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IN TR O D UCTIO N 


The ecological requirements of fishes often differ

greatly between ontogenetic stages.  T hese differences in  the

ecological requirements of young- of- the- year fishes versus

older age classes often reflect size- related differences in

the ability to consume prey and the ability to avoid preda-

tion .  B ecause of their small size and consequent vulnera-

bility to predation , young fishes may associate more strong-

ly with structural cover than do adults ( H obson 1972, 1979 ,

O lla et al.  1 9 7 4 , K east 1977 , W erner et al.  1 9 7 7 , H elfman

1978 , B ray 1 9 8 0 ) .  S imilarly, the young of many macro- carniv-

orous fishes often prey mainly on plankton because of their

smaller mouth size.  T hus the early life stages may be sub-

ject to an array of competitors and predator- prey in terac-

tions that d iffer greatly from those of adults.

M ost reef- associated marine fishes possess a pelagic

larval stage ( B reder and R osen 196 6 , Johannes 1978 , B arlow

1981, S ale 1 9 8 0a, T hresher 1 9 8 2 ) . The tran sitio n  from the

planktonic stage to the reef- dwelling post- larval or juve-

n ile stage is critical in  the life history of such species.

The importance of this tran sitio n  is that subsequent occupa-

tion of a reef by a species may depend on the survival of

new recruits in  the face of high vuln erability to predation

and high dependence on prey availability .  S ettlement and the

subsequent spatial and temporal pattern s of recruitment

rely on a variety of in teractin g factors, including ( 1 )  the

1


AR009157



seasonal = e ~ = o d u c t i v e  cycle of adults, ( 2 )  pattern s of

pelagic c ~ s p e r s a l  ( Johannes 1 9 7 8 , B arlow 1981 , B akun and

P arrish 1gso), ( 3 )  habitat preferences ( e.g.  topographical

heterogeneit7 , algal structure, etc. )  ( S ale 196 8 , L eaman

1 9 7 2 , M ar:iave 1977 , W illiams 1 9 8 0 ) , ( 4 )  in teraction s with

the resident fish community ( S ale 1 9 7 6 ) , and ( 5 )  d ifferen -

tia l mortality of the newly settled fishes.

2


A long tne coast of cen tral C aliforn ia, ten or more

species of rockfish ( genus S ebastes)  con stitute a major

portion  of tne residen t ichthyofauna and sport fishery of

shallow rock] reefs ( B urge and S chultz 1973, M iller and

G iebel 1973, H allacher 1 9 7 7 ) . I n  S ebastes, females release

pelagic larvae which even tually return  to nearshore reefs as

recently- oetamorphosed juven iles ( H arada 1962, C arlson and

H aight 1976, M oser 1 9 6 7 , B oehlert 1 9 7 7 , R ichardson and

L aroche 1979, L aroche and R ichardson 1 9 8 0 ) . R ecent studies

of the home ranges of adult reef- dwelling rockfishes in d i-

cate that in dividual movements are restricted to portion s of

a reef or to isolated reef systems ( see review by L ove

1 9 8 0 ) .  H ence, L ove ( 198 0 )  suggested that adults may not play

an effective role in  the recolon ization  of depopulated

reefs.

As a consequence of the limited movement of adult reef

fishes, areas available for the establishment of new terri-

to ries o= home sites may be most often  colonized by newly

immigrated post- larvae or juven iles.  T his, and the apparent

persistence with which newly settled  young fish maintain
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territo ries has led many observers of tropical reef fish

communities to conclude that young- of- the- year fishes play a


major role in  determining the species composition of tropi-

cal reefs ( R andall 196 3 , R ussell et al 1974 , G undermann and

P opper 1975 , N olan 1975 , S mith and T yler 1975 , S ale and

D ybdahl 1 9 7 5 , 1978 , S ale 1978 , T albot et al.  197 8 , W illiams

1980, W illiams and S ale 1 9 8 1 ) . L ikewise, the recruitment of

juvenile S ebastes may strongly in fluence the subsequent

species composition of a temperate rocky reef ( G ascon and

M iller 198 1 , 1 9 8 2 ) . Though numerous authors have observed

the in flux of post- larvae or juven iles onto temperate rocky

reefs, assessment of the habitat features required by re-

cruits and the factors in fluencing their utilizatio n  has

been predominantly anecdotal and qualitative ( L imbaugh 195 5 ,

Quast 196 8 , B urge and S chultz 1973 , M iller and G iebel 1973 ,

F e d e r ~  al.  1 9 7 4 ) .

