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An Annotated Bibliography of Capture and Handling Effects
on Crabs and Lobsters

Margaret C. Murphy and Gordon H. Kruse

AssTRACT: An annotated bibliography of 159 references was compiled to document adverse fishery capture and
handling practices and their effects on crabs and lobsters. Relevant literature was located through computer searches
and review of citation sections of topical references and tables of contents from published journals. References
selected for inclusion in the bibliography focus not only on how capture and handéicigcadfbs and lobsters but

also impacts caused by lost gear and ghost fishing. References on tagging effects and historical and comprehensive
treatments on the physiology of molting, growth, autotomy, and limb regeneration were not inclutieatiéhg

were arranged alphabetically by author. Abstracts were included waitabée;, otherwise a short synopsis was
provided. References were indexed by keywords describing causative mechanism, resulting effect, species, and
major geographic area to provide easy access by subject. The bibliography is believed reasonably complete through
1993, although it excludes some older references considered out of date.

INTRODUCTION Investigations on Dungeness crabancer magister
along the U.S. Pacific coast show the effect of shell

Fishing effects on nonretained crabs and lobstersondition on the magnitude of handling injuries and
are a major concern for fishers, fishery researchersesultant mortality. Work has been initiated on com-
and managers. Injury, limb loss, and mortality aremercially valuable species in the Gulf of Alaska and
immediate results of capture and handling. Long-ternBering Sea. However, bycatch of commercial popula-
effects include reduced growth, increased intermolions of crabs in trawl and pot fisheries and associated
period, egg loss, increased susceptibility to predatiorinteractions with gear generally have been overlooked
failure to successfully molt, reduced foraging capauntil recently. Managers now recognize that sorting
bility, and mortality. Each of these leads to somend discarding nonretained catch over many years may
reduction in fishery productivity. Impacts can varyplay a significant role in reproductive success and
depending on an animal’s molt stage, migration activfuture harvests. Since 1991 fisheries under the juris-
ity, size, sex, diet, reproductive state, and abundanceiction of a U.S. federal fishery management plan
These impacts can be compounded by environmentébMP) have required that managers estimate total
factors that increase the animal’s sensitivity to stresnortality to prevent overfishing (U.S. Government
sors, such as disease or recapture and added handliRginting Office 1989). However, managers have found

It is critical to account for all sources of mortality that fulfilling this mandate for FMP crab stocks is com-
if sustained yield management is to be effective. Sigalicated by a lack of quantitative estimates of handling
nificant progress has been made to identify, quantifynortality, a component of total mortality.
and ameliorate handling and capture mortalities for The purpose of this report is to compile references
Australian and New Zealand rock lobstd?anulirus  that document fishery capture and handling practices
cygnusandJasus edwardsiin the United States, ex- and their effects on crabs and lobsters. These references
tensive studies have been completed on the effect should assist researchers in design, implementation,
handling on American lobsteromarus americanus and analysis of studies on effects of handling and
and declawing on blue cral§3allinectes sapidus capture. A total of 159 references are included.

Authors: MarcaAReT C. MurpHY is the statewide shellfish biometrician anokR6on H. Kruseis the marine fisheries scientist for

the Alaska Department of Fish and Game, Commercial Fisheries Management and Development Division, P.O. Box 25526,
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Most references report on the direct effects of interac- BIBLIOGRAPHY

tions between fishing gear and animals, such as

retention of nontarget animals, ghost fishing, rate ofi..  Aiken, D.E., and S.L. Waddy. 1985. Production
limb loss and mortality, or other injuries. Remaining of seed stock for lobster culture. Aquaculture
references concern studies of injuries documented in  44:103-114.

fisheries but inflicted in a laboratory to study result-

) : Kevyworps. American lobster, Canada, fecundity,
ing detrimental effects.

handling, laboratory experiment, es, temperature

AssTRACT. “Methods for production of larval lobsters
METHODS from wild brood stock have been developed and refined
during several years of operation of a small lobster
References were located using computer searchealture facility. It is now possible to obtain reliable
and reviewing citation sections of topical publicationsyear-round production of larval lobsters from pre-
and tables of contents from published journals. Refeevigerous females obtained in spring from the
ences were selected from professional publications are@mmercial fishery.” [Reprinted with permission from
government agency reports accessible through 199Blsevier Science B.V., Amsterdam, The Netherlands.]
A few references published in 1994 were also included.
Reference selection criteria were broad, only requiro aAjken, D.E., and $.. Waddy.1986. Environmen-
ing documentation of the effects of capture or handling tal influence on recruitment of th&merican
on either crabs or lobsters. References on tagging lobster,Homarus americanus a perspective.
effects were excluded from the bibliography, as were Canadian Journal of Fishies andAquatic
studies on the physiology of autotomy, molting, Sciences 43:2258-2270.
growth, regeneration (€.g,, Bliss 1960; Kurata 1962|;<EYWORDSC American lobster, environment, handlin
Skinner 1984), and adaptive significance of regenera; . ent stress tempera’ture : 9
tion (Needham 1953). The reader is encouraged t0o ’ ’
consult these noted treatises when seeking backgrouAgsTracT. “Heredity determines the biological limits
on detailed physiological mechanisms and respons&gthin which an organism can function, and environ-
often triggered by damage resulting from handling anehent determines whether those biological limits will
capture. be reached. When they are, biological processes
An abstract was included when permission tegssential to the recruitment cycle begin to fail, and
reprint was granted by the author or publisher withouf€cruitment to subsequent life stages is adversely
a fee. A synopsis was written when no abstract wadffécted. The American lobstéfomarus americanuys

available. Synopses generally covered study Objectivé\g(periences a spectrum of e_nvironmental forces within
and results. its natural range. The most important among these are

References are listed alphabetically by principaFemper""t“.Ire 'and disease. These, plus anthropogenic
author and sequentially numbered for indexing by ke changes, fishing pressure, and several factors with local

words. Keywords identify causative mechanism 2" short-term impact, can cause stress, which is

resulting effect, species, and major geographic areg.umulatlve and de_bllltatlng. These factors _comblng to
fluence spawning, egg attachment, incubation

Several keywords are used to describe a continuum Igrtccess hatching, larval development, growth
subjects as followsbycatchrefers to nonretained spe- maturity,’ reproducti’ve capability, and gebgraphic’

cies or discards in trawl, trap, pot, and rake fisheriegjistribution of the animal — major elements of the
exposurameans exposure to air, wheréasiperature  o.ryitment cycle.”

is used for conditions in watdéhumination includes
reference to photoperiod and light intensityjury is
used as a synonym for damagex/size effectsan be
interpreted as having to do with an animal’s sex, size,
or both;ghost fishingefers to capture, retention, and
death of animals in lost gear (Sutherland et al. 1983Kevworps Alaska, catch statistics, handling,
andlost geardocuments the number of units lost orhistorical reference, mark recapture, mortality, red king
rate of loss. crab, shell condition

3. Alaska Fisheries Board and Alaska Department
of Fisheries. 1954. King crab. Pages 3443
Annual report 6. Juneau, Alaska.
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Synopsis  An historical review of the domestic and 6.  Ary, R.D., Jr., C.K. Clelmer, K. Bartell, and M.A.
foreign commercial fisheries for king crab in Alaska, Poirrier. 1987. The effects of chelotomy on molt-
including early catch statistics, is presented. Handling ing in the blue cral§allinectes sapiduslournal
mortality of females during the softshell period is of Shellfish Research 6:103-108.
documented. Notes on the life history and initial

attempts to tag king crab are also discussed. KEYwoRDS Blue crab, chelotomy, growth, laboratory
experiment, molt cycle

4.  Anonymous. 1980. The fate of undersized rockABsTrRACT. “Cheliped removal was studied as a pos-
lobsters returned to the seae$tern Australia Sible means of inducting and synchronizing ecdysis in
Department of Fisheries and Wildlife. The Fish-juvenile (40—-100 mm) blue cralg3allinectes sapidus
ing Industry News Service 13(1):10-12, Perth. Experiments were conducted in closed, recirculating

K Australia. displ ¢ h seawater systems. In experiment I, chelotomy was
EYWORDS AuSlralia, displacement, €scape mechasy, g, ceqd in crabs for which the time period from the
nism, exposure, fishermen behavior, hypoxia, mar'é

: . . st ecdysis was unknown and assumed to be random.
Irggztpetrure’ mortality, physiology, sorting, western rOCI(ln this experiment, chelotomy did not significantly

shorten the mean time to ecdysis, but it did reduce the
Svnopsis  Effects of differing levels of exposure on variance of the individual times to ecdysis as compared
juvenile rock lobsters were investigated using a markto controls of similar size. This synchronization effect
recapture experiment at sea. Animals exposed favas attributed to chelotomy and limb regeneration
5 min had a 30% recapture rate, whereas only 10% dklaying molt in crabs which were approaching pro-
the animals exposed 30 min were caught again. Effecégdysis and accelerating molt in crabs with some physi-
of dehydration on respiration, oxygen supply, antlogical preparation for ecdysis. In experiment I,
growth are discussed. Tag rate returns for animalkshelotomy was induced in crabs five days after ecdysis.
released in their home range and those displaced digesults showed no significant difference in the molt
not differ. Recommendations to reduce mortality ofnterval between these crabs and the intact controls.
nonretained rock lobsters included immediate sortinghe |ack of molt acceleration was attributed to chelo-
of catch, using a spray system to keep animals wefgmy not affecting very early intermolt crabs because
and modifying the pot escape gap to reduce retentiafey have minimal physiological preparation for
of juveniles. ecdysis.
“Chelotomized crabs increased in carapace width

5.  Anonymous. 1981. Handling techniques costingin average of 16.9% in experiment | and 18.0% in
western Australia rock lobster fishermen abougXperiment I, compared to a 21.6% and 20.5%
$3.2 million a year. Western Australia Depart-increase for intact controls. The regenerated cheliped
ment of Fishdes and Wdlife. The Fishing length in chelotomized crabs increased an average of
Industry News Service 14(2):3-5, Perth. 5.1% and 5.4% in the respective experiments,

. . .. compared to a 23.1% and 21.5% increase in controls.”
Kevyworbps Australia, economics, exposure, fecundity,

fishermen behavior, pressure changetisgr;, western
rock lobster 7. Barnett,H.J., and four coauthat973. The over-

. . land shipment of live Dungeness crabs b
SyNopsis Summaries of previous work on rock lobster P g y

: . self-contained van. Marine Fisheries Review
exposure are discussed. Percentage of fishermen 35:18-24
employing 4 different sorting techniques for juvenile ' '
lobsters and amount of time taken to complete the soktevyworps Dungeness crab, exposure, mortality,
are tabulated. Results of an experiment on the effegtansport
of exposure on egg survival in berried females showed o ,
percentage of dead and empty egg cases increag®BSTRACT. “The concept of delivering live Dunge-
moderately with the incubation period in animalsness crabs to out-of-the-way markets by truck has been
exposed 15 min or less. Animals exposed 30 migonsidered from time to time. Because it is difficult to
demonstrated a dramatic increase in the percentageksfep the crabs alive beyond 1 or 2 days out of their
dead eggs and empty egg cases after 10 d incubatigratural environment, the idea has never proven to be
Little effect on egg development was noted for onavorkable. Described here are the results of laboratory
group of animals subjected to pressure changes througkperiments to develop such a method. The most
10 gear pulls from 24 fathoms of water. successful laboratory method — designed around
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a system of vertically stacked trays fed by recirculated,0. Beers, D. 1991. A summary of data contained in

chilled seawater — was scaled up and field tested. In  the mandatory crab observer database. Alaska

two over-the-road tests, one lasting 3 days and the other  Department of Fish and Game, Division of

4 days, crab losses averaged less than 10 percent.”  Commercial Fisheries, Regional Information
Report 4K91-14, Kodiak.

8. Barry, S. 1981. Coastal Dungeness crab studyc,\orps Aleutian Islands, Bering Sea, blue king
State of Washington, Department of Fisherieg, ., pycatch, catch statistics, fecundity, observer,

Project Progress Report, Project Number ; :
1-135-R (3), October 1, 1979 to September 3o|,oots, red king crab, sex/size effect, Tanner crab

1980. Svnopsis Data from all observed vessels participat-
ing in commercial fisheries for king and Tanner crabs
in the Bering Sea andAleutian Islands are summarized.
Catch per unit effort by size category of the target
Svnopsis  Dungeness crabs with intermediate shelspecies and bycatch of other species of crab and fish,
hardness were subjected to simulated commercidééngth frequency distributions by sex of the target
handling and placed in holding pots with escap&pecies, and percent egg-clutch fullness are presented
openings wired shut. The softshell mortality in 5 trialsfor each fishery.

of 5-9 crabs each ranged from 11.1% to 50.0%.

Keyworps Dungeness crab, handling, mortality, shell
condition, Washington

11. Bennett, D.B. 1973. The effect of limb loss and
9. Barry, S. 1984. Coastal Dungeness crab study.  regeneration on the growth of the edible crab
State of Washington, Department of Fisheries Cancer pagurud.. Journal of Experimental

Project Progress Report, Project Number  Marine Biology and Ecology 13:45-53.
1-167-R (3), October 1, 1982 to December 30, )
1983. Keyworbps Autotomy, chelotomy, edible crab, growth,

, laboratory experiment, molt cycle, North Sea, United
Kevworps Dungeness crab, gear loss, handling, meakingdom

yield, molt cycle, mortality, pots, shell condition,
Washington ABsTRACT. “Male and female crab£@ncer pagurus
L.) were subjected to various limb loss treatments to

AesTracT. “Shell condition sampling at canneries andyetermine the effects of limb loss and regeneration on

at sea indicated heavy molting activity in the ocea P . :
occurred late July and earlyugust of 1983. An rE)ody growth and timing of moulting. Compared with

unprecedented high level of summer fishing efforgo limb loss, severe limb loss (2 chelae or 6 legs

; moved) caused a reduction of the increment in cara-
gﬁcggsti'n;rg‘:r (éommerual Sport seasons were clos %ce width at moulting by up to 25%. Less severe limb

“Fishing effort during the 1981-1982 SeasonIoss marginally reduced body growth. Depending upon

declined sharply compared to recent seasons due {3 lime in the moult cycle of autotomy, limb loss,
decreased crab abundance. Fishermen lost an estimab&jticularly when severe, appeared initially to inhibit
4,250 pots during the 1981-1982 season — 14% gpoulting, or to stimulate ecdysis so that the treatment

the estimated total number of pots used during thigPlicates all moulted within a short period. The
season. Most fishermen supported a regulatioﬁ‘c'den,ce of chelae loss in the crab stocks in Norfolk,
proposal to require pots to be rigged in a manner whickorkshire and Devon was approximately 10%.
would enable crabs to escape from lost pots. “It would appear that within a population the
“Experiments clearly indicated mortality due to reduc_tlon_ln body growth and any initial |nh|b|t|(_)n of
the handling crab are subjected to in the commercidnoulting is counteracted to some extent by stimula-
fishery is related to their shell condition. The mortal-tion of moulting. Although the effect of limb loss and
ity rate for soft shelled crab (Grade IlI) in our experi-regeneration on the growth rate@fpagurushas not
ments was 11.3% and is considered to be a minimulpeen quantitatively determined, it is unlikely to be a
estimate of the mortality occurring under actual comfactor greatly affecting the determination of growth
mercial conditions. for a yield assessment. The process of commercially
“The results of analysis of weight-width dataremoving claws or legs and returning the crab to the
indicated this type of work will not provide an sea to regenerate new limbs is not recommended.”
improved field method for assessing crab meat cond[Reprinted with permission from Elsevier Science
tion.” B.V., Amsterdam, The Netherlands.]
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12. Blackburn, J., and D. Schmidt. 1988. Injury andKevyworbs British Columbia, Dungeness crab, field
apparent mortality rates from incidental trawlevaluation, ghost fishing, trap

catches of halibut, king crab and Tanner crab "A e _
the Kodiak areal977-81.Alaska Department /‘BSTRACT. This is a preliminary report o_f a study to
of Fish and Game. Division of Commercial 9€termine whether lost crab traps continue to catch

Fisheries, Regional Information Report 4kg8g-and Kill crabs Cancer magistgr Direct underwater
21 Kodiak. observation of lost crab traps suggests that traps retain

the capacity to fish for a considerable time, and that
Kevworos Halibut, injury, Kodiak, mortality, red king they do catch crabs as long as they are able. Direct
crab, shell condition, Tanner crab, trawl observations of stimulated lost traps shows that lost
Synopsis  Observations on the condition of redtra_ps continue to fish, but at a lower rate than freghly
king crabParalithodes camtschaticalanner crab Paited traps, for at least several weeks from the simu-
Chionoecetes bairdiand halibutHippoglossus lated Ioss. These studies show that deaths within traps
stenolepisby Alaska Department of Fish and Game"’_‘nd_ contmuog; entrance and escape make the actual
observers on domestic trawl vessels fishing irfiShing rate difficult to determine except by closely
the Kodiak area are summarized. A total of 221 haufgPaced underwater observations.
were evaluated from 1978 to 1981 for species compo-

sition and prohibited species. Mortality of hardshelljg Breen, P.A. 1987. Mortality of Dungeness crabs

king crab averaged 1.2% overall. Mortality of soft- caused by lost traps in the Fraser River estuary,
shell red king crab in 10 hauls ranged from 10% to  pyitish Columbia. North American Joumal of
50% and averaged 21%. Mality of Tanner crab Fisheries Management 7:429-435.

averaged 12.6% with the exclusion of one haul with

1,000 pounds of juvenile Tanner crab where mortalit)<eyworps  British Columbia, Dungeness crab, field
was high. The mortality of halibut over all hauls wasevaluation, gear loss, ghost fishing, mortality, trap
21%. There was no significant seasonal trend i o
presence of dead halibut or Tanner crab in catcheSBSTRACT: “The |oss of Dungeness crabancer
During the 4-month period from February 15 througn@giSterto ‘ghost fishing’ (mortality caused by lost
June 15, 19% of the king crabs captured were dedffPs) was estimated from catches and mortalities in

compared to 0.9% the remaining months of the yearlO Simulated lost tygs. Traps were origally baited
and then left in place for 1 year at a 10-m depth in

Departure Bay, British Columbia. Divers examined the
13. Bowerman, J.H., Jr, L.D. Bartlett, and L.W.{raps at intervals and tagged all the crab caught. In a
Schaeffer.1983. A bibliography ofking  year, the traps caught 169 Dungeness crabs, which were
(Lithodes; Paralithode and “Tanner” jearly all males, and about half of which died. Mor-
(Majidae; Chionoecetgscrab references. U.S. %r;llity rates of legal and sublegal size crabs were nearly
Department of Commerce, National Oceanic anghe same. At the end of the study, the traps were all in
Atmospheric Administration, National Marine 444 condition and continued to catch crab. | also
Fisheries Service, Northwest and Alaska Fisherggtimated an annual trap loss rate of 11% from a ques-
les Center Processed Report 83-17, Seattle. tionnaire of crab fishermen in the Fraser River estuary.
Kevworps Bibliography, blue king crab, red king From the estimated number of traps fished, loss rate,
crab, snow crab, Tanner crab mortality rate per trap, and other values, | estimated
that loss to ghost fishing might be equivalent in weight
. 10 7% of the reported catch in the Fraser River District.
14. IBowem;]an, ‘]'fH" afnd B.R. Melteff. 1r?84'A blb'This estimate is not directly applicable to other areas,
é?]?(;r?gec)éteosunri\?e(resri(teyngfja;kg éaﬁba%ekgusbut it is recommended that crab fishery management
Alaska Sea Grant Report 84-7 '’ agencies develop and test inexpensive technigues, as
' well as regulations, that will prevent crab mortality

Keyworps: Bibliography, snow crab, Tanner crab  from lost traps.”

15. Breen, P.A. 1985. Ghost fishing by Dungenes$7. Breen, P.A. 1990. A review of ghost fishing by
crab traps: a preliminary report. Canadian Manu- traps and gillnetsin R.S. Shomura and M.L.
script Report of Fisheries and Aquatic Sciences Godfrey, editors. Proceedings of the Second
1848:51-56. International Conference on Marine Debris, U.S.
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Department of Commerce, National Oceanic andKeyworps Australia, displacement, exposure, field
Atmospheric Administration, National Marine evaluation, laboratory experiment, limb loss, mark

Fisheries Service, NOAA-TM-NMFS-SWFSC- recapture, mortality, predation, western rock lobster

154, Honolulu. .
ABsTRACT. “The rock lobster fishery of western

Kevworps  Ghost fishing, gillnet, literature review, Australia is one of the largest of its kind; its average
trap catch in the years 1974/75 to 1981/82 was almost

AssTracT.  “Ghost fishing occurs when lost fishing 10000 tonnes. The fishery has been stable for many
gear continues to catch and kill animals. This papeYearS’ largely by virtue of license limitation and other
reviews what is known about ghost fishing in trap andn@nagement measst Among the regulatory mea-
gillnet fisheries, how the information was obtained angures is a requirement that all traps used in the fishery
how it has been used, how ghost fishing can be pr&2?ust be furnished with escape gaps and another
vented, and what regulatory approaches have beégduires fishermen to return to the sea all undersize
taken to address the problem. Some standard terd@Psters that enter the traps, but fail to escape and
are proposed to prevent Confusion. Consequently al’e brought on board the f|Sh|ng boat
“Ghost fishing by traps can occur through severayvhen the trap is lifted. _
mechanisms. The problem is serious in several fisher- “Despite the presence of the escape gaps, consid-
ies, minor in at least one, and remains unexamined féable numbers of undersize lobsters are brought
the majority of trap fishées. Tmed-release devices aboard; the number is estimated to be some 16 to
are simple, inexpensive, and effective at preventing0 million in each season. Moreover, it has been
ghost fishing by opening the trap some time after los&stimated that about a quarter of these retained under-
In all Dungeness crab fisheries, such devices argize lobsters remain on board for 10 min or more, and
required in crab traps, and other regulations attemsome have been observed to remain on board for more
to minimize trap loss. In the American lobster fisherythan two hours.
only Connecticut and Maine address ghost fishing, “Studies were therefore undertaken to ascertain
which is known to be a problem. Ghost fishing by trapsvhether this capture-and-release experience was in fact
is poorly recognized as a problem outside Nortltausative of mortality. Laboratory experiments on
America. animals exposed in direct sunlight resulted in an
“Ghost fishing by coastal gillnets has been docuexpected time for 50% mortality of 99, 158, and
mented in several locations and may persist for severaB3 min with increasing temperature compared with
years. For large pelagic gillnets the limited evidence, time of 387 min for animals exposed under shade.
suggests that lost nets form tangled nonfishing masses. “Behavioral observations showed that as exposure
More work, both descriptive and experimental, istime increased, returned animals exhibited a decreas-
required to document the nature, extent, and persigg rate of descent through the water column, a de-
tence of ghost fishing by gillnets, especially by pelagiGrease in the percentage of active animals and increased
gillnets if their use continues. o loss from predators. In addition, in ten laboratory
_“ltiis not clear how to prevent ghost fishing by experiments on octopus predation, octopus predated
g|"nets. Preventative measures Suggested to date mldﬁi:injured animals exposed for 15to 30 min’ despite a

be examined for possible side effects.” recovery period of 3.5-5.5 h, but not on unexposed
animals.
18. Breen, P.A., and J.L. McKog988. Ananno- “Four tagging operations with over 7000 under-

tated bibliography of the red rock lobstlrsus ~ Size animals resulted in a significant decrease in
edwardsiiin New Zealand. New Zealand Fish- recapture rates by commercial fishermen with increas-
eries Occasional Publication 3, Wellington.  ing exposure times. Damage (number of appendages
lost) incurred by the rock lobsters and displacement
beyond the home range were also generally found to
reduce the recapture rates significantly. The combina-
tion of all these factors resulted in an estimated reduc-
19. Brown, R.S., and N. Caputi. 1983. Factordion in recapture rate of 14.6% in the 1978/79 fishing
affecting the recapture of undersize western rockeason and after taking into account natural mortality,
lobster Panulirus cygnusGeorge returned by this would have resulted in a loss of $A6.4 million to
fishermen to the sea. Fisheries Research 2he fishery.” [Reprinted with permission from Elsevier
103-128. Science B.V., Amsterdam, The Netherlands.]

Kevyworps: Bibliography, New Zealand, red rock
lobster
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20. Brown, R.S,, and N. Caputi.. 1985. FactorKeyworps Australia, displacement, escape mecha-
affecting the growth of undersize westem rocknism, field evaluation, handling, mortality, recruitment,
lobster Panulirus cygnusGeorge, returned by western rock lobster

fishermen to the sea. Fishery Bulletin .
83:567-574. ABsTrAcT: “The western rock lobsteiPénulirus

. . ~cygnu3 fishery is one of the largest rock lobster
Kevworos - Australia, displacement, exposure, fieldfisheries in the world with an average catch (197475

evaluation, growth, handling, laboratory experiment, 1983-84) of 10 million kg. On average, 18 million

Ir'g;ﬁ I|g?35§t$ark recapture, molt cycle, sorting, westem,,yersize rock lobsters (sublegal size) are caught,

handled, and returned to the sea each season despite
AssTrRACT. “The western Australian fishery for the the release of many through mandatory escape gaps
western rock lobsteRanulirus cygnusyielded about in the traps. Depending on the handling procedure,
12,400 t, valued at $A100 million, in 1982-83. It isundersize rock lobsters experience various degrees of
the largest single species fishery in Australia and onexposure, displacement, and damage which adversely
of the largest rock lobster fisheries in the world. — affect their survival and growth. Laboratory, field, and

“During a season, between 16 and 20 milliontagging experiments showed that handling produced
undersize rock lobsters are brought aboard the vessglsmortality rate of 14.6% that costs the industry in
by normal fishing operations, despite the escape gaggcess of $A13 million per season (1984-85 values).
in _aII professional and arteur pots.All undersize  ap education program has resulted in improved
%n;Tg‘ésmmHSSrt] ?r?isr?ttlfjc:gﬁ?rg%f:as?eev(/nr]neiﬂJ?etshteo Sh%%’rts)Hto\ndling of undersize rock lobsters, and trials have
dependin% on the sorting technique used. The neg hown that by increasing the size of the escape gap,
tive effects of handling on the survival of the under-. < number of und0er3|z¢ rock lobsters handled can be
size lobsters have been previously reported, but anothre‘!aroIuced by 40-60%. T_h|s would resu_lt Ina §|gn|f|cant
important aspect is the effect of handling (damagegnhancement of recruitment to the fishery.
exposure, and displacement) on the growth rate of

returned undersize rock lobsters. 22. Brown, R.S., and C.Dibden. 1987. A re-
~ “Two laboratory experiments showed that growth examination of the techniques used for handling
increments at the first molt after air exposure was  ndersize rock lobster. Fisheries Department
significantly reduced, and in one of the experiments it of Western Australia Report Number 78, Perth.
was also significantly reduced for the second molt after
exposure. Kevyworps Austalia, field evaluation, fishermen
“Three field tagging trials were conducted with behavior, handling, sting, western rock lobster
6,700 undersize rock lobsters. One trial showed that . .
exposure had a significant detrimental effect; the othepYNOPSIS Rock lobster fishermen in western Austra-
trial in which exposure was tested, there was a negd@ underwent intensive education to alert them of the
tive, but not significant, trend. Damage (number offfects of poor handling practices on undersize animals.
appendages lost) and displacement from the hom@&vo recommended sorting methods and the propor-
range significantly reduced the growth increment irfion of fishermen using each method were evaluated
each of the three taggingatis. The growth increment in this study and compared to previous sorting
of damaged animals was inversely proportional to théechniques. Potential sources of bias in study results
number of appendages lost by the animal with sizeare discussed. Undersize lobsters were handled within
ranging from 0.33 to 0.48 mm smaller per appendagé5 min 87.5% of the time compared to 65% of the
missing. The losses to the fishery and other associatéithe before the education program. Less than half
problems caused by the reduced growth of the unde47.8%) of those fishermen sampled were sorting
size lobsters are discussed.” directly from the pot or after each pot, the 2 recom-
mended sorting methods that minimize mortality.
21. Brown, R.S., and N. Caputi. 1986. Conservatiod N€ remaining fishermen (52.2%) used a method that
of recruitment of the western rock lobstercould cause significant mortality. Sorting rates of the
(Panulirus cygnusby improving survival and 2 groups may be similar when catch rates are low.
growth of undersize rock lobsters captured andlowever, when catch rates are high, the continuous
returned by fishermen to the sea. Canadiasorting method cannot keep up with the constant
Journal of Fishees and Aqutic Sciences addition of more animals resulting in longer exposures
43:2236-2247. and potential mortalities.
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23. Butler, T.H. 1967. A bibliography of the Dunge- 16.7% in 1991 to 39.6% in 1992. The number of legal
ness crab,Cancer magisteDana. Fisheries red king crabs per pot declined from 12 crabs per pot
Research Board of Canada, Technical Report In 1991 to 6 crabs per pot in 1992. The overall rate of

handling-induced injury in red king and Tanner crabs

was quite high in 1992 relative to the previous year,
but this was attributed to more rigorous examination
on the 1992 charter.

