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INTRODUCTION

. The role’ of an estuary or bay In the life cycle of Tancer magister is not

well understood. I believe Coos Bay, as well as other bays, is an important
"nursery" ground for young crabs, its recruits are necessary for sustaining

a commercial fishery, Tasto(1978) has shown that juweniles account for a larger

 percentage of an estumry's Trab populationm than in mearshore waters. The juve-
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“mniles in the S.F. Bay-remplex sxhibited a growth rate nearly twice that of

© orvean-reared crabs (Tasto et al 1981). It is postulated that this is due to

reduced predation pressure ‘and increased food supply within the estuary.
During the ‘late spring and early summer the late larval and early juvenile
stages of C. magister migrate onshore, enabling them to remain in favorable

habitats on the  gontimential shelf; in bays and estusries. This onshore move-

' .ment during the last larval stage, megalopa, Is accentuated by s particular set

- -'nffm:pgrtphic conditions. The purpose of the analysis t® to compare two yesars

R Y

-of bay zooplankton samples in an attempr to better understand thesse oceanographic

conditions by which thisonn!wr- transport is facilitated. . Sample abundance in
the bay is assumed to indicate generzl trends in relative bay abundance. The
distribution and timing of the larval phases is interpreted from sample abundance,

This information is then corralated with oceanographic parameters in an attempt

. to explain conditions creating annual and diurnal fluctuations of C. magister

was

larvae in the Coos Bay estuary. In addition, behawvior of megalopa williasie: exam-

ined in the laboratory to.atd in understanding mechantsms involved in larvae trans-
‘port "and settlement,

Cyclic patterns in crab catch have been observed along the entire west coast
since the 1930's (Figure 1). These fluctuations-are cg‘ped by an interplay bet-
ween the biology of the srganisms (i.e. age structureé) and enviromental conditions

(Bakun 1971). Lough (1975) proposed that survivorship during the larval period



was The critical facter in determining adwit year-ciass strength., The reproductive

“strategy of (., magister corresponds to @ajor features :lnw water transport.

Their pelagic larvae occur during the winter and spring whem the general surface

wind drift is onshore ‘and not during the more productive.spwelling season, My hypo-

‘thesis is that onshore-offshore:larval transport is this-key factor involved in

.. survivorship and subsequent recruitment., I will explore this as a possidble ex-

plaination to the fluctuating crab year-class stremgthsby utilizing Sakun's (1973) -
Upwelling Indices as sn indicator of inter-year differences of surface drift cond-
itions. an@t the the resultant onshore-offshore larvae transport, Only the upwelling
conditions during the megalopa stage will be utilized in this analysis because the
late soeal. stages are located below 5m depth where wind-induced transport is min-
imized (lough-1976).“ Then 1 discuss the feasiblity of previously proposed sxplain-

.ations to these cyclic fluctuations in the crab catch.

Jif-*Considering that approxiametly 9%% of all mortality oecrurs in the larval stage,

.- the importance of-meroplankton research can not be overemphasized. Knowledge of

larval dynamics is iwperative for preper implesentation of fisheries management.,

With this Inmind , I will present recommendations fer further research deemed neces- .-

sary for clarification of wm'-nipects assoclated with predicting C. magister

recruitment levels. Anticipating smnual verruitwment lewvels will help dictate the

“ fishing ‘strategy that would maximize and stabilize long term yjelds from standing

stocks,



OCEANOGRAPHIC FEATURES

. ' . The pelagic larval stage can result in dispemai af"bm to habitats =
y "potmtlhlly" great distances from their hatching l.lte. A’w larvae's latitudinal
*J. dispersal and onshore-offshore transprt is hlghly-dependmt on ‘the net flow of sur-
- face wind drift-and the underlying geostrophic curvent figld (Bakun and Nelson '1‘9'77) a
‘Surface wind drift known as Eiman transport is raloulated as a ratio:of wind
s mtress and the local Coriolis ulun. (Sverdrop 1942 )., - Ekman drift occurs 'in the
upper 20 to 30w of water, but decrgses wxponentially with depth due to frictional
_ resistance. The onshore-offshore component of surface water fiow is mainly depend-
ent on this large-scale Ekm&n transport, When the surface wind drift 'iq directed
offshore diverence occurs next to the coast., Divergence is the net loss of muoface 2
. water /and and upward pumping of deeper waters, known as coastal upwelling. Coastal
. - scomvergence rTesulting from onshore surface drift leads tndnmnrd intrusion of
3 -+ gurface water., This phenowmena transports surface plankton onshore, it u.n—mly-
- referred to as downwelling.
The nearshore: geostrophic [les rums parallel tp.'thxm =t approxiamtely
60m depth, Patterns of geostrophic flow are constructed from temperature and sal-
inity walues., latitudinal displacrement of larvae is largely dependent on the an-
- ~nual mean peostrophic Tlow,  Along the 1.3, dest Coast geostrophic flow is generally
- dominated by the California Current, a continuation of the Alustian Current of the
< .+ North Pacific., This is s characteristically slow, broad and shallow current flow-
-oz." .ing southeast (Sverdrop 1942). It has.a maximum width of 300 miles and a relatively -
- .slow velocity of. .2 knots {Lough 1971, Sverdrop 1942), . i ol
For the purposes of this report 1 will concentrate on the seasonal oceanographic.  *

transport mechanisms in the Pacific Northwest, Cape Blanco to Vancover Isand, Ia .:-
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i ‘. "vomparison to the remainder of the west coast of the. U,S., this region has a rela-
i tively weak mean geostrophic flow and offshore Dkman tramspmrt.(Parrish 1977),
During the spring and early summer, Mar,-Aug., northemorthwest winds prevail
off the croast of Oregon and the California Current,: flowing southward between lat-
itudes 48" and 23 N, dominates latitudinal mrtnw-*mt. Offshore transport
. of surface water characterizes this period. - Csastal sea surface temperatures
fluctuate. radically =iue te an interplay af increassd salsr radiation and the pul- .

sing strength of upwelling.