The presen t study describes the spatial and temporal

patterns of recruitment of young- of- the- year S ebastes which

seasonally occupy a cen tral C aliforn ia kelp fo rest.  The

patterns addressed include ( 1 )  the seasonal occurrence of

young- of- the- year S ebastes, ( 2 )  their vertical distribution

throughout the water column, ( 3 )  the in fluence of substratum

relief and composition on fish d istribution s, ( 4 )  the rela-

tive in fluence of the gian t kelp, M acrocystis pyrifera, and

the rocky substratum on the distribution s of young- of- the-

year S ebastes and ( 5 )  daily and seasonal changes in their

distribution s within the kelp forest habitat.
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METHOD S


I .  S tudy A rea

F rom M ay 1980 to July 1981 , observations were made at a


shallow rocky reef extending subtidally from A rrowhead

P oint, at the northern end of C armel Bay ( 3 6 ° 3 3 .6

1

N , 121°

5 6 .3

1

W), south of the M onterey P eninsula along the coast of

cen tral C aliforn ia ( F igure 1 ) .  A rrowhead P oint is protected

from the northwest swells and winds typical throughout the

year, but is highly exposed to the more severe southerly

winds and waves which occur during fall and winter.

The reef substratum is composed of mixed low and high

relief conglomerate, sandstone and basaltic rock in ter-

spersed with coarse gran itic sand ( S impson 1972 ) . On all

but the nearshore side, the reef is surrounded by sand. The

reef surface varies in depth between 9 m and 13 m and is

characterized by an extensive cover of encrusting coralline

algae and sessile invertebrates.  U nderstory algae are usual-

ly sparse and composed of P terygophora californ ica,

C ystoseira osmundacea, and a seasonally dense cover of

D esmerestia ligulata var. ligulata.  The reef supports a


dense stand of the giant kelp M acrocystis pyrifera which

usually increases in numbers and biomass during spring (M ay

to July) , reaches highest abundance through the summer ( A u-

gust to S eptember) , and diminishes rapidly with the onset of

southerly storms in fall ( O ctober to D ecember) ( G erard 1976

and pers.  obs. ) .

4
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5


I I .  S pe= ies D escriptions

S F ecies distin ction  during the present study was based

on groE s ~ o r p h o m e t r i c s  ( ie.  head size to body length propor-

tion s, body depth to length proportions)  and on such fea-

tures of color pattern  as general body pigmentation, bar-

rin g, dorsal fin  spots and clearing of the lateral lin e.

T hese c ~ a r a c t e r s ,  in  conjunction with meristic measurements

and gro· - out studies, have been used to iden tify young- of-

t h e - y e ~  of 16 species of S ebastes from cen tral C aliforn ia

kelp forests ( A nderson 1 9 8 3 ) .

D ata were combined for certain  species whose distin c-

tion  is d ifficult based on coloration alone. O bservations

described for S . serranoides may also have included in divi-

duals of S . flavidus and early recruits of ~ ·  atroviren s, ~ ·

carnatus and S . caurinus were in itially combined un til they

reached sizes which were distin guishable.  At n ight, observa-

tions of 

Q 

melanops and S . entomelas were combined.

I I I .  S easonal O ccurrence and W ater C olumn D istribution

To determine the vertical distribution  of each species,

five randomly- located 10 m tran sects were sampled at three

depths ( surface, mid- depth and bottom) . T ransects originated

at random poin ts along the edge of the kelp forest, and

extended perpendicularly in to the forest.  S urface tran sects

covered an area 1 m wide by 1 m deep below the water sur-

face. T ransects at mid- depth ( 5 m to 7 m) included an area 1


m wide by 2 m deep. T ransects along the bottom were 1 m wide
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and extended 1 m above the bottom. F ishes occupying the

water column at depths other than these discrete levels were

not sampled. T ransects were sampled in  order of increasing

depth so as not to disturb fishes with the ascending bubbles

of the observer's SCUBA.