24. Byersdorfer, S., and L.J. Watson. 1992. A sum-

mary of biological data collected during the 199]"26 C \~lai
: : : . arls, M.G., and C.E. O’Clair. 1990. Influence
Bristol Bay red king crab tagging study. Alaska of cold air exposure on ovigerous red king crab

Department of Fish and Game, Division of . .
- . . i (Paralithodes camtschati¢aand T&nner crabs
Commercial Fisheries, Technical Fishery Report (Chionoecetes bailand their offspring. Pages

92-14, Juneau. 329-343in Proceedings of the international

Kevworps Bibliography, Dungeness crab, Pacific
coast

Kevyworps Bering Sea, Bristol Bay, field evaluation, symposium on king and Tanner crabs. Univer-
injury, life history, red king crab, shell condition, sity of Alaska Fairbanks, Alaska Sea Grant
Tanner crab Report 90-04.

ABsTRACT. “Catch composition and biological data Keyworps Autotomy, exposure, feeding, growth, labo-
were gathered during a tagging study of Bristol Bayatory experiment, molt cycle, mortality, red king crab,
red king cralParalithodes camtschaticuonducted Southeast Alaska, Tanner crab

in 1991. A total of 330 crab pots were sampled from

141 stations over the 35-d study. New-shell, male re BSTRACT: “"Ovigerous red king,Paralithodes

king crab dominated survey catches, followed bfamtschaticaand_ Ta_nnenChiqnoecetes bairdbra_bs
Tanner cralChionoecetes bairdLegal male red king are often caught incidentally in the males-only fishery

crabs were widely distributed over the study area any!. tNese crabs. Effects of low air temperature on
averaged 16.7 crabs per pot. Size of maturity (SM5 vigerous crabs and their developing larvae were simu-

- ted by exposing groups of crabs to cold air (-20 to
of female red king crabs was 93.4 mm carapace lengtii_; . .
The overall rate of handling-induced injury or mortal-+2 C) from 0 to 40 minutes. Response to cold air was
1y was ow (<30, A total of 7,554 male red king U5}, 0e5Crbed when he unis of exposure e the
crabs were tagged during the survey. (h). Short exposure at low temperatures caused the
same effects as long exposure at high temperatures
25. Byersdorfer, S., and L.J. Watson. 1993. A sumwhen the units of exposure (degree - hours, °h) were
mary of biological data collected during the 1992equal. Exposure to cold air reduced vigor (measured
Bristol Bay red king crab test fishery charter.by the ability of a crab to right itself when placed on
Alaska Department of Fish and Game, Commerits back), feeding rates (Tanner crab), and growth (king
cial Fisheries Management and Developmentrab). Exposure also caused limb autotomy in Tanner
Division, Regional Information Report 4K93-24, crabs, and mortality in both species in severe situa-
Kodiak. tions. Median lethal exposures, measured 128 days
after emersion, were -8 + 2 °h for king crabs. Median
' lethal exposure stabilized after 16 days for Tanner crab
at-4.3 £ 0.5 °h. Righting times were reduced immedi-
ately after exposure and in sublethal treatments;
Svnopsis  Catch composition, biological data, and median exposures causing half the crabs to cease right-
ancillary data and specimens of commerciallying immediately after exposure were -8 + 2 °h (king
important crab species were collected during 1992rab) and -2.1 + 0.3 °h (Tanner crab). Mean limb
from a cost recovery fishing charter in Bristol Bay.autotomy ranged up to 11% for Tanner crabs; some
Fifty pots from 646 set and pulled during the 16-d studgeverely treated king crabs lost legs at ecdysis. During
were sampled. Red king crab predominated thecdysis, severely exposed king crabs often died. Tanner
sampled catches, followed bgiiner, snow, and hybrid crab feeding rates were depres$&d 0.001), and king
crabs. However, red king crab contributed a smallecrab growth was reduce® € 0.02). However, if the
percentage (56.4%) in 1992 compared to 80.4% iadult crabs survived, hatch timing, percent hatch, and
1991. Tanner crabs the sampled catch increased fromzoeal viability were not affected.”

Keyworps Bering Sea, Bristol Bay, field evaluation
injury, life history, red king crab, shell condition,
Tanner crab
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27. Chaisson, A.F. 1932. Factors in the shipment afnce responses may be well developed in some crus-
live lobsters from eastern Nova Scotia. Biologi-taceans.”
cal Board of Canada Bulletin 33.

Kevworbps American lobster, Canada, exposure, field30. Chittleborough, R.G. 1975. Environmental

evaluation, fishermen behavior, handling, historical factors affecting growth and survival of juvenile
reference, hypoxia, illumination, laboratorxperi- western rock lobster$anulirus longipes
ment, temperature, transport (Milne-Edwards). Australian Journal of Marine

Synopsis Quality factors associated with the shipment and Freshwater Research 26:177-196.

of live lobsters from eastern Nova Scotia to the BostoRevyworps. Australia, autotomy, environment, feed-
market were investigated. Handling of lobsters ofing, growth, hypoxia, illumination, laboratory experi-

fishing vessels and collection vessels is discussed ient, limb loss, mortality, starvation, temperature,
terms of protection from sunlight, wind, lethal waterwestern rock lobster

temperature, oxygen content of water, packagin%\ _

oxygen, food supply, crowding, and autotomy of limbs
_ _ . have been measured under controlled conditions in
28. Chapman, C.J. 1981. Discarding and tailingyqyaria. Growth rate increased with temperature to a
Nephropsat sea. Scottish Fisheries Bulletin jaximum 26°C above which both growth rate and
46:10-13. survival declined. Varying the length of photoperiod
Kevworps Bait, bycatch, field evaluation, illumina- did not affect growth rate or survival, except that the
tion, mortality, North Sea, Norway lobster, tempera-growth rate was depressed significantly in continuous
ture, trap, trawl darkness. Amild deficiency of oxygen (60-67%
_ saturation) resulted in a smaller size increment at a
Svnopsis Studies were completed to assess effects ghoult; depression to 47-55% saturation caused deaths
fishing on survival of discardeNephropsand dump-  at ecdysis. Daily feeding was necessary to maintain
ing of lobster remains on the grounds. Crabs Werg,aximum rate of greth. The first esponse to
subjected to catch by trawl and trap gear and held gkcreased food supply was a reduction in frequency
different water temperatures prior to transfer to trapgy moulting. More severe shortage of food also
on the seafloor. Mortality was 40% for crabs Caughtir&iepressed growth increments per moult. Feeding
trawls but only 3% for crabs caught in traps. Mortalyates and conversion ratios have been measured.
ity was much hlgber for cra?s held at cooler Seawatqfrequency of moulting (and hence growth rate) was
temperatures (8°C vs. 14°C). Another experimenfenressed markedly when juveniles were held in
testing the effect of baiting traps with lobster remainsgg|zion. At a moult replacing two lost limbs, the

resulted in a 40% reduction in catch compared tQqth rate was not affected:; replacement of four limbs
normally baited traps. reduced that moultincrement. Single loss of up to four
limbs did not result in an earlier moult, but repetitive
29. Chapman, C.J., and G.L. Smith. 1978. Credbss of two or more limbs at or immediately after each
catches of crabCancer pagurud.., using ecdysis led to precocious moulting.
different baits. International Council for the Ex- “The impact of these and other components of the
ploration of the Sea 38:226—229. environment (shelter, salinity, turbidity, competitors
. . , . and predators) upon juveniles during the 4 years spent
Kevworos  Bait, edible crab, field evaluation, gear o ghallow coastal reefs is discussed. Food supply is
effect, North Sea emerging as the dominant factor determining growth

ABsTRACT. “Creel catches of the edible crabancer and survival in the wild population.”

paguruswere compared using fresh bait with or with-

out the addition of recentldlled Cancer The addi- 37 Cleaver, G.C. 1949. Preliminary results of the
tion of the crab to the fresh bait reduced the catch of coastal 1crabsC(ancer magistgrinvestigation.
live Cancerby 54%. The reduction in catch was Washington Department of Fisheries, Biologi-

proportionally less when only part of the crab (cara- ) t Number 49A Ol .
pace or chelae) was added to treh bait. These cal Report Number 4354, LDlympia.

results lend some support to the suggestion of Hanco¢keyworps: Catch statistics, density, Dungeness crab,
(1974), that chemically induced intraspecific avoid-growth, historical reference, life history, limb loss,
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mark recapture, mortality, seasonal distribution, shellproportion of large crabs (seven inches or more in
condition, Washington width) prior to 1930 than there was in 1947 and 1948,

. . . which was not the case.
AssTrRacT. “The purpose of the coastal crab investi-  «rha tacts of the fishery point to a large depen-

gation was to determine the effect of the increasingence upon the survival of young from the hatch of
fishery upon the stocks of crabs in that region. In findgach prood year. Consequently, while the fishery has
ing this, it was necessary to investigate certain phasegyt diminished the catch, there is every reason to
of the life history of the crab. Among the most perti-pejieve that the abundance will fluctuate widely in
nent facts uncovered arg1) The fshery was very gccord with conditions affecting the earlier stages
intense in 1947 and 1948; and (2) There is no danggs the life of the crabs.
Of OverﬁShing the StOCkS W|th I’egal‘d to tOtal y|e|d “Since the females are not taken for market and
This first conclusion was reached by tagging crabghere is no lack of a male breeding stock, reproduc-
during the early winter, before the fishery startedtjon is unaffected by fishing.
In 1947 it was estimated that 78.6 percent of the crabs “Tagged Specimens traveled Considerab|y greater
released were retek. The coesponding figure for distances than were initially expected. The average
1948 was 87.2 peent. These estimates were made bymovement was between 10 and 12 nautical miles after
first sampling the catches to establish the ratio o§ix months of freedom. For those free six months or
tagged to untagged members in the population, anflore 17.6 percent had traveled more than 20 miles.
then dividing the total catch by this ratio to estimateThe longest migration was in excess of 80 miles from
the number of tagged crabs which were caughthear Grays Harbor to Tillamook Bay, Oregon.
The percentages actually returned to the investigation “The predominant movement was from south to
were 57.6 and 57.0. While room for error in estimatenorth during the spring and summer months. It was
exists, there is no question but that the fishery wasstablished that the crabs found in water ranging from
extremely intense in these years. 40 to 60 fathoms in depth are of the same group as
“Because landings in earlier years were sold byhose found inshore and were caught by the inshore
size, reasonably accurate records could be examinédhery to the same degree as were crabs marked on
of the size of composition of the catch between 191tose grounds.”
and 1948. The percent of the catch composed of large
crabs was as great in the last two years as for any tin&e2
for which records were available. In other words,” ™" ship behavior of the American lobstéomarus
the fishery had not succeeded in reducing the size or americanus Biological Bulletin (Woods Hole)
the life span to any important degree. The ringnet 181:402—407.
catches, which were a relatively stable unit of effort
until 1943, showed no decline that might be attributedeyworps American lobster, Atlantic coast, injury,
to fishing. laboratory experiment, Massachusetts, mating,
“Another gauge of abundance, the catch-per-pomortality, reproduction, sex/size effect
gg;g"’:}! V\g’.‘S Ioléowr?_dhwnh I?gt.bo?ks Trom 1,[?143 tOﬁA\BSTRACTZ “Courtship behavior is well documented
-ltindicated a high population 1€Vel eVven througly, ¢4 htive |obsters. Sex pheromones contained in
the years of heaviest fishing. There was some eviden

that th ti . it of fished $&maleurine and perceived by receptors orale
atthe great increases in quantly of géar lished Wag,on e are thought to act as sex attractants or as
affecting the return per unit of gear. This resulted i

. . ! Signals necessary for pair formation. In this study, the
poorer returns to the fishermen for their efforts in spitg;iaral and medial antennules of male and female
of an abundance of crabs. , lobsters were removed. The result of these excisions

The total catch has risen steadily for the paslere meant to indicate the gender-specific role of
decade. The poorest returns in recent years were §kactory chemoreception in lobster courtship behav-
1931 and 1932, when the crab fishery was near failpr, Removal ofmale antennules had little effect on
ure. There is no reason to believe that this was in arpair bonding and mating. In contrast, removal of
manner caused by fishing. _ femaleantennules resulted in dramatic aberrations in

“The growth studies show that while some of thepehaior, including postmolt injuries and, in extreme
crabs are of a marketable size (6% inches or more #hses, unsuccessful couplings and mortality. Therefore,
width) at three years of age, the bulk of the crabs dfemale olfaction plays the more critical role in
not reach this size until the latter half of their fourththe normal reproductive behavior ¢fomarus
year of life. Were growth to continue at the same ratamericanus [Reprinted with permission from the
past this point, there should have been a great@iological Bulletin]

Cowan, D.F. 1991. The role of olfaction in court-
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33. Dabhlstrom, W.A. 1975. Report of lost crab trapKeyworps Chelotomy, Gulf of Mexico, laboratory
recovery. California Department of Fish andexperiment, mortality, stone crab
Game, Marine Resources Region, Processe

Report, Sacramento BSTRACT. “Claws greater than 7.0 cm propodus length

were removed from 201 stone cralbdenippe
Kevyworps. California, Dungeness crab, escape mercenariausing commercially accepted techniques.
mechanism, field evaluation, ghost fishing, pots ~ The crabs were held in aquaria before and after de-
. clawing. Forty-seven of 101 crabs that had both claws
SvNnopsis Condition and catch of a Dungeness crabemoved died, and 28 of 100 single claw amputees
trap estimated to have been lost for 10 months aigeq. Seventy six percent of the casualties died within
discussed. Catch rates of legal and nonlegal crabs by, hoyrs of declawing. The claws constituted 51% of
the lost pot are compared to test gear fished in thee total weight of the crabs before declawing. De-
same location with escape openings wired shut.  cjawing wound width was significantly correlated with
survival. Instantaneous crab mortality estimated from
34. Davis, G.E. 1980. Juvenile spiny lobster manmeasured declawing wounds of four commercial fish-

agement or how to make the most of what yo@rmen ranged from 23 to 51 percent.”
get. Fisheries 5(4):57-59.

Kevworps Caribbean spiny lobster, escape mecha3"-
nism, gravth, habitat, injury, management strategy,
mortality, size limit

Davis, G.E., and J.W. Dodrill. 1980. Marine
parks and sanctuaries for spiny lobster fisheries
management. Proceedings of the Gulf and
Caribbean Fisheries Institute 32:194—-207.

KEevworps Caribbean spiny lobster, fecundity, field
evaluation, Florida, growth, habitat, injury, manage-
ment strategy, mark recapture, migration, molt cycle

AssTrRACT. “Larval production and survival, equitable
allocation and efficient harvest among fishermen, an
maximization of yield per postlarval recruit are iden-
tified as three major elements amenable to manag
ment actions in spiny lobster fisheries. Minimumsynopsis  Spiny lobsters that were studied using a
harvestable lobster size, habitat protection and €fMnark-recapture program in 4 areas along the Florida
hancement, trap escape vents, and nursery sanctuarggst represented a variety of habitats and levels of
are some of the means of improving yield per postlaiexploitation. Growth rates showed marked seasonal
val recruit.” variation with water temperature. Another major factor
influencing growth rates of juvenile lobsters was injury.
35. Davis, G.E. 1981. Effects of injuries on spiny-CPSters retaéned bé sport ]Ei_lv_ers cf;?dbthe highest mc-i
lobster, Panulirus agus, and implications for jury rate at 71%. Incidence of injured lobsters increase
. : : from 30% to 50% during the commercial lobster sea-
fishery management. Fishery Bulletin 78: . . , S
979-984 son in the bay. In the lightly fished bay, the incidence
' of injured lobsters averaged 13% but ranged as high
Kevworos Caribbean spiny lobster, field evaluation, as 35%. Fewer than 25% of the same-sized lobsters at
Florida, growth, injury, molt cycle the unfished bay showed injuries, which may reflect
) S the high density of lobster predators in the area. Mean
Svnopsis This study reports the effects of injuries onmgjt increment was 0.5 mm carapace length less and
growth rates of wild juvenile spiny lobsté?anulirus  the mean intermolt period was 50% longer for injured
argusin Florida and discusses implications of thesgopsters. The extent of injury did not appear to be re-
effects on the biology and fishery for spiny lobsterjated to the degree of growth-rate suppression because
Water temperature and lobster condition had the greabbsters missing fewer than 3 appendages had growth
est effect on lobster gnth. Additionally, these factors rates similar to lobsters missing 5 or more append-
caused increased intermolt periods and reduced melges and/or injuries to the abdomen or cephalothorax.
Increment. A smaller size at first sexual maturity was observed in
the exploited areas compared to the area with no fish-
lj'ng. Migration patterns were also discussed in terms

36. Davis, G.E., D.S. Baughman, J.D. Chapman, 5t habitat-related movement with age.

MacArthur, and A.S.Pierce. 1978. Mortality
associated with declawing stone cra¥ienippe
mercenaria U.S. National Park Service, South 38. Defur, P.L., and R. McMahon. 1978. Respira-
Florida Research Center, Report T-522, Home- tory responses d@@ancer productuo air expo-
stead. sure. American Zoologist 18:605.
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Keyworps Canada, exposure, hypoxia, laboratory tested, Pacific oyster and the bay mussel were the most
experiment, physiology, red rock crab resistant to elevated temperatures, whereas the butter
and horse clams were the least resistant. Dungeness
‘crabs were found to tolerate an elevation in tempera-

ture of up to 15°C. Following acclimation, greater

tensions (FO,), oxygen contednt (©,) and acid-base -, anges in temperature could be tolerated: however,
parameters were measured on unrestral@acer ooy ih may be inhibited.

productusbefore, during and after 4 hr air exposure.
In water, quiescent crabs exhibited low 6ften uni- o _
lateral, with frequent Sc and H pauses. Immediatelgl. Donaldson, W.E. 1990. Determination of experi-

ABSTRACT. “Scaphognathite (Sc) and heart (H) pump
ing frequencies (f & ), postbranchial oxygen

upon air exposure, fincreased dramatically, becom- mentally induced non-observable mortality on
ing continuous and bilateral, Femained unchanged red king crab. Alaska Department of Fish and
but despite this and the elevatedtiemolymph RO, Game, Division of Commercial Fisheries,
and CO, declined 80% and 72% respectively, indi- ~ Regional Information Report 4K90-13, Kodiak.

cating a substantial reduction in oxygen uptakey_.\.oros Field evaluation. ini ;
, injury, Kodiak, mortal-
Hemolymph pH felfrom 7.84 + 0.015t0 7.60 £ 0.047 ity, red king crab, shell condition, trawl

(X< S.E.) inair, with no evidence that changes in either
C.CO, or NH; allowed complete compensation for AstracT: “Large hard shell male red king crab,
this acidosis. Upon reimmersion, tachycardia andParalithodes camtschaticayere tethered in the path
hyperventilation with respect to pre-emersion level®f an Aleutian combination trawl. Six tows were made
occurred, allowing restoration of hemolymph pH,to estimate the impact of trawl gear on injury rates of
PCQ, PO, and GO, within 1 hr. F_and f, remained crab that were in the trawl path_but not caught by the
elevated for 2—-4 hours, while CO, and PCQ  gear. In total, one hundred and sixty nine of the tethered
decreased. The present data are compared with thasf@bs were estimated to be in the six trawl paths as

in the literature for another inter-tidal speczscinus  defined by the spread of the doors. Crabs recovered in
maenas the trawl onboard the vessel accounted for 21.3% of

these crabs. Divers recovered 46.2% of the crabs within

the trawl path, leaving 32.5% unrecovered. Three of
39. Demory, D.lQ;l.Abandone_dhcrab POtS Near yhq 36 (8.3%) crabs recovered in the trawl were injured
Cannon Beach, ﬁ)re_g_or). F'Sh ﬁf‘?fﬂm'ss'oﬂ Olvhile two of the 78 (2.6%) crabs recovered by divers
Oregon, Research Division, Shellfish Investigayyere injured. This latter value is an estimate of the

tion Information Report 70-6, Portland. otherwise non-observable injury rate of Aleutian

Kevworbs Cannibalism, Dungeness crab, field evalu-combination trawl gear on king crab under conditions

ation, ghost fishing, Oregon, pots, shell condition tested. Only one crab was caught in a trawl, had inju-
ries assumed to be fatal.”
Svnopsis Over 100 Dungeness crab pots were found

unattended and were therefore confiscated. Number ,
size, sex, and shell condition of crabs retrieved werd2: DOW, R.L. 1979. Thaeed for a technological
documented. Consequences of leaving the pots on the ~ évolution in the methods of catching marine fish
grounds were discussed in terms of the recent onset of ~aNd shellfish. Mane Technology Society Jour-
molt and probable cannibalism that would have &l 13(6):3-8.

resulted. Kevyworps American lobster, Atlantic coast, Canada,
fish, gear technology, management strategy, molluscs,

40. Des Vigne, D.M. 1970. Preliminary observa- "€t shrimp, trap

tions of the thermal tolerance of selected invergynopsis Commercial fishing methods are in need of
tebrate fauna of Sequim Bay, Washington.reyolution due to significant waste of nonretained
Northwest Science 44:114-122. resources. Case histories of Georges Bank Haddock

Kevworps. Dungeness crab, laboratory experiment and New England cod are used to illustrate resource

- : limits. The Magmson Fishery Conservation and
molluscs, mortality, temperature, Washington ManagemeniAct and billfish bycatch in the bluefin

Svnopsis A study was conducted to determine thetuna fishery are discussed as avenues where changes
thermal tolerance of 7 species of molluscs andh laws and regulations have potential to minimize the
the Dungeness crdbancer magisteOf the molluscs threat of overfishing. Numerous examples are given
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of human-induced mortalities caused by fishing45. Edwards, E., and D.B. Bennett. 1980. Survival
Suggestions are made on methods to improve fishing  of discadedNephropsinternational Council for

techniques to reduce incidental destruction of  the Exploration of the Sea, Council Meeting
resources. Document 1980, Shellfish Committee K:10,

Copenhagen.

43. Durkin, J.T., K.D. Buchanaand TH. Blahm. Kevworos Bycatch, exposure, field evaluation, injury,
1984. Dungeness crab leg loss in the Columbil{ish Sea, mortality, North Sea, Norway lobster, sort-
River estuary. Marine Fisheries Review 46(1)ing, trawl

22-24. ABsTrRACT. “Survival of discardedNephrops
Kevworps Columbia River, Dungeness crab, injury, Norvegicuswas estimated during research vessel
limb loss, regeneration cruises in the North and Irish Seas. Following capture

from 30 min-1 h trawls and 1 h on deck, survival
AssTrRAcT. “Sampling carried out in the Columbia averaged 71-85%After 24 h in seawater tanks the
River estuary from 1971 to 1973 to investigate theindamaged and least damaged survived well. Overall
incidence of leg loss and subsequent regeneratiot2% of theNephropsn the North Sea experiment and
among Dungeness crabancer magistemdicated an  75% in the Irish Sea experiment survived capture,
average of 45 percent of the catch had one or mos®rting and 24 h storage. The higher survival in the
missing lgs. This is more than twice the frequency of Irish Sea may have been due to smoother sea conditions
leg loss reported in either Washington’s Puget Soundnd to the use of a side trawler, which is considered to
or coastal waters. Leg injuries occurred with a highesult in less damage to catches than does the use of a
incidence of bilateral symmetry. Claws were lost angtern trawler as in the North Sea experiment. As there
regenerated more frequently than any other pair of leg#/as little difference in survival rates beterNephrops
Possible reasons for the high incidence of leg loss iported from the codend and those from the cover,

the estuary are maintenance dredging, commercial cr@frvival rates oNephropsescaping selectively from
and finfishing activities, predation, and competition.”the codend on the sea bed would certainly be no less
than those estimated for discards on deck.”

44, Easton, D.M. 1972. Autotomy of walking legs ] ]
in the Pacific shore crabHemigrapsus 46. Edwards, J.S. 1972. Limb loss and regeneration

oregonensisMarine Behavior and Physiolo in two crabs: the king crabParalithodes
1:2%)9_217. y 9y camtschaticaand the &nner cralChionoecetes

bairdi. Acta Zoologica 53:105-112.