In the late summer,-Sept,-Oct.; the northwest winds slacken and the upwelling
pattern breaks down into irregular eddies, Colder coastal waters shink while warm
waters of the pelagic zone move onshore,

.2 During. the winter months,” Sov.-Feb,, the California Corrent weskens due to
sdnter conditions in the Artic Basin and winds are predominantly from the southwest.-
" The California Current #issappears frea the surface layer to be replaced by th mexth-

sward Tlowing Davidson countercurrent., The Davidson Corrent runs slightly closer to

the soastline, within 20-wiles;, reaching wseximum speeds of 2 knots (Wyatt et al 1972),. .

Due_t® intermittent storm patterns, omshore-directed:-wind-driven transport events are .
interspersed with relatively wesk nffshors transport-episodes.. However, the net

- large-scale movement of: surface sater.is morthward and snshore., The mearshore waters
during this Davidson Period are characterized by moderate sea surface temperatures amd

' ‘ower overall carbon production. In the Pacific Northwest inter-year differemces .

. % ~m = wxist in the seasonal onset, intensity, and duratiom of surface transport conditions

- previously described.,
The movement of surface water within 5 miles of the coast“is highly deperdent

on semi-~diurnal tidal currents.. In mary)thn net onshore-offshore and latitudinal
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movement of nearshore surface waters is an integration of seasonally dominant

-~ - geestrophic currents,. Ekman trensport, semi-diurnal tidel-rurrents and localized

coastal topography gemerating irregular eddy formations =

In estusries and bays the tidal influence on surfasce-sater movement is magn-
ified, Tidal prisms, in many cases,-account. for a large percentage of the total -
water volume.- In addition, the mbbing of surface.currgnts in uta-r.ho is accele-

- pated by freshuater runoff, P s

LIFE CYCLE

Cancer ugllter.otherwlse known as the Dungeness or edible crab ranges in

distribution long the Pacific Coast of North samerica from Unalaska, Alaska to Mag-
- dalena Bay; Baja Californie (Schmits'1321).. It is = commercially importamt fishery

between Montersy, California and Vancover, British Columbia,

~ = sye'Dff the coast of Oregomn the Dungeness ctrab reaches sexual maturity after three

years., Butler {1960) concluded that males are polygamous. . This important in fish-

eries management sinmce only males Tan be harvested. A lurge percentage of

magister®s mating takes place at the perimeter. of tideflats in assoclation with

algae and eelgrass (Mckay 1937, Spencer1932, personal observation).  Breeding pairs

have been observed: in Coos Bay during April and May (Figure 2). The: timing of copu-
“lation is closeély linked to the female®s molting cycle. Premating and mating behav-

4or has been described dy Snow aml-‘e!lm*(t%ﬁ). Transfer of sperm via the gono-

“ w “.phore: into the spermathecae can only take place after the female has molted and be-

. - fore the mew shell haz-herdeded,  The spermatophores vTemain viable within the sperva-

theca until the ova mature {(Mckay 1942, Butler 1960). Wild et al (1978) concluded

- that the sperm recieved during one breeding seasom can remain viable to fertilize

. a second clutch of agss the following season, Several months after.the mating sea- -..

son, the sperm having remained in receptacles of the spermatheca’ can now fertilize

the eggs leaving the oviducts. The number of eggs carried by an individual female is
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* Egg f@eterioration and mortalities are associated with elesased ambient temper-

-~ yolk 4s consumed. . Just prior to hatching the eggs become a gelatinious dark red.

‘offshore within a few meters of the bottom (Orcutt.et.al 1977). The California

‘related to her size, food supply, and ambient temperature (Wild et al 1981),

wtures, poliutants, egig-predation and cann abalism {VWickham 1977, Wild et al 1981),

e

When first deposited the eggs are a bright orange but, praogressively darken as the

" The Tesmales have been ftnown ' to remain ovigerious as. long as six months,

‘Spasning into fred-svimming larwvae occurs nearshore in late December and
_Janusary anfl to a lesser degree larvee releases occur intermittenly throughout
winter and into spring,.as late as mid-Mpril (Orcutr et al 1977), lough (1973)
ebserved cC. maglister larvae in the plankton off the central Oregon coast in late
January and early Febuary.  In the Pacific Northwest this is the time when net
onshora surface transport prevalls‘as previously described, The different morph-

ologies associated with each stage of pelagic crab larvae represent functional

“‘a@aprations to a planktonic-existence which allows for development and disperal,
. ‘Immediately after hatching there is a short duration (11-60 minutes) proto or

- prezesas stage (Mcley 1937, Burhanam and Millemmamn 1969). During the next few

months these larvae metamorphose through five zoeal .stages in uhich-ttnir loco-
motiwe capacities are very restricted. Knowledge of their vertical location vit:h‘ N
in the smter colmmn: at different stages of development is iwportant in smderstanding
their spatial distribution and local abundance (Lough 1976). As zoea develop from
stage 1 to: stage V, they become progressively heavier and acquire a strong nega-

tively phototaxiC response (Cleaver 1949, GCaumer1971), They vertically migrate

downward, utilizing outward” flowing bottom currents =nd become displaced farther

Fish and Game has recorded zoea stage V 177km offshore, After zoeal stage V, they
metamorphosé.in actiwveily swimming, Temporarily photeopositive -galofu.‘.tnsto et al

(1980) measured megalopae swimming at a rete of 1-2cm/sec. The megalopae "swarm"



at e ‘surface between the months of March snd June in Southern Oregon waters,
 “The-omshore-transport of: thess megalspas “svarms® tan be vhatructed or facilitated
- depending on the prevailing current conditions, This mass migration onshore enables
the megalopae to remain on the continential shelf, in Mysmﬂ estuaries until the

_* time has arrived to metamorphose into a juvenile crab, ;

© “¥Molting from a-megalopas to a juvenile crab ln'h keying ints some enviro-

o~ mental factor or factors and sltering their phototexic response. Once epibsnthic, .

dulations (per, ob.), Metamorphosis te a juvenile occurs sdthin days after burial

(p.c.). In molting to a juvenile crab the abdomen is folded under along with var-

ious other physiological and morphological changes (ref.). After becoming a juvenile