M onthly samples during the period of M ay 1980 to M arch

1981 included one day of tran sect observation s per month.

M onthly samples from A pril 1981 to July 1981 con sisted of

two days of sampling per men th.  D istribution s of the tran -

sect values were highly skewed due to the aggregated spatial

d istributio n s of all nine species sampled. T herefore the

data were log- transformed (Y= log

10 

(X+1) ) and the means and

95 percent confidence in tervals presented were back- trans-

formed ( S akal and R ohlf 1969) .

On each census date, sea surface conditions were re-

corded along with water temperature and horizon tal visi-

bility at each depth. U nderwater visibility was estimated by

measuring the greatest distance along a meter tape at which

a 22 em diameter, white plastic disc was distinguishable.

S ampling was conducted only on days when horizon tal visi-

bility was 3 m or greater.  The possible influence of hori-

zontal visib ility on sampling efficiency was tested by com-

paring the rank order of fish abundances versus visibility

of each sample with the S pearman rank correlation  test

( S iegel 1 9 5 6 ) .

S easonal trends of coastal upwelling and the occurrence

of young S ebastes at A rrowhead P o in t were compared.
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E stimates - - mean monthly upwelling in ten sity were measured

by the N G .U ./N M F S P acific E nvironmental G roup ( M onterey,

C aliforn ia, at a site 63 km south of A rrowhead P oin t ( A .

B akun; u n p ~ : l i s h e d  data) .  T iming of the occurrence of upwel-

lin g w i t h ~  the kelp forest at A rrowhead P oint was measured

by r e c o r d ~ g  water temperature at the three tran sect depths

on days of nonthly censuses. A rrowhead P oint surface temp-

eratures we::-e C 'ompared with surface temperatures collected

by the C a l ~ o r n i a  D epartment of F ish and Game at the G ranite

C anyon M ari:ulture L aboratory located 9 .3 km south of C armel

B ay. B ecause the G ran ite C anyon data were more frequen tly

and routine:y collected, these data were ranked and compared

with the reL ked monthly upwelling estimates using a S pearman

rank correlation  test.  M onthly upwelling estimates were then

compared with monthly abundances of youn g- of- the- year

S ebastes wi-::h the same test.

IV. I nfluence of M acrocystis pyrifera on F ish D istribution s.

The ineluence of the vertical fronds of ~ ·  pyrifera on

the d i s t r i b ~ t i o n s  of fish within the water column was asses-

sed by reco::- ding the proximity of observerved fish to the

nearest M. - :yrifera,frond.  As fish were encountered along

surface and mid- depth tran sects, the p r o x i ~ i t y  of each fish

to the nearest vertical frond was classified as either ( 1 )  >


0.5 m from :'rends, ( 2)  between 0.25 m and J.5 m from fronds,

( 3 )  < 0 .25 l! but not in  con tact with fro n ts, or (4) in

con tact witi fronds.
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w:.-:ii::. the surface portion  of the water column the

overlapping fronds of M. pyrifera form a canopy of greater

density - : h a ~  the vertically- ascending fronds. To assess the

influence o ~  the canopy on fish distribution s, fishes were

censused at a nearby kelp forest where the canopy was arti-

ficially r e ~ o v e d  by a commercial kelp harvester. K elp har-

vestin g conducted on July 24 ,198 1 removed all of the M.


pyrifera from the upper 2 m of the water column within  a


swath approximately 20 m wide. T ransects 1 m x 1 m x 10 m


were s w u ~  along random compass bearings through the upper 1


m of the water column and individuals of each species were

visually censused. T ran sects were made before and after

cutting, in the harvested area and in  an inshore non- harves-

ted ( control)  area.  M ean abundances ( all species combined)

from transects in the harvested and con trol areas before

harvesting and the control area after harvesting were com-

pared with the K ruskal- W allis non - parametric an alysis of

variance ( S akal and R ohlf 1 9 6 9 ) . T he two areas were to be

resampled later in  O ctober, but by this time the con trol

canopy had been cleared by a storm, and no fish were presen t

at either site.

