
UC Davis
UC Davis Previously Published Works

Title
Vulnerability of estuarine crab larvae to ultraviolet radiation

Permalink
https://escholarship.org/uc/item/7mc4n2qn

Authors
Hovel, KA
Morgan, SG

Publication Date
2022-12-18
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/7mc4n2qn
https://escholarship.org
http://www.cdlib.org/


LJournal of Experimental Marine Biology and Ecology,
237 (1999) 107–125

Susceptibility of estuarine crab larvae to ultraviolet radiation

*Kevin A. Hovel , Steven G. Morgan
Marine Sciences Research Center, State University of New York at Stony Brook, Stony Brook, NY 11794-

5000, USA

Received 4 July 1998; received in revised form 26 November 1998; accepted 2 December 1998

Abstract

Estuarine crab larvae are often hatched into shallow salt marshes and may remain near the
water’s surface while dispersing from shorelines. Residence in surface waters or entrapment in
shallow backwaters of marshes may expose larvae to damaging ultraviolet radiation-B (UVBR,
280–320 nm). To determine the effects of UVBR exposure on larval survival, larvae of three
species of salt marsh crabs, Uca pugnax (Smith, 1870), Sesarma reticulatum (Say, 1817), and
Dyspanopeus sayi (Smith, 1869), were reared for 4 days in UVBR-transparent and UVBR-opaque
containers that were suspended 10 and 25 cm below the sea surface in a shallow salt marsh located
on Long Island, New York, USA. UVBR, UV-A radiation (UVAR, 320–400 nm) and photo-
synthetically active radiation (PAR, 400–700 nm) were measured from the surface to the bottom
of the water column during the course of five replicate trials. UVBR, UVAR and PAR were all
rapidly attenuated in the turbid salt marsh. Nevertheless, UVBR decreased larval survival of all
three species. Survival of Sesarma reticulatum larvae decreased as UVBR exposure increased
during the course of the experiment. Survival of Uca pugnax larvae initially declined but
stabilized thereafter. Survival of Dyspanopeus sayi larvae did not decline during the first day of
the experiment but it decreased each day thereafter. Therefore, UVBR may quickly kill newly
hatched larvae that become trapped in the marsh or remain within 1 m of the water’s surface.
However, larvae in Flax Pond were released during nocturnal ebb tides, and 97.7% of newly-
hatched larvae were flushed from the marsh before daybreak. Thereafter, larvae may avoid the top
1 m of the water column during the daytime (U. pugnax and D. sayi) or may reside at depth
throughout the day (S. reticulatum). The two surface oriented species also may be protected from
UVBR by photorepair mechanisms or mycosporine-like amino acids (MAAs). Though larvae
remaining high in the water column may be exposed to sublethal doses of UVBR, larvae of these
three species may not be killed directly by short-term exposure to UVBR while dispersing from
temperate shorelines.  1999 Elsevier Science B.V. All rights reserved.
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1. Introduction

Stratospheric ozone has declined at high and mid-latitudes (Stolarski et al., 1992;
Gleason et al., 1993; Manney et al., 1994) and has been correlated with increases in
biologically damaging ultraviolet-B radiation (UVBR, 280–320 nm) (Madronich, 1992;
Kerr and McElroy, 1993). The effects of increased UVBR on natural ecosystems has not
been adequately assessed, but it recently has been implicated in the decline of natural
populations of insect larvae in shallow streams (Bothwell et al., 1994) and frogs at high
altitudes (Blaustein et al., 1994). UVBR also may damage DNA and chromophores of
marine plants and animals as deep as 20 m in clear oceanic waters (Smith and Calkins,
1976; Smith and Baker, 1979; Fleischmann, 1989; Karentz and Lutze, 1990) and
epibenthic invertebrates in shallow tropical waters (Jokiel, 1980; Siebeck, 1988; Gleason
and Wellington, 1993). Molecular absorption and scattering by suspended particulates
cause UVBR to attenuate rapidly in productive coastal waters (Jerlov, 1968; Smith and
Baker, 1979; Baker et al., 1982; Kramer 1990; Keller et al., 1997), but UVBR may
damage organisms that occur near the surface during the daytime.