Kevyworps. Bering Sea, limb loss, red king crab,
regeneration, sex/size effect, Tanner crab

Kevyworps Autotomy, injury, laboratory experiment,
Puget Sound, shore crab

ABsTRACT. “The ease of autotomy Hemigrapsus

oreqonensisvas tested by crushing the propodite OQABSTRACT. “The incidence of limb loss and regenera-
9 . d by 9 prop ion in two species of benthic crustacea, the king crab
each walking leg. Individual curves of percent auto

¢ . £ 18-21 animal d f “Paralithodes camtschatican anomuran, and the
omy In groups of 16—=21 animais were drawn 1or Sixanner crabChionoecetes bairdia brachyuran, is

different sequences of stimulation. Lumped data Sho\é’urveyed in populations from the Bering Sea. 29.4%
peaks in ease of autotomy for the third anatomical legs young jusenileP. camtschaticand 14.8% of adults

of each side and for the second leg stimulated regarfiz g |ost at least one limb. The overall incidence of
less of anatomical position. Later autotomies are mofgny |oss inC. bairdi was 38.8%, with female adults
Sevel’e|y depressed When the Stimu|ati0n SequenC8|&s prone to damage than males and juveniles_

from posterior to anterior. Segmental and lateral “Limb loss increases in frequency in more poste-
interaction and the characteristics of individualrior limbs. Right hand limbs are lost more often than
responses suggest that autotomy of legs in the crajeft in both species. fiis ‘right handedness’ appears
while depending upon specific structural features ofo be widespread in crabs and may be due to the greater
the legs, is less a unisegmental reflex, than an accjulnerability of leading limbs.

dent occurring during escape.” [Reprinted with  “The frequency distribution of limb regenerate
permission from Gordon and Breach Science PublisHengths in a population of young juveniles suggests
ers, Inc.] that at least four instars must be passed before limb
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symmetry is restored.” [Reprinted with permissionSynopsis The object of a series of experiments on
from Acta ZoologicaPergamon Journals, Ltd.] American lobsterslomarus americanusas to deter-
mine if there was any regulation or interaction between

the process of regeneration and molting. Results

a7 .Errtlrr]nell, \E)Et 19(_)r5h._'l'th¢ﬂrﬁg:neratllog of Iotst pfart§howed introduction of regeneration will disturb the
In the lobster. ]!r y: q n_mrj]a _ ep?r r? q normal activity of the molting mrcess. This was
Commissioners of Inland Fisheries of Rhode,ihted to the rate of cellular activities involved in
Island, Special Paper 20, Providence.

the molting process being retarded by the cellular

Kevworps American lobster, Atlantic coast, growth, activiti_es concerned in the process of. regar@rarhis
historical reference, laboratory experiment, limb loss €ffectincreased the length of the period between 2 suc-

molt cycle, regeneration, Rhode Island, sex/size effef€SSive molts directly with the timing of regeneration.
Length of molting period was also affected by the

Svnopsis  This report reviews previous experimentaldegree of injury so that the greater the amount of
work and observations on regeneration in lobsters anégeneration, the greater the length of the molting
theories of regeneration. Laboratory experiments wergeriod. The process of regeneration, by retarding both
also conducted on young-of-year and juvenile lobsterhe frequency of molting and the increase in size,
to examine the extent of the power of regenerationetards the growth of lobsters.

throughout the organism, the length of time required

for the reproduction of a normal appendage, the effe Ennis, G.P. 1971. Lobstétgmarus americans
of repeated removal of an appendage, and the exact’ fisher;} arid.biolog.yin Bonavista Bay, Newfound-

process in the development of a given structure. land. 1966—70. Eisheries Research Board of
Chelipeds, walking legs, antennae and antennules, Canéda Technié:al Report 289.

maxillipeds, external reproductive organs, beak, telson,

and carapace of lobsters possess the power of regdeyworps American lobster, catch statistics, growth,
eration. No positive evidence of regeneration wasandling, laboratory experiment, life history, mark
apparent for eyes or gills. No observations were madécapture, molt cycle, Newfoundland

on the regeneration of internal arg. Thetendency g \onqs Biological characteristics and the nature and

to regenerate a lost appendage was much stronger glide; of fisheries on regionally isolated lobster popu-
more highly developed at the normal breaking plang,siqns around the coast of Newfoundland were inves-
than at any other level in the limb. No definite stateygateq. |ength-weight relationships, size at maturity,
ment could be made abogt the time rgquwed for agnq growth increment were determined. Tagging
appendage to restore to its normal size other thagydies demonstrated lower molting incidence in
ambulatory appendages did not attain normal lengtfypsters caught prior to molt and retained by fisher-

young lobsters showed there was a larger percegaf.

difference in length between the regenerated and

normal appendage with each successive regeneration. i L i

However, comparison of measurements for regener?- F€€, R. 1986. Saving Florida's spiny lobster
ated cheliped only showed a continuous increase in  fishery from itself. National Fisherman 66(11):
length. It was concluded that a regenerating limb that 20-22.

passed through ecdysis always molts as a functiongleyworps Bait, Caribbean spiny lobster, Florida,
appendage. gear technology, limited entry, management strategy,
shorts, size limit, trap

48. Emmel, V.E. 1906. The relation of regenerationsynopsis This article discusses the problems of
to the molting process in the lobster. Thirty-sixthharvesting sublegal spiny lobsters (shorts) in Florida,
Annual Report of Commissioners of Inland ejther for trap bait or illegal sale. Proposed manage-
Fisheries of Rhode Island, Special Report 27ment measures such as minimum size, escape gaps,
Providence. and limited entry are discussed.

Keyworps American lobster, Atlantic coast, growth,
historical reference, injury, laboratory experiment, 51. Florey, E., and M.E. Kriebel. 1974. The effects
molt cycle, regeneration, Rhode Island of temperature, anoxia and sensory stimulation
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on the heart rate of unrestrained crabs. Compar&vnopsis Canadian and U.S. scientists made biologi-
tive Biochemistry and Physiology 48:285—-300.cal observations on incidence of Pacific halibut
: Hippoglossus stenolepiand crab landed in the

Kevworps - Dungeness crab, hypoxia, laboratory j5nanese eastern Bering Sea trawl fishery. Total catch
equipment, physiology, red rock crab, stress, tempera; mpled and incidental catch and average size of
ture, Washington halibut and crab by time, gear type, and management
AssTracT. “1. Electrocardiograms were recorded fromPlOCk are summarized. Inferences concerning the
unrestrained crabsC@ncer magistemnd Cancer ~ Incidence of halibuand Tainer crabsChionoecetes
Productu with the aid of implanted electrodes. bairdi are discussed. Viability of halibahd Tanner

“2. Heart rate increases with ambient temperatur&rad was observed. Unanimous opinion of scientists
over the range of 0—22°C: no further increase occufd@s that most halibut are dead upon return to the sea.

at higher temperatas. TheO. for the ranae of4—19°C crabs that survi\_/(_ed shipboard treatment were in
is 2!9 P Rt g a weakened condition and vulnerable to predation by

p ; . sea lions. &nner crab mortality ranged from 50%
mixtL?r.eRgP Iiczrr?g né%f %guighi?]r E?;?j%;rrg?a%ﬁ?o- survival from March to May to 95% mortality from

longed anoxia up to 1 hr can be tolerated. The heaff!N€ 10 August and was due to air exposure, compres-

rate slowly returns to normal after readmittance oplon In the bins, af‘d damage from' high pressure
oxygen. washers. Observations also made in March noted

“4. Optical and tactile stimuli produce cardiacTanner crabs were glazed with ice within 10 minutes

. . unloading. Overall mortality to Tanner crabs for the
arrest. The effect is enhanced by general reduction EF . . . 200
sensory input and is abolished by an increased lev F“Od of abservation was estimated to be 60-70%.

of tactile stimulation. Prolonged sensory deprivation
causes bradycardia. 53. Ganz, A. 1980. Otter trawl induced lobster
“5. From known data of Oconsumption and O damage evaluation. Final Report to U.S. Depart-
saturation of arterial and venous blood, and consider- ment of Commerce, National Oceanic and
ing the properties of the open circulatory system, itis  Atmospheric Administration, National Marine
calculated that even during an inhibition of the heart ~ Fisheries Service, Environmental and Technical
beat lasting up to 3 min the oxygen reserve of the blood ~ Services Division, Rhode Island Projects 3-279-
can sustain normal tissue respiration. R and 3-320-R, Wickford.

d6 While h((ejartl'rate i_?r(]:re'ases Witlgu,mperatureKEYWORDS American lobster, Atlantic coast, bycatch,
cardiac output declines. The Increasei@livery 0 fia|g evaluation, injury, mark recapture, molt cycle,
the tissues (required by the rise in oxygen CONSUMRy o rtality, Narragansett Bay, trawl

tion) is made possible by the fact that the half- ' ’

saturation tension of hemocyanin greatly increaseSvnopsis This report documented the specific types
with temperature causing an increased release of ti@d occurrence of damage in trawl-caught lobsters in
oxygen carried.” [Reprinted with permission from Narragansett Bay. Damage was classified and shell

Comparative Biochemistry and PhysioloBgrgamon  condition recorded for all trawl-caught lobsters.
Journals, Ltd.] A mark-rec@ture experiment was conducted to deter-

mine the extent of trawl-induced mortality and injury
_ to lobsters left behind the trawl. Over 91% of the
52.  Fukuhara, F.M., and D. Worlund. 1973. Incidencgypsters sampled were sublegal size. Eleven percent
of halibutand Tnner crab in catches by the gystained new injuries and 4% lost one or both chelae.
eastern Bering Sea mothership trawl fishery anginmediate death of trawl-caught lobsters appeared
independent trawlers. U.S. Department ofiow: however, mortalities may be potentially signifi-
Commerce, National Oceanic and Atmospherigant in recently molted or severely damaged lobsters.
Administration, National Marine Fisheries |ncidence of trawl-induced damaged was high imme-
Service, Northwest and Alaska FisiesrCenter,  diately following molting periods and comparatively
Report by the U.S. National Section to thejow during other seasons.
International North Pacific Fisheries Commis-

sion, Seattle. . .
54. Gaten, E. 1988. Light-induced damage to the
Kevworps. Bering Sea, bycatch, catch statistics, dioptric apparatus dflephrops norvegicud..)
exposure, halibut, injury, mortality, observer, preda- and the quantitative assessment of the damage.

tion, Tanner crab, trawl Marine Behavior and Physiology 13:169-183.
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Kevworps Exposure, illumination, laboratory experi- rhabdoms. Thexmount of retinula cell proximal
ment, mark recapture, Norway lobster, physio|ogy§creﬁnmg pigment was found to decrease linearly with
ept

United Kingdom : S
“When dark-adapted individuals from each depth

AssTrRaCT. “In Nephrops norvegicudamage to the were exposed to light a positive correlation was
compound eye following exposure to excess light i®btained between the photon fluence rate (PFR) and
not restricted to the photoreceptor layer, but is followedhe proportion of the retina damaged. For a given light
by morphological changes to the dioptric apparatusxposure the amount of damage was highest in animals
Retinula cell damage results in the disruption of thérom deeper water. The PFR causing 25% damage was
cone cell processes leading to distal retraction cipproximately 1 log unit higher in animals from 18 m
the crystalline tacts. The shape dfie cones is also compared to those from 135 m. _

affected and there is a redistribution of the dista] “The amount of damage varied with the delay
pigments. Within two months of exposure the reflecPetween capture of the animals and exposure to light.

tive properties of subcorneal elements are changed aEW“en exposed 2 h aftermare significant differences

damage may be seen in the intact eye. A method bas Itweenddbep';]hs_ were Iseeg blgt(;he “?SU'tf were
on external observations of the intact eye has beég%:gnm(::n s AynEmeallgcg%%géed Z‘rh aaf?grta(;[;);tl?res?ge
developed for quantitatively estimating the damage t idnight) were fully dark-adapted and gave maximal

the dioptric layer. The figures obtained were comparefifferences in the amount of retinal damage between

with estimates of retinula cell damage in the same eyeg,imals from different dehs. \hen exposure was

material. The estimation of ommatidial damage withreduced damage, similar to that following immediate

out recourse to sectioning should be of immediate praexposure to shallow water animals.

tical benefit.” [Reprinted with permission from Gordon ~ “These results suggest that ambient light levels

and Breach Science Publishers, Inc.] are responsible for fine tuning of the structure and func-
tioning of the eye oN. norvegicus [©1990 Marine
Biological Association of the United Kingdom

55. Gaten, E., K.J. Shelton, C.J. Chapm_an_, an_d(Registered charity no. 226063). Reprinted with per-

the structure and functioning of the compound

eye of the Norway lobst&tephrops norvegicus )
Journal of the Marine Biological Association of 96-  Getchell, R.G. 1987. [itts of Vnotching on

the United Kinad 70:343-356. the Iobster,H(_)ma_rus american_usCanadian
& nited Kingcom Journal of Fishees and Aqutac Sciences
Keyworps. Illumination, injury, laboratory experi- 44:2033-2037.

ment, Norway lobster, physiology, Scotland Keyworps American lobster, Atlantic coast, injury,

AssTraCT. “The mobility and quantity of retinula cell laboratory experiment, Maine

proximal screening pigment, and the liability of the zpq ..+ “Ng infections were detected inV-notched
eyes to light-induced damage, were investigated in thgy sters Homarus americanusheld for 56 d in the
Norway lobsterNephrops norvegicufl..), obtained |ghoratory. During an outbreak of gaffkemia (‘red tail’)
from three separate populations from depths of 18, 73t 5 commercial lobster pound, 2 of 20 V-notched
and 135 m. lobsters died, but 4 of 10 unnotched controls also
“During the morning after capture, the migrationbecame infected. Results from challenge experiments
of the proximal pigment in response to the onset ofiith Aerococcus viridangvar.) homari showed that
illumination below the threshold for damage variedV-notched wounds healed sufficiently in 24 h to
between the three populations. In the eyes of degpevent a ‘red tail’ infection. Histological observations
waterN. norvegicusthe proximal screening pigment of this wound reair of \-notched uropods also
was located close to or below the basement membrageémonstrated that within 24 h the wound was sealed
when dark-adapted and rose to a position midway upYy & heavy infiltration of hemocytes.”
the rhabdoms when light-adapted. In the dark-adapted
N. norvegicugrom shallow water the proximal pig- 57. Gooding, R.M. 1985. Predation on released spiny
ment was located more distally than in eyes of deep  |obsterPanulirus marginatusduring tests in the
water animals. After the onset of illumination, the pig- northwestern Hawaiian Islands. Marine Fisher-
ment migrated distally to completely cover the ies Review 47(1):27-35.
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Kevyworps: Bycatch, handling, Hawaii, mortality, are believed to lackunctional Y-organs and hence
predation, spiny lobster (Hawaii), trap molting hormones. Small regions of the dorsal surface
A “In the Northwest H ian Island of crabs were damaged and the ensuing repair of the
VBSTRACT. In the Northwestern Hawallan 1S1ands ¢, ticle was followed by light microscopy at intervals
fishery for spiny lobsterPanulirus marginatus, o 5t 60 days. Events within the limb base after
undersized and berried lobsters must be released. Sygh.aq autotomy of a single pereiopod were also
lobsters released in the conventional way, are very,eqtigated and compared with cuticle deposition in
vulnerable to predation by large camivores. Field tesi,, pases of pereiopods autotomized before the crabs’
showed that the white ulu@aranx ignobiliswas an i) in the laboratory. Circulating ecdystiels were
efficient and aggressive predator on released Iobster[%sayed by radioimmunoassay at intervals throughout
Another suspected predator, the galapagos share experiments. New cuticle was deposited in response
Carcharhinus galapagensisijd not prey on released {4 || types of injury and in a manner similar to that
lobsters. Procedures are suggested for use by COmMggscrined previously. New cuticle was deposited across
cial fishermen that should preclude serious predatiof,q breakage plane of autotomized limb bases; a com-
on released lobsters.” plete and substantial layer was present in many of the
bases of previously autotomized legs. Neither basal
58. Guillory, V. 1993. Ghost fishing by blue crab growth nor premolt growth was detected in the base
traps. North American Journal of FisheriesOf any autotomized limb. Ecdysteroids were de_tect—
Management 13:459-466. able in the hemolymph of most crabs but at low titers,

_ _ ranging from 6.0 to 11.6 ng/mL."
Kevyworps Blue crabs, escape mechanism, field evalu-

ation, gear technology, ghost fishing, Gulf of Mexico, . .
mortality, trap 60. Hartsock, F. 1975. Live-tanking of snow crab.

University of Alaska Fairbanks, Alaska Sea
ABsTRACT. “Ghost fishing by abandoned or lost traps Grant Advisory Program, Alaska Seas and Coasts
for blue crabCallinectes sapidusvas evaluated 3(5):10-11.

experimentally in the Timbalier Bay estuary, Louisi- .
ang. An aver)z:lge af2.8 blue crags per t?/ap were KEvworps: Density, Dungeness crab, Gulf of Alaska,

captured by the initial baiting, and an additional 34.41YPOXi&, injury, king crab, mortality, physiology, snow
blue crabs later entered each subsequently unbaitSERP: Sress, temperature, transport

trap; of the total captured, 25.8 died and 21.7 escape&sinopsis Crabs held in a live tank are vulnerable to
per trap. The turnover of blue crabs was fairly rapidimuyltiple stresses. Experiments were conducted to
two-thirds (_)f l_alue crab entering the trap either died ofjetermine the effects of loading density on oxygen
escaped within 2 weeks. Thember of blue crabs per consumption for snow, king, and Dungeness crabs.
trap varied seasonally and was a function of th@s density of animals in a tank increased, oxygen con-
comparative rates of ingress, radity, and escape- sumption per pound decreased for all three species.
ment. Small blue crabs (<120 mm carapace widthjowever, Dungeness crabs were far superior to the
were more likely to escape, whereas large individualgther two species in their ability to extract dissolved
(>140 mm) tended to remain in the traps and eventigxygen from the seawater. Increased temperatures
ally die. Management measures to ameliorate thgaused increased oxygen consumption in all 3 species
adverse effect of ghost fishing on the blue crab repf crab, particularly in snow crabs. Snow crabs sub-
source include escape vents and biodegradable panelgcted to the weight from a pile of crabs greater than
about 4 ft suffered from impaired respioa. Tank
59. Halcrow, K., and C.G.H. Steel. 1992. Cuticulafconditions that minimize deadloss of snow crabs are

repair in the mature male snow crab'®€commended.
Chionoecetes opiliMajidae crustacea in relation

to ecdysteroids. Canadian Journal of Zoolog¥%1, Hartsock, F.B., and P.L. Peterson. 1971. Crab
70:314-319. live-tanking and suggestions for improved

Kevworps Atlantic coast, autotomy, Canada, injury, methods with special reference to Tanner crabs
molt cycle, physiology, snow crab (Chionoecetes bairgli U.S. Department of
' ' Commerce, National Oceanic and Atmospheric

ABsTRACT. “Morphometrically mature male snow Administration, National Marine Fisheries
crabsChionoecetes opili@re not known to molt; they Service, Technical Report 96, Kodiak.
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Kevyworps Density, hypoxia, Kodiakpnolt cycle, mortality. Estimates of handling mortality could be
mortality, salinity, sex/size effect, ests, Tanner crab, used to minimize the impact of commercial fishing on
temperature, transport soft-shell crab. Dungeness crab were tagged, measured
Snoras Experimerts were conducted oarmer 11 1l atiness, an exposed o a o 8 peciec
crabs in Kodiak to improve live-tank methods an %"fferent shell hardnesses and air exposure times

reduce deadloss. Effects of temperature, dissolve - O ok
oxygen, pollutants, starvation and molt stage, weigh ere not statistically significant. Nonsignificant results

bearing on each crab and crowding, and salinity anjyere attributed to small sample sizes in shell-hardness

crab size were investigated. Deadloss can be attrig@tegories most sensitive to theent. Therefore,

uted to respiratory failure due to insufficient oxygen_aﬁects of air exposure and handling on soft-shell crab

Tanner crabs are sensitive to temperature changes(fﬂu'd not be determined in this study. Recommenda-

2°F or 3°F above or below their optimum range causlions are made for future study designs.”

ing increased oxygen demand, metabolic rate, and
stress. 64. High, W.L. 1976. Escape of Dungeness crabs
from pots. Marine Fisheries Review 38(4):

62. Hayes, M.L. 1973. Survival of Tanner crab 19-23.

(Chionoecetes bairjiafter capture in trawls and  Keyworos Dungeness crab, escape mechanism, field

subsequent handling and storage aboard fishing,ajyation, ghost fishing, pots, predation, Puget Sound,
boats. U.S. Department of Commerce, Nationakey/size effect

Oceanic andAtmospheric Administration, Na-
tional Marine Fisheries Service, Report by theAssTrRACT. “Dungeness crakiancer magisterinable
U.S. National Section to the International Northto escape from derelict pots (traps whose buoy lines
Pacific Fisheries Commission, Seattle. have parted) could be confined until death and lost to
the fishery. Therefore, the National Marine Fisheries
Service, in cooperation with the Washington Depart-
ment of Fisheries and the Fish Commission of Oregon,
Svnopsis Bycatch of Tanner crabs in groundfish trawlsconducted four experiments to determine whether
by Japan and the former USSR in the eastern Beridgungeness crabs could escape from standard ocean-
Sea are to be returned to the sea. Mortality associatéfd bay-style pots. Divers placed marked crabs into
with such capture and subsequent handling wagots set without surface buoys on a sand bottom in
investigated. Crabs were subjected to air exposur€uget Sound, Wash. Female crabs and sublegal
storage with other species, and storage in simulatg@arapace less than 6% inches across) and legal size
fish bins. More than 50% of the crabs died within themale crabs escaped quickly from pots having escape
first 12 h of exposure to air and few survived 48 hrings open and triggers raised (inoperative). Pots with
exposure to air. Similarly, >50% of crabs stored in tubgunctional (operative) triggers and open escape rings
with other species experienced mortality, and few craballowed less escapement, especially for larger crabs.
survived after 12 h of storage. Half the crabs near th€rabs confined in pots having escape rings closed and
surface of simulated fish bins survived after 12 hwith functional triggers were observed at intervals for
storage, and few crabs survived when buried in fis@4 days, at which time 21 percent of the large and
more than 0.3 m in depth. 67 percent of the small crabs had escaped. Of those
crabs remaining alive, nearly all escaped within 3 days

63. Hicks, D., and M.C. Murphy. 1989. A handling after the triggers were raised. Study results indicate
study bf 5ungeness crab at varying air exposurEhat 1_) escapement is directly related to avallablll'gy of
intervals and shell-hardness & Alaska °Penings Iarg_e enough to passac_rab and that 2) triggers
Department of Fish and Game, Division of&/€ an effective means for reducing escapement.”

Commercial Fisheries, Fisheries Research Bul-

letin 89-01, Juneau. 65. High, W.L. 1985. Some consequences of lost
fishing gear. Pages 430—48R.S. Shomura and
H.O. Yoshida, editors. Proceedings of the work-
shop on the fate and impact of marine debris.
AssTrRACT. “Excessive handling of soft-shell Dunge- U.S. Department of Commerce, National Oce-
ness crabQancer magister is believed to result in anic and Atmospheric Administration, National

Keyworbps Bering Sea, bycatch, exposure, field evalu
ation, handling, mortality, Tanner crab, trawl

Kevyworbps Dungeness crab, exposure, handling,
Kodiak, mark recapture, mortality, shell condition
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Marine Fisheries Service, NOAA-TM-NMFS- continue toih. Weconducted a series of experiments

SWFC-54, Honolulu. during 1974 and 1975 in which tagged king crab were
placed in several types of pots and returned to the
bottom (soaked) for periods of 1-16/daAscontrols,

we released some tagged king crab in Chiniak Bay,
Kodiak Island, Alaska. Tagged crab missing from the

AssTracT. “Directed studies and incidental observa-Pots at time of recovery were credited with escape.
tions of derelict crab pots, longline gear, and sunken “The experiments demonstrated that 92% of
gill nets show some long-term damage to living maringindersize and 80% of legal-size crab readily escaped
animals. More than 30,000 crab pots have been lost tRe derelict pots. Mortality among crab held in pots
the western Gulf of Alaska since 1960. About 20% ofor various experiments ranged up to 12%. Crab that
legal size and 8% of sublegal king crab in these po@scaped within 1-4 days were recovered by commer-
at the time of loss, fail to escape. The king crab whickial fishermen at about the same rate as those released
escape pots after a 10-day or more confinement, reeift- Chiniak Bay near the experiment site. However,
ter the fishery at a very low rate, suggesting thathose released after a 10- to 16-day confinement were
relatively short-term confinement contributes to high'eturned at a much lower rate. Some commercially
mortality. Crab which die in a pot tend to repel othewvaluable fishes — such as Pacific halitiippoglos-
crab. Bright, bare hooks on halibut longline geasus stenolepis— were also caught in the experimen-
occasionally take fish, but plated hooks quickly rustal pots.”

or snag on sea floor objects. Although the nylamugd

lines and gangions remain intact for several years, the; - il B.J., and T.J. Wissenberg. 1990. Fate of
hooks quickly cease to function. Three salmon gillnet ~ iscards from prawn trawlers in Torres Strait.

segments lost by Washington State fishermen have A stralian Journal of Marine and Ereshwater
been observed for several years. The deployed seg- rasearch 41:53-64.

ments ranged from 5.5 to 18.3 m (18 to 60 ft) below
the surface. Each continued to fish for more thaeyworbs Australia, bait, bycatch, cephalopod, crus-
2 years, taking a variety of fish, invertebrates, andiacean, field evaluation, fish, mortality, trawl

seabirds. Underwater studies of the sunken gill ne ssTRACT “A studv was made of the fate of teleosts
fishery for Pacific cogGadus macrocephalushowed STRACT. “A Study :
né)n-commerual crustaceans and cephalopods dis-

0
that only about 14% of the entangled cod escape beforarded from trawlers in Torres Sitr These groups

the net was retrieved. Consequently, most cod gille& ; .
or otherwise tangled in sunken gill nets lost by fisher-m""ke up about 80% of the discards by weight, have

men remain until they die. Because set net fisherigd9" rrrotrtagty reE[te "’l‘)nd are therefo$zhthe most Ilkglgo/
are often concentrated on rough sea floor areas a :jr?a Srg eer:]aiep )]/cscr:l?r\:]erllgers.h e;emalnmﬁ K 0
among sunken man-made objects, significant loss % Isca S(;:O SISIS 0 ah' hassuc %?'ul €s, S ‘Z S
nets do occur. Some fishing gears are modified t |v31ves an sprc])nges,}/v Ich are lc;au? in owlnum ers
quickly reduce their fishing capacity when lost.” "¢ @ppear to have a low mortality from trawling.
Fish made up 78%, non-commercial crustaceans
18%, and cephalopods 3% by weight of the material
66. High, W.L., and D.D. Worlund. 1979. Escape ofstudied. Nearly all fish were dead when discarded, and
king crab, Paralithodes camtschaticadrom  about half sank. About half of the non-commercial
derelict pots. U.S. Department of Commercecrustaceans were alive when discarded and all sank
National Oceanic and Atmospheric Administra-when discarded. Few cephalopods were alive when
tion, National Marine Fisheries Service, Tech-discarded, and around 75% sank.
nical Report NMFS-SSRS-734, Seattle. “Sharks and dolphins were the most common
scavengers of floating discards at night. Birds (com-
mon and crested terns, and lesser and greater frigates)
scavenged only during the day. Discards that sank did
so rapidly, taking less than 5 min to reach 25 m depth.
ABsTRACT. “Loss of 10% per season of pots (traps) inA high rate of loss of baits set for 10 min in the water
the Alaskan fishery for the king cralParalithodes column (24% in trawled area at night) indicated
camtschaticahas raised the question of possible lossignificant scavenging in mid water — probably by
of crabs and fishes to the derelict, or lost, pots whickharks. Observations of baits set on the bottom showed

Kevyworps Confinement, gear loss, ghost fishing, gill-
net, Gulf ofAlaska, longline gear, mortality, Pacific
cod, pots, red king crab, sex/size effect

