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ABSTRACT Growth rates, as estimated by the RNA:DNA ratio. were determined for plankton~c post- 
larvae and for recaptured and wild newly settled benthic stages (fifth and sixth instars) of the Ameri- 
can lobster Homarus americanus. The mean growth rate of planktonic postlarvae in 1994 was 0.522 
0.247 mg protein d-l. This was significantly higher than planktonic growth rates observed in 1991 
(0 449 * 0.121 mg protein d") but not in 1992 (0.460 * 0.144 mg protein d-l). The percentage of poorly 
nourished planktonic postlarvae, those with growth rates < 0  220 mg proteln d-l, ranged from 3 to 13% 
In 1991, 1992 and 1994 and was similar to that observed in prevlous years (1988 to 1990). Newly settled 
lobsters had significantly lower mean growth rates (0.223 * 0.180 mg protein d-l) than planktonic post- 
larvae. Recaptured lobsters originating from wild stock had significantly higher growth rates than those 
originating from laboratory stock (0.281 * 0.176 vs 0.085 * 0 078 mg protein d.', respectively). Labora- 
tory rearing effects (lowered growth rates) appeared to perslst even after 1 wk in the field. The d~ffer- 
ences in the growth rates between planktonic and benthlc phase lobsters may be ev~dence  of a trade- 
off between slow growth due to decreased food ingest~on and potential increased vulnerability to 
predation when actively foraging. 
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INTRODUCTION 

Understanding the mechanisms that influence 
cohort size is instrumental for effective management of 
economically important species. Determination of 
cohort size may occur at one or more 'critical' phases in 
the life history of an organism. For the American lob- 
ster Homarus americanus, the period spanning the 
fourth instar or postlarva to fifth instar has been identi- 
fied as a 'critical' phase (Langton et al. 1996). The post- 
larva is the transitional stage between the planktonic 
larval habitat and the benthic adult habitat. In coastal 
Rhode Island (USA) waters, postlarvae first appear in 
the plankton in mid June when surface water temper- 
ature reaches 16OC and are present through late July 
to early August (James-Pirri 1996, J.  S. Cobb unpubl. 
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data). Shortly after settlement, the postlarva molts to 
the fifth instar and becomes a fully benthic organism 
(Charmantier et al. 1991). This phase of the lobster's 
life history (carapace length 4 to 14 mm) has been 
characterized as  the shelter-restricted juvenile stage 
(Lawton & Lavalli 1995). Shelter-restricted juveniles 
are most abundant in cobble habitats in shallow (2 to 
7 m) waters (Wahle & Steneck 1991). During this 
period, lasting probably several months, it has been 
suggested that the juvenile lobster primarily remains 
within the protection of its burrow, with limited move- 
ments outside of the shelter (Lawton & Lavalli 1995). It 
has been hypothesized that small juvenile lobsters 
trade off maximizing foraging for predator avoidance, 
with the smallest juveniles (newly settled) incurring 
the greatest risk (Wahle 1992, Wahle & Steneck 1992). 
However, growth rates of newly settled lobsters have 
not yet been evaluated. 

Growth rates for the postlarval instar have been esti- 
mated by the ratio of total RNA to total DNA and water 
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cell, total RNA is variable. Generally, higher concen- 
trations of RNA are associated with greater protein 
synthesis and growth (Eulow 1987). This method is a 
sensitive indicator of recent (2 to 3 d)  feeding history of 
the postlarval instar and thus indirectly of its nutri- 
tional condition (Juinio et al. 1992, Juinio & Cobb 
1994). Differences in growth rates between planktonic 
and benthic phase lobsters may be evidence of a trade- 
off between slow growth due to decreased food inges- 
tion and the potential increased vulnerability to preda- 
tion when actively foraging. In this study we report the 
growth rates of field-caught planktonic postlarvae and 
newly settled early benthic lobsters as determined by 
nucleic acid analysis. 