Larvae of many species may be exposed to high levels of UVBR by dispersing in
surface waters throughout the day (Morgan and Christy, 1996). Unlike holoplankters
that typically migrate from surface waters during the daytime, dispersal in illuminated
waters may be essential for many marine larvae to complete their life cycles. Newly
hatched larvae of estuarine species typically are released at night and rise high in the
water column (Sulkin, 1984; Morgan, 1995; Zeng and Naylor, 1996). Many of them
remain there during the daytime and emigrate seaward in residual surface currents; older
larvae or postlarvae then immigrate up estuaries in intruding bottom currents (Epifanio,
1988; Kunze, 1995; Schell, 1996; Zeng and Naylor, 1996; Hovel and Morgan, 1997).
Larvae or postlarvae of many decapod crustaceans and fishes also develop at the sea
surface in coastal waters and may be transported to inshore nursery grounds or adult
habitats by wind-driven currents or internal waves (Boehlert and Mundy, 1988;
McConaugha, 1988; Matthews, 1995; Shanks, 1995; Morgan et al., 1996). Furthermore,
UVBR exposure may be common because larvae of many species are released in tidal
creeks, tidal flats and marshes where they may be temporarily stranded in tide pools or
very shallow embayments during low tide (Morgan, 1995).

UVBR is absorbed by nucleic acids and proteins and may damage cells by altering
enzymes and membrane lipids, creating free radicals, interfering with the mitotic cycle
and creating lesions in DNA (Zigman, 1982; Carlini and Regan, 1995). Mycosporine-
like amino acids (MAAs) and chromatophores may screen larvae from UVBR (Garcia-
Pichel et al., 1993), and UVBR-damaged DNA may be repaired by enzymes (Knaupp
and Hunter, 1981; Damkaer and Dey, 1983; Dey et al., 1988; Carlini and Regan, 1995).
Despite these adaptations, UVBR exposure has resulted in low survival, long de-
velopmental durations or lesions in eggs and larvae of corals (Gleason and Wellington,
1995), polychaetes (Dehorne, 1918), oysters (Aboul-Ela, 1958), echinoderms (Fell,
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1941; Pennington and Emlet, 1986), crustaceans (Ewald, 1912; Damkaer et al., 1980;
Damkaer and Dey, 1983; Morgan and Christy, 1996) and fishes (Hunter et al., 1979,
1981). Most of these studies were conducted in the laboratory and the dose or dose rate
of UVBR was not measured. However, larvae clearly were exposed to higher intensities
than natural populations would receive (Damkaer and Dey, 1983; Dey et al., 1988).
Furthermore, UV-A (UVAR, 320–400 nm) and photosynthetically active (PAR, 400–700
nm) radiation that activate photorepair mechanisms were not applied (Siebeck, 1988;
Damkaer and Dey, 1983; Dey et al., 1988). These methodological problems have made
it difficult to extrapolate results to natural populations (Dey et al., 1988; Smith and
Baker, 1989).

We determined the susceptibilities of crab larvae to ambient UVBR in a shallow
embayment. Larval survival in the presence and absence of UVBR at two depths below
the sea surface was determined for three abundant species, Uca pugnax (Smith, 1870),
Sesarma reticulatum (Say, 1817), and Dyspanopeus sayi (Smith, 1869), while measur-
ing intensities of UVBR, UVAR and PAR with a submersible radiometer. Adults of these
species release larvae along estuarine shorelines during nocturnal ebb tides, and most
larvae disperse quickly into deeper estuarine waters under the cover of darkness (Hovel
and Morgan, 1997). However, larvae remaining in shallow backwaters may be exposed
to high UVBR intensities. Once larvae are transported to deeper waters, they may
continue to be exposed to high UVBR intensities if they remain in surface waters
throughout the day. Uca pugnax and D. sayi larvae frequent illuminated surface waters
more often than do S. reticulatum larvae (Sandifer, 1975; Epifanio, 1988), and they may
receive higher doses of UVBR. Therefore, we expected that larvae of these surface-
oriented species would withstand exposure to UVBR better than would S. reticulatum
larvae.