VI . S ubstratum U tilization

I categorized microhabitats on the bottom with regard

to algal occurrence ( ~ .  pyrifera and d rift algae)  and bottom

relief, ( high relief rock ( > 1 m) , low relief rock ( < 1 m)


and sand) . I n  a s s ~ s s i n g  habitat availability and habitat
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u- ::.l:.za tion , each microhabitat category was evaluated in de-

p e ~ d e ~ t l y ,  by presence or absence. A vailability of substra-

t=  types and d rift algae was determined from 103 random 1


m"' quadrats within  the 250 m

2 

area sampled. T hese data were

collected once, during A ugust 1981 . T hough the abundance of

d rift algae changed seasonally, its d istributio n  was limited

to s i ~ i l a r  low relief habitats throughout the year. A vaila-

bility data fo rM .  pyrifera were n ot co llected  in  the same

manner. I n stead , the kelp tran splan t experimen t ( sectio n

VI I )  was conducted to assess fish asso ciatio n s with M .


pyxifera.

U tilizatio n  of each habitat component was determined

by recordin g the presen ce or absence of that component

within a 1 m2 area pro jected around each fish en coun tered

during tran sects.  U tiliz atio n  data fo r the periods Jun e-

S eptember and O ctober- M ay are presen ted seperately due to

the observed shifts in  microhabitat association s subsequent

to the removal of much of the M . pyrifera durin g O ctober

storms. Quadrats of mixed relief ( i. e.  low/ high rock or

sand/ low/high rock)  were divided in to and apportioned even -

ly between their con tributin g categories in  order to simpli-

fy the presen tatio n  of data.  T his procedure had l i t t l e

effect on the values fo r u tiliz atio n ,  availab ility ,  and

electi vity of microhabitats.

The presence of a species in  a microhabitat category

was compared with the number of in dividuals observed. T his

was done to  o ffset the possible bias of making a few
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observations of large aggregations tran sien tly occupying a


habitat.  A S pearman rank correlation  coefficien t ( S akal and

R ohlf 1 9 6 9 )  was used to compare the rank order of habitat

usage by percen t number of in dividuals versus percent number

of observation s.  S ign ifican t d ifferen ces in  orders would

suggest that disproportionally few observations were made of

large numbers of in d ividuals within  a particular habitat

type.

The degree to which each species was distributed ran -

domly among the various substratum categories was assessed

using a two-way ( single classification )  goodness of fit test

( S akal and R ohlf 1969 ) . The expected utilizatio n  of each

substratum type by a species was calculated from the percent

availability of that substratum type times the to tal number

of in dividuals of the species observed.

To assess electivity toward particular substrata,

S trauss' ( 1979 )  L inear F ood S election  I ndex ( L ) was calcu-

lated.  T his index, origin ally designed to determine prey

preference, compares the availability of a resource with the

utilizatio n  of that resource by a species or individual. I n

this case, substratum types were substituted for prey items

in  the following equation:

L = r i - P i

where L is the measure of selectio n , r the relative u tili -

zation of substratum type i ( expressed as the proportion of

individuals of a species occupying that substratum type) ,

and p is the proportionate availability of substratum type
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i.  The in 2 x ranges from - 1 to 1 with negative values

in dicatin g ~ v o i d a n c e  or in accessibility of a substratum

type, zerc ~ n d i c a t i n g  random distribution  among substratum

types, ant :::ositive values in dicatin g utilizatio n  greater

than that ~ p e c t e d  from random. The index has an approxi-

mately norial d istribution  ( S trauss 1979 )  and the variance

can be c a l ~ l l a t e d ,  allowing the statistical comparison of a


calculateC . ; election  value (L ) and a standard value ( in  this

case zero)  - :;ith the t- test ( S akal and R ohlf 1969 ) .

