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Adult California spiny lobster {Panulirus interruptus) are described
as molting once or mere than once annually. We measured 815 heach-
castspiny lobster carapaces found along a 1.3-km section of San Nicolas
Island, California, in 1988 and 1989. Of these, 759 {93%) were found
during the months of August, September, and October, suggesting a
single annual molt for adult animals. The average size of a beach-cast
carapace was 79 mm carapace length {CL), compared with an average
size of 92.1 mm CL for 1000 animals captured live in the same area.

INTRODUCTION

Growth in the Palinuridae occurs at ecdysis (Aiken 1980). The rate of growth is
dependent on the molt frequency and the change in size per molt or growth increment.
Previous methods to define molt frequency in spiny lobsters include observed changes
in carapace condition over time (Mitchell et al. 1969), observations of molting in
captive animals (Lindberg 1955, Chittleborough 1976, Nair et al. 1981), and changes
in carapace lengths of marked and recaptured animals in the wild (McKoy 1985, Hunt
and Lyons 1986). Estimates of the growth increment in spiny lobsters have generally
been obtained from analyses of size distributions of captured animals (Mitchell et al.
1969, Chittleborough 1976) or observed changes in carapace lengths (CL) of marked
individuals in the wild (Chittleborough 1976, Newman and Pollock 1974, McKoy
1985, Annala and Bycroft 1985, Ebert and Ford 1986) or captive animals (Lindberg
1955, Chittleborough 1976, Nair et al. 1981). Although considerable variation exists
in documented molt-frequency in the Palinuridae (Aiken 1980}, palinurid lobsters are
recognized as following a common trend in decapod crustaceans of decreasing molt
frequency with increasing age (Aiken 1980).

The California spiny lobster (Panuiirus interruptus, Randall), occurs from
Magdalena Bay, Baja California Sur, Mexico, northward to Point Conception,
California (Shaw 1986, Holthuis 1991), and small isolated populations are reported
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as farnorth asthe Monterey Peninsula, California(Schmitt 1921). Effective management
of this recreational and commercially exploited resource requires accurate information
on basic life history parameters (e.g., growth rates). Molt frequency for adult
California spiny lobsters has been described as occurring once (Backus 1960, Mitchell
et al. 1969) and twice annuaily (Lindberg 1955). These differences in molt frequency
led to estimates of age at recruitment into the California fishery (83 mm CL) from 7
(Lindberg 1955) to 11 years (Mitchell et al. 1969).

The purpose of this study was to describe the temporal pattem of molting and the
size structure of a population of California spiny lobsters as indicated by beach-cast
carapaces along the shoreline of San Nicolas Island, California. The analysis of beach-
cast carapaces is a new approach to examining growth processes in the California
spiny lobster. To evaluate the technique, we compared the size class distributions of
beach-cast carapaces with a sample of live lobsters captured offshore.

METHODS

The study area consisted of 1.3 km of shoreline along the northeast side of San
Nicolas Island (Fig. 1). This section of shoreline was selected after several years of
observations of the seasonal occurrence of lobster carapaces similar to the patterns
described herein. Furthermore, offshore from this area were the sites used for the
collection of live lobsters (Bodkin and Kenner 1988). From August 1988 through
November 1989, we searched the study area at about two-week intervals during low
tide. Each lobster carapace was measured dorsally from the anterior margin of the
supra orbital groove to the posterior border of the cephalothorax, to the nearest mm
inlength (CL). Carapaces were ctushed following examination to preventresampling.

¥ Trapping locations

T km
soundings in fathoms

Figure 1. The study area at San Nicolas Island, illustrating coastal segment where carapaces
were collected (---), and lobster capture sites (*).
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Sex could not usually be determined because the exoskeletons were frequently
disarticulated.

In 1988 and 1989, live lobsters were captured around San Nicolas Island either by
hand or with traps similar to those used in the commercial fishery, except that no
escape ports were provided for sub-legal lobsters. We collected live lobsters by hand,
either free-diving or with the aid of SCUBA, during both day and night. Hand caught
lobsters were collected from two depth-sirata, the intertidal (< 3-m deep) and the
subtidal (between 3- and 15-m deep). Lobster traps were set at water depths between
5 and 15 m in areas that contained apparently suitable lobster denning habitat as
determined from visual observations while SCUBA diving. Traps were baited with
150-200 g of abalone trim (Haliotis sp.) or Pacific mackere] (Scomber japonicus).
Traps were pulled daily and re-baited. Captured lobsters were sexed, measured (CL),
marked andreleased. Thereproductive status of each captured fernale was qualitatively
assessed by the following categories; 1) recently deposited spermatophore present,
female had mated; 2) berried, extruded eggs present; or 3) non-reproductive, eggs or
recent spermatophore absent.