2. Methods and materials

2.1. Study site

UVBR exposure experiments were conducted in the summer of 1994 in Flax Pond
(408 589 N, 738 089 W), which is a shallow (mean depth , 1 m) salt marsh on the
northern shore of Long Island, New York, USA (Fig. 1). A 3 m deep channel (10 3 50
m) connects Flax Pond with Long Island Sound. Tidal currents through this channel
flush the marsh during each tidal cycle (Woodwell and Pecan, 1973).

2.2. Exposure of larvae to UVBR

Ovigerous females of U. pugnax and S. reticulatum were collected from Flax Pond by
digging their burrows, and ovigerous D. sayi were collected by overturning rocks on a
nearby beach. Females were held in culture dishes that contained approximately 600 ml
of 30 psu sea water, and they were maintained in an incubator at 228C and a 14 h light to
10 h dark cycle. Culture dishes were checked for larvae at the beginning and at the end
of the light cycle (‘‘dawn’’ and ‘‘dusk’’) so that only larvae less than 12 h old were used
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Fig. 1. Map of the eastern United States, showing the location of the study site.

in experiments. Sea water was changed daily, and crabs that had released larvae were
returned to Flax Pond.

Newly hatched larvae of the three species of crabs were exposed to UVBR by
culturing them in UVBR-transparent and UVBR-opaque chambers (20 cm long 3 5 cm
diam tubes, 350 ml) that were suspended from a PVC rack in Flax Pond (Fig. 2). UVBR
transparent chambers were made of quartz (wall thickness 31 mm) which transmits ca.
90% of ambient UV, and UVBR-opaque chambers were made of Pyrex surrounded by an
acrylic sleeve. UVBR transmission of quartz and Pyrex plus acrylic chambers is shown
in Fig. 3. The open end of each chamber was sealed with a Viton O-ring and a
removable Teflon plug, and the chambers were clamped to plastic plates that were glued
to the PVC rack. Chambers were held horizontally below the water’s surface so that the
entire length of the chamber was exposed to incident sunlight.

Three quartz chambers each were positioned at 10 and 25 cm depth, and three
UVBR-opaque chambers were held at 10 cm depth. Each tube in the three treatments
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Fig. 2. Schematic of apparatus (top view) used to expose Sesarma reticulatum, Uca pugnax, and Dyspanopeus
sayi larvae to UVBR in Flax Pond, N.Y. The floating plastic rack held quartz and Pyrex larval rearing
chambers 10 and 25 cm below the water’s surface.

contained 50 larvae of one species, enabling all three species to be exposed to each
UVBR level simultaneously. Larvae held at 10 cm depth were exposed to the highest
UVBR intensities in Flax Pond, while ensuring that chambers remained submerged
during windy conditions. The depth of 25 cm was chosen because preliminary
measurements near solar noon in June indicated that UVBR irradiance was approximate-

2ly half of that at 10 cm (UVBR at 10 cm 5 0.1160.006 mW/cm , 25 cm 5 0.0660.004
2mW/cm SE).

UVBR dose and dose rates applied to larvae were determined by atmospheric
conditions and by water column turbidity, but holding larvae at two depths and in
control chambers ensured that they would be exposed to a range of UVBR intensities.
Larvae were fed newly hatched Artemia nauplii and were reared in filtered Flax Pond
water that was approximately 30 psu and 22–258C. Water temperatures, taken at 10 cm
depth on four dates in July to August, did not differ between the chamber interiors and
the water column (one way ANOVA, df 5 2, 9; F 5 0.05, P 5 0.95). Chambers were
placed in the field before 1000 h of the first day of the experiment. Beginning that
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Fig. 3. Transmission of UV (UVBR and UVAR) and PAR by UV-transparent (‘‘UV’’) and UV-opaque
(‘‘control’’) chambers. Dotted line is at 286 nm, below which no UV reaches the earth’s surface.

afternoon, chambers were removed from the water after 1600 h and the number of live
and dead larvae were counted. Seawater and Artemia nauplii were replaced daily, and
chambers were returned to Flax Pond by 1800 h each day. Larvae were exposed to
UVBR for 4 days because larvae began molting to the second instar thereafter and only
first instar larvae occurred in Flax Pond (Hovel and Morgan, 1997). The experiment was
repeated five times between July 1 and August 30 1994, except only four trials were
conducted for the low UVBR treatment.

