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Abstract. The possibility that UV light has played croppings of dead coral. It is nocturnal in such re- 
a role in the evolution of nocturnalism in sea hares gions, spending the nighttime hours mate-seeklng, 

- was tested with Aplysia dactylomela. Thls specles copulating, and feeding. At or near dawn it searches 
inhabits shallow-water reglons of coral reefs world- for protective crevices or hides under rocks, where 
wide. Such shallow habitats are subjected to strong it spends the daylight hours digesting food and lay- 
solar effects, as evidenced by noticable bleaching In ing eggs (Carefoot and Taylor 1988). 

, certain algal species. This study investigates pos- There are several commonly accepted theones 
6ible deleterious effects of UV light on food con- regarding the function of nocturnalism which in- 
sumption, growth, spawn production, hatching clude avo~dance of daytime competitors, avoidance 

- fEltes and percentages of eggs, and blood-glucose of predators, and min~mizat~on of desiccation. 

posed to light with UV blocked out. Animals kept ergy budgets In A. dactylomela (Carefoot and Tay- 
under total light block had highest growth (but not lor 1988) showed that a 12-h daytime quiescent pe- 
significantly so) accompanied by lowest spawn pro- riod was energetically advantageous, lt dld not 
duction, and exhibited lowest blood-glucose levels. explain why the species was active at  night and not 
Rates of food consumption d ~ d  not differ signifi- during the day. In fact, such periodism of activity 
cantly between the three treatments, nor did hatch- has been observed in all Aplysia species studied 
ing times of the larvae. The deleterious effects of thus far (Susswein et a]. 1983; Susswein 1984; Care- 
UVlight leading to reduced fecundity and Increased foot 1989, I 99 I), and seems to be related to a need 

expenditure through stress could be plau- for a quiescent penod to digest the large amounts 
sible forces favouring selection of nocturnalism in of poor-quality food customarily eaten. A final idea, 
this sea hare species. avo~dance of light or, more specifically, avoidance 

of potentially harmful ultraviolet wavelengths of 
light through nocturnalism, is both applicable and 
testable. 

From Jerlov's studies in the 1950's, we know Introduction 
that ultraviolet light in the UV-B (280-320 nm) and 

Aplysla dactylomela is a comparatively large, ac- UV-A (320-400 nm) bands can penetrate qulte 
tlve, seaweed-eating marine gastropod which, in deeply Into seawater. Fleischmann (1989), for ex- 
areas of coral reefs, inhab~ts shallow inshore (1-2 ample, recorded 10% of surface UV radiation in the 
m depth) regions of sand/coral rubble and out- 300-400 nm band at 25 m depth in Discovery Bay, 
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Jamaica. In the 1-2 m depth-range inhabited by lengths including UV (designated UVTRANSP), 2) 
Aplysia dactylomela in Discovery Bay, over 60% of exposure  t o  a l l  wave leng ths  excep t  uv 
this band of UV light was present. Strong penetra- (UVBLOCK), or 3) exposure to no direct light at 
tion of UV-B radiation into clear oceanic water has all (TOTALBLOCK). 
been shown by Jerlov (1950) in the Sargasso Sea The caging arrangements were as follows. The 
(attenuation of only 14%.m-I) and by Smith and 12 individuals in each group were randomly sub- 
Baker (1 979) in the Gulf of Mexico(l5-20%.m-'), divided into six pairs, and each pair assigned to a 
and even in coastal waters can be substantial (Len- mesh basket (25 X 15 X 12 cm height, 0.6 cm 
oble 1956; Wood 1987, 1989). plastic mesh). The six baskets per treatment were 

Effects of solar UV radiation on the marine eco- suspended from the undersurface of PLEXIGLAS@ 
system are becoming increasingly well known, and acrylic plastic sheets (0.6 cm thick, 100 X 40 cm) 
include inhibition of phytoplankton productivity of compositions which allowed different light wave- 
and motility (Lorenzen 1979; Biihlmann et al. 1987; lengths to be transmitted. Hinged panels of the 

sea anemones (Lesser and Shick 1989). 
The question was raised as to whether UV light The light transmission characteristics for 

might be affecting Aplysia dactylomela when we ob- screening material were, for UVTRANSP: all 
served that the seaweed Acan thophora spicifera had visible radiation above 275 nm transmitted 

inhabited by this animal. With the view, then, that UVBLOCK: UV Or shOrt-wavelength 

nocturnalism in sea hares may have evolved in re- 450 n m  transmitted and, for 

eterious effects of natural levels of UV light in A. Ltd.). Light (400-700 nm) penetration to 

dactylornela. We predicted that exposure to UV l 5  Cm depth was measured at I2O0 On June 

light would be stressful to the sea hares, resulting 1991 in full sun as 88% under UVTRANSP, 87% 

in higher blood-glucose levels, lower food con- under UVBLOCK> and 27% bottom 

sumption, and lessened body growth, spawn pro- and scatter) under 

duction, and spawn vitality. Body weight was recorded for each animal at 
Day 0, and thereafter at 5-d intervals, over the 25- 