Kevyworbps Bait, confinement, field evaluation, ghost
fishing, Kodiak, mark recapture, mortality, pots, red
king crab, sex/size effect
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that teleosts (nemipterids) and sharks ate most of thssTracT. “Traps in the south Florida spiny lobster
material that reached the bottom; scavenging bfishery are baited with live sublegal-sized lobsters
invertebrates was negligible. (shorts), many of which are exposed for considerable
“In an adjacent area that had not been trawled fgperiods aboard vessels before being placed in traps
8 years, no dolphins and fewer birds were seen scaand retuned to the sea. Average mortality rate of
enging floating discards but there were more shark$obsters exposed 1/2, 1, 2, and 4 hours in controlled
In this area, significantly fewer fish were attracted tdield tests was 26.3% after 4 weeks of confinement.
a bait on the bottom at night compared with the trawledbout 42% of observed mortality occurred within
area. Thecause of the difference in scavengingl week after exposure, indicating exposure to be a pri-
observed between the two areas is not known; while ihary cause of death. Neither air temperature during
may reflect learned behavior by some scavengers sueltposure nor periodic dampening with seawater had
as birds and dolphins, there may also be intrinsisignificant effects on mortality rate. Mortality among
differences between the two areas unrelated to trawtonfined lobsters increased markedly in Aitantic
ing. oceanside but not in Florida Bay during the fourth week
“Discarding from trawlers has the effect of trans-of confinement following exposure, probably because
ferring large quantities of biological material from themore natural food organisms entering traps from
bottom to the surface. This makes available to surfageearby seagrass beds delayed starvation at the latter
scavengers food that would otherwise be inaccessiblesite. Mortality caused by baiting traps with shorts may
produce economic losses in dockside landings esti-

68. Hunt, JH., and W.G. Lyons. 1986. Factors mated to range from $1.5 to $9.0 million annually.”

affecting growth and maturation of spiny
lobsters,Panulirus argusto the south Florida 70. Jayakody, D.S. 1991. Fishery, population dynam-

fishery. Canadian Journal of Fisheries and ics and breeding biology ¢fanulirus homarus
Aquatic Sciences 43:2243-2247. (L.) on the south coast of Sri Lanka. Doctoral
dissertation, University of Stirling, United King-

Keyworps Caribbean spiny lobster, Flata, growth, dom
injury, mark recapture, molt cycle ’
Keyworps Fecundity, gillnet, injury, limited entry,

AssTrRACT. “Overall growth rates of sublegal-sized : ; :

management strategy, recruitment, rings, spiny lob-
(5075 mm carapace length (CL)) and laeggs(mm o (gri Lanka) SrigLyanka trammel ne? P
CL) spiny lobstersPanulirus agus,in the Florida ’ '

Keys were 0.46 and 0.15 mm CL/wk; growth rates AssTracT. “This study is aimed to provide an
were 48 and 67% less, respectively, in winter than innderstanding of the spiny lobster fishery of the south
summer. Injuries caused a significant 39% growtttoast of Sri Lanka. Most of the spiny lobster fisheries
reduction in small£60 mm CL) lobsters. Growth of the world are subjected to heavy exploitation due
decreased dramatically between 74 mm CL (0.46 mrto the increasing demand. The use of hazardous fish-
CL/wk) and 76 mm CL (0.23 CL/wk). Between 71-75ing methods however is known to cause serious prob-
and 76-80 mm CL size classes, intermolt periods déms in the developing countries, including Sri Lanka
females increased 58% and molt increments decreasethere considerable percentage of berried females and
16%; male intermolt periods increased 33% but molunder sized lobsters are caught each year.
increments did not change until 85 mm CL. Conse- “The fishery for spiny lobster in the coastal waters
quently, largeX76 mm CL) males grew 33% faster of the south coast is carried out by non-mechanized
than females. Changes in growth rates signified a shiéiut-rigger small canoes with trammel nets, bottom set
in energy use at onset of maturation.” gill nets and lobster rings. Around 200 mt of lobsters
is caught each year in the study area by a fishing fleet

of 315 crafts. Aound 80% of the lobster production
69. Hunt, H., W.G. Lyons, and F.S.d&nedy, Jr. consisted oPanulirus homarus

1986. Effects of exposure and confinement or “Lobsters were found to occur all year round, but

spiny lobstersPanulirus argusused as attrac- : . . :
tants in the Florida trap fishery. Fisheries BuIIetinthe fishery is restricted to the_ non-monsoon period
84:69—76. (August—March) due to operational difficulties.
“The analysis of catch and effort statistics indi-
Kevyworps Atlantic coast, bait, Caribbean spiny cated a maximum sustainable yield of 190—-200 mt and
lobster, confinement, economics, exposure, Floridaan optimal daily effort of 300 afts. The length-based
mortality, shorts, trap analysis indicated that the resource is over exploited
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and a reduction in effort by about 20.5% is necessa®2. Juanes, F., and E.B. Hartwick. 1990. Prey size
to put the fishery back to an equilibrium level. selection in Dungeness crabs: the effect of claw
“Experimental fishing tests revealed that the damage. Ecology 71:744—758.

lobster rings cause the least damage to the populatiop, ., on¢ British Columbia, diet, Dungeness crab
while the trammel net was the most harmful by, X ' '

including 77% of sub-legal lobsters in das. This foraging, injury, laboratory experiment, predation
study indicated the possibility of having two spawn-AssTracT:  “We investigate prey size selection by
ing and recruitment pulses separated by an interval §fancer magistera decapod crustacean, feeding on
4-5 months. Fecundity estimates ranged betwedrrotothaca staminea hard-shelled venerid clam, and
116,000—-601,000. Nearly two-thirds of the total egdest predictions of the optimal diet model using three
production was Contributed by |0bsters Of 60-79 mnﬁhﬁerent curencies. WG&|SO evaluate the effeC'[ Of CIaW
carapace length range. The fishery is reproductiveljamage on crab feeding efficiency. _
supported by 3—4 year lobsters. This resource in the .| ne model parameters measured were: energy

study area appears to be overfished with respect to ‘f%mﬁm Otfir:\r:ae erle)o/’f ?r?eesrgyvgﬁzt)lgg I?/\r/z(rj:tloons:it?\l/r;d
reproductive potential. 9 ' P

“The use of trammel nets and free access to th xponential functions of clam size. The different

, . ; : easures of prey value (or profitability) provided
fishery are the two main points which should be carez i asting prey rankings. Both net and gross rates of

fully controlled. The fishery should be managed byapergy intake [(Benefit-Cost)/Time and Benefit/Time,

using less harmful fishing gear (eg. lobster rings) angegpectively] predicted that the largest clams were the
by introducing a proper licensing system to controlngst profitable. Energetic efficiency (Benefit/Cost)
fishermen entering into the fishery.” [The dissertatiorpredicted that the smallest clam sizes were the most
titles and abstracts contained here are published wigitofitable. Prey-size selection experiments, offering
permission of University Microfilms International, crabs mixtures of two or three clam size classes,
publishers ofDissertdion Abstracts International showed that crabs always ate more clams from the
(copyright ©1991 by University Microfilms Interna- smallest clam size class offered. Thus the predictions
tional), and may not be reproduced without their priorfrom the energetic model provide the best fit to the
permission.] results.
“The use of energetic efficiency as a currency
. requires energy cost to be limiting over the animal’s
71. Joll, L.M. 1977.The predation of pot-caughijfetime. In this study we propose claw damage, defined
western rock lobste(Panulirus longipes as chela breakage and claw-tooth wear, as a conse-
cygnug by octopus. Wstern Australia quence of fatigue failure (breakage of a structure due
Department of Fishers and Wildlife Report to repeated loading), to be a limiting cost. A field study
29, Perth. of a natural population of. magisterindicated that
. . levels of wear and breakage were significant and were
Kevworps:  Australia, economics, gear t@wlogy, (gjated to sex and molting state. Laboratory experi-
mortality, octopus, pots, predation, western rocknents showed that crabs with broken claws were

lobster unable to crack clams. Crabs with artificially worn
AsstracT “The losses to the western rock Iobsterﬁsh—CIaW teeth had significantly longer handling times than

ery trough the precation o po-caugh ock opsterddaaged crabs, Fnally, the ecolagical efects of
by octopus were estimated from samples taken on co hce to growth, moltingadity, regeneration load, and
mercial boats in the four seasons 1972/73-1975/7 productive sUCCesS.” ’ ’

In most seasons approximately 200,000 Iegal—sizeée '

rock lobsters were lost. In the 1975/76 season the . _ N
estimated financial loss from octopus predation wag3. Kanciruk, P., W.F. Herrnkind, B.F Phillips, and
$392,000. Theestimated losses probably represent ~ P-M. Araud. 1982. An indexed bibliography of
minimum values. Studies of the biology and behavior ~ the spiny (rock) lobsters (Decapod#@alinu-

of octopus were carried out to examine the methods ~ 1dae)- Cohmmonwealth Scientific and Industrial
of detection, location and entry into rock lobster pots Sgsﬁﬁ{ ClzglrggngaRﬁgne I\Iﬂlzrtligﬁall_iggg?g%lres
by octopus. The use of octopus traps in rock lobster En\r;ironmentél Sciencgs Division PuincatioBrI{
pots significantly increased the catch from rock lob- 1733, Oak Ridge

ster pots without any significant effect on rock lobster ’ '

catches.” Kevyworps Bibliography, lobster
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74. Kendall, R.A.,J.C.Van Olst, and J.M. (Darg. confinement. Page 2ih W.G. Lyons, editor.
1982. Effects of chelae immobilization on Proceedings of a workshop on Florida spiny
growth and survivorship for individually and lobster research and management. Florida
communally raised lobster$jomarus ameri- Department of Natural Resources, Marine
canus Aquaculture 29:359-372. Research Laboratory, St. Petersburg.

Kevworbps American lobster, cannibalism, chelotomy, Keyworps Bait, Caribbean spiny lobster, confinement,
growth, laboratory experiment, limb loss, mortality, Florida, growth, molt cycle, mortality, shorts, trap

StreSS “ H
ABsTRACT. “Standard wooden commercial lobster

ABsTrRACT. “Communal rearing systems for juvenile (Panulirus argu}traps were fished in the middle and
American lobstergjomarus americanusglow lower  upper Florida Keys from May 1978 through March
production costs than are possible in individual reard979. Traps werbaited with cowhide, cowhide and
ing systems, but often result in high levels of mortalone lobster, cowhide and three lobsters. Traps were
ity due to behavioral interactions such as cannibalisnpulled weekly. Mean catch rates were: 1.15 lobsters
This study evaluated the effects on growth and surviper week from traps baited with cowhide only; 1.86
vorship of two methods of bilateral immobilization of lobsters from traps baited with cowhide plus one
chelae (chelae and dactylopodite removal) for stagebster; 4.20 lobsters from traps baited with cowhide
IV juvenile lobsters treated initially and at monthly plus three lobsters. Catches from traps baited with
intervals for 6 months. cowhide plus lobsters were significantly greater than
“Replicate groups of lobsters were cultured inthose from traps baited with cowhide only.
communal tanks and individual holding containers.  “Average return rate of released non-bait lobsters
After 6 months in individual containers, mortality waswas 17.9%, whereas average return rate of bait lob-
highest in the lobsters in which the chelae were consters was 9.3%, only 51.8% of non-bait returns.
pletely removed. Lobsters cultured individually areThe difference, 48.2%, may be an estimate of mortal-
subjected to dactylopodite removal exhibited lesdty of lobsters used as bait. Growth occurred in 31.1%
mortality. However, this pattern was reversed in theof released non-bait lobsters and in only 13.1% of bait
mass rearing system. Cannibalism appeared to Websters. Average times between release or escape and
the major source of mortality for lobsters in the massecapture for bait and released lobsters were similar,
rearing control group, whereas mortality in lobsters3.96 weeks and 4.66 weeks, so it appears that bait
from which the chelae had been removed was duebsters did not molt (grow) as frequently as they
primarily to treatment stress and non-community baseshould. Incremental changes in carapace length (CL)
factors. of lobsters that grew were 7.27 mm CL for releases,
“Growth was not affected by immobilization of 6.15 mm CL for bait after escape or release, and
the chelae. Within the mass rearing system, growth.33 mm CL for bait that grew while in traps. Bait in
rates for the lobsters from the two treatment grouptaps grew significantly less (26.7%) than non-bait
was suppressed after the fourth month when their sizebsters, suggesting that growth of bait was stunted
and increased survivorship produced a situation whemghile in traps.”
the effective bottom area per animal was smaller than

that required for unlimited growth. 76. Kennelly, S.J., D. Watkins, and J.R. Craig. 1990.

“This reduction in mortality with insignificant Mortality of discarded spanner craBanina
effect on growth required relatively little investment (Linnaeus) in a tangle-net fishery — laboratory

I mar ours: chelae emovaledured essinan 20 and e experiments. Joumalof Experimenta

: ' . . . Marine Biology and Ecology 140:39-48.
removal technique on communally raised juvenile
lobsters, major equipment and maintenance costseyworps Australia, field evaluation, laboratory
inherent to individual rearing systems probably couldexperiment, limb loss, spanner crab, trap

be avoided with little or no impairment of growth.” A “Effects of disentandl ¢
[Reprinted with permission from Elsevier Science/\BSTRACT. “Efiects of disentanglement from commer-

B.V., Amsterdam, The Netherlands ] cial tangle-traps on the mortality of undersize,
T ' ' discarded spanner cralf&anina, (Linnaeus) were

determined for a fishery in New South Wales, Austra-
75. Kennedy, F.S., Jr. 1982. Catch rates of lobstdia. First, we quantified the damage sustained by
traps baited with shorts, with notes on effects otliscarded crabs due to the three main methods of
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disentanglement used by commercial fishermenKeyworps American lobster, Atlantic coast, bycatch,
careful removal, causing no damage; quick removakscape mechanism, field evaluation, limb loss, Maine,
where any entangled dactyli are broken off (averageegeneration, trap

3.95 dactyli per crab); and the fastest method wher
crabs are pulled off and entangled limbs and dactyli

are broken off (average 2.9 dactyli and 0.8 limbs pe<|;ommercial lobster catch (1968-74) and the natural

crab). We then tested effects of these various kinds Bppulation near Booth!oay Harbor, Maine, with
Iimb)damage on the mortality of undersReranina research gear (1969-74) indicate that 6.5% of the com-

in an aquarium experiment in which replicate Crabénermally harvested lobsters have lost at least one claw

were damaged in three ways and compared to undarW—h”e 21.0% of the lobsters (all sizes) in the natural

aged controls. Finally, we did a similar (though shorterP0Pulation have missing and/or regenerating claws.
term) experiment in the field using enclosures buried\ @Ssessment of variations in cull frequencies asso-
in the substratum near the commercial fishing ground iated with different seasons, fishing localities, and
The results showed quite significant rates of mortalinjoPSter size distribution suggests a direct relationship
due to disentanglement: 60-70% of crabs with one giStWeen fishing intensity and the incidence of culls.
more dactyli removed died within 50 days, whilst | NiS information further supports Buse andfiomas’
100% of crabs which lost whole limbs (after being'©commendation that all lobster traps be equipped with
pulled off nets) died after 8 g Wediscuss the an escape vent thus minimizing fishermen’s needless

mortality of such discarded conspecifics in terms orandlmg of excessive numbers of sublegal-sized

the future success of this fishery and the applicabilit)PbSterS'

of size restrictions by management.” [Reprinted with

permission from Elsevier Science B.V., Amsterdamy9. Kruse, G.H. 1993. Biological perspectives on

The Netherlands.] crab management in Alaska. Pages 355-i884

G.H. Kruse, D.M. Eggers, R.J. Marasco,

C. Pautzkeand T.JQuinn Il, editors. Proceed-

pots. Alaska Fishery Research Bulletin 1(2): ings of the international symposium on manage-
179-183. ment strategies for e>_<pI0|ted fish populations.

University of Alaska Fairbanks, Alaska Sea Grant
Keyworps Field evaluation, ghost fishing, Gulf of Report 93-02.
Alaska, limb loss, mortality, Tanner crab

BSTRACT. “Data obtained by port sampling the Maine

77. Kimker, A. 1994. Tanner crab survival in closed

Kevworbs Alaska, crab, gear effect, handling, life
AssTraCT. “Lost and delinquent commercial and sporthistory, lobster, management strategy

fishing gear has gained public notoriety recentliﬁBSTRACT. “Waters off Alaska support major fisheries

escutces. Shlfioh andgroundih pot navecontior 205 Suvey i fishery dta document e n
uted to the problem. Although escape mechanism .

rashed and later recovered, and populations that have
have been developed to allow egress of captured sp ithstood large fishées Although specific regulations

cies from pots, imprecise release time of these devic iy . ;
has generated debate exacerbated by inexact estimg % modified routinely, management sirategies tend to

. : L ect historical practices, many borrowed elsewhere.
of the survival of captured species. To gain 'nformai\/lana ement riFr)nariI in\’/olvesysize sex. and season
tion on Tanner crablChionoecetes bairdsurvival in 9 P y ’ '

ulations that are augmented by exploitation rates
pots, we cz_aptured Iargg, adult male Tanner crabs al%‘;gjrgenumerated stocks. General perspectives on crab
held them in cod pots in the outer portion of Kache-

management are presented based on review of applied
:rsnoal':hlzaé/r, zf\blsasrlfsd -Ir-ﬂ)e cﬁg ntggrl[ﬁlse;\::e;e eseﬁgreec)j(tgr]r%a?b research conducted since the inception of extant
pe. &1 rvest strategies in the 1960s.

source of food was provided. The pots were pulled™ .
L . In contrast to other Alaskan cralafalithodes,
periodically over a 119-d period. A total of 52 (39%),Lithodes, ChionoecetisDungeness crabgancer

of the original 132 crabs died during the exloerlment'magister have traits that tend to be associated with
species capable of sustaining relatively liberal harvests:
78. Krouse, J.S. 1976. Incidence of cull lobstershigh fecundity, low maximum age, low ages of matu-
Homarus americanudn commercial and re- rity and recruitment, and high natural mortality. For
search catches off the Maine coast. Fisheriesll species, size limit regulations should acknowledge
Bulletin 74:719-724. mating opportunities, and the inability of female
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anomurans (such as king crabs) and the ability dfom controlled experiments support our conclusion
female brachyurans (TanneChionoecetes bairdi that differential recovery rates were primarily due to
snow,C. opilio; and Dungeness crabs) to store viableelevated handling mortality of softshell crabs. Our data
sperm for 2 years or more. Management plans shoukliggest that softshell crab experienced 45% higher
recognize that (1) crab size and complex behavionortality than hardshell crabs. However, this rate may
influence reproductive success, (2) stocks at the exot be representative of handling mortalities experi-

tremes of their geographic ranges sustain low yieldgnced during commercial fisheries because (1) during
(3) recruitment overfishing is likely for highly molting periods fisheries catch crabs much softer than

exploited populations with low frequency of recruit- those we encountered, (2) we handled crabs much more

ment; and (4) yield may be markedly reduced by-arefully than would normally occur during commer-

handling mortality of discards. In addition, size limitsCial operations, and (3) we were unable to derive
reduce the number of reproducing age classes, thereg@pare_lt_e estimates of differential natural and hand_llng
thwarting a population’s buffer against recruitmentmorta““es among softshell and hardshell crabs. Find-
failures, and size limits may cause long-term seledNds of handling mortalities of softshell crabs, coupled

tion against crabs with genotypes associated with rapfg@ considerations oft():?nﬂi_balism in crab p(l)ts,kindir(]:attla f
growth. Female harvest, particularly at high populatat Dungeness crab fishing seasons in Alaska shou

tion levels, should be considered because it may ledt§ Structured to avoid major molting periods as is the
to less variability in production and higher Iong-termgener.al practice alor_l_g the coasts_of California, Oregon'
yield. Yield models that reflect the unique life historywaSh'ngton and British Columbia. Such regulations

traits of each crab species, coupled with investigation "Lff:ﬁfe”;?ﬂe/ei?gbfgmﬁgsgﬂ?feslg ;r\}vcr:ﬁ]a;ﬁim_
thrsog?g ?]Ztgggsdhig ?:]0;?3'Zﬂe%ri?iiugﬂggoijgﬂ'ass. Exte_nded_ fishery _closures until sgveral months

’ h be develooed and quant I1"'[_er moltlng will result in some economic benefits as
mar|1agemlent(cj: ”anges can P q Il. Meat yield and wholesale value are lowest during
tively analyzed. molting and increase until peaking several months later.
These factors, plus other socioeconomic tradeoffs,
80. Kruse, G.H., D. Hicks, and M.C. Murphy. 1994.should be weighed to determine net benefits to changes

Handling increases mortality of softshell Dunge-in fishing seasons for Dungeness crabs.”

ness crabs returned to the sea. Alasishdty

Research Bulletin 1(1):1-9. 81. Kruse, G.H., and A. Kimker. 1993. Degradable
Kevyworps. Dungeness crab, exposure, field evalua- escape mechanisms for pot gear: a summary
tion, handling, Kodiak, management strategy, mark  'eport to the Alaska Board of Fisheries. Alaska
recapture, molt cycle, mortality, shell condition Department of Fish and Game, Division of

Commercial Fisheries, Regional Information
AssTracT. “Effects of carapace hardness and air Report 5J93-01, Juneau.
exposure duration on mortality were studied on Dunge- i
ness crab€ancer maggteroff Kodiak Island, Alaska. KEYWORDS Alaska, escape mechanism, gear loss, gear
We captured 516 legal male crabs and marked thefchnology, ghost fishing

with spaghetti tags. Carapace condition was recordegixecyrive summary: “In Alaska, pots are commonly
and crabs were randomly selected for exposure to aiised in fisheries for crabs, spot shrimps and cod. Pots
for 5, 15, 30, and 60 min. Crabs were then returned tgre lost from several causes, including: storms; strong
the sea. Subsequent recoveries from commerci@bal currents; shifting ice floes (snow crab fishery);
catches included 11% of the tagged softshell crabs argar abandonment; and pot buoys are sometimes cut
20% tagged hardshell crabs; these differences weps vessel traffic, entanglement with other gear, and
statistically different. No statistical difference wasoccasional area disputes among fishermen.

found among exposure periods for hardshell crabs; low “Ghost fishing occurs when lost pots continue to
statistical power due to small sample size precludedatch crabs, fishes, and other animals. Ghost fishing
similar tests for differences among exposure periodsauses a variety of sublethal and lethaéef. The

for softshell crabs. Low recovery rates of softshelformer include carapace damage, appendage loss, and
crabs in Alaska is consistent with previous mark-decrease in weight. Deaths are primarily due to canni-
recapture studies of Dungeness crabs conducted dfélism, predation, starvation, and suffocation in pots
Oregon and Washington. Previously published resultthat are buried by sand.
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“Estimates of total crab mortality from ghost That is, the reasoning by fishermen to favor 60 thread
fishing are unavailable for Alaskan fisheries becausever 30 thread for Dungeness crab pots is based more
of several unknowns: (1) rate of annual pot loss byn a desire to delay the time at which twines first begin
fishery, (2) rate at which pots break down, (3) catcho break and not so much a preference for a mean break-
rates of lost gear, and (4) effects of entrapment on cralzge time of 107 days rather than 89 days. Such a
However, estimates of pot loss for 2 Alaskan fisheriegadeoff between mean and variance in breakage times
(10% and 20%) are similar to loss rates (8—25%) fois unnecessary for GTRs that degrade at such a pre-
pot fisheries elsewhere where ghost fishing is signifidictable rate.
cant. Also, recent laboratory studies and earlier field “Compared to pots laced with 30 or 60 thread,
studies onAlaskan crab species suggest that ghoshe 30-day GTR provides for increased crab survival
fishing has the potential to cause significant revenuassociated with reduced periods of confinement in lost
loss to the fishing industry in Alaska. Undoubtedly,pots without the disadvantage of unexpected, prema-
ghost fishing has been mitigated in recent yearfure breakage associated with smaller twine sizes.
because of requirements for degradable escape mechathough GTRs are more costly than cotton twine,
nisms with cotton twine. these costs may be more than remunerated by increased

“At the request of the Alaska Board of Fisheriesrevenues realized by fewer pots that lose their catches
(BOF) at its March 1991 meeting, the Alaska Departfrom premature breakages of escape devices.
ment of Fish and Game (ADF&G) considered the  “ADF&G supports alternative 4, in which GTRs
merits of cotton twine versus galvanic timed releasgre required after, say, a one-year phase-in period
(GTR) mechanisms; i.e., a device composed of 2 stabifuring which discretionary use of either GTRs or
metal eyelets and an active metal cylinder (magnesotton twine is allowable. The phase-in period will
sium alloy) that corrodes in salt water. Specifically,provide opportunity for voluntary large scale testing
we considered the advantages and disadvantages@¥fGTRs by industry and would facilitate a smooth
the following 4 alternative regulations for degradableransition to these new dees. Yet, inthe unlikely
mechanisms in shellfish and groundfish pots: (1) cotevent that some unforeseen problems create unsolv-
ton twine only (status quo), (2) GTR devices onlyable obstacles during this phase-in period, then this
(3) cotton twine or GTRs at the prerogative of indi-GTR-only regulation could be modified. In this regard,
vidual fishermen, and (4) only GTRs after some phasexpF&G recommends that the BOF pre-schedule
in period during which either GTR and cotton twineGTRs on its agenda for the spring 1994 meeting cycle.
are acceptable. ~__Inrevisiting this issue, the BOF would be afforded the

“The main advantage of the cotton twine is itSgpportunity to consider regulatory adjustments after

lower cost, whereas advantages of GTRs are re”abihearing public testimony on GTR performance in
ity and ease of inspection. Disadvantages of twine argjaskan commercial pot fisheries.”

that breakage times are unpredictable and integrity of

used twine is difficult to assess. A main disadvantage ) )

of GTRSs is their cost relative to cotton twine. 82. Kurata, H. 1963. Limb loss and recovery in the
“Because the shape of a GTR is much different ~ Young king crabpParalithodes camtschatica

than the appearance of cotton twine or pot webbing, ~ Bulletin of the Hokkaido Regional Fisheries

regulations for GTRs are probably more enforceable ~ Research Laboratory 26:75-80. (Note: text is

than cotton twine. With twine the most difficult part in Japanese).

of enforcement is the ability to determine whether thg ..\ orps Bering Sea, growth, laboratory experi-

twine is untreated cotton of appropriate thread siz€,ant limb loss. molt cvcle. red kina crab. regenera-
With GTRs the most difficult part of enforcement is ;- ' yeie g » 14

verification that the unit is designed to break within
the mandated time rather than later. ABsTRACT. “A total of 371 young crabs, ranging in
“Nevertheless, ADF&G strongly recommendscarapace length from 8.5-30.2 mm, captured in the
degradable escape mechanisms, and breakageBsdring Sea in May and June of 1961, were examined
30 days seems optimal. However, longer average timesgarding limb loss and regeneration. Most of them
for degradation of cotton thread (approximatelywere, then, maintained on board a King crab factory
107 days for 60 thread in Dungeness crab pots arghip, Tokei-maru, in 5 aquaria in running water, to
89 days for 30 thread in all other pots) under currerdllow them to molt and to enable securing data
regulations reflects an attempt to achieve a sensiboncerning the growth of regenerating limbs at an
tradeoff between mean and variance of breakage timecdysis.
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“1. Limb loss or regeneration from the breakageKevyworps Caribbean spiny lobster, escape mecha-
plane was observed in 211 (56.9%) of the total crabsiism, Florida, handling, life history, management strat-
“2. Limb loss or regeneration distal to the break-egy, recruitment, shorts, size limit
age plane was observed in 37 (10.0%) of the total cra?tiﬁ.