Survival of larvae exposed to UVBR was analyzed with logistic regression, which
determines the relation between discrete or continuous independent variables and
discrete dependent variables using the logit transformation (Agresti, 1990; Trexler and
Travis, 1993). Daily UVBR exposure and time (day 1–4) were included as factors in the
models with daily proportional survival as the dependent variable. UVBR irradiance
measured each day at noon was used as an estimate of daily UVBR exposure. Because
UVBR irradiance is greatest at midday, using noon values may slightly overestimate
daily exposure. However, larvae would be damaged the most when UVBR intensities are
highest, so estimating larval exposure to UVBR with noon values is appropriate. Daily
proportional survival was calculated as the number of larvae in a chamber found alive
each afternoon divided by the number of larvae placed in the chamber the previous
afternoon. We used the proportion of larvae surviving in chambers each day as the
dependent variable because daily changes in weather conditions may determine larval
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survival. In preliminary observations, bright sunlight killed crab larvae in Flax Pond
within one day, and cloudy days had little effect. Additionally, overcast days may allow
larvae to repair UVBR damage. Therefore, this was the most appropriate way to
determine the effects of ambient UVBR on larval survival in the marsh.

Different combinations of independent variables were compared for goodness-of-fit
with the likelihood ratio test (Hosmer et al., 1989; Trexler and Travis, 1993), the Akaike
Information Criterion and the Schwartz Criterion (Cody and Smith, 1997; Stokes et al.,

1995) in SAS . For each species, the model optimizing all of these criteria was used to
predict survival under UVBR exposure.

2.3. Irradiance measurements

We constructed a submersible radiometer, which consisted of a UV-enhanced
photodetector that was hermetically sealed in an aluminum case. Photons striking the
detector were recorded as current on a multimeter that was wired to the detector.
Removable filters were mounted above the detector so that the current corresponding to
irradiance within different wavelength ranges could be recorded. Three Corion UG-11
filters were used to detect UVAR, and the UVBR filter set consisted of one Corion
UG-11 and one Corion SB300. PAR was measured using one Corion LS700 UV-opaque
filter. Wavelength ranges transmitted by each filter set are shown in Fig. 4. The detector
was calibrated against a pyrometer traceable to the National Institute of Standards and
Technology. Equations used to convert measured current to irradiance and further details
of the radiometer are in Hovel (1995).

Irradiance was recorded once each day as close to solar noon as possible. Measure-
ments were made at the surface and at 10, 25, 50, 75, 100, 150, 200, 250, and 300 cm
below the surface of the water. UVBR measurements began on June 16 and continued
through August 30, 1995. Measurements were taken in all types of weather except for
heavy rain because of potential damage to electronic equipment. Measurements were
made on a total of 49 days and were taken every day during larval exposure
experiments.

The irradiance values presented here from our constructed radiometer should be
compared to those of others with caution. The goal of irradiance measurements was to
determine if larvae could exist at depths where UVBR levels were dramatically reduced.
Radiometric measurements in this study were well suited for determining relative levels
of UVBR among depths in Flax Pond. A relative measure of light penetration into
natural waters using irradiance measurements taken at different depths is the diffuse
attenuation coefficient, k (Smith and Baker, 1979). k was calculated for UVBR, UVAR,
and PAR using the equation:

k 5 2 ln (I /I ) /z 2 zz2 z1 2 1

(Smith and Baker, 1979), where I 5irradiance at depth z , I 5irradiance at depth z ,z2 2 z1 1

and z .z (z increasing positively downward).2 1
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Fig. 4. Transmission of (A) UVBR and UVAR and (B) PAR by filter sets used in radiometric measurements.
Dotted line is at 286 nm, below which no UV reaches the earth’s surface.
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3. Results

3.1. Exposure experiments

UVBR decreased larval survival of all three species, and S. reticulatum larvae were
affected most (Table 1; Figs. 5–7). Survival of S. reticulatum larvae decreased as
exposure to UVBR increased during each day of the experiment (Fig. 5). Cumulative
effects of exposure were suggested by the diminished proportional survival of exposed
larvae from one day to the next.