Comparisons of mean carapace lengths between beach-cast and live-caught
lobsters and between live-caught lobsters by method of capture were made with a two-
sample f-test. A significance level of 0.05 was established a priori.

RESULTS

We found and measured 815 beach-cast lobster carapaces during this study.
Recovered carapaces ranged in size from 34 to 153 mm CL (Fig. 2), with a mean size
of 79 mm. Mean carapace length did not differ between years (79 mm in 1988 and 80
mm in 1989). Carapaces were found during each month, except during March and
May. Most (759 of 815, 93%) were found during August, September, and October
(Fig. 3). Of the remaining 56 carapaces, 36 (64%) were found during November
surveys of both years. Although more than twice as many carapaces were found in
1988 as in 1989 (582 compared to 233), the temporal pattern of carapace deposition
was similar for both years (Fig. 3). In both years carapace recovery had ceased by late
November.

The smallest carapaces were usually recovered during the early part of the molting
period(x=72mmCL, SE=1.43,29 August 1988;x =68 mm CL, SE=1.82, 13 August
1989). The largest carapaces were found next (x =90 mm CL, SE =358, 26 September
1988; x = 88 mm CL, SE = 8.41, 27 Augunst 1989). Following this period when the
largest carapaces were recovered was an extended period when most carapaces were
found (50% in 1988 and 78% in 1989). These carapaces averaged from 76 mm to 83
mm CL per coliection period.

In 1988 and 1989, we captured 1,000 live lobsters (519 male:481 female) around
SanNicolas Island (Bodkin and Kenner 1988), while 1 57 lobsters were canghtby traps
{x = 89.1 mm CL, SE = 1.14}, 403 were captured by hand in the intertidal (x = 89.8
mm CL, SE = 1.33), and 440 were taken by hand in the subtidal {x = 96.1 mm CL, SE
= 1.43). The general trend in female reproductive status throughout“the year is
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Figure 2, Size-class distribution of 815 beach-cast and 1000 live-caught spiny lobster carapaces
at San Nicolas Island, CA, 1988-1989.
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Figure 3. The temporal distribution of beach cast-spiny lobster carapaces at San Nicolas Island,
CA, 1988-89.

presented in Fig. 4. During February and March, most females carried sperm packs,
followed by the presence of eggs in June and July and finally by a non-reproductive
period from August through November,

DISCUSSION

Inconsistent patterns of molt frequency are apparent in the Palinuridae. Annual
molting was described for adult Jasus tristani (Pollock and Roscoe 1977) and adult
female J. lalandii (Pollock 1986). Molting frequency was described as semi-annual
(Smith 1948, 1951) and more than once per year for large P. argus (Hunt and Lyons
1986). Adult /. edwardsii molt once per year and more than once per year, dependent
on location (McKoy 1985).

Molt frequency for adult California spiny lobsters, is described as occurring once
(Backus 1960, Mitchell et al. 1969) and twice annually (Lindberg 1955). Our results
suggest that within most size classes of P. inferruptus carapaces encountered during
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Figure 4, Annual reproductive cycle of female spiny lobster at San Nicolas Island, CA, as
indicated by carapace condition.

this study (>50 mm), molting occurs once per year at San Nicolas Island during the
months of August through October suggesting a large scale synchronous molt period.
Although carapaces were found throughout most months of the year, their low
frequency of occurrence may suggest they are not provided as part of the normal molt
cycle. We expect that some proportion of the population dies of natural causes, e.g.,
predation (Lindberg 1955), and becomes beach-cast throughout the year and suggest
that atleast some of the carapaces we encountered were aresult of mortality rather than
molting.

Temporal patterns of lobster carapace deposition onshore could reflect the relative
abundance of live lobsters offshore. However, observations of live lobsters directly
offshore from our study site since 1986 (Bodkin and Kenner 1988) indicate that,
although there are fluctuations, lobsters are relatively abundant throughout the year.

Mitchel et al. (1969) described a difference in the initiation and duration of molt
period by sex; male lobsters begin to molt about two months prior to females but
complete the cycle at about the same time, in late October. Lipcius (1986) described
a general pattern in palinurid lobsters in which younger (smaller) lobsters of both
sexes molied earlier than older amimals. The pattemns of carapace deposition we
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observed are consistent with these models (Fig. 2).