It is interesting to note here that loss or regeneratiof STRACT: “Inappropriate minimum size, illegal
proximal to the distal end of merus (except the brea arvest, f|shery-|nduced Juv_enlle growth retardation
age plane) was never observed and mortality, and excessive effort have reduced

“3. Recovery rateR) was determined as? = /L reproductive contributions and depressed yield-per-

x 100, wherd is the length of merus (or propodus, inrecruit in the_ overcapita_llized south Florida spiny
the case of chelae) of the regenerating limb, laigd  |OPSter Panulirus arguj fishery. Measures recom-
the hypothetical length of merus (or propodus) of thanended to .”T‘pfo"el y|eI|d—per—tre(§3rg|t9%re as follows:
same limb when it is assumed that the limb has grow)¢'€ase minimum [€gal sizé {0 5o—IU mm carapace
without loss. The length can be calculated by rela- '€N9th; réquire escape gaps in traps; eliminate posses-
tive growth equations of merus (or propodus) Iengtﬁ'on of sublegal lobsters aboard vessels; prohibit

of each limb against carapace length. These equatiof@Vest in nurseries; reduce fishing effort, improve
were obtained from other normal crabs. enforcement of fishery regulations; and initiate

“4. Recovery rate at the first post-regenerationa.rograms to educate fishermen regarding impacts of

molt was greater in the chelae (38.5%) than in the oth ;hery practices. International management is recom-
walking legs (33.4%). mended to assure larval recruitment among Pan-
“5. The relgion between the recovery rates beforecar'bbean stocks.

and after an ecdysis seems to give a straight line

(Fig. 4). On the basis of this evidence it may be con85. Lyons, W.G.and four coauthors. 1981. The spiny

cluded that the process of recovery of a lost limb is lobsterPanulirus argusin the middle and upper

determined by the recovery rate at the first post- Florida Keys: population structure, seasonal

regenerational molt.” dynamics and reproduction. Florida Department
of Natural Resources, Florida Marine Research

83. Kuris, A.M., and M. Mager. 1975. Effect of limb Publication 38, St. Petersburg.
regeneration on size increase at molt of th&evworps Caribbean spiny lobster, catch statistics,
shore crabsHemigrapsus oregonensend  Florida, habitat, injury, life history, mating, molt cycle,
Pachygrapsus crassipekurnal of Experimen- reproduction, seasonal distribution, sex/size effect

tal Zoology 193:353—-359. o _
ABsTRACT. “Data on abundance, distribution, size, sex,
Kevworps: Autotomy, California, growth, laboratory mating, spawning, molting, incidence of fouling
experiment, molt cycle, regeneration, shore crab  organisms, and injury rates were obtained from 19,180
lobsters at nine stations in the upper and middle Keys
fishery area dumg April 1978 through March 1979.
Mean and modal carapace length (CL) sizes were
| pproximately 73 mm, slightly below legal size
76 mm). Lobsters at deep reef (30 m) stations aver-
ged 80.1 mm CL; size decreased gradually to an

. s ; verage of 65.6 mm CL at shallow (3 m) bay stations.
remolt period of the preceding instar and is probably,. = 2", .
Eot readl?ly influencedpby wategr uptake mecr?anics o istribution of lobsters was age and habitat related;

: . . Immature, principally sublegal lobsters in year class
ecdysis. Asimple model for growth, molting, and 2+ occupied southern Florida bay station, then moved

L%ge%n?rﬁ??hénvr;:%g n?(')?g%ig&ffg:l; edse;ﬁl raduall_y to nearshore chan3|de Keys stations;
energetic considerations.” obsters in year cl_ass 3+ ml'grated seaward in response

' to onset of maturity or declining late fall-early winter
temperatures. Stations on the north sides of Keys were

84. Lyons, W.G. 1986. Problems and perspectivewithin the Florida Bay nursery area, where fishery-
regarding recruitment of spiny lobsters,induced damage to sublegal lobsters probably ex-
Panulirus argusto the south Florida fishery. ceeded legal catch from the area. Legal-sized lobsters
Canadian Journal of Fisheries and Aquatic Scieonstituted 43.7% of total catch; 90% were captured
ences 43:2099-2106. at oceanside stations, and nearly half were from the

ABsTRACT. “Size increase at molt is reduced follow-
ing multiple limb regeneration in the shore
crabs,Hemigrapsus oregonensand Pachygrapsus

crassipesLimb loss per se does not influence postmo
size. Effect of increasing number of regenerating limb
is additive. Postmolt size is programmed early in th
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deep reef. Greatest mean sizes at all but one station and on subsequent fishery yield. Proceedings
occurred during the closed season or the first month  of the Gulf Caribbean Fisheries Institute 33:
of the open season and represented growth among 290-300.

lobsters at each station. Upper Keys stations were mo . . . ,
productive (average +67%) than were ComparabEEYWORDS Bait, Caribbean spiny lobster, confinement,
middle Keys stations. Marked declines in average siZ&enSity, exposure, field evaluation, Florida, handling,

at all stations during winter are attributed to depletiod"@rk recapture, mortality, predation, shorts, starva-
by the fishery of legal-sized lobsters and to seawarHOn, temperature, trap

emigration of relatively larger lobsters from shorewardsy\opsis  Losses to the legal spiny lobster fishery
subpopulations. Mean total number of lobsters per tragrihytable to fishing-induced mortality of shorts used
per week was 0.84, constituting 0.70 at bay stationgs pait in traps are investigated. Field tests were initi-
and 0.91 oceanside. Legal catch averaged 0.37 10§te( to determine degree of starvation resulting from
sters per trap week, constituting 0.12 at bay stationgnfinement over extended jufs. Additional tests
0.50 oceanside. Poundage of legal catch during thRgare conducted to determine effects of tail-clipping,
open season seldom averaged 1 |b per trap per weglqing - density, exposure, temperature, and measur-
exceplt at dﬁep reef sr;[_a(tjlons,hmdlcatmg dwee dkly calCihg on mortality rates. Results indicated an initial high
rates less than one third of those two decades preyisie of weight ioss within 1 week of capture and return
0“3;‘F le:male ratio (1.2:1 sronaly inf 4o traps, followed by greater losses thereafter. Weight
Female:male ratio (1.2:1) was strongly influencedgqq \was greater among lobsters confined at densities
by significantly more females than males at seawarff¢ 5 ner trap compared to that of lobsters confined at
reef stations. Virtually all mating, evidenced by exter— per trap. Mortality averaged 50% after 3 weeks but
nal spermatophores on fgmales, occurred amongaq 6994 among lobsters placed 5 to a trap. Tagging
o;:ctaans(;de Iobstlc?rs,(?nd 884" I(I)f all i‘g“‘"ty W?S Iogngnd tail-clipping of lobsters was an important source
at two deep reef and one shallow (10 m) reef stationye b, ity “Mortality of lobsters held at densities of
Principal mating season was from April through Juneg o 44 was 549% greater among tagged lobsters and
Spawning, evidenced by externally cagrrled €9955794 greater among tail-clipped lobsters than for traps
occurred only at oceanside stations; 31.1% of females, v aining 3 lobsters similarly marked. Desiccation
at wo deep reef and one shallow reef station wer ue to exposure also contributed to mortality. Mortality

spawning during peak months of May and June. Si as 3.3% for the unex
. : posed control group compared
of the smallest spawning female was 65 mm CL, b 21% for those treatments with exposure. Cumula-

; SO 0 .
greatest spawning contribution (24.5%) was in th ive deaths were similar for exposures of 1-4 h by the

— i 0,
g}offcgjngillé%sigss%SNrﬁg%I_G.OS/(;) g\fvglilge%%it\r’\il_er nd of 4 Wegks. Effecf[s of air or water temperature
bution by the Keys population was only 12% of thatVere not evident during exposure tests. Octopus

- redation was considered higher on confined lobsters
expected from a comparably sized, unharvested popt- -
lation of larger lobsters. gue to far less probability of escape. Impacts on the

“Fouling by various sessile invertebrates was sligh{IShery are discussed.
or absent on most lobsters. No correlation was found
between fouled lobsters and capture location. 87. McKoy, J. 1981. Rock lobsters handle with care.
“Indications of molting averaged only 1% in the Catch 8:23-24.
total population, but was significantly more frequent ) ) o
at nearshore (3—-6 m) than at seaward (9-30 m) stfEYworps Exposure, handling, illumination, New
tions. Maximum molting frequency (2.7%) during Z€aland, predation, western rock lobster

April may have been in response to temperaturg,\opsis In many places around New Zealand up to
Increases. 0% of the catch is undersized and handled several

“Greatest rates of injury occurred at the ends Ofineq pefore reaching legal size. Handling techniques

the 1977-78 and 1978-79 fishing seasons; injuri P ;
declined rapidly due to growth and regeneration durir?gsrgijr;;nelée mortality and prevent reduced growth are

the closed season. Unexplainably low previous-injury

rate of sublegal-sized lobsters during the open season

suggests they may have experienced considerab®8. McLeese, D.W. 1958. Air shipment of lobsters.

mortality due to fishery practices.” Department of Fisheries of Canada Trade News
10(9):5-6.

86. Lyons,W.G., and F.S. Kennedy, Jr. 1981. Effect&Eyworps. American lobster, Canada, exposure,
of harvest techniques on sublegal spiny lobstersansport
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Svnopsis  Expanding distribution of live lobsters to short-term storage. For long-term storage the tempera-
distant markets requires (1) better insulated packinfuire must be lower than 12°C. Temperature resistance
for overland transport to maintain low temperaturesin moist air had a 50% mortality time of 8.5 d at 3°C
and (2) a lighter-weight and leakproof method of packto 1.9 d at 13°C. None of the crabs in moist air at 3
ing for air shipment. Lobsters were held at temperaand 8°C died within 4 d, suggesting live storage in
tures from 35°F to 70°F and packed bare, in woodold moist air may be practical for a few days.
shavings and in wood shavings with ice. Lobsters could

be safely held for 5 d at 35°F. Packing them in wood

shavings would extend this safe holding period by 1 §1- McMahon, B.R., P.J. Butler, and E.WyTt.

to 6 d. Lobsters could be safely held less than 1 d at  1978. Acid base changes during long term

70 °F. hypoxic exposure in the lobste{omarus
vulgaris Journal of Experimental Zoology
205:361-370.

89. MclLeese, D.W. 1965. Survival of lobsters, _ _
Homarus americanysout of water. Journal of Kevworbs Exposure, handling, hypoxia, lobster,
the Fisheries Research Board of Canada 22orth Sea, physiology

385-394. AsstracT. “Hemolymph Q and CQ levels and pH
Kevyworps. American lobster, exposure, laboratory were measured in lobsteks. fulgarig as they settled
experiment, mortality, physiology, starvation in normoxic conditions and during prolonged expo-
. . : . . .. sure to moderately hypoxic seawater. Initial handling
AesTracT. “Median resistance times (MRT) in MOiSt 54 transfer to the experimental conditions resulted in

air EI‘.t 0, 5610’(?”{10150% ‘é"gfg d:termined for Iobst;terg marked acidosis. Complete recovery took from 24 to
acclimated at 0, 10, and 20°C. At temperatures abovgs -5 Samples of hemolymph taken after 48 hours
4-8°C depending on acclimation, there was an inver

relationship between median resistance time an elded ‘settled’ normoxic levels for @nd CQ and

tem eraturg A break in the relationship occurred H. Subsequent exposure to moderately hypoxic water
4—8°pC and further lowerina of tem eraturr)e t6 0°C ha aused an initial respiratory alkalosis associated with
no effect on MRT. Survivalgtime Wgs not increased b ronounced hyperventilation. The induced pH change
continuous sprays of sea water. Exposure to an ai vas sufficient to cause a marked increase in the oxygen

oxygen mixture containing 40% oxygen by volume ffinity of the hemocyanin, allowing almost complete

had no effect: however, lobsters died faster at 55—85g@turation of post-branchial (arterial) hemolymph
oxygen. Fed lobsters died faster than starved ones. spite a 3-fold decrease in hemolymph oxygen

inverse relationship between MRT and metabolic ratisnsion. I_Drolonged exposure to hypoxua resulted in an
was indicated.” attenuation of the hyperventilation response but

hemolymph bicarbonate levels rose substantially and

may have maintained pH high and thus kept oxygen
90. MclLeese, D.W. 1968emperature resistance of affinity above the normoxic level. On return to nor-
the spider cratChionoecetes opiliaJournal of moxic water both ventilation volume and hemolymph

the Fisheries Research Board of Canada 2%arbon dioxide decreased and pH and oxygen affinity

1733-1736. returned to normoxic levels.”
_KEYWORDs: Canada, laboratory experiment, mortal-
ity, snow crab, temperature, transport 92. McVean, A. 1976. The incidence of autotomy in

Carcinus maenad..). Journal of Experimental

Svnopsis Mortality among groups of snow crab was Marine Biology and Ecology 24:177—187.

measured at various temperatures in water and in moist

air to provide information on the temperature resisKeyworps Autotomy, growth, habitat, limb loss, North

tance and on suitable temperatures for live storag&ea sex/size effect, shore crab, United Kingdom
Tests of temperature resistance showed time to 50%

mortality increased from 0.07 d at 20°C to 18.8 d af\ssTRACT. ‘A total of 1023 individuals of the com-
16°C. Temperaturesausing rapid death of snow crabs,mon shore cral;arcinus maenag..), were obtained
17°C and higher, are more than 10°C higher than rérom the envions of \hitby Harbour and Robin
ported maximum temperature (4°C) encountered itlood’s Bay. The bulk of the sample was taken from
nature. Temperatures between 12 and 16°C cause thg sublittoral zone, but crabs from a sheltered shore
to 20% mortality in 10 d and may be satisfactory fowere included. Each crab was measured, sexed and
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examined for the incidence of autotomized and regerBiological Association of the United KingdoifiReg-
erated limbs. istered charity no. 226063). Reprinted with permis-
“There was a positive correlation between thesion of Cambridge University Press.]
incidence of autotomy and carapace width for crabs
in both the sublittoral zone and the exposed intertid?r4
zone. In sublittoral crabs the males suffered a higher™
incidence of autotomy than did the females and the
incidence of cheliped autotomy was higher than for
the walking limbs. The discrepancy between the loss
of the chelipeds and walking limbs was reflected in a
similar discrepancy between the occurrence of the
regenerated chelipeds and walking limbs. ~ Kevworps Field evaluation, ghost fishing, Kodiak,
“Crabs on an exposed shore suffered a higheahark recapture, pots, red king crab
incidence of autotomy than did those from a sheltered ) )
shore. There were more crabs with cumulative limiPYNopsis Estimates of pot loss ranging from 10% to
losses than would be expected which suggests that onke”? in the Bering Sea crab fishery, coupled with a
a crab enters into a state of autotomy it becoméishable life of as long as 3-8 years and documented
increasingly vulnerable to the loss of another limbretention of up to 100 crabs in a lost pot provide the
Only 1% of the population of sublittoral crabs would basis for this study. Field experiments to determine if

be expected to carry the loss of five limbs at once. NKiNg crabs can escape from a pot, if crabs will enter
crabs were found with six or more limbs missing.”@n unbaited pot, and deterioration rate of pot web

[Reprinted with permission from Elsevier Sciencehanging materials were conducted in Kodiak, Alaska.
B.V., Amsterdam, The Netherlands.] King crabs were found to escape and enter unattended

pots. Iron wire (0.061 in) had a slower deterioration
] o rate than #72 cotton twine. None of the nylon hang-
93. McVean, A., and l. Flndlay. 1979. The'lnC|denCQngs failed during the study period (289 d)
of autotomy in an estuarine population of the
crab Carcinus maenasJournal of the Marine

Biological Association of the United Kingdom 95. Meyer-Rochow, \B., and K.M. Tang. 1981.
59:341-354. Seeing lobsters are correctly treated. Catch '81

(April), Wellington, New Zealand.

Meyer, R.M. 1971. A study congeng the
problem of derelict pots in the king crab fishery.
U.S. Department of Commerce, National
Oceanic andAtmospheric Administration,
National Marine Fisheries Service, (unpublished
manuscript), Kodiak, Alaska.

Keyworps Autotomy, habitat, seasonal distribution, L _
sex/size effect, shore crab, United Kingdom Kevyworps Handling, illumination, laboratory experi-
ment, New Zealand, physiology, western rock lobster
AssTrRacT. “The incidence of autotomy is described
for a discrete poputn of Carcinus maenag the  Synopsis Rock lobsters live in a benthic environment
Yealm Estuary over a period of one year. During thigvhere ambient light has been filtered and reduced in
time the crabs showed seasonal trends in distributigntensity. They have compound eyes which ensure that
whereby during the summer months they congregategven in dim light or at night they have optimal acuity
at the top of the estuary. This seasonal migration upaired with high sensitivity. Effects of exposing
and down the estuary corresponded with peak rates labsters to sunlight during capture and handling were
the rate of change in temperature of the bottom watdnvestigated by assessing the lobster’s visual capacity
Recruitment occurred in June, July and August. Oveand sensitivity to light-induced damage. A laboratory
all, there were more female than male crabs althougstudy showed rock lobsters can actually see a fair
the ratio varied throughout the year. All sizes and sexeamount of detail and discern ambient light levels and
of crabs autotomized limbs but although autotomyirection of the light. Spectral responses of the lobsters
increased with the size of the crabs it showed noanged from the near ultraviolet to dark orange.
obvious relationship with other population parametersSensitivity to light did not completely disappear, even
Significantly more chelipeds than walking limbs wereafter 3 weeks under continuous light of 1,300 lux. Rock
lost. There were moraultiple autotomies than would lobsters treated this way did not feeelwWhen
be expected if autotomy was a randorergvAuto- exposed to a few seconds of bright, white light of
tomy is shown to be a rare event for sexually maturé0,000 lux, long-lasting and severe sensitivity loss was
Carcinusbut essential to the survival of immatureobserved. Exposure to 1 h of sunlight caused sensitiv-
crabs. Themeans by which crabs may regulate thdty to decrease such that a flash of light visible to an
incidence of autotomy is discussed.” [©1979 Marineunexposed animal had to be 10,000 times brighter to
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be detectable to the lobsters. Rock lobsters exposémstracT: “The weight of crabs caught in cod gillnets
to sunlight are affected in ways detrimental to survivaland the weight of crabs killed were estimated for 11
(1) the eye loses sensitivity and the lobster is unablgreas on the south and east coasts of Newfoundland.
to see predators, (2) unequal damage to both eyesab mortality was due to injuries suffered in untan-
results in the lobster having difficulty in maintaining gling them from gillnets rather than to air exposure.
a normal stance and moving in a straight line, (3) a&.2 million pounds of crabs were caught in gillnets,
curate detection of diurnal rhythms is lost, and (4) 10b5294 of commercial size, and 1.9 million pounds were
sters with impaired vision are less successful flndlngki”ed’ 59% of commercial size. There was a signifi-
shelter. cantly greater mortality among commercial than sub-
commercial crabs (47% vs. 38%). The catch of female

96. Miller, R.J. 1977. Resource underutilization in acrabs was negligible, presumably because of their
spider crab industry. Fisheries 2(3):9-12, 30. small size. The weight of legs lost from survivors of
] all sizes was insignificant at 40,000 pounds. Western
Kevworps  Bycatch, escape mechanism, exposuréygire Dame Bay was the area with greatest crab
field evaluation, gear loss, gear technology, gillnet, ity the loss being 0.9 million pounds. The total
laboratory experiment, Newfoundland, shell condition 5 4ty in area with potential to support a crab fishery
snow crab was a maximum of 1.5 million pounds. At 1973 prices
AssTraCT. “Underutilization in a spider crab fishery this would have a gross value to fishermen of $240,000
was large with respect to 1974 landings of 3300 metriand a gross value to processors of $840,000. Of five
tons (t). Potentially 1600 t were lost by not fishing allpossible solutions for preventing this loss, the intro-
commercial stocks; at least 264 t were discarded iduction of gillnets modified so they do not catch crabs
plants because they were too small, soft-shelled, drolds the greatest promise.” [Reproduced with the
dead; an additional unmeasured quantity of small angermission of the Minister of Supply and Services
soft-shelled crabs was discarded at the dock or on tl@anada, 1995.]
fishing grounds and did not survive; 894 t were lost
to the groundfish gill net fishery; and 10 t were lost to ,
lost traps. 98. Miller, R.J., and J. Watson. 1976. Growth per
“The above losses can be substantially reduced =~ molt and limb regeneration in the spider crab,
by expanding the fishery to unfished areas, by educat- ~ Chionoecetes opilioJournal of the Fisheries
ing the industry to optimum holding conditions for Research Board of Canada 33:1644-1649.

live crabs, and by the following regulations: (1) pro- .
viding for a minimum mesh size on traps; (2) requir_KEYWORDS' Autotomy, growth, laboratory experiment,

ing that undersized and soft-shelled crabs be returndgOlt cycle, regeneration, sex/size effect, snow crab

to the water on the fishing grounds; and (3) providingzgstracT: “Spider crabsChionoecetes opilioyere

for ad hoc closure of grounds yielding a high proporeld in the laboratory for observations on carapace
tion of soft-shelled crabs in catches. No suitabl&yigth increments and limb regeneration per molt.

solution has been found to prevent the loss of crabs e merus (the longest limb segment) of autotomized
the gill net fishery for groundfish and the loss to IOStIimbs regenerated to 48 and 73% of their full length,

traps was found to be insigiednt. While 1 do not  eqhective of crab size, on the first and second molt,
suggest that it is practical to attain maximum sustain-

able yield (MSY) from unfished stocks or to eliminate ©SPECtIVElY. Fitling least squares regressions to per-
all waste, the estimates given suggest the magnitu@§"t@9¢ increase of carapace width per molt (Y) vs.
remolt carapace width (X [in millimeters]) gave the

of the underutilization and what remedial measure g 4 !
ollowing equations: immaturmales Y =40.7 -

have been applied.” _
0.363X; immature femalesY = 45.3 - 0.444X; mature
) malesY = 14.2 + 0.051X; and females’ terminal molt
97. Miller,R.J., and J.R. Hoyles. 1973. Loss of comyqg maturity Y =14.0 - 0.014X. Only the slopes for the
mercial snow crabs to cod gillnets in fist two equations differed significantly from zero.
Newfoundland. Canadian Department of Fish-growth per molt decreased with sexual maturity for
eries and Oceans, Fisheries Research Board Bgth sexes and was significantly less for females molt-
Canada Technical Report 429. ing to maturity than for mature males of the same size.
Kevworns Economics, field evaluation, gillnet, injury, Growth per molt for immature females was signifi-
laboratory experiment, mortality, Newfoundland, sextantly greater than for immature males, but the dif-
size effect, snow crab ference was slight.”
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99. Molyneaux, D.B., and T.C. Shirley. 1988. Molt- 102. Natural Resource Consultants. 1988. Minimiza-
ing and growth of eyestalk-ablated juvenile red tion of king and Tanner crab by-catch in trawl

king crabs, Paralithodes camtschatica fisheries directed at demersal groundfish in the
(Crustacea: Lithodidae). Comparative Biochem- Bering Sea. Report to the U.S. Department of
istry and Physiology 91:245-251. Commerce, National Oceanic and Atmospheric

Kevyworbps Ablation, feeding, growth, laboratory g\g_rxlg:_s':[gagllozn g\eg{[gl(lelment of NOAA Award
experiment, molt cycle, mortality, red king crab, South- ’ '

east Alaska Kevworps Bering Sea, bycatch, exposure, field evalu-
ation, gear technology, groundfish, handling, injury,
Ig_boratory expement, mortality, red king crab, Tanner
rab, trawl

Synopsis  Juvenile red king crabs collected in
SoutheastAlaska were subjected to single- and doubl
eyestalk ablation in the laboratory. Single ablatiorf
resulted in a 20% increase in feeding rate, no decreasenopsis Bycatch of halibutlippoglossus stenolepis,
in intermolt period, and a 2-fold increase in mortalityred king cralParalithodes camtschaticand Tanner
rate compared to non-ablated crabs. Double ablatiaf}ah Chionoecetes bairdby Bering Sea groundfish
reduced feeding rate by 36%, significantly decreaseglawlers was minimized through innovative changes
the length of intermolt period, and increased then trawl gear design. Comparative gear evaluations
mortality rate by 4-fold. Mortality rate increased neanyere completed for a trawl fit with a “crab panel” and
ecdysis for all experimental groups oflesaAbldion  gnather fit with a “crab chute.” Field evaluations were
did not affect growth in wet weight or carapace lengtheonqucted in an area that demonstrated commercial
quantities of flounder and cod, as well as adequate king
100. Muir, W.D., J.T. Durkin, T.C. Coley, and G.T. and Tanner crab. Catch rates from control trawls were

McCabe. 1984. Escape of captured Dungeneﬁm”ar for all species, day or night, except for Tanner
crabs from commercial crab pots in the Colum<rab. Bycatch of Tanner crab was more than 5 times

bia River estuary. NortAmerican Journal of higher during hours of darkness than during hours of
Fisheries Management 4:552-555. daylight. The crab panel trawl retained statistically less
L. .., crab for each metric tonne of flounder and cod caught
Kevworos: Columbia River, Dungeness crab, field__ 5 7 king craband 4.6 Tanner crab compared to
evaluation, ghost fishing, limb loss, mark recaptureg s king crab and 15.6 Tanner crab for the control traw.
mortality, pots, sex/size effect The crab-chute trawl had flounder and cod bycatch
AssTracT. “Escape of Dungeness crab@aficer rates essentially identical to those of the contro!trawls,
magiste) from baited commercial crab pots in thereduced king crab bycatch by 33%, but failed to
Columbia River estuary was examined. During éppreciably reduce bycatch rates of Tanner crab. King
28-day period (12 October — 10 November 1982)§1nd Tanner crab survivdecreased as duration in the
185 male crabs were captured and tagged. Sixty pgret and onboard processing time increased. Initial sur-
cent of the crabs escaped, the majority within 2 day#ival was <50% for durations longer than 10 h. Over-
Size, leg loss, and leg regeneration were not signifill survival of crab bycatch caught, sorted, measured,
cant factors in escapement.” and held in circulation tanks for 24-48 h was <22%.

101. Nakanishi, T. 1974. Effect of exposure to the ait03. Natural Resource Consultants. 1990. The nature
on the heart rate iRaralithodes camtschatica and scope of fishery dependent mortalities in the
Bulletin of the Hokkaido Regional Fisheries commercial fisheries of the Northeast Pacific.
Research Laboratory 40:38—-47. Report to the Highliners Association, Seattle.