As with S. reticulatum larvae, survival of U. pugnax larvae initially declined as
exposure to UVBR increased (Table 1, Fig. 6). However, this response was not evident
during the last 2 days of the experiment. Nor were cumulative effects of exposure
apparent; the daily proportional survival of larvae was similar.

Unlike larvae of the previous two species, UVBR did not reduce survival of D. sayi
larvae the first day (Table 1, Fig. 7). However, survival of exposed larvae steadily
declined each day thereafter and was greatest at the highest levels of exposure.

3.2. Irradiance measurements

UVBR and UVAR intensities decreased exponentially with depth (Fig. 8). UVBR and
UVAR irradiances at 10 cm were 61.5 and 50% of surface readings, at 25 cm they were
30% of surface values, at 75 cm they were 5% of surface values and at 1 m they were
near zero. The mean diffuse attenuation coefficients for UVBR and UVAR were 4.24

Table 1
Logistic regression results for the effects of UVBR on the larvae of three species of crabs

Source Parameter P

Sesarma reticulatum
Intercept 4.55 ,0.001
UVBR 219.21 ,0.001
Time 20.50 ,0.001
UVBR3Time 0.08 0.97
Y54.55219.21(UVBR)20.50(Time)

Uca pugnax

Intercept 3.02 ,0.001
UVBR 218.99 ,0.001
Time 20.40 ,0.001
UVBR3Time 5.50 ,0.001
Y53.02218.99(UVBR)20.40(Time)15.50(UVBR3Time)

Dyspanopeus sayi

Intercept 3.25 ,0.001
UVBR 1.23 0.74
Time 20.28 ,0.01
UVBR3Time 22.96 ,0.05
Y53.2520.28(Time)22.96(UVBR3Time)
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Fig. 5. Logistic regression of daily proportional survival (number of live larvae divided by number of larvae
placed in chambers the previous afternoon) of first-instar Sesarma reticulatum larvae exposed to UVBR in
Flax Pond. See Table 1 for regression equation.
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Fig. 6. Logistic regression of daily proportional survival of first-instar Uca pugnax larvae exposed to UVBR in
Flax Pond. See Table 1 for regression equation.
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Fig. 7. Logistic regression of daily proportional survival of first-instar Dyspanopeus sayi larvae exposed to
UVBR in Flax Pond. See Table 1 for regression equation.
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Fig. 8. Mean penetration of UVBR, UVAR and PAR (61 SE) through the water column in Flax Pond
measured once daily for 49 days from June 16 to August 25, 1994.
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21 21m (60.24 SE) and 3.75 m (60.18 SE). PAR attenuated less rapidly than did UVBR
and UVAR. PAR irradiances were 94, 80.7, 50.1, 37, 14.4, and 7.0% of surface readings
at 0.1, 0.25, 0.75, 1, 2, and 3 m depth. The mean PAR diffuse attenuation coefficient was

211.17 m (60.06 SE).

4. Discussion

UVBR quickly killed larvae of all three species tested so that even short-term
exposure at the sea surface may be lethal. Both S. reticulatum and U. pugnax larvae died
after only 1 day of exposure, and D. sayi larvae died after 2 days of exposure. Therefore,
UVBR may be lethal to newly hatched larvae that are trapped in tide pools and the
shallowest backwaters of the marsh or that remain near the surface for only 1 to 2 days.