METHODS 

Planktonic postlarvae. All postlarval lobsters were 
collected weekly from 2 sampling stations (Harbor of 
Refuge and Bell 4) less than 2 km apart in Block Island 
Sound near Point Judith, Rhode Island, from mid June 

Paint Judith Harbor of Refuge 

Fig 1 Map of southern New England, USA, show~ng  samphng loc 

until mid August in 1991, 1992 and 1994 (Fig. 1) .  
Although sampling occurred in 1993, post1arva.e were 
virtually absent from the waters off of Rhode Island 
during this year Planktonic postlarval lobsters were 
sampled using paired neuston nets (500 I.lm mesh, 
mouth opening 1.0 X 0.5 m) equipped with flow meters 
and towed from the sides of a small research vessel 
travelling at approximately 1.5 knots. Sea surface tem- 
perature was recorded at each sampling location. Post- 
larvae were removed from the plankton sample, 
placed in vials of sea water and held on ice until 
returning to the laboratory. In the laboratory the molt 
cycle stage of all postlarvae was determined according 
to Sasaki (1984). Postlarvae were placed in separate 
vials and stored at -80°C for later nucleic acid analysis. 

Early benthic phase lobsters. Early benthic phase 
lobsters were sampled weekly from July through Sep- 
tember in 1994 in the Point Judith Harbor of Refuge, 
Rhode Island (Fig. 1). The Harbor of Refuge is a well- 
mixed body of water ranging in depth from 2 to 8 m. 
Benthic samples were collected using SCUBA and a 
benthic air lift suction sampler. A 0.5 m2 quadrat was 
haphazardly thrown over suitable cobble substrate and 
all organisms within the quadrat sampled. Bottom 
water temperature was recorded for each sample. Ben- 
thic samples were sorted immediately and all lobsters 
were measured using vernier calipers. Lobsters less 
than 10 mm carapace length (CL) were returned to the 
laboratory, molt cycle stage was determined and the 
lobsters were stored individually at -80°C for later 
nucleic acid analysis. Lobsters less than 10 mm have 
been identified as the current year class of new 
recruits (Cobb & Wahle 1994). Early benthic phase lob- 
sters recaptured from field tag and recapture experi- 
ments conducted in the Harbor of Refuge in 1993 and 
1994 were also analyzed for total RNA and DNA. 

Details of the tag recapture study are 
reported in James-Pirri (1996). Briefly, in 
the tag-recapture experiments, laboratory 
reared fifth instars (in 1993) and wild post- 
larvae (in 1994) were tagged with binary 
coded micro-wire tags (Northwest Marine 
Tcchnology, Inc, Shaw Island, WA, USA). 
After tagging, lobsters were held in the labo- 
ratory for 2 to 4 d before being transplanted 
into the field. While in the laboratory, tagged 
lobsters were held in individual containers in 
flow-through ambient seawater and fed 
adult frozen brine shrimp ad libitum. 

In 1993 lobsters originating from labora- 
tory stock (reared from egg to fifth instar) 
were transplanted to the field as fifth instars. 
In 1994, transplanted lobsters originated 
from wild stock; they had been caught as 

:ations planktonic postlarvae and were transplanted 
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into the field as postlarvae. Tagged lobsters were 
transplanted into cobble plots in approximately 5 m of 
water in the Harbor of Refuge using SCUBA (James- 
Pirri 1996). Plots were sampled approximately 1 wk 
later with a benthic air lift suction sampler. Bottom 
water temperature was recorded for each sample 
Samples were sorted immediately and all lobsters col- 
lected were returned to the laboratory where CL was 
measured and molt cycle stage was determined 
Recaptured lobsters were individually identified by 
extractlng the micro-wire tag and reading the binary 
code. They were then stored individually at -80°C for 
later nucleic acid analysis. Growth rates are reported 
for the 1993 laboratory reared lobsters transplanted as 
fifth instars and recaptured as sixth ~nstars,  and for the 
1994 wild caught postlarvae transplanted as postlarvae 
and recaptured as fifth instars In both years, growth 
rates of transplanted lobsters are for those individuals 
that molted once while in the fleld prior to recapture. 