Kevyworps Exposure, Japan, laboratory exjraent, Keyworps Aleutian Islands, Bering Sea, bycatch, Gulf
physiology, red king crab of Alaska, longline, pot, red king crab, Tanner crab,

: ., trawl
Svnopsis The effect of air exposure on the physiol-

ogy of king crab was investigated using the electroSynopsis A compilation of historical bycatch statis-
cardiogram. Théheart rate of crabs exposed to airtics for halibutHippoglossus stenolepised king crab
decreased in some crabs and did not change in otheParalithodes camtschaticdanner cralChionoecetes
compared with heart rates when in seawater. King cratairdi, and salmorOncorhyntiusin the Bering Sea/
appear to survive in air for at least 7 h at 5°C. Aleutian Islands and Gulf of Alaska are featured by
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fishery. The report discusses problems with bycatchud in adult males reached approximately 12% of
and other additional removals. Removal of nontargetethe normal limb length during the first molt following
species with emphasis on prohibited species in Berinigpjury. Recovery rates with each successive molt were
Sea and Aleutian Island trawl, pot, and longline fish29%, 50%, 65%, 75%, 83%, 87%, and 91% of the
eries is summarized, including historical information.normal limb length. Recovery of lost limbs among
Biological and economic consequences of additionadults requires an extremely long period compared to
removals are explored and management implicationgoung crabs due to the lengthened interval between
for the northeast Pacific are discussed. molts and slower recovery process.

104. New Zealand Marine Department. Undated.106. Noman, C.P., and M.B. Jones. 1993. Reproduc-

Lobsters alive! Handling and measuring rock tive ecology of the velvet svyimming crilecora
lobsters. New Zealand Fisheries Information puber (Brachyura: Portunidae), at Plymouth.
Leaflet 14. Journal of the Marine Biological Association of

. . the United Kingdom 73:379-389.
Keyworps. Handling, New Zealand, size limit, west-
ern rock lobster Kevworps. Fecundity, field evaluation, limb loss,

o ) reproduction, United Kingdom, velvet swimming crab
Synopsis This is a full-color brochure aimed at edu-

cating fishermen that careful handling of lobsters iABsTRACT. “Monthly samples of intertidal and near-
essential for continuation of a fishery. A lobster,shoreNecora pubewere collected over two years from
whether undersized, berried, or softshelled, is moneg commercially unfished area around Plymouth
in the pocket, if not now then at some stage in thésouth-west England). A clear reproductive cycle,
future. The brochure offers practical advice on hanconsistent between the two years, was observed, and
dling and measuring lobsters. Emphasis is on keepiriglatively high numbers of ovigerous females were
lobsters cool, wet, and shaded and returning them feund from January to June. Zoeal release was esti-
natural habitat within 10 min. Once retained, lobstergnated to occur from April to June. Ovigerous females
should be kept in fresh seawater with good circulatiolad developing ovaries, indicating that sequential
or in shaded bins soaked with a deck hose to ensubgoods occur. During embryonic development, egg
they are landed alive. The brochure presents a diagrarnlume increased by 109%, and egg loss was signifi-
on how to sex lobsters and a 3-step procedure on takiggnt, accounting for between 14 and 18.5% of initial
measurements. brood number. Females suffering limb loss showed a
further reduced brood size compared to females with

. . full limb complement. The sex ratio of immature
105. Niva, K., and H. Kurata. 1964. Limb loss andgrabs was 1:1, whereas the ratio for mature crabs was
regeneration in the adult king cr@hralithodes

. . ; . biased to males (1.45:1). Two sperm plugs were
IC:asmhteiggsgceiilglritr:né[)tgreagokggl'%i RSESQIO'IE]rZIn observed in 90% of early postmoult mature females,
: ! ry 28:51-55. ( Soﬁlrlt 10% had only one or no plug intact, suggesting

gtecdafr:g:jna‘]"fl‘.?:;‘;zeﬂg% g'znggeﬁuﬁsgﬂiggfa{ eir failure to mate succes_sfully. These results are
' " reviewed in relation to the biogeographyMfpuber
Kevworps Bering Sea, field evaluation, injury, molt and with reference to the developing fishery in the
cycle, red king crab, regeneration, sex/size effectJnited Kingdom.” [©1993 Marine Bioldgal Asso-
tangle net ciation of the United KingdorfRegistered charity no.

. . . 226063). Reprinted with permission of Cambridge
Svnopsis Injuries and regeneration rates of king CratUniversity Press.]

were estimated for adults captured in tangle nets by a

king crab factory ship in the Bering Sea. Walking legs . .

were most often injured and the majority of crabs ob107. O'Brien, J., D.L. Mykles, and D.M. Skinner.
served had only 1 limb injured. Of 33,744 male crabs ~ 1986. Cold-induced apolysis in anecdysial
examined, 15.3% had injured walking legs, while brachyurans. Biological Bulletin 171:450-460.
19.5% of the 1,783 female crabs had injured walkin
legs. The hance of injury was higher for posterior
legs. Number of limb losses or regenerations wer
highest for the fourth leg. A frequency distribution AsstracT. “Several integumentary tissues of brach-
of the recovery rate indicated that the regeneratinguran crabs separate from the exoskeleton (undergo

%evwornps Crab, exposure, laboratory experiment,
renolt cycle, physiology
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apolysis) when exposed to low temperatures (0°C) for 1987). Alaska Department of Fish and Game,
one hour or longer. Apolysis did not occur in crabs Division of Commercial Fisheries, Regional
held at room temperature for the same length of time Information Report 4K88-28, Kodiak.

following the destruction of the subesophageal gan-
gliai.e., the phenomenon was not due to the death ; ) "
the animals. Apolysis did occur in animals chilled fol-mortality, red king crab, shell condition, Tanner crab,
lowing ganglionectomy. Cold-induced apolysistraW

occurred in species of seven families of brachyuransgstract: “A hard-on-bottom trawl survey was con-
distributed throughout tropical, North Atlantic, or qucted to determine current bycatch rates of prohib-
Pacific Northwest habita. Therefore, it isot merely jted species (halibut and crab) in three areas on the
due to chilling subtropical animals. Adult majid crabs,yest side of Kodiak Island that are closed to bottom
which are in terminal anecdysis, underwent coldtraw| fishing. A total of 18 trawls using a Bering
induced apolysis as did Bermuda land crabs, the latt&ea Combination net was made inViekoda Bay, Spiri-
in all stages of the molt cycle tested. Chilling/itro  don Bay, and Kupreanof Strait in November 1987.
also induced apolysis in isolated pieces of integumen-argest catches of fish were made in Spiridon Bay
tary tissue. The biological S|gn|f|cance of t_hese obse_r(-161854 kg/hr) consisting mostly of yellowfin sole,
vations is that the mechanisms underlying apolysistarry flounder and flathead sole. Lesser catches were
may be activated in the integumentary tissues ofaken in Viekoda (6615 kg/hr) and Kupreanof Strait
anecdysial animals.” [Reprinted with permission fromy5805 kg/hr). Bycatch rates of halibut were lowest in
the Biological Bulletin] Spiridon Bay (4—6 kg/mt) compared to the other two
areas (48-79 kg/mt). Tanner crab were more evenly

108. Otwell, W.S., and N.B. Webb. 1977. |nvestiga_d_istributed in the three study areas (6—16 kg/mt). Few

tion of containerization for transportation of live King crab were found and only in Viekoda Bay

blue crabs,Callinectes sapidusChesapeake (1 kg/mt). No soft shell crab wemaught. Trawl-
Science 18:340-346. induced mortalities aboard ship were 12% for Tanner

crab, 19% for red king crab, and 0% for Dungeness.”
Kevyworbps. Atlantic coast, blue crab, exposure,
handling, mortality, sex/size effect, transport

YwoRrDs Bycatch, Dungeness crab, halibut, Kodiak,

110. PacificAssociates. 1993. Discards in the ground-
ABsTRACT. “Simulated ovetthe-road transporti@n fish fisheries of the Bering Sea/Aleutian Islands
studies were designed to determine the survival rate & the Gulf of Alaska during 1992. Report to the
of blue crabs in various types of containers and atthree  Alaska Department of Fish and Game, Commer-
storage temperatures. Survival rates were evaluated cial Fisheries Management and Development
for seven container designs at test temperatures 5, 10, Division, Juneau.

20°C during a 96-hr storage period. The best surviv?% : .
o EyworDs Aleutian Islands, Bering Sea, bycatch,
rate for blue crabs out of water was at 10°C in Opecatch statistics, crab, groundfisksulf of Alaska,

baskets with moist burlap packaging (80-95% rela; " . : :
tive humidity). Mean mortalities under these condi—hal'bUt’ herring, longline, pot, salmon, trawl
tions were 4.2% after 24 hr, 5.0% after 36 hr, and 16.7%vnorsis This report identified the amount and source
after 48 hr storage. Tests on the frequency of handlingf discards of groundfish, crab, Pacific halibiippo-
the crabs indicated that these mortalities were prolylossus stenolepifacific herringClupea harengus
ably high. The esults of this study indicated that pallasi, and salmo®ncorhynchusesulting from the
procedures which encompass an open type containesmmercial groundfish fisheries in the Bering Sea/
with a method to maintain high humidity, such as moispleutian Islands and Gulf of Alaska during calendar
burlap, and temperature control (approx. 10°C) willyear 1992. Asignificant variance in the amount of
substantially improve the survival of blue crabs.groundfish discards reported was found when com-
Differential survival by sex indicated that the geo-paring discard reports by vessel operators or proces-
graphical distribution of the crabs deserves furthesor to discard reports by independent contract
study.” observers. Specific findings are reported for each
geographic region by fishery.

109. Owen, D1988. Abottom trawl survey on the
west side of Kodiak Island: Viekoda Bay, 111. Pacific Marine Fisheries Commission. 1978.
Spiridon Bay, and Kupreanof Strait (November Dungeness crab project of the state-federal
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management program. Pacific Marine Fisherieponential decline. Our evidence suggests that little

Commission, Portland, Oregon. direct mortality of lobsters is due to the inability to

exit traps, and consequently ghost fishing by these traps

is not considered a problem for spiny and slipper lob-
ters.”

Keyworps. Dungeness crab, economics, gear loss
handling, limited entry, management strategy, mar
recapture, migration, Pacific coast, pots, shell condi-
tion, trawl

113. Paul, J.M.,A.J. PadndA Kimker. 1994. Com-

Srnopsis This is a comprehensive document cover-— onsaiary feeding capacity of 2 brachyuran crabs,
ing relative information concerning the Dungeness Tanner and Dungeness, after starvation periods

crab fishery as compiled by Pacific coast fisher : - ;
scientists, e%onomistsp,) and mz'/:magers during the periyod Ill?k:ség(?iﬁ gzﬁg#rr:tig;il 1'2 4p_01§7 Alaskattery
1973-1977. The introduction reviews the inception of ' '

the State and Federal Fisheries Management Progrdfeyworps. Dungeness crab, feeding, Gulf of Alaska,
(SFFMP), the designation of Dungeness crab as tHaboratory experiment, mortality, shell condition, star-
highest priority species under the SFFMP, and theation, Tanner crab

organization and operation of the SSFMP Dungene§

crab project. Phase | reviews Dungeness crab resourdaSTRACT:  “Food usage rates were measured in 2

in Washington, Oregon, and California, as well afrachyuran species, Tanner chionoecetes bairdi
associated databases, data management, and sampfiflj Dungeness crabancer magisterfollowing
techniques. Harvesting of female crab, crab mortalitpt@r vation periods of 0, 30, 60, and 90Fkitests
associated with fishing practices, the sport fishenyndicated that there was no compensatory feeding.
movement of tagged crabs, and impact of crab season8d Usage rates within species were similar among
are discussed. Phase Il reviews the relationshif]e 4 test groups, regardless of the length of starva-
between effort and yield, potential net benefit of effort!oN- FO0d usage rates were approximately 0.4% body

management, and alternative effort management plan&€ight per day for Tanner crabs and 1.0% for Dunge-
ness crabs. Neither species markedly increased its con-

_ sumption rate to compensate for the nutritional deficits.
112. Parrish, F.Aand TK. Kazama. 1992. Evalua- Starvation periods as short as 30 d negativecati

tion of ghost fishing in the Hawaiian lobster survival of both species under laboratory conditions.”
fishery. Fishery Bulletin 90:720-725.

Kevworps: Field evaluation, ghost fishing, Hawaii, 114. Paul, L.M.B. 1984. Investigations into escape
laboratory experiment, mortality, slipper lobster, spiny vent effectiveness and ghost fishing in captive
lobster (Hawaii), trap populations of the spiny lobstePanulirus
marginatus Pages 283-29 Proceedings of

AssTRACT. “Mortality due to retention of lobsters in the resource investigations of the northwest Ha-

derelict traps was evaluated over a 2-year period using ian Islands. Uni itv of H i Honolul
two approaches. First, a string of eight empty, single- Lva“afl ;anGs. Pll\?/erg ¥&R SZV%”l onoluld,
chamber, plastic traps was deployed at 40 m depth off ~ M@wall séa Lrant Report MR-64-0L.

Oahu, Hawaii, and monitored periodically by scubakeyworps; Bait, escape mechanism, ghost fishing,

during a 6-month period in 1990. The traps were stablgawaii, laboratory experiment, sex/size effect, sort-
and remained intact despite adverse oceanic condpg, spiny lobster (Hawaii), trap

tions. Numerous entries and exits of lobsters were ) , ,

recorded. For the second test, the ability of lobsters #BSTRACT. “The spiny lobste?anulirus marginatus,

exit traps was tested in a series of field and laborator§omprises one of the major fishery resources of the
trials of trap strings stocked with Hawaiian spinyHawaiian Ardipelago. It is usually captured with a
lobster Panulirus marginatusand slipper lobster double-chambered wire trap whose mesh size is
Scyllarides squammosuEhe number of lobsters that unregulated. Sublegal lobsters fully recruited into the
died in stocked traps was less than 4% of the test poplishery and caught in traps are sorted on the dock. Dock
lation and differed significantly from zero only in the sorting is time-consuming for the fisherman and
laboratory evaluation)(z = 5.42,P =0.02). The two frequently damaging to lobsters, and its value as a stock
species exited similarly; however, the pattern of exitsonservation method is now being questioned.
in laboratory and field tests differed significantly This study was designed to determine if spiny lobsters
()(2 = 23.889,P = 0.03).All lobsters exited within can be effectively ‘sorted’ on the bottom by fishing
56 days in a pattern generally approximating an exwith traps equipped with escapents. his study also
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investigated whether lobsters would enter traps ‘baitedKevyworps  Growth, Kodiak, mark recapture, migra-
only with live lobster and thus be subject to ghostion, red king crab, shell condition

fishing. Three types of escape vents, single, bar, a . .
mesh, were tested. The unbaited, vented traps we YNOPSIS This report summarizes early research on

loaded with individually identified lobsters and left '<d KIng crab in the Kodiak area, including (1) a tag-
on the bottom of a Igrge tank overnight. Resultd!N9 experiment conducted from 1954 to 1960 that

indicated that the overall escape rate of sublegaqva“:ﬁted (tjag .typtta_, I?”%'t%rm tag rtett(_antlor]!, Cr"f‘tb
obsters was approximately 50 percent wih /2", 215 TIOTon. (2) documentatr of ol
escape rate decreasing linearly with increasing car iudy of the effects of iniuries inflicfed on old- and
pace length. There was no significant difference i w}/shell female red kin JcrabS' and (4) a description
escape rate between males and females. Differenc . 9 e SCTIp

in escape rates between vent types indicated that esc e((j:ooperatwe ris_earch eﬁo;_ts with other biological
vent efectiveness may gend on total vent area. Since oceanographic organizations.

vented traps are able to sort out sublegal lobsters on

the bottom, it is recommended either that traps b&l7. Reilly, P.N. 1983. Effects of comnoeal trawl-
equipped with escape vents or that a minimum mesh  ing on Dungeness crab survival. Pages 165-174
size be required. In all the escape vent trials, ghost  in P.W. Wild, and R.N. Tasto, editors. Life history,
fishing did occur. Seven percent of the unloaded environment, and mariculture studies of the
females and 9 percent of the unloaded males in the = Dungeness crakiancer magistemwith emphasis
tank population were attracted to the vented traps  on the central California fishery resource. Cali-
baited only with live lobsters. It is recommended that ~ fornia Department of Fish and Game Bulletin
lobster trap lids be fastened with biodegradable mate- ~ 172.

rial. If not, lost traps should be included as part o
total fishing effort until their estimated time of dete-
rioration.”

kEYWORDS Bycatch, California, Dungeness crab,
environment, field evaluation, injury, molt cycle,
mortality, shell condition, s#iss, trawl

115. Pecci, K.J., and four coauthors. 1978. Ghost fis prNopsis Few data exist on Dungeness crab mortal-

‘o it umenes obsgmac b o conmerl i apereon. T mpact
?Srr_lggl_%zirl%straps. Marine Fisheries Review 40 ;\ ahs molt and are softshelled was studied using
: ' a 400 eastern otter trawl in the Gulf of the Farallones.
Kevworbs American lobster, escape mechanism, field he study was conducted during July, August, and
evaluation, ghost fishing, injury, Maine, Massachu-September because male Dungeness crabs molt during
setts, mortality, trap summer anddll. Total mortality of 40 males and 24 fe-
o _ . males was 1.9% of the total catch (3,296) of Dunge-
AssTracT: “Field experiments were conducted inness crabs. Thirty of the dead males were of sublegal
waters near Boothbay Harbor, Maiaed Wods Hole,  sjze. Nineteen of the dead males and 14 of the dead
Mass., with 40 inshore-type lobsterpisa Twenty of  females had soft shells and were crushed by the weight
the traps were fished normally from the surface angf the catch. An additional 9 males and 3 females had
20 were left on the bottom and routinely surveyed byjlling shells that were fractured or crushed. The re-
divers. Half of the traps in each group were fitted withmaining hardshell mortalities had puncture wounds,
sublegal escape vents. Catch-escape panels were aigeken chelae or legs, or fractured carapaces. Percent-
tested. Surface-hauled traps caught 3,425 lobsters giges of the total catch of hard, filling, and softshelled
53 sampling periods; 28 percent of the lobsters haghales killed from trawling operations were 0.9%,
one or more types of body damage. The ‘ghost’ trapg 8%, and 20.2%, respectively. Crabs showing stress
caught 456 lobsters during the same period; 25 peut no visible injury recovered fully after brief im-
cent of the lobsters died by the end of the experimentrhersion in running seawater. Total mortality was 0.53
crabs per trawling h for all male crabs and 0.12 crabs

116. Powell, G. 1961. 1960 Annual report of king crad®€" trawling h for legal-sized male crabs.
research activities, Part Rages 1-1i8 Special
king crab report, Alaska Department of Fish andL18. Ritchie, L.D. 1972. Octopus predation on
Game, Commercial Fisheries Division, Biologi- pot caught rock lobster — Hokianga area,
cal Research Division Memorandum 3, Kodiak. New Zealand, September — October 1970.



58 Articles

New Zealand Marine Department, Fisheriesgrowth. A hypothetical greth plot constructed from
Technical Report 81, Wellington. incremental growth of several crabs indicated ages at

K £ hani field luation. N attainment of sexual maturity and legal size to be
ZEY‘l’VOFaDS' tscape mtec a”éS'tT" e e;/a ua I0kn|1 be;"io and 30 months. A pictorial description of stone crab
aland, ocltopus, pots, predation, Western rock lobstel| 5\, regeneration is presented. Minor claws realized

AssTracT: “Data were collected at Hokianga, greater regeneration after one and two molts (73.5%
September — October 1970, to determine the effect @d 96.5% of pre-autotomized sizes) than did major
escape gaps on octopus predation of pot-caugﬁt&WS (68.6% and 89.0%). Intermolt interval of labo-
lobsters. ‘Normal’ predation is estimated at 10% (i.efatory crabs increased with larger carapace width sizes.
1 pot/10 visited by octopus). At Hokianga the overallClaw loss shortened or lengthened duration of the in-
predation incidence was 19.6% (1 visit/5.1 pots). ~ termolt period depending upon whether the claw was
“For 24 hr potnights overall takeable lobsterrémoved shortly after a molt or later in the cycle.
catch/10 pots was 41.8, comprising 47.0 for escape
gap pots, and 34.6 for non-escape gap pots. OCtopysg, Scarratt, D.J1972. The efécts on lobsters
escape gap pots and 21.3% for non-escape gap pots.  (Chondrus crispds International Council on the
For 3-5 day potnights overall takeable lobster  Exploration of the Sea, Council Meeting Docu-
catch/10 pots was 35.8, comprising 51.0 for escape  ment 1972, Shellfish Benthos Committee K:36,
gap pots, and 18.6 for non-escape gap pots. Octopus  Copenhagen.
predation was 35.6% overall, comprising 31.4% for _ _
escape gap pots and 45.5% for non-escape gap potg_EYWORD.S'. A_m_erlcan_ |0bSteI‘, Atlantic CoaSt, Ca.na.da.,
“Intermediate depths (11-19 fathoms) produce@®cOnomics, injury, Irish moss, rake

best takeable lobster catches (70.5/10 pots overall) argyopsis The principal species of seaweed harvested
least octopus predation (7.9% overall). Escape gap pa#gm the Canadian Atlantic isi$h mossChondrus
retained fewer octopuses than non-escape gap pots aspus All areas where Irish moss grows are also
were visited less frequently. Some data are availabi@shed for lobster. The seaweed is harvested by towing
for longer potnights. Diving observations were madgakes 3 m wide with power boats. This study investi-
in the fishing area. Other lobster predators arggated the damage to lobsters from commercial rakers
discussed, and control measures are outlined.” on different grounds. Using diving techniques, the
numbers of lobsters on Irish moss beds, their reactions
119. Savage, Tand J.R. Sullivan. 1978. Growth and {0 raking, and the numbers of lobsters killed or
mercenaria Florida Department of Natural observed to retain a total of 73 lobsters, 29 in the rake

Resources, Marine Research Laboratory, Florid@nd 44 in the rake baskAll lobsters were sublegal

Marine Research Publication 32, St. Petersburgiz€. Damage to lobsters by moss raking was related
o the roughness of the beds and lobster abundance on

Kevworps  Chelotomy, Florida, growth, laboratory them. On smooth beds, lobster populations are low
experiment, molt cycle, regeneration, stone crab  and mortality negligible. On rough grounds, lobster

populations are high and damage to them justifies some
ntrol of raking activities. Chain-bridled rake and

igher tow speeds caused significantly more damage.

ABsTRACT. “Laboratory-maintained and feral crabs
were observed for incremental carapace width an
major and minor claw growth. Morphometric relation-
ships for male and female carapace width against

length and carapace width against major and mindt21. Scarratt, D.J. 1973. Claw loss and other wounds
claw sizes were derived. Only slopes of carapace width  in commercially caught lobsterslomarus

vs. female major and male minor claws were not americanus Journal of the Fisheries Research
significantly different at the 95% confidence level. Board of Canada 30:1370-1373.

Feral normal male incremental growth exceeded thq{EYWORDS American lobster, Atlantic coast, Canada,
of normal females for all parameters. Normal labora; dling. iniurv. lrish moss. imb loss. rake
tory females possessed greater average carapace Wigﬁ’P g, Injury, ' ’

growth but less claw growth than did their maleAsstracT: “Incidence of claw loss in commercially
counterpats.All laboratory growth was more uniform caught lobsterd{omarus americangsanged between
but incrementally smaller than corresponding fields5 and 19% but could not be attributed to any single
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cause, although factors such as rough handling by fistime. Ghost fishing was highest during June and Sep-
ermen, moving fishing gear, and ice in shallow watertember. Cannibalism was most prevalent during the
may contribute. The incidence of other wounds rangesimmer and fall coincident with molting. More than
between 1 and 11% and there was evidence that sericl/8 of all lobsters in or entering an unattended trap
wounding was related to the local practice of harveswill be lost due to cannibalism or retention.

ing Irish moss by rakes.”

124. Shirley, S.M.and TC. Shirley. 1988. Apend-

122. Schlieder, R.A. 1980. Effects of desiccationand  @ge injury in Dungeness crabs in Southeastern
autospasy on egg hatching success in stone crab, Alaska. Fishery Bulletin 86:156-160.

Menippe mercenariaFishery Bulletin 77:  keyworps Dungeness crab, field evaluation, injury,
695-700. limb loss, mating, molt cycle, pots, regeneration,

Kevworps Chelotomy, exposure, fecundity, Florida sex/size effect, shell condition, Southeast Alaska

laboratory experiment, mortality, recruitment, stoneSynopsis Dungeness crabs were examined in South-
crab eastAlaska to determine the incidence of missing,
regenerating, and damaged appendages. Incidence of

e e oy 2Phendage jry e compare beeen moling and
, y . y . _“mating periods and the commercial fishing season.
ously pulling traps and declawing crabs only durin

: . . Ywenty-five percent of the crabs sampled (N = 878
the return trip to port. Crabs are kept in containers %fad irﬁuredplimbs: 18% were missFi)ng, (5% were)

deck and exposed to air for up to 8 h. Effects of cla egenerating, and 2% were damaged. There was no
removal from air-exposed ovigerous females antyyejation between shell condition and appendage
desiccation of exposed egg masses were investigat ury and no significant differences in appendage in-

to determine if current practices reduce larval hatcg]'ury existed between male and female Dungeness
ing and recruitment. Desiccation of eggs by air exp

. i rabs. Mean number of regenerating legswas 1.2 £ 0.1
sure of ovigerous females caused reduction in larv gs per crab and mean number of damaged append-
hatching success that was directly related to length ges was 1.1 + 0.1 appendages per crab. Appendage
exposure. Desiccation weakened normal crab autotq:hjury was significantly correlated with date, more in-

mic muscular reflex, and declawing resulted in 34.4%ria5 occurring later in the year. Appendage injuries

crabs exposed 5 h. Mean hatching success in expefugust, a period encompassing molting, mating, and
ment | was 91.6% for control crabs and decreased ¥shing.