UVBR attenuation was very rapid in Flax Pond, and consequently larvae should not
be killed deeper than 25 cm. UVBR likely was not harmful deeper than 25 cm in other
turbid embayments, where values of k were comparable to, or somewhat lower than
those measured in Flax Pond (Smith and Baker, 1979; Vincent and Roy, 1993; Keller et
al., 1997). UVBR attenuates rapidly in marshes due to the high concentrations of
particulate matter found there. Even in deeper coastal waters, however, values of k are

21typically 2.5–3.5 m , and UVBR may not be deleterious deeper than 1 m (Smith and
Baker, 1979; Keller et al., 1997).

Although temporary entrapment in shallow marsh waters may be lethal to larvae, most
of them do not remain there long (Hovel and Morgan, 1997). Most S. reticulatum and U.
pugnax larvae are released during nocturnal spring ebb tides (Wheeler, 1978; De-
Coursey, 1979; Seiple, 1979; Christy and Stancyk, 1982; DeVries and Forward, 1989),
when they are safely transported from marshes before sunrise (Hovel and Morgan,
1997). In Flax Pond, 99.8% of newly hatched U. pugnax larvae and 98.0% of S.
reticulatum larvae were flushed from the marsh at this time (Hovel and Morgan, 1997)
leaving few larvae there to be exposed to high UVBR during the ensuing daytime low
tide. However, some larvae of these species were released near neap tides when tidal
flushing is submaximal. At these times, approximately 13% more larvae remained in the
marsh (Hovel and Morgan, 1997), and they may have been exposed to UVBR the
following day. More D. sayi larvae may have been exposed to UVBR than S.
reticulatum and U. pugnax larvae, because they hatched as often (DeVries and Forward,
1989) or nearly as often (Hovel and Morgan, 1997) on nocturnal neap ebb tides as
spring tides. Although D. sayi larvae were transported from Flax Pond nearly as
effectively (95.6%) as S. reticulatum and U. pugnax larvae during spring tides, only
58.2% of them were transported to deeper waters by the following morning during neap
tides (Hovel and Morgan, 1997). Thus, larval exposure to UVBR in shallow marsh
habitats may be greater for D. sayi than for the other two species.

Crab larvae regulate depth and may avoid UVBR exposure. Uca pugnax and D. sayi
larvae that remained in Flax Pond after sunrise were uncommon in surface waters
(Hovel and Morgan, 1997). After leaving Flax Pond, they may continue avoiding the top
1 m while remaining in the upper water column and thereby reduce UVBR exposure
while dispersing seaward. Although this would reduce lethal exposure to UVBR during
emigration, these larvae still may endure prolonged exposure to sublethal doses of
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UVBR throughout larval development. Chronic exposure to sublethal doses reduced
activity levels in larval shrimp (Damkaer et al., 1981) and increased development times
and produced lesions in larval fishes (Hunter et al., 1979, 1981). However, further study
is needed to determine the doses required to detect deleterious effects on larvae and the
probability that larvae of surface oriented species receive them. More studies also should
be conducted in the tropics where UVBR intensities have historically been greatest
(Calkins and Thordardottir, 1980). Not surprisingly, mortality of crab larvae is higher
there than we found in New York. Over 90% of larvae released by four species in
Panama died in 1 to 2 days when held in shallow water at ambient UVBR levels
(Morgan and Christy, 1996).

Sesarma reticulatum larvae should encounter little UVBR by largely remaining in
bottom waters throughout development (Sandifer, 1975; Epifanio, 1988). Consequently,
these larvae may be poorly adapted to withstand exposure to UVBR. This may explain
their poor survival compared to larvae of the two surface oriented species. In contrast, U.
pugnax and D. sayi larvae may have MAAs that absorb UVBR or DNA enzymatic
repair processes that enhanced survival. Mortality of U. pugnax larvae stabilized after 2
days of exposure suggesting that MAAs were produced in response to UVBR exposure
or were accumulated through their diet. MAAs are common in the tissues of adult
crustaceans (Nakamura et al., 1982; Gleason et al., 1985; Karentz et al., 1991), and they
recently have been detected in coral larvae (Gleason and Wellington, 1995) and in larvae
of the sympatric fiddler crab, Uca pugilator (D. Gleason and S. Morgan, unpublished
data). These free amino acids have absorbance maxima ranging from 310 to 360 nm and
have been shown to provide protection from UVBR by acting as sunscreens (Garcia-
Pichel et al., 1993) and as antioxidants (Dunlap and Yamamoto, 1995). Photorepair
mechanisms also may have been activated after exposure to UVBR. Enzymatic
photoreactivation by UVAR and PAR has been shown to repair UVBR-damaged DNA in
decapod and fish larvae (Knaupp and Hunter, 1981; Damkaer and Dey, 1983; Dey et al.,
1988).