- crab; wolting willocooy mix Ttimes 4 year for the mext: twe’ yaars and: then approx-

' {ametly once a year thereafter (Butler 1960). Carapiece wieith is the most pften

" Tused measurement of age (Butler 1960). In. southern Oregon comsercial sise is sb-

* -tained -4 to 5 years.after ecdysis to a juvenile crab,



- MATERIALS AND METHODS

STUDY AREA

4

.. The Coos Bay estuary is located in Coos County, Oregoﬁ abo;t 200 miles south
: i :

-
=

of the Columbia River and about 445 miles north 02'515 frn;sisco Bay at AS.BfNA'
. latitude, . ﬂnnc‘l-yfﬂa.drnunad'rlvor'-ourh. is a relatively recent geologic fea-
- - ture which was cre@ted by local downwarping of marine: sedimentary bedrock (CBEP
“1975)s . It stretches southeast to northeast to south 27.miles. and has a gentle
sloping bottos with w Fairly eniform increase in depth mear the-mouth, "The Div-
ision of State LHQQS TI973) estimates 6200 acres is submersible land {between Lﬁ
and MLW) and 6180 acres is submerged land (below MLG). The drainage area of Coés
oy Lo about- 830 siles? antcle inggel, step Slopet-tising abruptiy-Srow'valiey
flmm mainly with m-mlferluul.!mxu.. There are 30 tributaries a!. Coos
- ‘Bay.  The primary ones are the Coos and Millicoma Rivers,“to a lesser degree Haf—
nes and Kentuck Inlets, Catching, Isthimus, Pony and South :Sloughs.
“. - .Coos Bay is rlassified.as a desp-draft mnp-nz by the L.C.o.c. hvn).
The b-r‘!ntrtnce.tl maintained through dredging at 40 ft,. and the inner chammel
“to 35 ft. with a vidt£ of 300ft, Extensive filling and dredging has changed
much of “the hydrography of. Coos Bay. The tidal prism of Coos Bay is 1.B6X logft3
*“based on extreme tidal range (Johnson 1972), Mixing and flow rate of the estuary
.depends on the .constriction at the mouth and its depth, Coos Bay is classified
AaS. a type D;ur'ugll mixed system (McAllister 1959). It varies from partially
-‘i.ﬂ"m;micaily ‘homogenous* depending on the time of the year, Arneson (1976)
- noted ebb currents 3.5knots and maximum ebbing at 3 knots. The mean tidal range
is 6,7ft, above MLLW at the entrance to Coos Bay (USACE 1978), VExtreme Low WQtef
is predicted to be -3,0 ft, below MLLW. The average annual discharge at the mouth
is 2.2 million acre ft, of freshwater (Percy et al 1974). The flushing rate is

dependent on river discharge, topographical features and the level of coastal



upwelling. Armeson (1976) found that even under pptimum conditions retention times
; of several days.. R o o

ZOOPLANKTON SAMPLES

Six sample stations were selected using compass readings, aerial ptgotography,
& -7~ triangularization with points on the shoreline and mesrby reference w: (m:ll.' "
The mouth of the bay mas: the area of :oncentrnti@.slme' preliminary sampling indi-
« - - 7. osted that this mm-:hﬁitmlmnmam The squipment.
consisted of a 30cw: standard plankton‘sampler with a#D -(aﬂ&ts:rm): mjmh' net
towed by s 1.5 horsepower Mercury putboard engine on .an aluminum akiff, - Obligue tous .
to a depth of 3m were taken for two minutes at a speed of less than 5 knots over '.'
standard distance of 25m, using the shqmlimfnd the station bouy as a mfm‘ '
. sample placed in 250ml jars preserved in 10X formalin with rosebengle and later ol
¢ w* transTered: to 308 alcohol,: ‘For the purposes .nt':.itbnﬁyiu gensral trends from this .
.standardized procedure the sample abundance was taken as the relative: bay. M-
Both night and day zooplankton:samples were teken between January 20, 1980 to Jume
20, 1980 and January 1€, 1981 to June 20, 198l at a rate of six.times a month., A1l - . ..
SM.PQM' taken within one honr of high tide were -assumed :o’be- measuring t.elftiveliy equiv_em
e wolumes of water. Relative to the tidal congitions, high or low, the ssmples were
© . .. taken as randomly as possible. Additional presence-absence informatrion was obtained
-~ from dip -netting of T the docks at night,
* > s - In the laboratory 100Z of all the plankton samples s=re specifically examined
* with the purpose of identifying and enumerating the gemss Cancer to the species I_Lave!._
Iﬂentifyi‘l\g"to species was accomplished by using mmnt key provided by e
Lough (1975), the micrographing keying technique of. Deboyd Smith (1.975). AsS a sup- )

plement to thlc,':__g.'gn_lgistcr- larvae hatched ‘from ovigltiogp_L:.tmlel h\-th--ubwatory‘- &



- ° ‘were used for comparative purposes, For future reference, larval stages of C, magister
" were photographed using ASA 64 Kodacolor il under Wild Steagecmi croscopic M4 with a
Canon FIB Back,

PHYS1CAL MEASUREMENTS

-~
-
S

Daily wea surface temperatures and densities taken at high tide were obtaimed -
.= - near the mouth of the. bay from Oregon Deparueut--pﬁ;!l-kmd.uudutc. Charleston
e o ~gtation (Al MeGee 1981 ).  Deasity measurements were taken with a calibrated hydro-
e 4 imeeer el coTVeTted to surface salinities. Temperature -was Tead immediately after
sampiing with a standard bucket thermometer sccurats io g
Upwelling Indices from 1944 through Jurie 198t were measured from oceanographic .
crulses and offshore CALCOF bouys, Only the Upwelling Indices for %4 N,125H and :
45 N,125¥ were used i this analysis of:{mrwaé off the Oregon roast, They were.
“- . calculated from.an integration of several enviromental affects: barometric pressure,
f skl ‘SETesS, ‘sea level amd-the local ctorialis force.
. Dally weather patterns: percipitation, wind vector, bar swell, along ocean
- swell, and barowetric pressure were:ohtainsd from the U5, Boast Suard Statien at
Charleston and the "CliwatcToglicat Smmmary™ from M.O.A.A, (1980),