78.6% for crabs exposed 2 h and to 60.3% for crabs

exposed 5 h. Mean hatching success in experiment || .

was 86.3% for control crabs, 49.6% for crabs exposet2>. Simonson, J.L., and R.J. Hberg. 1986. Eécts

2 h plus autospasy, and 18.8% for crabs subjectto 5h  Of air exposure and claw breaks on survival of
desiccation and autospasy. Claw loss negatively af-  Stone crabdMenippe mercenarialransactions
fected or delayed maternal egg mass preening. When of the American Fisheries Society 115:471-477.
crabs are ovigerous, desiccation causes a reductionytyworps Exposure, Florida, laboratory experiment,
larval hatching success and is related to crab deaffinp |oss, mortality, stone crab

and reduced overall population recruitment.
AssTRACT. “Only claws are harvested from stone crabs

trapped in marine waters off Floridand crabs are
123. Sheldon, W.W., and R.L. Dowl975. Trap released to regenerate them. In practice, stone crabs
contribution to losses in the American lobsterpften are held in shipboard boxes and declawed as
fishery. Fishery Bulletin 73:449-451. vessels return to port. A direct relationship exists

Kevworos American lobster, cannibalism, gear loss, Petween holding time and stone crab mortality, but

host fishina. Mai K t talit 'mortality is reduced significantly when crabs are damp-
ghostiishing, Viaine, mark recapture, mortaiity ened periodically with seawater. When crabs held 6 h

Svnopsis American lobster survival in unbuoyed trapsin boxes were wetted with seawater once every hour,
was studied in Maine. Lobsters of both sexes anthortality declined from 100% (no wetting) to 23%
various sizes were tagged and placed in traps arfderiodic wetting). Mortality of both wetted and
monitored over a 2-year period. Unattended trapanwetted stone crabs increased when claws were not
continued to catch lobsters for an indefinite period obroken along the natural fracture plane.”
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126. Simonson J.L. and R.J. Hochbel§92.An analy- historically increased toward the end of the harvest
sis of stone crab (genienippé claws and their season.”
use in interpreting landings on Floridaigest
coast. Pages 26—-35T.M. Bert, editor. Proceed-
ings of a symposium on stone crab (Genu
Menipp§ biology and fisheries, Flo_rlda Depart- Chionoecetes opilion the Japan Sea. Nippon
ment of Natural Resources, Marine Research o . "1y oichi 53:1173-1179
Laboratory, Florida Marine Research Publication ' '
50, St. Petersburg. Keyworbps Trawl, bycatch, field evaluation, gear tech-
nology, Japan, seine, sex/size effect, size limit, snow
crab, trap

&27. Sinoda, M., T. Ikutand A.Yamazaki. 1987. On
changing the size selectivity of fishing gear for

Keyworps. Field evaluation, fishing season, Florida,
injury, limb loss, regeneration, stone crab

ve . ABSTRACT. “At present, management agencies enforce
ABSTRACT. *Size-specific data on stone crah claw type, ize limit restrictions in the Japan Sea which prevent

(crusher, pincer, regenerated), ‘handedness’ (rig e landing of mal€. opilio less than 9 cm carapace

crusher, left crusher), and type (good, problem, baq). : . . . :
. . idth. Since Danish seiners cannot avoid capturing
of break (point at which the claw had been broker legal sized crabs, a large number of the crabs are

from the body) were obtained from claws landed a iscarded at sea in the hope that they will eventually

processing houses in four Florida counties near th cruit to legal size. However, catches of the crab have

openings and closings of the 1983-84 and 1984— ; ; O
. . clined accompanied by a reduction in average crab
stone crab harvesting seasons. Right-handed crush Ize. We demonstrate that crab yield can be increased

constituted 77% and 60% of all claws examined durin o . .
. switching the gear to long line traps with 15 cm
the 1983-84 and 1984-85 seasons, respectively. Go retched mesh. Thus, by changing the size selectivity

breaks (indicative of the highest probability of sur- f ;
. the gear, crabs smaller than 9 cm width can be pro-
vival of declawed crabs) were observed on 70% of th cted from the fishery.”

claws; problem and bad breaks were observed on 19%
(1983-84) and 11% (1984-85) of the claws, respec-
tively. Jumbo claws had the lowest frequency of good 28. Skinner, D.M., and D.E. Graham. 1972. Loss of
breaks. Th@ercentage of claws with good breaks was limbs as a stimulus to ecdysis in Brachyura (true
generally higher in \&kulla County than in Collier crabs). Biological Bulletin 143:222—-223.
County, probably because techniques for handlin . )
captured crabs differed in the two areas. Regenerat&§/VOrps Ablation, blue crab, fiddler crab, green
claws constituted 7.6% of all claws sampled; most werg @P: illumination, laboratory experiment, limb loss,
medium-sized pincers and intermediates (claws with"°lt cycle, mortality, regeneration, spider crab

dentition intermediate between the patterns charactegynorsis Interrelationships between molting and limb
istic of original pincer and crusher alg). The fre-  regeneration in Brachyura, true crabs, is examined to
quency of regenerated claws decreased significantiyetermine (1) the effect of limb loss on the duration of
as claw size increased. In Collier County, the proporthe molt cycle, (2) the minimal number of legs that
tions of regenerated claws found in closing seasomust be removed to cause molting, (3) the effect of
samples from both seasons were lower than thosge total number of legs removed on the size of regen-
found in the respective opening-season samplegrated limbs, and (4) the effect of no privacy and light
a similar decrease in the proportion of regenerategkgimen on the duration of the molt cycle. Loss of 6 to
claws between the opening and closing of the seas@legs and chelae triggers precocious molts in the green
was seen in the 1984-85 season at Wakulla Countycrab Carcinus maenasthe blue crabCallinectes
“We compared our survey results from Collier sapidus,and the fiddler crattca pugilator, but not
County to those of similar surveys conducted inthe spider cratLibinia emarginata.Mortality rates
1970-71 and 1973-74 and with unpublished data fromvere negligible compared to animals induced to molt
a field study conducted in 1976—77. The proportion oby eyestalk removal. Precocious molt was stimulated
crushers found in samples taken at the closing of eadh the land crab by loss of 5 to 8 appendages, but loss
of the 1970-71, 1973-74, 1983-84, and 1984-86f all 10 appendages inhibited molt. Loss of a chelae
seasons was significantly higher than that found ir walking leg had a similar effect. The size of regen-
samples taken at the opening of each season, suggestted limbs in the land crab was reduced 33% when
ing that the proportion of smaller crabs bearing onlyl to 6 legs were lost and 50% when 8 limbs were lost.
one legally harvestable claw (usually a crusher) ha&nimals maintained under reduced light conditions or
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with privacy molted sooner than those under normdior profit, approximately 11% of their annual income
light conditions in community tanks. is derived from lobstering, however, 48% of the part-
time men questioned derived little or no money from
the fishery. The average full-time man works longer
Cpours for less pay than do men employed in the two
foccupations in which part-time men are most com-
énonly employed.

“Many part-time commercial, and virtually all
nersonal use fishermen use their vessels predominantly
or sportfishing or other pleasure activities.”

129. Smith, E.M. 1977. Some aspects of luaifort,
biology and economics of the Long Island Soun
lobster fishery during 1976. U.S. Department o
Commerce, National Oceanic and Atmospheri
Administration, National Marine Fisheries
Service, Commercial Fisheries Research Deve
opmentAct, Connecticut Project 3-253-R-1,
Waterford.

Kevworps: American lobster, Atlantic coast, catch
statistics, Connecticut, economics, fecundity, field
evaluation, injury, shell condition

130. Smith, E.M., and P.T. Howell. 1987. Theeetb
of bottom travling on American lobsters,
Homarus americanysn Long Island Sound.
Fishery Bulletin 85:737-744.
'SBSTRACT' On January 1, 1975 the_ Co.nr.].ec“CUtKvaoreDs American lobster, Atlantic coast, bycatch,
epartment of Environmental Protection initiated a : I :
. . : exposure, field evaluation, injury, laboratory experi-
computerized reporting system for lobster to improve . - Long Island Sound. molt cycle, mortality, pot
the precision of catch per unit effort statistics generfrawl’ ' ; ' :
ated from data supplied by commercial fishen. The
present study was designed: 1) to assess the reliabdsstracT. “American lobsters taken in the commer-
ity of the Commercial Fisheries Logbook Reportingcial trawl fishery in Long Island Sound, U.S.A., were
System in representing catch and effort for the entirsspected for incidence of damage and immediate
fishery, 2) to observe aspects of lobster biology aneéhortality associated with bottom trawling. Similar
the condition of the fishery, and 3) to provide socio-sampling was conducted in the pot fishery. American
economic information on the lobstering labor forcelobsters from trawl and pot catches were held in
Information on catch, effort, and biology was obtainectontrolled conditions for 14 days to determine the level
during sampling trips on the vessels of commerciabf delayed mortality associated with the two fisheries.
lobstermen. Socio-economic information was collectedrawl-caught lobsters were exposed to subfreezing
during personal interviews of commercial fishermen.9.5 °C) temperatures for periods from 30 to 120 min-
and during telephone interviews of personal us@tes and then returned to seawater to determine the
(recreational) license holders. rate of freeze-induced mortality. Major damage rates
“The computer summaries appear to be accuraigue to trawling ranged from 12.6—14.0% during molt-
in i”UStrating mOntth variations in catch per unit effort |ng periods to 0-5.6% during intermolt periods_
fOI’. the commercial ﬁShery.. Claw loss and Ot.her'muti'Delayed mortality ranged from 19.2% during the Ju|y
lation to the trapable portion of the population is apmolt to 1% during August and appeared to be related
proximately 33%. Newly-recruited lobsters compriség the incidence of damage, molt condition, and tem-
about 90% of the legal portion of the catch with thierature. Mortality ofAmerican lobsters held in
highest proportion occurring in western Long Islandshfreezing temperatures occurred after 30-minute

Sound. Slightly over 50% of the gravid lobsters wergyxnosure and reached 100% at 120-minute exposure.”
below the minimum legal size. The incidence of gravid

lobsters which were observed carrying an abnormally . _ .
low proportion of the estimated complement of eggd-31. Smith, L.D. 1990. Patterns of limb loss in the
was approximately 10-15% during the fall of 1976.  blue crabCallinectes sapiduRathbun, and the

Abnormal eggbearers occurred primarily in western ~ €ffects of autotomy on growth. Bulletin of
Long Island Sound. Marine Science 46:23-36.

“The results of the socio-economic survey indicatg .\vorps: Autotomy, blue crab, Chesapeake Bay
that the labor force is hlgh_ly over-capitalized chiefly rowth, laboratory experiment, limb loss, molt cycle,
through the use of excessive numbers of traps, and generation

highly polarized with 24% commercial fishermen and
76% personal use (recreational) participants. In addAssTrRacT. “A substantial proportion of the blue crab
tion, 86% of all commercial license holders are part{Callinectes sapidu®kathbun) population in a sub-
time participants. Of the part-time men who operatestuary of the Chesapeake Bay was either missing or
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regenerating at least one limb in 1986 (24.8%) andith highest levels of injury occurring in larger
1987 (18.8%). Most crabs were missing a single cheanimals. Frequencies of injury in the Rhode River,
liped; loss of four or more limbs was rare. BetweerMaryland were significantly lower than those recorded
June and November 1987, laboratory experiments wesdsewhere in Chesapeake Bay and southeastern United
conducted in which one cheliped or both chelipeds an8tates. Atall sites, the majority of blue crabs were
two pereopods were removed from blue crabs tmissing a single cheliped; severe multiple limb loss
examine the long-term effect of autotomy on growthwas rare. Laboratory and field experiments tested for
and molting frequency. Crabs with all appendagesosts of limb loss by comparing performance of intact
intact served as controls. Loss of a single cheliped didnimals with those of crabs missing one cheliped or
not alter the molt increment, percent wet weighimultiple limbs. Growth experiments showed that only
increase, or molting frequency of crabs compared tmultiple autotomy significantly reduced size increase
animals experiencing no limb loss. Multiple limb loss,at the molt. Regeneration of normal limb length
however, significantly reduced the moltincrement anaccurred in two to three molts. Field tethering experi-
percent weight increase in the first post-autotomy molinents indicated that blue crab susceptibility to preda-
but did not affect the duration of the intermolt. By thetion was greatest for smaller crabs missing multiple
second molt following autotomy, molt increments forlimbs. Field enclosure experiments, however, demon-
crabs missing four limbs did not differ significantly strated that small, untethered crabs were capable of
from those of intact or singly autotomized animalsescaping larger conspecifics even when missing one
Regenerating limbs were 85-88% of the lengths oér more limbs. Foraging effectiveness of blue crabs
undamaged, contralateral limbs in the first molt fol-on soft-shell clams was reduced only when both
lowing autotomy. Up to three molts were required tochelipeds were missing. Male ability to compete for
regenerate 100% of the contralateral limb lengthfemales was negatively impacted by both single and
Removal of the major, crusher cheliped in both singlelouble cheliped loss. High frequencies of limb loss
and multiple autotomy treatments resulted in crabsbserved in blue crab populations suggest important
possessing two minor, cutter claws after regeneratiofitness benefits of the autotomy response as an escape
Crabs failed to regenerate a distinct crusher even afterechanism. Thenost common form of autotomy (loss
three molts following autotomy. Although multiple of a single cheliped) had no significant impact on
autotomy reduced the molt increment in laboratoryoraging ability, escape response, orvgitg, but did
experiments, the rarity of severe limb loss in the Rhodeeduce defensive effectiveness against predators and
River indicates that growth in the population is notmale competitive ability for mates. Severe multiple
affected greatly by autotomy.” autotomy lowered performance in all areas tested.
Larger conspecifics were indicated as principal agents
of autotomy.” [The dissertation titles and abstracts
contained here are published with permission of
Jniversity Microfilms International, publishers of
Dissertdion Abstracts Internationglcopyright ©1990

by University Microfilms Internationalland may not
Kevworps Autotomy, blue crab, Chesapeake Baype reproduced without their prior permission.]

field evaluation, foraging, growth, laboratory experi-

132. Smith, L.D. 1990. Thedguency and ecological
consequences of limb autotomy in the blue cra
Callinectes sapiduRathbun. Doctoral disserta-
tion, University of Maryland, College Park.

ment, limb loss, predation, regeneration 133. Smith, L.D.andA.H. Hines. 1991. Autotomy in
ABsTRACT. “Many taxa are capable of autotomizing blue crab(Callinectes sapiduRathbun) popu-
(casting off) body parts after injury or when threat- lations:  geographic temporal and ontogenetic

ened. While an autotomy response has immediate  variation. Biological Bulletin 180:416-431.
surviva_l benefits,_ little is known about: (1) causal evworps Atlantic coast, autotomy, blue crab, can-
ag?.?ti’ (|2) poter][tlal cgs]:ts of appenéja;ge IOSS.(;[O 9roWlisalism, Chesapeake Bay, density, Gulf of Mexico,
ability to locomote and forage, preéaator avoldance, of,, v, imp |oss, regeneration, sex/size effect

mate acquisition and defense; and (3) spatial and tem-
poral variation in injury frequency in populations. AsstracT. “Blue crab Callinectes sapiduRathbun)

| addressed these topics, examining limb autotomy ipopulations were examined at four sites in Chesapeake
the blue crabCallinectes sapidufkathbun. Surveys Bay and three additional sites along the southeastern
of blue crab populations in a subestuary of centratlantic coast and Gulf of Mexico; the aims were to
Chesapeake Bay (1986—-1989) demonstrated that thssess the incidence of limb autotomy and to deter-
frequency of autotomy varied annually from 18-25%mine whether injury patterns varied termpby,
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geographically, and ontogenetically. These data, whichuide to what the reference contains of interest to the
include four years of information from one site (Rhodédrap researchers. The key words serve the same
River, Maryland [USA] a subestuary of central Chesapurpose.”

peake Bay), make this study the most extensive and
intensive survey of limb autotomy yet conducted in 3
arthropods. A sub_stantlal percentage (;7_39%) of th]e fishing: an overview. Marine Fisheries Review
blue crab populations were either missing or regener- 40(5-6):2-8

ating one or more limbs, suggesting that autotomy is e

an important mechanism for their sualivThe fre- Kevyworps. American lobster, Atlantic coast, catch
quency of limb autotomy varied, both within and statistics, escape mechanism, ghost fishing, literature
between years, and over broad geographical scalesview, management strategy

Injury levels were generally correlated positively with : :

crjabysize. Limb au%otomy v)\//as indepenlglent of syex ang'Nopsis The northeast Atlantic lobstesfiery and
molt stage, and frequencies varied litle among sitef}anagement are reviewed, followed by a discussion
in the Rhode River. Patterns of limb injurydnsapidus  ©! 9host fishing and escape vents.

were remarkably consistent among all sites. The most

frequent injury involved loss of a single cheliped.137. Spicer, J.I., A.D. HillA.C. Taylor, and R.H.C.
Swimming legs suffered the least damage. Severe  Strang. 1990. Effect of aerial exposure on con-

6. Smolowitz, R.J1978. Trapdesign and ghost

multiple limb loss was rare. Right and left limbs were centration of selected metabolites in blood of the
lost with equal frequency in most popiitas. This Norwegian lobsteNephrops norvegicu€rus-
consistency of autotomy pattern suggests differential ~ tacea: Nephropidae). Marine Biology 105:
vulnerability of limbs and standard behavioral re- 129-135.

sponses by blue crabs to various injury-causing agents. _ _

The frequency of autotomy was density-dependent it EYWORDS Exposure, handling, hypoxia, laboratory
the Rhode River, indicating that intraspecific interac€XPeriment, mortality, Norway lobster, physiology,
tions (e.g., cannibalism) may be a major cause of limgcotland

loss in pOpUIationS !n the RhOde RiV(_EI‘ S'Ubestuary anﬂ BSTRACT “The Norwegan lobster Nephrops

elsewhere.” [Reprinted with permission from thenoryvegicugL.) collected from Firth of Clyde, Scotland

Biological Bulletin] between December 1987 and March 1988, was unable
to survive longer than 18 h experimental emersion at

134. Smolowitz, R.J. 1972. Shipboard procedures t$0°C. During this time the partial pressure of oxygen
decrease lobster mortality. Commercial FiSherI(?t;gtzzzrlr;liggl\elsnng#tzgtﬁﬁjI(zj;ler}%rr?:rsge;dré%%li?”eymaenndtstT)G;/
les Review 34(5-6):44-48. anaerobic metaolism. This wasndicated by the rapid

Kevyworps Hypaxia, lobster, temperature, transport accumuléon of L-lactate in the blood. Although the

S Biological . s of lobst i dsurvival rate increased (to ca 36 to 48 h) if lobsters

YNOPSIS  Blological requirements ot IobSters Sored,q e kept on ice, the accumulationlsfactate in the

on vessels for transport are reviewed. A system i, \as not significantly different from lobsters at

described for shipboard storage of live lobsters thafyec gespite the temperature difference. There was

is engineered to avoid suffocation and thermal shocky, indication thai\. norvegicusvas able to further
metabolize circulatingL-lactate during emersion.

135. Smolowitz, R.J1978. Annotated bibliography On emersion there was also a marked hyperglycemia
on lobster trapping and related subjects. Mariné the blood due to the stress of handling and asphyxi-

Fisheries Review 40(5—6):68—77. ation. There was fairlyapd agreement between results
o obtained during laboratory studies and simulated fish-
Kevworos Bibliography, lobster, trap ing activity in the Firth of Clyde. Both sets of results

AesTracT. “This bibliography contains 159 entries thatare discussed in the context of adaptation to air breath-

have useful information for those studying Iobstertrap'—ng within the Crustacea and an assessment of

ping. The subjects covered include behavior, genergpst—harvest treatment of lobsters.” [Reprinted with

biology, catch statistics, ecology, fishing methods',OermiSSion from Springer-Verlag New York, Inc.]

ghost fishing, management, materials testing, trap
design, and selectivity. The brief reviews following138. Spivak, E.D. 1990. Limb regeneration in a com-
each entry are not full abstracts but only serve as a  mon South American littoral crayrtograpsus
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angulatus Journal of Natural History 24: ing varied from eleven to seventy five percent and
393-402. averaged twenty three pent. Theanost common site

Kevworos Argentina, autotomy, growth, laboratory Ef injury was the chelae. Forty five percent of those

; ) : obsters receiving injuries sustained injury to the
experiment, limb loss, molt cycle, regeneration, Soutfjg|ae.”
American littoral crab

AssTracT: “The intermoult period (time elapsed 140. Stevens, B.G. 1990. Survival of king and Tanner
between two successive moults) is shortened, its  crabs captured by commercial sole trawls. Fish-
variation among individuals and the size increment ery Bulletin 88:731-744.

at moult are reduced, in juveniles of the littoral _ . _
crabCyrtograpsus angulatusvhen the number KEevworps Bering Sea, bycatch, field evaluation,
of regenerating limbs increase. Bud growth rates gfjury, limb loss, mortality, red king crab, shell condi-

regenerating limbs are calculated from plots gf Rtion, Tanner crab, trawl
(length of third or fourth limb bud - 100/carapace width)a g rpact “King crabs Paralithodes camtschaticus

as a function of relative time, considering that the;g Bnner crab<hionoecetes bairdiaptured inci-
intermoult period corresponds to 100%. Bud growttyentally by Bering Sea trawlers were examined for
rates remain similar for crabs with a different numbefmmediate mortality, vitality, and injuries resulting
of limbs autotomized soon after moult. Regeneratiofom trawl capture. A amber were held aboard ship
of a second set of autotomized limbs follows autofor 2 days in seawater to determine delayed mortality.
tomy if it occurs before the growing buds of a first sefgyerall “survival, including immediate and delayed
have a relative size,R16. Buds of contralateral limbs effects, was 21% (+ 2.0%) for king crabs and 22%
autotomized at different times during the moult cycler+ 3 696) for Tanner crabs. Immediate mortality of king
have similar final Bvalues because their gl’OWth rateSCrabS decreased Significantly with shell age, and
are higher for limbs lost later. Buds of limbs, autoto-increased significantly with time in captivity prior to
mized after part of the moult cycle has elapsed sincgssessment, from 0% at 3 hours to 100% at 17 hours.
moult, also tend to grow faster than those lost earliet/tality, an index of spontaneous activity level, was
Neither the intermoult period nor the size incremenj, petter predictor of delayed mortality than was the
at moult are modified by a second autotomy, after opresence/absence of ires. The eféct of leg and body
before the critical Rvalue, and by the autotomy of injuries on mortality of king crabs was similar, but
a single limb in different moments of the moult cycle.”injuries to leg segments proximal to the plane of auto-
[Reprinted with permission from th&ournal of  tomy resulted in higher mortality than injuries distal
Natural History,Taylor and Francis, publishers.] to the autotomy plane, autotomization alone.”

139. Spurr, E.W1978. An assessment of short term141. Stevens, B.G., and R.A. MacIntosh. 1993. Pre-

effects of otter trawling on large epibenthic liminary results of the 1992 survival experiment
invertebrates. Final Report to the U.S. Depart-  for crabs discarded from commercial pot fisher-
ment of Commerce, National Oceanic and ies. U.S. Department of Commerce, National
Atmospheric Administration, National Marine Oceanic andAtmospheric Administration,
Fisheries Service, Commercial Fisheries National Marine Fisheries Service (unpublished
Research DeslopmentAct, New Hampshire, manuscript), Kodiak.

Project 3-248-R, Concord. . , .
Keyworps Bristol Bay, bycatch, field evaluation,

Kevworps American lobster, Atlantic coast, bycatch, injury, limb loss, mortality, pots, red king crab, Tanner
crab, field evaluation, fish, habitat, injury, New Hamp- crab

shire, seasonal distribution, trawl L .
Svnopsis A preliminary experiment was conducted

AssTracT. “The effect of otter trawling on lobsters in on board a commercial crab vessel in Bristol Bay,
the near shore environment was examined. During th&laska, to determine proportion of captured crab with
two years in which work on the project was conductedhjuries and subsequent mortalities of discards. Fifteen
lobsters were found on trawlable substrata only in thpercent of the red king crabs and 27% of the Tanner
months of July, August, and September. Highest catatrabs were injured. The majority of injuries were
per unit of effort for lobsters occurred in August.broken spine tips for red king crabs, and damaged or
The percent of lobsters sustaining injuries from trawlautotomized limbs for Tanner crabs. None of the crabs
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examined were softshells. Average overall mortality  “Spawning females occur during every month but
was 5.2% for red king crabs and 11.0% for Tannemost frequently between March and September. Size
crabs. Experimental conditions were marginal and thisequencies of ovigerous females correspond to that
authors recommended results be viewed cautiouslyof nonovigerous females. Monthly modal sizes of
all crabs were most frequently 96-99 mm and
100-103 mm CW, well above legal size. Year Il crabs
Icomprise a large recruitment base of sub-legal sizes;
legal portions of this population consist primarily of

142. Stewart, J.E., and H.J. Seusir 1968. Adverse
conditions as inhibitors of ecdysis in the lobste
Homarus americanuslournal of the Fisheries

Year Ill and Year IV crabs.

Research Board of Canada 25:1763-1774. p
Females have longer carapace lengths than do
Kevworbps American lobster, confinement, diet, illu- most males for all carapace width sizes. Males are
mination, laboratory experiment, mark recapture, moltheavier and gain weight faster than nonovigerous
cycle, Newfoundland, starvation females; gravid females weigh more than similarly-
sized nonovigerous females and maintain an equiva-
(Homarus americanyssubjected to a variety of Ie_nt percent welg_ht difference with increasing
size-related fecundity. Males have larger claws and

conditions was compared with that for free male lob: -
sters. The data show that, for free western Newfoun row by greater increments than females for all CW

: izes.
land lobsters, molting reached the 90% level by thé ™~ - 0 :
end of September. During the same period, mildi Crushers constitute 60% of legal claws available

ABsTRACT. “The molting incidence for male lobsters

restrictive conditions reduced the molting incidence® ;t:je gshrer%/, argj ?O% of CI’_L(;?EGTSI are frromﬂzlghr;[;j
to 50% or less, and when lobsters held under the ed crabs. Larapace widin, claw growih a
conditions were also tagged or marked the moltin%egen‘""r""t'on rates from this study are higher than

incidence was reduced to 30% or less. A reduction i ¢Viously reported. Claw regeneration to harvestable
ize within one year is demonstrated. Clawless crabs

molting, equivalent to or greater than that produce ;
ng, equiv g procu ad the second highest return rate of all tagged crabs.

by tagging or marking plus mildly restrictive condi- . ;
tions, was achieved by highly restrictive conditions™0M 20-25% of legal sized crabs were undergoing
me form of claw regeneration, implying intense

which enforced a high degree of association betwe [shery pressure but indicating survival of declawed

lobsters. The diets used in these experiments did n ; : ,
appear to have any influence on the molting incidencé&rabs. Estimates of population size ranged from 9,057

The data suggested that darkness plus starvation und@r32,036 legal sized crabs available to a trap line
highly restrictive conditions was even more inhibitoryduring one week; highest numbers occurred at the
than ‘any of the other conditions applied. Other lighPeginning of the commercial season. Fishermen caught
intensities tested under the highly restrictive condi=S—8% (average 5%) of the available population each
tions had no apparent effect on the molting incidencdtime traps were pulled, indicating that most legal sized
however, stimulation of molting by light could have crabs were captured during each commercial season.

been negated by the inhibitory effects of this form ofr southwest Florida stone crab population success-
captivity.” fully withstanding present fishery pressure is indi-

cated.”