Materials and Methods d duration of the experiment. Spawn weights were 
measured daily and selected pieces cultured indi- 

Sea hares of 150-400 g live wt were collected from vidually to determine hatching times and hatching 
shallow coral-rock areas near the Discovery Bay percentages (expressed as percentage of capsules 
Marine Laboratory, Jamaica, in May 199 1. They that opened and released larvae). To correct for dif- 
were sorted according to size and divided into three ferent body weights in each treatment, and because 
groups of 12 individuals, each group of 230 g mean spawn from a given animal in a basket could not 
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pressed as equivalent dry weight eaten per live kg 
animal (after drying of selected pieces at 70" C to 
constant weight). Blood samples were drawn from 
selected animals (N = 6) in each treatment at Day 
0, and at  8-d ifitervals thereafter, and analysed for 
glucose concentration (following the method in 

- Carefoot 1991). Sampling was done at 1000 h on 
each designated day, a time when animals were 
metabolically quiescent (Carefoot 199 1). Where 

Fig. 1- Change in weight of A P ~ Y S ; ~  dacrylomela subjected timeeffects were involved, data were analysed by 
to differences in type and amount of  light. Each point r e p  
resents the mean o f  12 animals. UVTRANSP: exposure to Repeated Measures ANOVA'' by Tukey's 
all light wavelengths including UV; UVBLOCK: exposure Com~arisons Tests (TMCT). Other data, 
to all wavelengths except UV; TOTALBLOCK: no expo- such as between-treatments comparisons of hatch- 
sure to direct light. ing times and percentages (after arcsine transfor- 

mation), were analysed by ordinary ANOVA and 

Fig. 1 shows weight changes in field animals over 
25 d. TOTALBLOCK animals grew more than 
those in the other treatments, but differences were 
not significant (F, ,,,, = 0.50, p = 0.61, ANOVA). 
Time-effects were highly significant ( F , , ,  = 3 1.85, 
p <0.001), with the data segregating into two sta- 
tistically homogenous subsets: Days 0-5 and the 
remainder ( p  < 0.05, TMCT). The flat portions of 
the growth curves are likely explained by all extra 

Fig. 2. Cumulative food consumption by Aplysia dactylo- 
mela in the UV-experiment. Data points represent mean of  energy being converted into but we 

have no explanation for the Days 5-1 0 rise, as there N=6. Treatment designation same as in Fig. I .  
was no obvious change in amounts of spawn being 
produced during this time (see later). 

No significant difference was found in amount 
of food consumed among treatments (Fig. 2; F,,, 

segregating into three homogenous subsets, the first 
representing Days 0-5 (62 dry g alga eaten-live kg 
body wt-I - 5d-1); the second, Days 5-10 (83); and 
the third, Days 10-25 (107-109; p < 0.05, TMCT). 
These differences likely resulted from an initial sev- 

5 10 15 20 25 eral day delay before we were able to give the an- 
imals enough food to match their appetites. Once 

Fig. 3. Cumulative spawn by Aplysja dactylo- ad libitum feeding conditions were reached, food 
mela in the Uv-experiment. Data points represent mean o f  consumption rates became more even. Higher rates 
N=6. Treatments same as in Fig. I .  of food consumption should have been reflected in 

higher growth and/or spawn production but this 
Food, consisting mainly of the red alga Acantho- was not evident (see Figs. 1 and 3). During the last 
phora spicifera, but including some Centroceras cia- five days of the experiment, each pair of sea hares 
vuiatum, was provided daily. Uneaten remnants was eating an amount of fresh food equivalent to 
were collected daily and their weights subtracted 22% of their live body wt per day. 
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Cumulative spawn production over the 25-d ex- Adult Aplysra with access to copulatory partners 
perimental penod is shown in Fig. 3. Treatment allocate most of their growth energy to production 
effects were highly significant (F,,, = 7.60, p = of spawn. Conversely, in the absence of egg pro- 
0.005), with most spawn being laid by UVBLOCK duction or spawning stimuli, energy is predomi- 
and least by TOTALBLOCK animals (means of 5 1 nately allocated to somatic growth. Thus, it was not 
and 33 live g spawn - live kg animal-I - 5-d-I, re- unexpected that the treatment group showing most 
spectively. TMCT disclosed two statistically ho- somatic growth (TOTALBLOCK; see Fig. 1, but 
mogenous subsets representing UVBLOCK and note that the difference was not significant) would 
UVTRANSP/TOTALBLOCK). No time effects be the one laying least spawn, but the causes for 
were evident. this were unclear. Does absence of direct light in- 