Growth rates. Average growth rates of individual 
postlarvae, recaptured lobsters and wild early benthic 
phase lobsters ( < l 0  mm CL) were determined by ana- 
lyzing the ratio of total RNA to total DNA (Juinio et al. 
1992, Juinio & Cobb 1994). Nucleic acid analysis was 
determined for lobsters in intermolt condition (molt 
cycle stages C and D,), as these molt cycle stages are 
the best predictors of recent growth history (Juinio 
1991, Juinio et al. 1992). Indiv~duals were freeze dried 
and dry weight was deterin~ned using a Metler analyt- 
ical balance. Total RNA and DNA were determined 
using a modification of the Schmidt-Thannhaussei- 
method for larval fish (Buckley 1979) adapted for post- 
larval lobsters (Juinio 1991, Juinio et al. 1992). Each 
lobster was homogenized in distilled water to reach a 
final concentration of 6 mg dry wt ml-l. Total RNA and 
DNA was determined for 2 replicates from each indi- 
vidual. Temperature-corrected growth rates (mg pro- 
tein d- ' )  were estimated from the rat10 of total RNA to 
DNA and water temperature (sea surface for plank- 
tonic postlarvae or bottom temperdture for benthic lob- 
sters) at the time of collection using the postlarval lob- 
ster growth model developed by Juinio (1991) and 
Juinio & Cobb (1994): Growth rate = -0.778 + 0.268R + 
0.01T, where R is the RNA:DNA ratio and T IS water 
temperature ("C). This model was used to estimate 
growth rates of planktonic postlarvae and newly set- 
tled benthic lobsters. Using the criterion developed by 
Juinio & Cobb (1994), the proportion of poorly nour- 
ished lobsters was calculated for each year as those 
with growth rates less than 0.22 mg protein d-l. This 
criterion was based on the lowest average growth rate 
of postlarvae reared in the full ration treatments in the 
laboratory (Juinio & Cobb 1994). Growth rates of 
planktonic postlarvae collected in 1991 and 1992 were 
compared w ~ t h  the 1994 data. The methodology of the 

RNA DNA analyses In 1991 and 1992 was the same as 
described above Inter- and ~ntla-dnnual dlfferences in 
growth rates of planktonic postlalvae from 1991, 1992 
and 1994, and dlfferences In growth rates between 
recaptured lobsters in 1993 and planktonic and ben- 
thic lobsters sampled In 1994 were evaluated uslng a 
Kruskal-Wallls test If a significant difference was 
found, a least squared means test was performed to 
determine differences in growth rate among the sam- 
pled lobsters Alpha levels were adjusted accordingly 
uslng the Bonfelroni Adlusted Alpha (Sokal & Rohlf 
1995) Frequency distributions of growth rates for 
r ~ r a p t u r e d  lobsters (those originating from laboiatory 
and wild stock) were compared using a Kolmogorov- 
Smirnov 2-sample test Frequency d~stributlons of 
planktonic postlarval growth rates for 1991, 1992 and 
1994 were compared uslng a Kolmogorov-Smiinov 2- 
sample test 

RESULTS 

Average surface water temperatures for Bell 4 and 
the Harbor of Refuge in 1991 and 1992 and surface and 
bottom temperatures in 1994 are shown in Table 1. 
Average surface temperatures in 1991, 1992 and 1994 
ranged from 18.0 to 19.6"C and bottom temperature in 
1994 averaged 19.9"C Growth rates of planktonic 
postlarvae in 1994 were compared to those sampled In 
1991 and 1992 (Table 2) .  There were significant differ- 
ences in growth rates between years (Kruskal-Wallis 
test: F = 4.29, df = 2, p = 0.0146) (Table 2).  In 1994 
planktonic postlarvae had significantly higher growth 
rates than postlarvae in 1991 (Bonferroni Adjusted 
Alpha, p < 0.0166; least squared means test, p = 0.0037) 
but not in 1992 (p  = 0.1498). There was no difference in 
the growth rates between 1991 and 1992 (p  = 0.4921). 
The frequency distributions of planktonic postlarval 
growth rates were significantly different only for the 
years 1991 and 1994 (Kolmogorov-Smirnov = 17.45, 

Table 1 Average watel- temperature ("C, t SD) at  Harbor of 
Refuge and Bell 4 sampllng locations 

Year Jun  Jul Overall 
averLtge 

1991 (surface) 17 6 t 1.2 20.9 ? 1.3 19 6 ? 2.0 
1992 (surface) 16.3 ? 1.1 18.8 ? 1.5 18.0 ? 1.8 
1994 (surface) 17.5 + 1.8 20.9 + 1.3 19.2 k 2.3 

J ul *ug Sep Overall 
average 

- -- - p 

1994 (bottom) 20.1 ? 0 8 19 7 ? 0.8 18.7 * 0 3 19.9 ? 0.8 
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Table 2 
growth 

, Homal-us americanus. Average yearly and monthly 
rates (mg protein d.'. * SD) of planktonic postlarval 

lobsters for the years 1991, 1992 and 1994 

l 

Year Average Jun 
growth rate growth rate 

Jul 
growth rate 

df = 2, p = 0.0368) (Fig. 2a). There were intra-annual 
differences in the planktonic postlarval growth rates 
within 2 of the 3 years. In 1991 and 1992, growth rates 
were significantly lower in July than in June (3.991: F = 
30.29, df = 1, p = 0.0001; 1992: F = 7.96, df = 1. p = 
0.0075) (Table 2); there was no within-season differ- 
ence in 1994 (F = 1.51, df = 1, p = 0.2234). 