143. Sullivan, J.R. 1979. The stone crienippe . ,
mercenariain the southwest Florida fishery. 144. Tanino, Y., and K. Ito. 1968. Studies on the tag-

Florida Department of Natural Resources,  9ing experiments of Zuwai craGhionoecetes
Marine Research Laboratory, Florida Ma- opilio (O. Fabricius), in the Japan Sea (Il). Con-
rine Research Publication 38, Petersburg. siderations on the validity of currently used tag-
) ) ging method in relation to limb loss and
Kevworps  Florida, growth, limb loss, mark recap- regeneration. Japan Sea Regional Fish Research
ture, regeneration, seasonal distribution, stone crab Laboratory, Bulletin 20:43-48 (Note: text is in

ABsTRACT. “A total of 14,343 stone crabs were tagged Japanese).
during the 1975-76 commercial trapping season i -v\orps Japan, limb loss, mark recapture, regen-

southwest Florida, and 4,563 crabs were tagged during ation. snow crab

the summer closed season; return rate of tagged crabs ’

was 4.4%. Inshore movement in fall and offshoréAsstracT: “Observations on 19,708 specimens of
movement in spring is indicated. Summer returnzuwai-crabs,Chionoecetes opili®. Fabricius, col-
suggest little movement by spawning females. lected from the sea off Kasumi, Hyogo Prefecture,
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during the period from 1963 to 1965, revealed thal46. Tegelberg;.C. 1971. Condition, yield, and han-

there were 1,093 specimens with regenerated limbs  dling mortality studies on Dungeness crabs

and 6,819 specimens with limb losses. during the 1969 and 1970 seasons. Washington
“Based on these results, the validity of the tag- Department of Fisheries, Processed Report,

ging method for attaching the tag around the limbwas ~ Olympia.

considered. The specimens with regenerated limbs i i i

attained about 6 percent of both male and female craf§EYWorps. California, Dungeness crab, field evalua-

but this ratio tended to decrease as the development#In, handling, laboratory experiment, meat yield, molt

stage proceeded. On the other hand, although a sin§icle, mortality, Oregon, shell condition, Washington

Lﬁr trend qu;lso notic};gdhforthe Iin loss speci[jner_\t ynoPsis  Dungeness crab seasons along the Pacific
€y occupied a very high percent as compared Wity 55t are established to avoid the principal molting

the former. Itis sure that the limb losses after the catcly, gftshell periods. Geographical differences and

were greatly responslble for this hlgh_ ratio. No differ- yclic changes in the timing of the softshell period

gggﬁﬁevxgéz g%ut?cir:r;ig;i fgi?l:rfencl)esste?ifolrlTrr?bfzias resulted in open seasons during periods of high
’ P ificidence of softshells in certain areas along the coast.

Iili<r$Iyrto berdﬁTigtid' ZC:wsie_:qruetz)ntlyﬁ in thn?] Iirt?b,[,[targ'Oregon, Californiaand Washington investigated crab
ging research tor the zuwal-crabs, It Seems betie ondition, including shell condition and meat yield

attach the tag to the anterior limbs, so far as pOSSIbIealong the Pacific coast. Effects of fishing and discard

handling on softshell crabs was also investigated.
145. Tegelberg, H.C. 1970. Dungeness crab studieat yield and shell condition records from

annual progress report, August 15, 1969 througPecember 1, 1969, fishery openings indicated the
June 30, 1970. U.S. Department of the Interiorseason was earlier than desirable from northern

Fish and Wildlife Service, Bureau of Commercial California to Washington. Softshell crabs were not as
Fisheries, Washington Project 1-52-R, Olympiahardy as hardshell crabs. Short-term mortality of soft-

. . shell crabs was 15% to 20%. Experiments on indices

Kevworos:  Confinement, density, Dungeness crabgg condition indicate that conventional measures of
field evaluation, handling, laboratory experiment, hickout have some shortcomings as a measure of over-

mark recapture, meat yield, mortality, shell condition, 5| quality. Comparison of wet and dried meat yields
Washington to weight and volume displacement showed, for a given

AssTrRacT “Softshell crab handled under the usualvolume of crabs, the softshell crabs weigh less than
conditions found in the commercial fishery sufferegh@rdshells. Opening crab seasons too early can cause

15-16% mortalities when placed in holding pots for 2€0nomic losses to the fishery through mortality of
days. Hard shell crab handled in the same manner siioftshell crabs due to handling and lower production
fered 4% mortalities. Holding densities of 15, 25, 4¢dT0m crabs not in prime condition.

and 60 softshell crab per pot did not effect mortality;

however, holding crab 6 days increased mortality ta47. Tegelberg, H.C. 1971. Dungeness crab study,
22% and handling crab three times in 6 days increased  completion report, July 1, 1969 to June 30, 1971.
mortality to 33%. Tagging crab with Petersen disctags ~ U.S. Department of Commerce, National
increased mortalities 6% to 12% over untagged crab.  Qceanic andAtmospheric Administration,
Injuring softshell crab by dropping them on the deck National Marine Fisheries Service, Washington
caused 57% mortality after 2 days. Project 1-52-R, Olympia.

“Of the various methods under development as 2 . .
standardized method of determining crab condition"EYWORDS: Dungeness crab, laboratory experiment,
shell hardness proved to be a fairly good general indlN2'K recapture, meat yield, molt cycle, mortality, shell
cation of condition; however, there was no way of pre-Cond't'on’ Washington
dicting meat yield. The volume of the live crab waspgstract: “Shell grading was useful in determining
about as effective as the weight of the live crab inhe percentage of soft shelled Dungeness crabs, and
determining condition by the meat recovery methodwould have direct application in considering potential
Substituting dried meat for picked meat in both methmortality from commercial fishing during periods of
ods indicated variations in the water content. This magoft shell abundance. Condition indices based on yield
be a source of error in picked meat methods.” confirmed the poor quality of soft shell crabs

(Grade IIl). However, these condition indices indicated
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within-grade variation during the year and betweenvere the predominant foods. Worms and sand dollars
the two years of study. Four condition factors werevere also important.”
considered: wet and dry meat recoveries as functions

of live weight and volume displacement. The use 0:1
; : . 49. Tegelberg, H.C. 1974. Dungeness crab study,
volume displacement and dried meat weights appears annual report, July 1, 1973 to June 30, 1974, U.S.

to eliminate water drainage as a source of error — Department of Commerce. National Oceanic and
both in the live weight and the picked meat. However, P . - % . ,
Atmospheric Administration, National Marine

the relationship between weight and displacement ) ! ) ) .

volume needs IE:thher examinag[]ion. P gllsherl_es Service, Washington Project 1-92-R,
“The Bergman-Jefferts coded wire tag was ympia.

implanted in small Dungeness crabs in a preliminarKeyworps  Density, Dungeness crab, ghost fishing,

expeiment. Tagloss was significant, but some tag meat yield, molt cycle, pots, sex/size effect, shell con-

retention was evident through two to five molts. Thisgition, Washington

indicates that the coded wire tag is potentially useful . _

as a crab tag, but that there is need to concentrate wdM@STRACT. “Dungeness crabs in the ocean off Wash-

on tag placement and to experiment with larger crabsiPgton were of high quality from December 1973 to
April 1974. Based on condition sampling during the

closed period in the fall, a December 1 opening date
148. Tegelberg, H.C. 1972. Dungeness crab studyas recommended. Ocean crabs sampled this contract
annual progress report, July 1, 1971 to June 3Beriod appeared to be in better condition than in
1972. U.S. Department of the Interior, Fish antprevious years. Apparently related to low abundance,
Wildlife Service, Bureau of Commercial Fish- the molting period has become earlier and has extended
eries, Washington Project 1-76-R, Olympia.  over a longer time period so that the percentage of
hard shells remained above 75% all year.

“Dungeness crabs in Willapa Bay were different
fhan ocean crabs, as soft shells made a significant
appearance in Februat@74. This was also true in
1973, indicating a need to better delineate the ocean
AssTrRACT. “Due to problems with holding facilities and bay stocks near the mouth of Willapa Bay and to
and infrequent molting, experimental tagging resultgonsider the possibility of separate regulations.
were insufficient to draw conclusions on the percent- “Pot-run samples of female crabs showed only
age retention of coded wire tags in Dungeness cral®5% were over 6-1/4 inches (legal male size). Larger
within one or two growth molts of legal size. females were not abundant, but were found to be

“Approximately 8% mortality occurred among reproductive in a percentage similar to or only slightly
soft crabs held 4 days after handling; no mortalitjower than for smaller females. Larval release appeared
occurred among hard shells in this experiment. Loweto be earlier than in 1973, and mostly completed by
mortality of soft crabs than in previous experimentsnid-February. Yield from large females was 55 to 60%
was due to better condition of the soft crabs in thi®f the meat obtained from males per unit live weight;
experiment. Mortality rate was high (42%) when theadded plant costs and dead loss would make them
claw or first walking leg was broken, but surprisinglyworth less than half as much as males at the fisherman
low (7%) when the carapace edge was crushed witlevel. Based on these findings, continued protection
pliers. of females is recommended.

“Condition indices were obtained for ocean and  “Interviews made during the contract year showed
Willapa Bay crabs, and variables affecting these indian estimate of 41,000 pots fished by 147 Washington
ces are discussed. Shell grading was shown to lm®@astal crabbers in the 1972-73 season. Only three
a useful field technique, but a condition index basetransient boats made crab landings. Preliminary data
on meat yield is also necessary. The proportion of legpndicate a decline in the crab fleet in 1972-73 to
meat increased with size of crabs, but crab measur&24 boats with less than 33,000 pots. These figures
ments were not shown to be an essential parameteréompare to a fleet of 70 coastal crabbers in the 1967—-68
using a condition factor based on total meat yield. season.

“Crab stomach analysis showed that small clams “Losses were estimated at 22.6% of the total pots
of two types (razor clams and an unidentified whitdished. Fishermen estimated mortality of about
clam), small Dungeness crabs, snails, and small fisk3,000 crabs trapped in pots that became sanded in

Kevyworps Diet, Dungeness crab, field evaluation,
handling, injury, laboratory experiment, limb loss,
mark recapture, meat yield, molt cycle, mortality, shel
condition, Washington
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and required pumping to recover about 18% of thsignificant, possibly due to high variabilities and
pots in use. octopus predation. Mean weight per lobster, carapace
“The staff participated in the State-Federal crabdlength, and leg-loss values in all three TCH groups did
management project, including working with the re-not differ significantly.
search team, providing data on various aspects, and “Mean oxygen and ammonia values in both stud-
participating in scientific, advisory, and policy ies approximated the values for the seawater samples
committee meetings.” outside the cages. Results of the studies showed that
wire cages were more effective for holding the lob-
: sters.” [The dissertation titles and abstracts contained
150. gg’;%’ ESI%Z?(;QIESrnam[;?)?%?rg]%nagfgg'ﬂaﬁggpere ]?Ire published wilth pglrmri]ssio?ﬁof University
. Microfilms International, publishers ddissertation
tory shellfish observer program database. AIaSk%bstracts Internationafcopyright ©1981 by Univer-

gﬁgsr&gﬂ; og;'sgtaggd(;gg/ee’lgorz}né?]frgi?)i;'ggéity Microfilms International)and may not be repro-
g b duced without their prior permission.]

Regional Information Report 4K94-10, Kodiak.

Kevworos  Aleutian Islands, Bering Sea, blue king 55 - \ermeer, G.K. 1987. Effects of air exposure on
crab, bycatch, catch statistics, fecundity, fish, golden desiccatfon rate, hemolymph chemistry, and

king crab, Korean hair crab, molt cycle, pots, red king escape behavior of the spiny lobs®anulirus
crab, sex/size effect, snow crab, Tanner crab argus Fishery Bulletin 85:45-51.

Svnopsis  Data have been C(_)mp_iled from observel cvworps Caribbean spiny lobster, exposure,
deployments during commercial king and Tanner cralqriqa, laboratory experiment, physiology, stress
fisheries in the Béng Sea and Aleutian Islands that
occurred during the 1992 calendar year. Scope of théssTracT.  “Desiccation rates and hemolymph pH,
data presented has been narrowed to include only sil&ctic acid and ammonia concentrations of spiny
frequency and molt stages of commercially retainedpbsters,Panulirus argusexposed in air for up to 2
crabs, the documented occurrences of illegally retaindtpurs were measured. Desiccation rates were faster in
crabs, and the results of random sampling of potmaller lobsters. During a 2-hour exposure, hemo-
contents. lymph lactic acid levels increased more than 11 times,
pH decreased more than one-half unit, and ammonia
. I concentrations nearly doubled. Exposure-induced
151. Velazco-Dominguea, A.T. 1981. Feasibility andoanges in hemolymph parameters occurred most
desirability of holding juvenile spiny lobsters rahigiy in the first 30 minutes and began to level off
(Panulirus argud_atreille) in wire or tire cages. py 2 pours. Lobsters exposed for 2 hours, then reim-
Master's thesis, University of Puerto Rico, mersed for 24 hours, survived and had normal

Mayaguez. hemolymph chemical values. However, 75% of the
Kevworps Caribbean spiny lobster, confinement, field '€immersed spiny lobsters had a delayed or absent tail-
evaluation, Gulf of Mexico, limb loss, mortality flip escape response; most individuals also exhibited

diminished antennal defensive motions. Results

AssTrACT. “The potential use of wire and tire cages tosuggest that desiccation and hemolymph chemical
hold juvenilePanulirus argugLatreille, 1804) in cap- changes, caused by exposure, do not directly cause
tivity was evaluated. The spiny lobsters were stockeghortality, but rather induce secondary physiological
at a rate of ten lobsters per square meter. The average@mage, manifested as aberrant defensive and escape
percent mortality in wire cages (WC) was 1.8 + 0.3%pehavior.”
26.7 £ 2.5% for horizontal bottom tire cages (TCB),
and 12.5 + 0.7% for vertical hanging tire cages (T)CH
Mean weights and carapace lengths per lobster in W
were significantly greater than those of TCB or TCH ' SO

“Another study was conducted to determine the 82?%:?&;"3;22' E(I)Sr?l a(rigmmlssmn of Oregon,
effects of stocking rates on the lobsters in hanging tire ' '
cages (TCH). The average percent mortality in TCHKevyworos Catch statistics, Dungeness crab, field
(10 lobsters/rf) was 12.5 + 0.7%, 26.7 + 4.2% for evaluation, growth, laboratory experiment, limb loss,
TCH, (15 lobsters/rf), and 19.6 + 3.2% for TCH20  mark recapture, migration, molt cycle, Oregon,
lobsters/m). Treatment differences were not predation, shell condition

}:'33. Waldron, K.D. 1958. The fishery and biology of
the Dungeness craéncer magisteDana) in
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ABsTRACT. “Results of studies beginning in 1947 on vival rates of the by-catch of prawn trawlers
the biology of the Dungeness crabafcer magister in Moreton Bay, Australia. Fisheries Research
in Oregon coastal waters are reported. A review is 7:99-110.

made of the history of the fishery with regard to trend . ,

of the catch by magnitude, area, and season; the dSEYWORDS Australla, bycatch, crustacean, fish, han-
velopment and conduct of the fishery itself; and thélling, mortality, traw|

regulations governing the fishery. The first reporteth gsrract  “The fate of by-catch discarded by the
commercial crab landings in Oregon were 6,624qet0n Bay prawn trawl fishery was studied between
pounds in 1880. The fishery expanded slowly unti eptember 1983 and Mard®86. Thecomposition

1333tiﬂ1er V.‘I’IhiCh the ((:jat(_:h {%i% slrjarp()jly to a peak Qfq hiomass of the by-catch were ascertained and the
about 11 mition pounds in - Landings In réCeNktact of trawling and handling on its survival was

years have fluctuated between 6 and 11 million poun easured. The by-catch was made up of 52% crusta-

from a commercial fishery which is carried out alongceans, 15% elasmobranchs, 8% bony fish, 18% echi-

the major portion of the Oregon coast. During th o 0 : :
period 1947-50, 6,249 tagged crabs were releasedq?r? d?'ltp;a;l iﬁu?g ?2;'25 %dbsoﬁ? %61 r/gltrj]et;rrllz t:%/é/v g;%?ﬁ

offshore and bay waters of Oregon and 34.6 per ce . :
s sorted in about 20 min. About 85% of the Crusta-
of the tags were subsequently recovered. The averalg a and about 20% of the bony fish were still alive 8 h

movement of 1,042 recoveries of crabs released ter sorting.” [Reprinted with permission from
offshore waters, as measured by the distance from tE‘%sevier Science B.V., Amsterdam, The Netherlands.]

tagging site, was 8.3 miles (range 0-133 miles) i
80 days. For crabs released within bays, 606 recover-

ies averaged a minimum distance traveled of 4.2 miles55. Wassenberg, T.J., and B.J. Hill. 1993. Selection
(range 0-81 miles). Fifty-seven per cent of the recov-  of the appropriate duration of experiments to
eries of offshore releases and 84 per cent of the  measure the survival of animals discarded from
recoveries of bay releases were made within 4 miles  trawlers. Fisheries Research 17:343-352.

of the respective tagging sites. Over 90 per cent of the . .
recoveries of offshore releases were made withiKEYWORrDs: Australia, bycatch, exposureish,

6 months, although 3 crabs were out more than a yeBandling, invertebrate, laboratory experiment,
with 1 at liberty 878 days. Tagged crabs moved froninortality, trawl

offshore to bays, from bays to bays, and from baystg ..o, “The survival rate of ten species of
offshore. There was no significant difference in. '

percentage recovery for crabs with or without missin$nvertebrates (n = 39 — 50) and four species of fish

: = 50 — 68) was determined from specimens col-
appendages. Egg-bearing female crabs are presentih .
oi?fghore \?vatersgguring th% period October topMarch,ec'[e‘j from the by-catch of night trawl catches. They

inclusive. Larval crabs assumed tabenagistewere were observed in laboratory tanks for 7 days, as these
observed in offshore waters from April to July, inclu_prowde better holding conditions than can normally

sive. Considerable variation in early growth of pos€ achieved at sea. Except for the alpheids, crusta-
larval crabs was observed in laboratory experiment§€ans and echinoids, the invertebrates were more
The amount of growth of crabs between 6.4 anéolerant than the fish: over 70% (emalned alive after
146.0 mm., as observed by measuring them before agdays. Although the species of fish were chosen for
after molting, increases until a shoulder width of aboutheir relative robustness, only one speciesritro-

95 mm. is reached. The increase with each subsequd}gon marmoratushad a survival rate above 30% and
molt thereafter remains relatively constant. Macromost deaths occurred during the first 3 days after cap-
plankton-eating fishes feed upon free swimming cralure. This result agrees with published data on sur-
larvae. Adult crabs up to at least 114 mm. in shouldefival of temperate fish captured in trawls indicating
width are preyed upon by voracious fish such athat 4 days is an adequate length of time for experi-
ling-cod (Ophiodon elongatys the great marbled ments to measure survival of animals discarded from
sculpin Scorpaenichthys marmoratyswolf eel trawl catchesAnimals returned to the sea may con-
(Anarrhichthys ocellatus halibut Hippoglossus tinue to die over a longer period but this cannot be
stenolepi$, and some of the rock fishes of the genusletermined in tanks.” [Reprinted with permission from
Sebastode’s Elsevier Science B.V., Amsterdam, The Netherlands.]

154. Wassenberg, T.J., and B.J. Hill. 1989. The effedt56. Watson, L.J., and D. Pengilly. 1994. Effects of
of trawling and subsequent handling on the sur- release method on recovery rates of tagged red
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king crabsParalithodes camtschaticus the temperatures animals showed a greatly accelerated
1993 Bristol Bay commercial fishery. Alaska regeneration rate and molt cycle. Crabs at lowered
Department of Fish and Game, Commercial Fishsalinities delayed initiation of regeneration; therefore,
eries Management and Development Division)imb buds were smaller than those in the control group.
Regional Information Report 4K94-40, Kodiak. Crabs in the hypersaline environment had significantly
smaller limb buds than the control group and a molt-
fishermen behavior, handling, mark recapture potsmg was retarded. Crabs were able to regenerate and
. ' oD : molt regardless of food intake. Animals regenerated
red king crab, shell condition more slowly in mud habitat than in water alone, but at

Svnopsis The study compared the effects of 2 at-se#he same rate in water as in their normal sandy habi-
handling-and-release methods on the recovery ratgt. Regeneration in crabs autotomized shortly after
of tagged new-shell and old-shell legal male redcdysis was much slower than crabs autotomized later
king crabs released in the month prior to, and recovereddl the molt cycle. Removal of eyestalks accelerated
during, the 1993 Bristol Bay red king crab commerciathe rate of regeneration in crabs also autotomized.
fishery. A total of 2,061 control crabs were releasedffects of regeneration and molting are discussed with
by placing, not dropping, each tagged crab in thé&espect to ecology of the fiddler crab.

onboard water trough, with the abdomen of the crab

facing down while the vessel remained stationary g \weijs, J.9976. Regeneration in the fiddler crab,
A total of 2,110 treatment crabs were released by (jqq pugilator after injury or removal of limb

dropping each tagged crab overboard from the rail, 45 journal of Experimental Zoology 197:

a distance of approximately 168 cm, with the dorsal 21-30.

carapace of the crab facing down and the vessel mov-

ing at a speed of 7.5 knots. Keyworps Ablation, Atlantic coast, autotomy, fiddler
An overall recovery rate of 27% was realized incrab, growth, injury, laboratory experiment, limb loss,

the 1993 commercial fishery for crabs released in thenolt cycle, regeneration, sex/size effect

study. Old-shell crabs had a lower recovery probability “Af f
than new-shell crabs released from the same p fBSTRACT. After autotomy of seven appendages and

However, in crabs of either shell age there was Iittlgirtte':?jl {g?;?}iﬁ:oo?’oirgbt?]‘fgepg?'Slit%be\\"/';ge iSnUbI_imb
evidence for a difference between the recovery ratébguds at different stages' of Iim’b growth RePnO\g/aI of
of control and treatment crabs. Differences in recov: , : &
ery rates were attributed to differences in season P%“&%Q"ﬁ Tﬁeegerlncé cz)r; tgg dgrs(i);\ltl;r?é t&irﬁmg'g'gdg
movements or other behavior that make an old-shef{™ ySIS,

crab less likely than a new-shell crab to be captureffmoved was not replaced before ecdysis. Removal
during the 1- to 2-week Bristol Bay commercial fish-Of six limb buds early in the regenerative period caused
ery. a retardation of growth in the remaining bud until the

reamputated buds could be replaced. Ecdysis was post-
poned in these animals. Removal of six limb buds at a
157. Weis, J.S1976. Effects of environmental factors later stage, or removal of three limb buds at any stage,

on regeneration and molting in fiddler crabs.produced a slight delay in growth of the remaining

Biological Bulletin 150:152-162. bud(s) which was not always statistically significant.
The inhibition of growth in the remaining bud(s) was
greatest in those individuals which went on to replace
the reamputated buds. Such individuals also exhibited
a longer time to ecdysis.

“No inhibition of growth or delay in ecdysis was
Svnopsis Effects of altering light, density, starvation, produced in small crabs (11-12 mm carapace width)
temperature, salinity, and habitat on the fiddler cralby removal of one, three, or six limbds. These were
were studied. Animals were subjected to a loss of 6 leggenerally not replaced.
and 1 chela or removal of only 1 leg. The presence of “Animals which had six limb buds removed early
other crabs retarded limb regeneration in males exn regeneration showed a greater inhibition of growth
posed to light. In one group light retarded limbin the remaining limb bud than those which had eye-
regeneration in the males. Light and grouping had nstalks as well as six limb buds removed. This latter
effect on female ctzs. At lowaed temperatures there group, however, did show a significant retardation.
was no indication of even basal gth. At elevated This is considered evidence for the production of limb-

Kevworps. Bering Sea, Bristol Bay, displacement,

Keyworps Ablation, Atlantic coast, autotomy, density,
environment, fiddler crab, displacements, habitat, il-
lumination, limb loss, molt cycle, regeneration, salin-
ity, sex/size effect, temperature
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growth inhibiting substances in other sites in additiorkK eyworps American lobster, Atlantic coast, handling,

to the eyestalks. laboratory experiment, physiology
“Limb buds which had been injured grew more

slowly than contralateral control limbs initially, but Synopsis The effects of recent handling on the in situ
the difference diminished as the crabs approachegiandard metzolism of theAmerican lobster were
ecdysis. Ecdysis was not delayed by the presence sfudied. Respirometers were deployed in the field
this one incomplete limb bud. This is consistent witrover 1 year. Animals were allowed 12 h of initial
the lack of effect of removal of a single limb bud, seemespirometer acclimation prior to 3 d of replicate test-
in the previous experiments.” ing. Resting metabolism decreased during 3- to 6-d
trials. The highest V(3 were recorded on the first

159. Winkler, P. 1987. Effects of handling on tile  (70%) and second (30%) days. Lest VOs were
situ oxygen consumption of the American lobstergenerally recorded on the third day. Rehandling of
(Homarus americanysComparative Biochem- escaped lobsters resulted in ¢@imilar to first-day
istry and Physiology 87:69-72. values or higher.
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spiny lobster (Sri LankaRanulirus homarus

western rock lobsteRanulirus cygnugt, 5,
19, 20, 21, 22, 30, 71, 87, 95, 104,
118

shore crab, Pachygrapsus crassipgs Other species

Hemigrapsus oregonendigl, 83, 92,
93

snow crabChionoecetes opilit3, 14, 59, 60,
90, 96, 97, 98, 127, 144, 150

South American littoral crabCyrtograpsus
angulatusl38

spanner cratRanina ranina76

spider crablibinia emarginatal28

stone crabMenippe mercenarid6, 119, 122,
125, 126, 143

Tanner crabChionoecetes bairdiO, 12, 13,
14,24, 25, 26, 46, 52, 61, 62, 77, 102,
103, 109, 113, 140, 141, 150

velvet swimming crabiNecora pubefd 06

cephalopod 67
crustacean 67, 154
fish 42, 67, 139, 150, 154, 155
groundfish 102, 110
halibut 12, 52, 109, 110
herring 110

Irish moss 120, 121
invertebrate 155
molluscs 40, 42
octopus 71, 118

Pacific cod 65

salmon 110

shrimp 42
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Asia

Geographic Index

Japan 101, 127, 144
Sri Lanka 70

Australia 4, 5, 19, 20, 21, 22, 30, 67, 71, 76, 154, 155

Europe

Irish Sea 45

North Sea 11, 28, 29, 45, 91, 92
Scotland 55, 137

United Kingdom 11, 54, 92, 93, 106

New Zealand 18, 87, 95, 104, 118
North America

Alaska 3, 79, 81

Aleutian Islands 10, 103, 110, 150

Atlantic coast 32, 42, 47, 48, 53, 56, 59, 69,
78,108,120, 121, 129, 130, 133, 136,
139, 157, 158, 159

Bering Sea 10, 24, 25, 46, 52, 62, 82, 102,
103, 105, 110, 140, 150, 156

Bristol Bay 24, 25, 144, 156

British Columbia 15, 16, 72

California 33, 83, 117, 146

Columbia River 43, 100

Connecticut 129

Florida 35, 37, 50, 68, 69, 75, 84, 85, 86, 119,
122, 125, 126, 143, 152

Gulf of Alaska 60, 65, 77, 103, 110, 113

Gulf of Mexico 36, 58, 133, 151

Hawaii 57, 112, 114

Kodiak 12, 41, 61, 63, 66, 80, 94, 109, 116

Long Island Sound 130

Maine 56, 78, 115, 123

Massachusetts 32, 115

Narragansett Bay 53

Newfoundland 49, 96, 97, 142

New Hampshire 139

Oregon 39, 146, 153

Pacific coast 23, 111

Puget Sound 44, 64

Rhode Island 47, 48

Southeast Alaska 26, 99, 124

Washington 8, 9, 31, 40, 51, 145, 146, 147,
148, 149

Canada 1, 27, 38, 42, 59, 88, 90, 120, 121, South America

Chesapeake Bay 131, 132, 133

Argentina 138
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