Like MAAs, larval chromatophores may act as sunscreens in crabs and fishes (Hunter
et al., 1979, 1981; Calkins, 1982; Damkaer, 1982; Morgan and Christy, 1996). If so,
survival of S. reticulatum larvae should have been greater than that of the other two
species tested, because they appeared to have the largest, darkest chromatophores.
However, S. reticulatum larvae were most susceptible to UVBR. Either U. pugnax and
D. sayi possess additional adaptations to UVBR that S. reticulatum larvae lack, or
chromatophores may primarily serve another function. One possibility is that larval
chromatophores may reduce the conspicuousness of larvae to planktivorous fishes via
cryptic or disruptive coloration (Morgan and Christy, 1996).

Cloudy weather slowed the rate at which crab larvae were killed by UVBR in Flax
Pond and Panama (Morgan and Christy, 1996). Overcast days not only reduced exposure
to UVBR but may have enabled larvae to repair damage. In two experimental trials in
Flax Pond, skies were overcast and UVBR intensities were low (mean UVBR irradiance

2(10 cm depth) for trials 2 and 450.06260.002 mW/cm SE); UVBR intensities were
nearly twice as high in remaining trials (mean UVBR irradiance (10 cm depth) for trials

21, 3 and 550.11510.003 mW/cm SE). In trials 2 and 4, larvae of all three species
were active and mortality was low, even in 10 cm chambers (mean proportional survival
for S. reticulatum50.9860.001%; U. pugnax50.8860.10%; D. sayi50.9760.02%
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SE), indicating that low UVBR intensities have little immediate impact on larval
survival and activity. Larval mortality was much greater for all three species under high
UVBR intensities in trials 1, 3, and 5 (mean proportional survival for S. reticulatum5

0.2460.21%; U. pugnax50.4460.09%; D. sayi50.6160.04% SE).
We opted to conduct our study in the field to determine the impact of ambient levels

of UVBR on larval survival. Laboratory studies usually overestimate the deleterious
effects of UVBR by providing high, constant intensities of UVBR with artificial lights.
This not only results in unusually high doses but precludes photorepair by removing
UVAR, PAR, and the hourly and daily variation in radiation intensity. By avoiding these
pitfalls, we have provided a reasonable estimate of the impact of UVBR on a natural
population of larvae developing in productive coastal waters. However, exposing larvae
to UVBR in situ did not allow precise control of daily UVBR levels to determine
threshold dose and dose-rates of UVBR on larval mortality and to simulate the effects of
potential increased UVBR on larval survival. Therefore, effective studies of the
influence of UVBR from ozone degradation on larval survival may combine controlled
laboratory experiments with in situ exposures of larvae to UVBR.

Larvae held at 10 cm depth in Flax Pond were killed by UVBR in 1 to 2 days, but
natural populations may avoid UVBR by descending 1 m. This would still enable most
surface oriented species to complete migrations between adult and larval habitats when
coupled with photorepair mechanisms or MAAs. Moreover, most larvae are released
during nocturnal ebb tides, which minimizes entrapment in shallow backwaters and
enhances dispersal to deeper waters at night. Slight diurnal vertical migrations would
reduce exposure to UVBR thereafter, and therefore few crab larvae may be killed by
UVBR while dispersing from temperate shorelines. However, further declines in
stratospheric ozone may enhance UVBR penetration into the water column, and thereby
increase UVBR doses for larvae remaining near the surface of estuaries (Smith and
Baker, 1979). Adult and larval behavior, changing weather, and larval tolerances to
UVBR should all be incorporated into models predicting the effects of increased UVBR
on larvae.
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