:: 1 Lanktonic Postlarvae 

Growth rates of 16 of the recaptured lobsters in 1993 
were determined. All of these individuals were recap- 
tured in the sixth instar In 1994, growth rates of 73 
early benthic phase lobsters [40 wild ( < l 0  mm CL) and 
33 recaptured individuals] were determined. All re- 
captured lobsters in 1994 were in the fifth instar. Fre- 
quency distributions of gro.wth rates of the 1993 and 
1994 recaptures were significantly different (Kol- 
mogorov-Smirnov = 20.94, df = 2, p = 0.0221) 
(Fig. 2b). There were also significant differences in the 
average growth rates between recaptured (1993: 
0.085 i 0.078 mg protein d-l; 1994: 0.281 + 0.176 mg 
protein d-l), wild benthic (1994: 0.223 ? 0,180 mg pro- 
tein d-') and planktonic (1994: 0.522 + 0.247 mg pro- 
tein d-') lobsters (Kruskal-Wallis test: F = 37.64, df = 3, 
p = 0.0001) (Fig. 3). Planktonic postlarvae sampled in 
1994 had significantly higher growth rates than both 
recaptured lobsters in 1993 and 1994 and the wild ben- 
thic lobsters sampled in 1994 (least squared means 
test, Bonferroni Adjusted Alpha, p < 0.0083: 1993 
recaptures, p = 0.0001; 1994 recaptures, p = 0.0001; 

Benthic Recaptures 

I U l  
Fig. 2. Homarus americanus. (a) Fre- 
quency distributions of planktonic 
postlarval growth rates for the years 
1991, 1992 and 1994. There was a 
significant difference in frequency 
distribuhons between the years 1991 
and 1994 (Kolmogorov-Smlrnov 2- 
sample test, p = 0.0368). (b) Fre- 
quency distributions of growth rates 
for recaptured lobsters in 1993 (V1 
instars) and 1994 (V instars). There 

I was a s~gn~ficant  difference in be- 
I I I I I I I I I I I I I I tween the frequency distributions 

41 0  Ol  0 2  0 3  0 4  0 5  0 6  0 7  0 8  0 9  l I I  l 2  I 3  
(Kolmogorov-Smirnov 2-sample test. 

Growth Rate (rng proteinlday) p = 0.0221) 
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Fig. 3. Homarus americanus. Growth rates + SD and sample 
size (n) of recaptured and wild benthic juvenile, and plank- 
tonic lobsters. Lobsters recaptured in 1993 originated from 
laboratory reared stock; those recaptured In 1994 originated 
from wild stock. Growth rates of wild benthlcluvende lobsters 
and planktonic postlarvae are for lndivlduals sampled In 
1994. Solid horizontal line indicates groups with statistically 

similar growth rates 

1994 wild benthic, p = 0.0001). Laboratory reared 
recaptured lobsters in 1993 had significantly l o w e ~  
growth rates than both recaptured lobsters and wlld 
benthic lobsters in 1994 (Bonferroni Adjusted Alpha. 
p < 0.0083: 1994 recaptures, p = 0.0067; 1994 benthlc, 
p = 0.0001). There was no significant difference in the 
growth rates of the 1994 recaptured and wild benthlc 
lobsters (Bonferroni Adjusted Alpha, p < 0.0083: p = 
0.1145). 

Juinio & Cobb (1994) defined poorly nourished post- 
larvae as those with growth rates less than 0.22 mg 
protein d-l. Using this criterion, the percentage of 
poorly nourished planktonic postlarvae ranged from 
4.2% in 1991 to 12.8% in 1994. The majority of poorly 
nourished postlarvae in all years were sampled in July 
(1991: 85%; 1992: 100%; 1994: 90%). In 1994, 65 % of 
the wild early benthic phase lobsters were poorly nour- 
ished. In 1993, all the laboratory reared recaptured 
lobsters had growth rates less than 0.22 mg protein d.', 
while only 39 % of the wild caught and recaptured lob- 
sters originating from wild stock had growth rates 
indicative of poor nutritional condition (Fig. 4). 