CALCULATIONS

was provided by Oregon Agua Foods (Zob Lawrence 1981}, Al Mefee (p.c. 1981), Bill
Pearcy . (p.c.1981).
<« . .. ~Data for pounds of crabs landed. for Oregon since the 1950-31.season was obtained
© 7 o% Fyom-the Parific Marine Fisheries Service and Demory (1981 ); | -
¢ . “"The regressionianalysis program was preformed om ‘the PDP-10 system in the e
computer center at the University of Oregon, ' ' | )

LARVAE SETTLEMERT EXPERIMENT

& Megalopae were collected dn the Coos Bay estumry-ofi April 2, 1980 using a

-



" The settlement ‘chamber consisted of six .conpu:x:-antn'w.tth three different tml‘»of

standard #ip met, All indivifieals were assumed 't;'h the same age since they were

| obtmined in ome “swars™., The megalopae were kept im a holding: tank wirh no. substrate

to avoid any future blases, The temperature of the tholding -ttnk.ud ;electiéﬁ chamber -

(diagram 2) was monitored between 11,0 and 14,0°C throughout the entire experiment,

- o

' substrate, a replicate for each, 2 em in depth, The.chamber was encircled by 3/4 m

- high bisck plastic tarp to insure .p.‘nl lighting in -sach compartment, Megalopsc ;

could-freely svinm between compartments m-'m:h m-W-ma —tuty.sis

to a juvenite crab, - Partitions.were sufficient to prevent 1zt 4nstars from migrating

between compartmerits, The megalopae were then introduced in equal amounts to each
compartment to avoid any bias of origin., Orcutt et al (1977) larval rearing exper-
iments—demonstrated that 20 or less-megalopae per liter sms sufficlently low enough

density level to yield high survival rates. In this experiment only 2 individuals

: per liter were used in each repitihm to prevent complications from dnnlitj inter-

. ference, Every 48 hours 25 ml of cultured brine ahri.lpnnplacedat the mrfaée

of each compartwerit. The water flow. -at btoth ourlets was kept at Sml/sec, At inter- '
vals of 10 hours the number of 1st instars and molts in each. compartment was counted

and removed, Regular removal uas du-ed necessary due to cannabalistic behavior of
F

_ Ly magister,

- Between Tepitims of the selection experiment, all substrates were removed and

- ?mw-dmiﬁitm'nﬂinnm, only in-altered locations within the box., Alter-

- ing ‘sediment position mw cututicnl probl— associated  with the non-

Tandon eurneri-ng effect, at.r fhu and other whhles. 'n'l:mughout the entire

-

-

txperiwnt behaviorn‘l t-tterns':are observed in astociltion vith kel;gﬂbr‘{"md meta-
morphosis to a juvenile crab,

Chl-lqed'stat!m;'ﬂre employed to analyge the degree of non-random selection

S i
» i 't

‘and "implied sediment preferences .

‘:'br

e

e —
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RESULTS

I Unusually warm ses surface temperaturescsere detegted in the Coos Bay
estuary during January, Feburery, and March'gf 1981 (Figure 3). The onset
of consistently strong upwelling occured laier in 1981 (Figure 3 and.p.c.

Al MeGee). ‘GBenerally, there is m:two to three day lag in response of bay_?-_
“¢ wea surfece temperaure to coastal wpwelling (Figure 3).

T wes unedble o comparesstEtisticvally ﬁmmm—par:mit:"éfhtt Bf “the
D ~ geness crreb lerves semples; yet the differences in ttﬁu‘gimt‘abunﬂance, s
between 1580 end 1581 wppear to be conmidersebis-bot-mot consistente When ..
evaluating the two years by success of ’night capture, 1980 eppears to be =
strnpgzi 9!!‘!-»:1595 recruitment,  Capiure nf only m&l’xtnges 1,11 and mega-.
An the bay sgrees with whet is known wbhoot their dispersal doring -ﬂeweln;.: "
ment.

;i The statisticel snelysis on the mepalopme sEttliément experiment demon-
' strwtes thet ssttlisment preferences. mzﬂnt_m Tables 3-;7,)- ~Course
- well-sorted sand tgpm.t.nf'n'pmmst teaches sppeETEd to be their prefered .
gsettling tmbitat, Eﬁhuviural observetions concluded that  the thixotropic g .
- properties of 'thr.'azdimznt;tm-:uns. the seiilement determinate, The low
‘mortelity levels doring -the culioring indicated sa:suitablis -enviroment and
“the’feasibility pf ‘@n enhancement program. )
* " The Upwelling Indices, during the megalopee stage, correlsted with a
o PeaT mr;lm;geﬂ crah catoh h';---:-;ﬁ?s,' Filevel' 57.52 with 28-gagress ©f fresy

. dome 2
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Distribution of cockle clams (Clinccardium nuttallii) in lower

Coos Bay and South Slough, Oregon. (See Fig. II1.A.2.-94 for

areas not surveyed.)
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TABLE 1

PREDATDRS ON CANCER MAGISTER MEGALDPAE

- Scientific Name..