By analyzing size-class modes, Mitchell et al. (1969) reported growth increments
of 3.7mm CL formales and 4.4 mm CL for females. Lindberg (1955) reported annual
growth increments (two molts) of 2 ¢m in total length (about 6.5 mm CL/year). Engle
(1979) reported that juvenile lobsters grow to 56 mm CI, in two years. If we use an
annual melt after two years (56 mm) and growth increments of 3.2 to 4.4 mm, we
estimate age at entry into the fishery of 8-10 years (83 mm).

The mean size of beach-cast lobster carapaces was 79 mm CL, significantly
smaller than the mean size of 93.1 mm CL from 843 live lobsters captured by hand
around San Nicolas Island (P < 0.01) (Fig. 3). Reasons for this difference remain
unclear. Within the sample of 843 hand-caught lobsters, we observed a significantly
smaller mean size of 90.0 mm CL (SE = 1.26;) for animals captured in nearshore
waters less than 3 meters deep, as compared with a mean size of 96.2 mm CL (SE =
1.35;} for animals captured in offshore waters greater than 8 m in depth (P < 0.01).
This difference suggests that lobsters may be spatially segregated by size during the
molting period and that smaller animals occupy the nearshore in greater relative
abundance. However, this difference explains only a small portion of the total
difference between the beach-cast and live-caught samples. Additional explanations
for this difference may include decreasing the adult molt frequency to less than once
per year, after attaining some age or size, or more than one molt per season for smaller
animals. Hydrodynamic sorting of nearshore materials may favor the deposition of
smaller carapaces on shore, avian and/or terrestrial scavengers may select larger
carapaces of live capture methods may be unintentionally biased towards larger
animals.

Analysisofthe reproductive condition of 481 live female lobsters captured in 1988
and 1989 indicates that reproductive behavior at San Nicolas begins in late winter and
ends with the release of eggs late in the summer, followed by a molting period. This
reproductive pattern, followed by the occurrence of large numbers of beach-cast
carapaces, seems to support the conclusion of Mitchell et al. (1969) that ecdysis in
mature California spiny lobsters occurs in late summer and fall after completion of the
reproductive cycle.

Our results indicate a prolonged, single, annual molt cycle in California spiny
lobsters, extending from August through October at San Nicolas Island. The smailer
average size of the beach-cast carapaces compared to the live population offshore
suggests lobsters may be segregated by size and depth during the molting period.
Furthermore, a decreasing molt frequency in large lobsters may contribute to the
observed patterns. Differences in the sizes between beach-cast and hand-captured
samples needs further reconciliation before using beach-cast carapaces to describe the
size-class structure of the live lobster population,

In conclusion, the presence of beach-cast lobster carapaces seems useful in
describing temporal patterns of molting in the California spiny lobster. The U.S. Fish
and Wildlife Service (1987) predicted the elimination of commercial and recreational
lobster fisheries following the recent re-introduction of sea otters into the nearshore
waters around San Nicolas. The methods we describe may be useful for monitoring
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change in the size-class distribution and/or as an index to abundance of the lobster
population at San Nicolas Island over time. Similar methods may be applied
elsewhere, to facilitate the study of the population dynamics of this important
crustacean.

ACKNOWLEDGMENTS

This work was supported by the U.S. Fish and Wildlife Service, National Ecology
Research Center and Alaska Fish and Wildlife Research Center. Field work on San
Nicolas Island was supported by the U.S. Navy, Pacific Missile Test Center. Wethank
D. Bruden, M. Fedorke, E. Halliday, C. Gramlich, M. Kenner, B. Marinovic, T.
Murphey, and C. Robles for their contributions. J. Garth, A. Havens, M. Kenner, C.
Robles, E. Rockwell, G. VanBlaricom and two anonymous reviewers provided
valuable review of the manuscript.

LITERATURE CITED

Aiken, D.E. 1980. Molting and Growth. Pages 91-163 in 1.S. Cobb and B.F. Phillips, eds. The
Biology and Management of Lobsters, Vol. 1. Academic Press Inc. New York, N.Y.