DISCUSSION 

Postlarval lobsters first appear in the plankton in 
coastal Rhode Island waters in mid June. Postlarvae 
are usually present in the water column for approxi- 
mately 6 wk and peak abundance usually occurs in 
late June to early July (James-Pirri 1996, J .  S. Cobb 
unpubl. data). Planktonic postlarval growth rates mea- 
sured in this study were similar to those observed In 
previous years in this same region (Juinio & Cobb 

Fig 4 Homal-us amencanus Percent of recaptured and wlld 
benth~c ]u\,enile lobsters In poorly nourished condlt~on as 
judged by the crlterlon of J u ~ n ~ o  & Cobb (1994), l e growth 

rate less than 0 22 mg protein d. ' 

1994). Growth rates in 1994 were the highest, yet this 
year also had the highest percentage of poorly nour- 
ished postlarvae. The range of growth rates observed 
in 1994 was the widest, with more individuals in the 
tails of the distribution than in 1991 or 1992. Since sea 
surface temperatures were similar among years it is 
unlikely that temperature caused the observed differ- 
ences. Although no significant intra-annual difference 
was observed in 1994, the same trend of higher growth 
rates in June was apparent. The average daily abun- 
dance of planktonic postlarvae in 1994 was lower than 
that in both 1991 and 1992 (J. S. Cobb unpubl. data, 
M. J James-Pirn pers. obs.) and therefore fewer post- 
larvae were sampled. This resulted in a Low sample 
size for June of 1994 (16 individuals) and may have 
contributed to the lack of difference in this year The 
intra-annual differences in growth rates (higher in 
June than in July) observed in 1991 and 1992 are con- 
sistent with previous growth rate estimates for this 
same area in 1988 to 1990 (Juinio & Cobb 1994). As in 
that study, we found that average water temperatures 
in July were not very different from June in these 
years. Based on evidence from their field study of 
planktonic postlarval lobster growth rates and zoo- 
plankton biomass estimates. Juinio & Cobb (1994) con- 
cluded that the lower average growth rates in July 
could not be attnbuted to either increasing summer 
temperatures or food limitation. 

The nucleic acid growth model developed for postlar- 
vae (Jumio & Cobb 1994) was used to assess growth rates 
of newly settled lobsters (<l0  mm CL) since no 
RNA:DNA based model exists for this Life history stage. 
Our rationare for using the existing model was that post- 
metamorphic instars (IV to V) are  bioenergetically simi- 
lar (Capuzzo &Lancaster 1979, Sasaki et al. 1986). Pro- 
tein catabolism and lipid reserves are  the primary 
energy source for both the postlarval and fifth Instar. Ad- 
ditionally, these instars are biochemically alike, having 
similar percent compositions of protein, carbohydrate 
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and hpid (Capuzzo & Lancaster 1979, Sasaki et al. 1986) 
Newly settled lobsters (V instars) have lower oxygen 
consumption rates than postlarvae (Capuzzo & Lancaster 
1979), however the relationship between metabolic rate 
and RNA:DNA ratios is not clearly understood. 

Benthic lobsters (wild. 1994 recaptures) had signifi- 
cantly lower growth rates than planktonic postlarvae 
in 1.994. Point Judith Harbor of Refuge is a well-mixed, 
shallow body of water subject to tidal flushing. Aver- 
age surface and bottom temperatures in the harbor 
were very similar (surface 19.2OC, bottom 19.g°C), thus 
the lower growth rates of benthic lobsters cannot be 
explained by temperature differences in this study 
area. A decrease in either the quantity or quality of 
ingested benthic prey could also result in lower growth 
rates of benthic juvenile lobsters. However, a variety of 
potential prey items [small crustaceans of the genera 
Cancer (newly settled), Caprella, Gammarus and Jassa 
and newly settled fish of the genus Tautogolabrus] 
were abundant in the benthic suction samples from 
both the wild benthic and recaptured lobster samples 
(M. J .  James-Pirri pers. obs.). 