Glyptocephalus zuchi;us
Leptocottus armatus
Platichthys stellatus

.~ Parophrys vetulus

[

~Onchorynchus kisuteh
_TABLE 2

PREDATORS ON CANCER MAGISTER _JUVENILES

Scientific Name

Scoreenichthys marmatus
.. Pletichthys steliatus
~Leptocottius armatus
»Reje binoculata

Glyptocephalus zachirus
“.Sewasies caurinus

Citherichthys-sordidus

Hexngrnmﬁauiﬁecagrgmmus

Lepidopsette bilineats

Parophrys. wetulus
. Amphistirhus rhodoterus
~ Damalichthys vacca

Merluccius productus

Acipenser medirnstris

;'.¥riskiafszuifas:iatn

Mylipbatis Telifprica .-
~Phanerodon furcatus e

* Information provided by Orcutt et al

= -

__,Dummbanahe

3'zTex sole

"iff staghorn sculpin

3‘?2%sta::yffluunuer'
. ..Englis'ﬁ:"‘snl_e

~Bilver salmon

Commpon Name

= .- cmbezon
- *starry flounder
»ostaghorn sculpin
; 'big -skate
¢ rex sole
- ropper rTockfish
‘Pacific sandab
kelp greenling
rock sole
£nglish sple
rediail o surfperch
pile surfperch
Pacific heke
. gresn siurgenn
leopard shark
"but'ray‘
.. white surfperch

~

<f

»

1975-1977.
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TABLE 8

-CALCUOLATIDNS DF PBTENTIHL FREDI’-\TI‘DN PRESSURE DN BRNEER MAGISTER MEGRLUPAE ’5;
©7 IN.CDOS - BAY FROM SALMON ENHAN

“4q) 40 x 10° swimon smolts weighing averagﬁ!g 22 grems rn.lenand hetms!n
March snd July d ond

2) =20 days i dey.complex, feedimg &t = maximum rate of 3 megalopse
peET day

..i.) sza, 39—-:8133 'megmm *ownsmwed per day for 206 mn;a o
 tptal of 6 x 1D ngn.lnnaz consumeds -

L) "S5 x 186 dmrwae produced ner'ﬁemnln cTab.

5) 6 x 10°_ megaiopae i
_EGJ—L.5 =~ Tarvae per female = 12 x 10" female's offspring

Therefore, feediny pu-the potential of 1205 waturé -Pemsle’s offspring
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DISCUSSION

SAMPLING ANALYSIS

= ~ The gzooplankton sampling indicated that in 1981 the omset and duration of ek
~ each larval stage was accelerafwd .- relative to 1980, Megalopae were obtained &
‘w0 two weeks earlier im 1981 (Figure 1V). The Coos Bay-and nearshore sea surface

~-temperatures for the=#98l larval season were consistently higher than in 1989
%. .w und for previous years (Figure 3). The Q,, , physiologicval response of organisms o
. -to temperature changé s well documented (ref.). - The amticipated affect of an . )
" {mcrease in ambient temperature would be This-shortened larval existence (p.c.
R. Tasto). A shortened duration of planktonic existence, theoritically; decreases
the overall predation pressure. If the larval stages.are completed before the
onset ©f upwelling than this could substantially decrease” the probability of dis-
persal-to sn ufTatorable habitat, off-the comtentisl shelf. Larval metabolic
- demands increase. due to elevated: ambient:temperature.  This eievated température
_is assoclated with relatively unproductive waters of the Davidson Current. Hypo-

" " =thetically, intra and interspecific larval competition for consumption of.a depaup-
erate supply of phyte’ and nannoplankton ceunld become m—w'mmu of
survival rates, To mmtine'this hypot?msi;, gut=fuliness of T, magister
larvae needs to . be snalysed to determime 1f food is a limiting resource.

- Day-night sampling variadility is a fumction of diurnal wertical wigration.
“Day<night differences in’ plankton sampling ‘iz = well established phenomens due
= % oo behavioral responses to light. The results of -y‘mung clearly indicate
‘* & wuch greater success Tate at night, but the ‘differences sre not-stwtistizally

‘e« gignificant (Figure’ 5). “Even with day-night duplicate Tows which elimiastes some '_

of the temporal variablity, the sampling success w;s greater at night. Whether . —,
~: 1this mechanism of diurnal-wertical migration is:an.adaptation ewolved to avoid
wisual predation, to feed on a preferred nocturnal prey or to avoid daily wind-

driven offshore surface flow has not been determined.



. In: the Coos Baw estuary the tidal iuflmence was claarly the major factor in

.= 7 determisg.capture -sucdsss.- The probability ofuhn?:uq C.mag pagister larvae was
grcaﬂte:t .lj_t'-or near high I;lde. The frequency of ;t;;unter;;g a neg;lopae "swarm"
> 1m;ued' ;ubstmtially around’ spring high tides when a gr.ca:t;er volume of water
‘v entered ;:he bay. ' The combined speed ﬂf'the ngqjaj;ne-md the surface nte-lr en-
abled individual “swarms™ to reach sreas 20kms up the uuambetnr.ﬁn ebbing .
Tide. * ttany st dnster wm:-,n-sm hm.hn.’llum-up thr‘;
bay indicating larvae settlement and ecdysis had occured. This tidal affe;':t
dominutes surface transport. once the megalopae’ “swarms® congregate within Skm of
bay entrances, However, the prevailing surface current, as previously described,

determines arrival te these nearshore coastal waters {Llough 1976).

CYCLIC FLUCTUATIONS IR CRAB CATCH

"+ % Commercial crab landings, represent an estimated 90 to 100% of the total
‘number of legal males. Thus we can consitder that the E:-.-m:b catch removes a con-

"% _stant proportion of the male population each season and the total pounds landed
to be & good index®of populetion size (Orcort et al 1975). Fluctuatioms #n recent
Dungeness vrab catches are cyclic with periods of 9 years in California and 12
years in Oregon and Washington (Botsford mmn—: 1975). This indicates a gen-

+ eration time of 4.5 years in Californis and 5-6 years fin Oregon (fl.gﬂ:‘e 13- ‘ The
possible mechanisms driving this cyclic phenomena are of primary importance to
fisheries biologistzs. Hypotheses recently examined. include density-dependent

L0 % e imteracrions (Botsford and Wickham 1975,1978,1979), density-indeperdent effects

bl ~ on tarvee survival (Lough 1973), W-nlmd hatching 'uuotst {Mayer1973,
Wild et al 1978 and Wild & J-laug?n 1979) and egg predttm:l- (\ﬂck-hl.l; &:‘Flsher 1977,
Wickham 1979b, 1979c). ‘

] E S A . w7

= -~"  These fluctuations dwm-crab catch occur uniformdy along the entire west coast
& - b

i
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of the Bnited States. This indicates that some major coast-wide enviromental