Annala, I.A., and B.L. Bycroft. 1985. Growth rate of juvenils rock lobsters (Jasus edwardsir)
at Stewart Island, New Zealand. N. 7ealand J. Mar. and Freshwater Res. 19:445-435,

Backus, J. 1960. Observations on the growth rate of spiny lobster, California Dep. of Fish and
Game, Marine Resources Technical Report 10. 98 p.

Bodkin, J.L., and M.C. Kenner. 1988, Demography of the spiny lobster (Panulirus interruptus)
atSan Nicolas Island. Pages 7592 in Proc. Fifth Biennial Mugu Lagoon/San Nicolas Island
Ecological Research Symposium. Naval Air Station, Point Mugu, CA.

Chittleborough, R.G. 1976, Growth of juvenile Panulirus longipes cygnus George on coastal
reefs compared with those reared under optimal environmental conditions. Aust. J. Mar.
Freshwater Res. 26:177-196.

Ebert, T.A., and R.F. Ford. 1986. Population ccology and fishery potential of the spiny lobster
(Panulirus penicillatus) at Enewetak Atoll, Marshall Islands. Bull. Mar. Sci. 38:56-67.

Engle, 1.M.1979. Ecology and growth of juvenile Californiaspiny lobster Panulirus interruptus,
(Randall). Ph.D. diss. University of Southern California. 298 p.

Holthuis, L.B. 1991. Marine lobsters of the world. FAO Fisheries Synopsis. No. 125, Vol. 13,
Rome, FAQ. 292 p.

Hunt, 1.H., and W.G. Lyons. 1986. Factors effecting growth and maturation of spiny lobsters
(Panulirus argus) in the Florida Keys. Can. J. Fish. Aquat. Sci. 43:2243-2247.

Lindberg, R.G. 1955. Growth, population dynamics, and field behavier in the spiny lobster,
Panulirus interruptus (Randall). Univ. of California, Publ. in Zoology 56:157-248.

Lipcius, R.N. 1986. Size dependent reproduction and molting in spiny lobsters and other long-
lived decapods. Pages 129-148 in A.M. Wenner, ed. Factors in adult growth, Crustacean
Issues, Vol. 3. Rotterdam: A A. Balkema.

McKoy, J.L. 1985. Growth of tagged rock lobsters {Jasus edwardsii}ncar Stewart Island, New
Zealand. N. Zealand 1. Mar. Freshwater Res. 19:457-466.

Mitchell, C.T., C.H. Tumer, and A.C. Strachan. 1969. Observations on the biology and
behavior of the California spiny lobster (Panulirus interruptus) (Randall). Calif. Fish and
Game 55:121-131.



144 CALIFORNIA FISH AND GAME

Nair, R.V., R, Soundararajan, and G. Nandakutnar. 1981. Observations on growth and moulting
of spiny lobsters (Panufirus homarus), (Linnaeus), (P. ornatus), {Fabricus), and (P.
penicillatus), (Oliver) in captivity. Indian J. Fisheries 28:25-35.

Newman, G.C., and D.E. Pollock. 1974. Growth of the rock lobster Jasus lalandii and its
relationship to benthos. Mar, Bicl. 24:339-346.

Pollock, D.E. 1986. Review of the fishery for and biology of the Cape Rock Lobster (Jasus
lalandii) with notes on larval recruitment. Can. J. Fish. Aquat. Sci. 43:2107-2117.

Pollock, D.E., and M.J. Roscoe. 1977. The growth and moulting of crawfish (Jasus tristani)
at Tristan de Cunha, South Atlantic. J. Cons. Int. Explor. Mer. 37:144-144,

Schmitt, W.L. 1921. The marine decapod crustacea of California. Univ. of California Publ. in
Zoology 23:1-470.

Shaw, W.N. 1986. Species profiles: life histories and environmental requirements of coastal
fishes and invertebrates (Pacific Southwest} --spiny lobster. U.S. Fish and Wildlife
Biological Report 82(11.47). U.S. Army Corps of Engineers, TR EL-82-4. 10 p.

Smith, F.G. W. 1548. The spiny lobster industry of the Caribbean and Florida. Caribbean
Research Council, Fishery Service. 49 p.

. 1951. Caribbean spiny lobster investigations. Pages 128-134 in Proc. of 3rd annual
Gulf and Caribbean Fisheries Institute.

U. 8. Fish and Wildlife Service. 1987. Final etivironmental impact statement: translocation of

southem sea otters. Vol 3:111-6. U.S. Fish and Wildl. Serv., Ventura, CA.53 p.

Received: 18 June 1992
Accepted: 29 September 1992

93 54240