If ample prey were available, the lowered growth 
rates may be a direct effect of behavior. Newly settled 
lobsters may have reduced foraging activity, which 
may be related to a shift in energy allocation or to 
predator avoidance. Hudon (1987) observed a sharp 
drop in the growth factor (percent incremental in- 
crease in CL) at the postlarval-fifth instar transition 
and suggested the decrease may be a result of more 
energy being allocated to searching for shelter than to 
forag~ng for food. Sasaki et al. (1986) proposed that 
lipid reserves stored during the postlarval instar (ac- 
counting for 3 to 5 d of metabolic reserves) might be 
used by the newly settled lobsters during shelter loca- 
tion and construction, allowing adaptation to a new 
way of life before feeding is a necessity. Recently set- 
tled lobsters (4 to 14 mm CL) have been defined as the 
shelter-restricted stage a.nd evidence suggests that 
they have limited foraging activities (Lawton & Lavalli 
1995). These individuals are highly cryptic and seldom 
leave the shelter of burrows (Barshaw & Bryant-Rich 
1988) In the laboratory, tifth instar lobsters spent sig- 
nificantly more time within the shelter of burrows than 
newly settled postlarvae (James-Pirri 1996). Newly set- 
tled lobsters are capable of surv~ving on limited forag- 
ing activities. While remaining within their shelters, 
they were capable of surviving and growing on plank- 
ton and showed no delay in molting frequency (Bar- 
shaw 1989, Lavalli 1991). Lawton & Lavalli (1995) sur- 
mised that, due to ineffectiveness of small claws in 
catching prey and vulnerability to predators when 
exposed, the shelter-restricted stage probably feeds by 
suspension feeding within the shelter and ambushing 
prey at the shelter entrance. 

Young juvenlle lobsters have been, assumed to trade 
off growth for ~ncreased survival by remaining within 
protective burrows limiting both foraging actinties 
and risk of predation (Wahle 1992, Wahle & Steneck 
1992). Newly settled lobsters are vulnerable to preda- 
tion by benthic fishes and crabs (Lawton and Lavalli 
1995). Predation has been hypothesized as the major 
mechanism enforcing the strlct association of the 
newly settled lobsters with shelters (Wahle & Steneck 
1992, Cobb & Wahle 1994). Potential epibenthic and 
benthic predators abundant in the study area included 
cunner (genus Tautogolabrus), sculpins (genus Myox- 
ocephalus), juvenile Homarus americanus (5 to 50 mm 
CL), crabs (genus Cancer) [4 to 50 mm carapace width 
(CW)], Hermit crabs (genus Pagurus) and spider crabs 
(genus Libinia). A Cancer crab tethering experiment 
conducted at the same time as this study in another 
area of the Harbor of Refuge indicated high predation 
mortality (50 to 60 %) of tethered crabs (5 to 20 and 25 
to 40 mm CW) (Clancy 1995). Additionally, a caged 
treatment (2.5 X 1.25 cm mesh) did not significantly 
alter mortality rates, indicating the presence of preda- 
tors small enough to enter the cages (Clancy 1995). 
The lowered growth rates observed in this study are 
supportive of the restricted foraging activity of newly 
settled lobsters. It cannot be determined if predator 
avoidance or a shift in energy allocation (from foraging 
to shelter acquisition) contributed more to this reduc- 
tion in growth rates. 