‘.-t - : change &s uupmlhh for the-fluctuatfons:in-the atlulr- you-clm strength,

o 2 ot h-,, .~

lnugh (1973} suggested that the ttunm oT the Dungemess yeas-class is largely _
54

doternined by enviromental conditions during the u'ltlcat larvae stages, the ¥
e = o., VE

*hr of pelagic crab larvae surviving plankt:onm.uismu is directly m
~ % .f%onal’ to the size of the subsequent adult populaﬂan-. ‘“The hypothesis 1 explored
2 -::thrt seasonal changes in -urtau water circulation mcem cnnbine:l mh
fﬁun-ycu- diffences in"lurval timing could rmlt in dispersal of crab larvae
‘48t unfavorable settling. habitats thusly reducing overall recruitment. This
high mortality and low stock recruitm"ent would be rnfle.cted in a ﬁlatlvely poor
adult year-class strength four to five years later, the time necessary to obtain
I.ngal size {Butler 1960), . Winmor (1966) concluded that sea surface temperatures
 reflected ocean currents which transported larvee sway from habitats suitable for
“+v+ settling. Upwelling indices provided by Bakun(1973) indicate the dominant current ._
. conditions governing surface water transport., Prior analyzes have utilized the |
Upwelling Indices as = seasurs of food production and mum nd_ sur-
vival of existing stocks (Botsford and Wickham IWS; Peterson 1971)." These studfes
would anticipate a relatively strong year-class associated with high upwelling. My
“hypothesis would eguate a favoradle year as being characterized by stromg dosnwelling
during thri.plupu stage, increased onshore transport to favorable -nvi:r-mt;
and subsguently enhancing the stock recruitwent, l.ungh (1973) found that the down-

»+ - melling index contributed wery little To ndncing tht mlnblity “in the :rltr em:ch..A

- #owever, no ctomparisom bid made between Tthe erlhutchﬂthl mumg occuring ; ‘

-*  only during granfatvpne ‘stage, The correlation coefficient feor thB :tatin:!cal :
rcgreulon,\uas %673, This means that approxiametly 40Z of the variance in crab - 2

"1 oatch cnnld be accumud for by th. m of m»oftnhoro :rmport or some 3 = ‘_

-3 ik

associated.variable during the megalopae stage. 'l'he Upwelling Indices have a dif-



1<

ferent periodicity and amplitude than the 9-12 year cyclic fluctuation in the crab
*«. catch., This indicates that'the effect of a set of un@uconmdmablel are cro:t- '
" i{ng what at the present time appears to be a "nlt'ui;nl""ﬂu:tuation.-‘ However, this !

correlation is: surpriszeingly strong when one considers the numerous sources of erro‘z:.‘_.h 4,

8% P

“ ¥ * First, the data used by Bakun (1973) to calculate Upwelling Indices were takéen from “
+ % ‘fdwe different 'sources covering the time periods. Jag. 1946- March 1955, April 1955- _i_
o Dec. 1959,  Jan, 1950~ Jure 1962, July 1962- Dec. 1971, 4nd Jan 1972+ June 1981, - Second,
'+ the erab vatch Tforv has wot remained relatively constant over the.past 35 years,

‘Thﬁda this comparison discounts mortality in the pre-legal crab stages.. Correlation ‘

coefficient is used to measure the intensity of association and does not indicate a

causative factor, The causal mechanism may be a series of compley intercorrelated

»

factors, Therefore, this finding provides and indication of certain density-independ-

#nt interactions reguiring further investigation.
'¥ _..A44 3n onshore transport. of megeaiopae is provided by the mlmnmsmig hy- 1‘

»droid Vellela vellela (Tasto et al 1977, Wickham 1979a). The opportunistic wegslopae |

* - are-provided with. = rdgially avallable food source, hydroid tenacles, and shelrer from i' %

pim_ktigu:y (Abblott 1980). - Strong’'years of V. ¥ellels washing up on the Oregon L ;l\

beaches, between March and June, are equated with strong southwesterly winds and David- |
son Current. #Possibly, theé relationship between downwelling and crab catch generated

“in my analysis is actually demonstrating a correlation between strong years of crab /

4
.IJ
Vg

| “yecruitsent vesulting frow strong years of V. vellela. : o
B
i1 2
1%
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L Y Density-dependent interactions include predation,  both natural and human,

i -cannabal fsm:and intra & ﬁtmpc&ﬁ: competition for.foed snd/or.space. The - "'f
source'-of natural predation pressure varies correspondingly with developmentl_l ' .."-
. ' and behavioral changes of C. magister through ‘lu ‘arval, juvenile and ‘adul'.-.:;” ¢ i "
~ +sasgtages:; Seasonal-and: diurnal vertical migratios suring the larval stages dict- . - _'-: :
.« ates their mmd spaclal availability-as a.m .it-!. During the first : ‘ 3

two zesa-stages these deswed: are phetopasitiwe, driftiag on the mim‘e, : 7“ -
i dm-bays and estuaries (ref.). ‘rhe,t—m:hn of surface feeding microzooplanktoners
such a5 surfsmelt, herring and mary juvenile rockfish sampled in the Coos Bay est-
uary contained a high proportion of stage 1 and II crab zoea, AS development pro-
ceeds to the later zoeal stages III.I_V. and V§ they-bet:u&ejmgatimly photot&xlc,
descending btb offshors. flpuing bottom mmé:‘ﬁih:ﬂ.n;mwsm;.mul
.feeding fishes such as sculpins, skates, and flatfish along with benthic feeding
'-1‘Wau£; .crabs .annelids and bivalves :r-thelnsu:'mnt ’pr;dli!tmuprns- PR
.sure, ' Ecdysis into a megalopae results in a mleu:’re\nrul—‘of- phototactic - r-l.- >
sponse. _In sputhern Oresgon betwesn !llrtb and June. the mhlg-ﬂn\:—p&- “
Ative, are fsuarming" ﬂtthasnttm and ni;r-l.ﬂn.g mhorel.; Becamsw of the incre-

md size of the Cﬁmr magister larvae in the megalopéde stage, the predation pres-

sure shifts to surfare feeding Tish:-morphological 1y«-hp-m.:n=ml;!' sacrozsoopl ank-
ton {(Table 1). These “swarms" of megalopae attract large flocks af:-.mluly"ieodins-
maring bdbirds resulting in high wortality levels, Stomach analysis of a large mmber
< ¢r euf marime birds is deemed necessary to determine the level of impacrt associmtes with . =
* this predation pressure, =
* “Metamorphesis to the ist juvenile instar, Aprii-July, limits tihe source. of pre- *™

dation pressure to epibenthic feeding organisms (Table 2). Orcutt et al (1977) post« &

ulates that the relative strengths of year-classes:#f Ti:magister "is reflected in the "'
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frequency of occurance of juveniles in fish stomachs, Because.of the large number