Hatching times of spawn (8.5-9.6 d at 25- hibit conversion of food energy into spawn in sea 
26" C), shown in Table 1, were not significantly hares? Aplysla dactylomela and A. ~uliana, both 
different among the three treatments (F,,,, = 2.13, nocturnal, are known to lay most eggs during day- 
p = 0.14). Interestingly, TOTALBLOCK animals time (Sarver 1978; Carefoot and Taylor 1988). This 
exhibited smaller percentage hatching (66%) than might suggest that either light, even if shaded, stim- 
either UVBLOCK or UVTRANSP ones (81 and ulates laying, or it might simply be that while rest- 
95%, respectively), but the differences were not sig- ing during daytime the sea hares engage in egg-lay- 
nificant (F, ,, = 2.14, p = 0.13). ing as well as some copulatory behaviour which 

Changes in blood-glucose levels are shown in does not require them to leave their protective hide- 
Fig. 4. There were highly significant treatment ef- aways. 
fects (F,, = 12.20, p = 0.001), with the data seg- The treatment groups exposed to direct light 
regating into three non-overlapping subgroups (p < (UVBLOCK and UVTRANSP) showed an almost 
0.05, TMCT). Overall means ( + S.D. in pg glucose identical Pattern of growth (Fig. 1 ). Spawn ~ r o d u c -  
- ml hernolymph-I) were: UVTRANSP = 30.1 + tion by UVTRANSP anlmals was significantly less 
7.8, UVBLOCK = 25.8 + 6.8, and TOTAL- than that by UVBLOCK animals (Fig. 3), suggest- 
BLOCK = 2 1.5 + 9.1. The UVTRANSp value ing an inhibitory effect of UV light. Since food con- 

compares favourably with a value of 30.8 pg glucose ~ ~ m p t i o n  was almost identical in these two treat- 

ml-I recorded previously in a field population of m e n t  s ,  t h e  e x t r a  energy acc ru ing  t o  t h e  

Aplysla dactylomela in Discovery Bay at 0900h UVTRANSP group (represented by the difference 
(Carefoot 1991). There was a significant time-effect in Spawn production) was presumably allocated to 
(F,, = 6.53, p = 0.001), with levels being lower loc~motory  activity or other stress-related re- 
on Days 16-24 than on Days 0-8 (21.4-22.8, and sponses related to exposure to UV light.  he basis 
29.5-29.6 pg. ml-~,  respectively; < 0.05, TMCT). for this belief is the significantly higher level of 

blood-glucose in the UVTRANSP group as com- 
pared with the others (Flg. 4). 

Elevated blood-glucose levels in Aplysia arise in 
at least three ways: during locomotory or other 

Our predictions regarding the effect of solar UV physical activity, from presence of food in the gut, 
radiation on A P ~ Y ~ L ~  were supported to the extent or through stress associated with air exposure, el- 
that blood-glucose levels were higher, suggestive of evated temperature, low salinity, perforation of the 
greater stress, and spawn production lower, in an- gut, and electrical shock (Ram and Young 1992; 
imals exposed to direct sunlight with UV. However, Carefoot 1993). Since all treatment groups ate more 
rates of food consumption did not differ between the or less equally (Fig. 2), differences in amount of 
three treatment groups, nor did rates of body growth food in the gut can be dismissed as a probable cause 
differ significantly between anlmals exposed to solar of higher blood-glucose level in one group over an- 
radiation with and without UV. There are two pos- other. This leaves locomotory activity or stress as 
sibillties to consider with respect to the role of UV most likely causes. These factors are not unrelated. 
light on Aplysia behavior: the first, as already noted, Aplysla, like any other animal when stressed, will 
is that UV light plays a proximate role in directly increase energy expenditure through activation of 
stressing the animals and, the second, is that the sensory systems and acceleration of enzyme turn- 
animals simply use UV light as a cue to tell them over and blood circulation, to enter a state of met- 
that it is time to find a daytime shelter in which to abolic preparedness for "flight or fight". Unfortu- 
rest and digest their food. In this case, the elevated nately, the physical arrangement of the cages did 
blood glucose would simply be a consequence of not permit easy observation of locomotory behav- 
greater activity as the animals seek shelter. iour, either not allowing clear view because of wave 
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