The laboratory reared lobsters used in the recapture 
experiments in 1993 had lower growth rates than the 
1994 recaptures that originated from wild stock. Ben- 
thic lobsters were sampled in 2 different years and 
were different instars (1993: V1 instar: 1994: V instar) 
and it is possible that the observed growth rates were 
the result of either inter-annual or instar differences. 
However, we believe it is possible that the postlarval 
source (wild vs laboratory reared) was responsible for 
the observed differences in growth rates. Laboratory 
reared larval lobsters, in general, differed dramatically 
from their wild counterparts. Laboratory postlarvae 
were typically smaller, had weaker exoskeletons, were 
hghter in color and had reduced growth rates com- 
pared to wild postlarvae (Lavalli 1991, Juinio & Cobb 
1994, M. J .  James-Pirri pers. obs.). Since nucleic acid 
analysis of postlarval and juvenile lobsters requires 
that the individual be sacrificed, it is not possible to 
know the growth rates of the laboratory reared lobsters 
before they were transplanted into the field. However, 
we can attempt to estlmate their growth rates based on 
feeding regime and previous laboratory studies. Under 
good conditions in the laboratory, postlarvae reared on 
the same diet (frozen adult brine shrimp ad  libitum) 
can add protein at a rate of 0.26 mg protein d-l (Juinio 
& Cobb 1994, Ennis 1995). We, therefore, can estimate 
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the growth rates of the tagged laboratory reared lob- 
sters prior to transplantation to the field at  approxi- 
mately 0.26 mg protein d-' The growth rates of the 
laboratory reared recaptured lobsters were much 
lower than this, averaging only 0.085 mg protein d- '  If 
our estimate is correct, it suggests that the growth rates 
of the laboratory reared lobsters decreased while they 
were in the field. In contrast, the average growth rate 
of the recaptured lobsters originating from wild stock 
was 0.281 mg protein d-l ,  suggesting that these lob- 
sters' growth rates increased while they were in the 
field ( ~ f  we assume the same 0.26 mg protein d-' esti- 
mate at transplantation). The cause of the low growth 
rates of the laboratory reared recaptured lobsters is 
unknown, but may be due to an inability of these lob- 
sters to either recognize or capture prey in the wild. 

Similar trends in RNA and DNA ratios have been 
observed in pueruli and juvenile Western rock lobster 
Panulirus cygnus (Lemmens 1995). In this species the 
puerulus is the transitory stage between the planktonic 
and benthic habitats (Phillips & Sastry 1980, Herrnkind 
et al. 1994). However, unlike the postlarval instar of the 
American lobster, the puerulus stage is a non-feeding 
stage; energy reserves accumulated in the phyllosoma 
(larval stage preceding the puerulus) are utilized in the 
puerulus stage (Lemmens 1994). The first juvenile 
stage after the puerulus is the first feeding stage 
(Phillips & Sastry 1980, Herrnkind et al. 1994). If forag- 
ing IS not associated with mortality, one would expect 
the first feeding juvenile stage to have higher growth 
rates than the non-feeding puerulus stage. However, 
Lemmens (1995) observed both the puerulus and juve- 
nile stages to have lower RNA:DNA ratios than the 
phyllosomata. The lowered growth rates in the first 
feeding juvenile stage is suggestive of a trade-off 
between foraging and growth in this species as well. 

Estimates of in sltu growth rates during the settle- 
ment period in other species have also been reported. 
In stone flounder Kareius bicoloratus, growth rates 
were higher for post-settlement luvenlles collected In 
April than for newly settled juveniles in March (Malloy 
et a1 1996). These authors suggested the higher 
growth rates could have been due to the larger juve- 
niles being able to forage on a wider spectrum of prey 
(Malloy et al. 1996). Alternatively, lowered growth 
rates of the newly settled flounders could be a result of 
a trade-off between foraging and mortality in this 
smaller stage. Lowered growth rates may be caused by 
predator avoidance, as newly settled flounders may 
spend more time buried in the substrate than larger 
juvenile stages. 

Lobsters that remain within their burrows may expe- 
rience a decrease in growth, however the reduced risk 
of mortality may greatly outweigh the consequences of 
reduced growth rates in the short term. Vulnerability 

of early benthic phase lobsters to predation has been 
observed to decline with small incremental increases 
in body size (Wahle & Steneck 1992). There may be a 
threshold body size at which, once reached, the risk of 
predation is greatly reduced. Once this threshold body 
size is reached, active foraging may begin and growth 
rates would increase. Indeed, increases in the growth 
factor have been observed in later juvenile stages (V1 
instar and older) (Hudon 1987, James-Pirri 1996). 
Therefore, as long as some grow occurs and body size 
increases, the consequences of slower growth out- 
weigh the risk of active foraging and exposure to pre- 
dation. 

We hypothesized that if newly settled lobsters trade 
off foraging for decreased risk of predation, growth 
rates should be lower for juvenile lobsters than for 
postlarvae. We found evidence to support this hypoth- 
esis; newly settled wild juvenile and recaptured lob- 
sters had significantly lower growth rates than plank- 
tonic postlarvae. Growth rates may be one of several 
factors influencing survival during the settlement 
period of the life history of the American lobster. 
Future studies should concentrate on the transitional 
period between the planktonic and the benthic habitat 
to further elucidate the factors influencing cohort suc- 
cess in this species. 
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