2l

of natural predator species Co magister, tiwoughout Its. life cycle, a fairly cons- il

» tant lewel of predation is maintained, Therefore, natural predation does not seem ‘&
+  to be afirtwing mechanism behind the fluctuating crab population levels, However, P

= Tecent imereases im salmon enhancement, mlong the.smst coast, could exert additional . _ -
. >  predation pressure.  In 1981 there will ‘be approxismetly 60 million coho salmon
e ¢ L senltecTelssssdsathich is deubde the numbers relsased in 1980, - Hatchery coho: smedcs
= sare velsased bdetween the sonths of March and June in-the bays snd estuaries of .south-
-eTn: Oregef, ~This timing corresponids with the onshore migration of the megalopee
"swarms", Myers (1975) showed that hatchery coho prefer megalopae when available,
Table 8 provides theqt_‘.tlcll calculations of the potential predation prssure of hatch-.
coho on €, magister-megalopae in the Coos Bay estﬁry.
- . Human predation cam not be the direct .cause of these cycles ‘since commercial =,
- ‘and sports Fishing removes large males that have previously mated. Howewes; hugan ok
~predation does respond to.variable abundance levels and in this respect may alter
- % the characteristics - and stability aof these ™naturdl™ cyciles {(Tef.). Certain fish-
- ing practices such as mot returning to the water numerous sublegal Fr'ab: could have
a substantial impact on recruitment to commercial stocks. Recent scalloping prac-
©tices heve @givectly interfered -mith the crabbing industry. Scaliop dragging has
damaged numerous crab pots, interfering with catch per unit effort efficiency. The
- seallop beds rezpresent a potentially excellent food supply and sheiter for adult
«a2sngrabs, The high ratio of mature, recently pvigerious, femalss indicates that they
‘e »,.wtilise the scallop beds as wpawning sites. - Pertebation of theee sites during or . =
~prior to the spawning sesson could directly-affect tie Teprodective capacity of the - g»
crab population, : z
A Cmnlb.flin of: both the -larval and juvenllo_,‘mipt L. magister could accent- . v

uate existing cycles in the crab population , particulariy in years of high-crabd



recrufthent and a relatively depleted food Tesouress  “Knudsen (1960) has designed
- models af 4 population’s age structure governed by cannabilism, - 1.
Intraspecific cemipetition for food and space operates {n a density-dependent
" “manner, Howevery:space availability does not appear to be a limiting resource -
since E.'_-_.lgist tdulﬁt:\"g:;l'*m do not requiro oourse-well sorted sand charact-
" eristic of exposed opem Toast mreas, Specifically, within the confines of estuaries
‘~amd /bays*this Type of wediment ey be 1imiting dwe te:increased mmber of plers,
Jerties’ an@ docks obdstructing wave action. WPecause of C, magisters-diversity of -
prey items, throughodt ¥ts 1ife cytle, food avallability dees not appear to.be a
driving mechanism behind these observed population cycles,
Interspecific competition between Cancer sp. during the larvae stages could be.
.am “importent fwctor affecting trad sbundance: four to five years. later. The timing
“of larwval: hatching is critical to survival levels, For' sxample,. if potential .comp-
“ etitors such as C, productus and C. organesis 'larvee were to hatch several wesks
' “prior to C. magister larvae, then this. may more than compensate for their relatively
‘llllll!.lft!l‘lt:l1t’Itlgl‘.f’T‘lI’."-Ht.!.'ﬁlﬁl‘"‘llﬂlrtiil“tUPﬂutE!lF-t!uEQi!!gitttr
fvr I'.‘illbll food items. Brooks and Dodseri (1965), studying antagonistic effects of.
mutually shared food resources; concluded that the larger species would outcompete
- the smeller specles ulthout significsnt pressure free sise depandent prédation, As
» am: adult the ¥%¥ariable dimensions .of its fundemental niche wouldi act to minimize inter-
specific competition,
Density-inflependemt Sactors whith affect letwee survival were examined By Lough
% {1975) and Orcutt et &l (1976).: .Lough (1975) preformed response surface --nl!y.r!-s ‘
‘temperature and salinity interactive affects upth C; magister survival., -These studies

showed that in the laboratory variable salinities resulted in immediate mortality

rot S UM

*whereas the effect _ﬂ!.te-pe'rature became increasingly important with time, Prior teo :.



offshore drifting, early larval stages experience.#fyyposalinities and variable tempens .

~ature wtresses due to freshumver runoff occuring nearshore. JLlocally, in the Coos Bay
-estuary salinity values remain velatively constant, at or near 337’, and would not ac-

%+ .» count for significant larvae mortality. In the adult stages :Tasto (198]) demonstrated - .
that egg production was 'a direct function of ambiemt We. Dungeness. crabs rav g
‘#rom the .warmer:!southern range were found, on-the.awerage, to have smaller ovaries
=nd consequently M.ww Tasto et al {1979) postulated this decrease

 inipgg production due to elevated amdient temperatures-as a very sirong factor.in the
CTentral California crabipopulation.deeline; Whether the generad wmrming trend since
1957 has affected the Oregon crab population is difficult to access.

