between 40-400 HEm™'s
This is comparable to the general limits of
50-250 pEm~s™' for early-stage P. cygnus
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given by Rimmer and Phillips (1979), which
were observed between 30-60 m during the
day. They found significant interaction between
lunar irradiance and the vertical distribution
pattern of late- but not early-stage larvae.
Conceming solar irradiance, they noted without
quantification that the depth of peak density of
all stages shifted in synchrony with their
measured isolumes. We did not collect enough
late-stage larvae for statistical comparison. In
our data, there was an apparent correspondence
between the depths of isolumes and vertical
distribution, but statistically they were not
significantly correlated. Although the visual
patterns of DVM were strong at the 24-hr
series, variability in depths of C were high
during the day over all stations. This could
result from increased susceptibility of
phyllosomata to turbulence and advection if
phyllosomata passively sink during the day.
Given the spatial heterogeneity, the probability
of finding no correlation between light and
vertical distribution is high. We estimate that
for a=0.05 and our sample S.E.~7.5, Type II
error B=0.36. Taking more samples and
reducing physical heterogeneity by following a
drogue during sampling would improve
statistical power of the comparison.
Non-linearity and the distribution of sampling
time may also mask a significant correlation
(Sokal and Rohlf 1981).

The relationship between light and DVM
may be very complex. For example, DVM
could be related to rates of change in light,
activated by a lower light threshold, or there
could be a phase shift in the correlation (Angel

1985). On the other hand, light may not be the
sole or the most important factor in DVM.
Other physical, chemical, and biological factors
should be considered.
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