. The nemertean egg predator, Carcinonemertes errans, host specific to C. magister,

tu. amwther hypothesized sechunlse’ driving the crab.pepulation fluctuatioms aleng the
ientire West Coast of the United States (Wickham & Fisher 1977, Botsford & Wickham 1978, : .
7 1979)., There 1s a high cwurfelation between the number of worms presest.in.sm age clu: i)
"’ .teh and the number of #ead eggs. Wickham (1978) estimates that in California an n.-
nual® 1oss of wore than 50X of C. magister®s sggs is due to worm feeding, Egg wort-
ality is slsc. cawsed by -woww feeding activities and defecatiom cresating epibiotic
fouling dy. assoclated blue-green algae, bacteria and protozoans (Fisher 1977, Armstrong .
& Pisher 1377). . Under Wickhas's (1379) model ‘in which C. sagister population. levels .
- are drastically fluctuating the worm population 1s driven to a mew high level egquil-
* 1bria, At the new equilibria, §. errans exhibits a density-dependent compensatory
“ fewding txdihivioh which results in depressing worm fecandity in response to @ sub-
773 sequerm rifis in.Sensity: 1évels. The limit on populatien expamsiom becomes: host avail-
ab¥flity, “The result is a heterogenous distributiosi; high densities of worms on few ' .3
““crabs, This intensified egg mortality, according to Wickham (1979), pushed the crab

population; :dn the Tentral Talifornia fishery, intpileng term depressed levels., This



model can not account for the coastwise-etyclic flartuations in crab catch since

PN infestation lewels are much; higher Im C. magister*w-southers rmnge. The increased - =
4 “4nfluence of thé Davidson Current and the associated warwing trend since 1957 may a

¢ # have expanded the distribution of C. errans northward (Wickham per,comm.). Increasing
#7 L mdensities of Ci-errans in Oregon and Washington nugg.!_:_;_tht- temperature response.
« Hswever, the impact »f C. errans on the crabbing industry ‘is difficult: to guantify
b et he il S ineuledes Tegarding it's naturat history.ans lomg term intevactisn’...

-~ with C; magister.



.

1

-~ - 1n‘summery, differences in diurnel and sessonal availability of C.

,__,.nngis‘t'ar ~-darvae in relatiom to physir®¥ parameters has teen investigated.

My megsalnpae dispersal®theory along with ﬁ\,r'ﬁ;h'.:hMaia have been examined For
feasibilitv in explaining the coast-wide cyclic fluctuatiuns in Cs magister'e'

abundam:e.- nnalvals indicates a density-iudepmﬂzﬂt’interactinn es ‘an gen-

S R

. . pralized mechanismi® Bhtainment of the specific.feusetive or contrnut‘!.ng g

-f.'.m:tn'r(a). of what sppesrs‘to be m Tatural fluctuation will involve many

ooyewrs of detailed, rigorivos -mmnm



X -~ RECOMMENDATIONS FOR FURTHER RESEARCH AND REGULATIONS

-+ Detailed studies’of the 11fe cycle of [, megister and its relation ~ = =
«--to preanooraphic events have provided us with- elues of their specific £

-~ hiplpgicsl-enviromental interactions. However, further research is nec1' i
= sw..pgsary to expose.the finer details of timing, . sbundance and-ﬁisparsalrnﬁ' g
% jarve® and the wvariabies influencing both juvnnile and adult populatinns.
“Llarification of specific metsils pf C. mepister’s 1ife cycle Touldsjust-
‘ify:impiementaiion of manapement options regarding season, sex resirics
~tipns and geBT.

A multi:year coastwide serisl plenkton taul program with simultaneous”
collection of ocesnographic detis is necessary in order to stetisticelly
support the postulated-trends in larvee dynamirs. In sddition, reguiar
‘plankton sampling at bay enirances snd in nearshore waters would aid in .

=8 pur understending pf the driving mznhanism'asznmiateﬂ;sath;megnlnpa?

3 “"swarming® and onshore movement.  Counts of individual megalopae aiiached

"~ to the tnipnial hydriod Velielwe vellela could dewpnstirste the paralielism
of gear;:lass:strengths'thnt I-previnusly proposed. - Stomerch Esmalysis of
the differsnt larval sisges would test seueral'prnpnsaﬂ-ﬂensity:dependent:.,
‘- mechemismsy food svalilability, camahilism-and interspecific rompetition..
= Dther reseerch involving lerval dynamics hes been suggested by ftoogh (1978). .
- The-coast-ulde impact of the Tewertesn, Cercinonemertes errans, on

= & Lo magister*s pverall Tecundity meeds to b thoroughly surveyed by-several
« = resEETCH teEms &@s ds-pregsestly teing intieted by Wickham (1978). TFelemetry o
“tegning of mature fewmale-crebs in conjuction sith aguistion of the ﬂrutﬁl €
-zoea stage would show migratory behevior and locetion of hatching sitese.

~ = Sampling the spermetheca of mature female crabs-for signs of sperm prior. =



.‘,nf

to Fertilizetion coeuld demonstrate overfishing of mature meles, reeulting

* . Uin a’lower nv.ﬂ.:-all reproductive capacity uf-thnntine*mpulatinn. Unfﬂn-‘ ;5_

-

“ i-4unately, there is nn'preexisting unfished C. mugister populations to ult- *
“*3137e as'a reference.’ Therefore, the current situastion, natural or noty tud}
L7 Syt be teken Bz ® baseline studye. - The California Fish and Game, Dumge— °
‘- mess Crab Research Prngxam-1§9§;1951;;haswprnuiﬂed+maﬂy suggestions of .
» farther resesrch. .
< “Fihere wre®a few regulations ‘thet_ will tslp-stwbilize the ©rabbing in- =
- dustrye ?1:51,'unuing’the.sturiing gdete-nf the crabbing:ssason: hack one
month, to January, would reduce the disturbance on females releasing larvaee,”
In addition, the number of recently mnlted.nr"snft;shelled crabs captured é
cpould: he substantislly reduced. ~During the megslopse 'swarming®perind, -
‘channel dreﬂgingranﬂ:unlmnn-enhan:sment~shﬁulﬂ be ‘minimized in order to

5 8 maximize sEttlement Bnd “stoclk recruitment. 34 v i