S imib= ities in  habitat utilizatio n  among bottom spe-

cies was m=asured with the P ercent S imilarity I ndex ( P S I )

( W hittaker 1952) . C ailliet and B arry ( 1 9 78 ) , B loom ( 1 9 8 1 ) ,

and F einsiL ger, et.  al.  ( 1981 )  independently concludsd that

P S I  was thE  least biased similarity ( overlap)  index, accom-

modating t ~  widest range of sampling distribution s.  P S I  is

c a l c u l a t e d ~  summing the minimum of the paired utilizatio n

values of : c ~ c h  substratum type:

PS = min( pij·  P ik)

where pis -:;he proportion  to which species j and species k


u tiliz e su:;tratum type i.  U sing this equation the values

range betw= - :n 0 and 1 .0 0 with increasing values represen ting

a greater ~ = g r e e  of similarity ( overlap)  in  utilizatio n  of

substrates.  S pecies groups based on similar utilizatio n  of

substratum ~ y p e s  were calculated from matrices of P S I  values

with the ~ • s i g h t e d  pair- group method using arithmetic aver-

ages (Snea-:_:_ and S akal 1973 ) .
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v::. R elative Importance of M acrocystis pyrifera Versus

R ock S ubstratum

12

The relative importance of ~ ·  pyrifera versus the rock

ree:.' substratum on recruitin g S ebastes was assessed by ex-

perimentally iso latin g the M . pyrifera and rock components.

D uring the f ir s t week of M ay 1981 all of the M . pyrifera was

removed from a 112 m2 reef near A rrowhead P oin t that was 10

m to 13 m deep. E ighteen of the removed plan ts were tran s-

plan ted to an area of sand bott- om located between the de-

nuded reef and the non - manipulated reef at A rrowhead P oin t

( F igure 2 ) . 

The holdfasts of the tran splan ts were sewn to a


1 .6  em ( 5 / 8

11


) polypropylene lin e with 0 . 3 2  em ( 1 / 8

11

) nylon

cord. T he polypropylen e lin e was secured to the bottom by

an equilateral trian gular pattern  of sand anchors ( F igure

3 ) . The to tal area of the trian gle was 62 m.


The k elp- tran splan ted  area was sampled once in  M ay

( 20 ) , twice in  June ( 8 , 9 ) , twice in  July ( 1 , 1 1 )  and once

in  A ugust ( 1 9 ) . 

The surface canopy was sampled by counting

all rock fishes occurrin g in  1 m x 11 m tran sects alon g

random bearin gs o rig in atin g  from the offshore apex of the

triangle.  

T he number of tran sects sampled each day varied

( June n= 6 / day, July n = 5 / day, A ugust n = 4 / d ~ y )  as in creased

numbers of in d ivid uals and species greatly in creased the

time spent on each tran sect.  M ean abundance and 95 percen t

confidence in tervals for each species were calculated from

log1 o- transformed counts and t h e ~  extrapolated to den sities

per to tal canopy area (mean number of fish per 1 1 .0 m tran - 
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sect multiplyed by 5 .6 7  to estimate the number of fish per

to tal 62.35 m2 area) .  T otal abundances at mid- depth were

determined by sampling the en tire length ( from 1 m below the

surface to 1 m above the holdfast)  and within  1 m of each M.


nyrifera plan t and counting the few individuals not adjacent

to the H· pyrifera fronds.  A bundances at the bottom were

determined by censusing each holdfast ( including 1 m around

and above the holdfast)  and any in dividuals not in close

proximity to holdfasts within 1 m of the sand bottom.

The denuded reef was sampled by partition in g the water

column directly above the reef in to three sections ( surface,

mid- depth, and bottom)  similar to the tran splan t site and

censusing the en tire area within each section .  The seasonal

occurrence data from the non-manipulated site were used for

comparison. The denuded reef and the non-manipulated reef

were sampled within a day of the kelp tran splan t site.

VI I . D istributional C hanges A ssociated with D iel A ctivity

B ased on movement pattern s of fishes observed durin g

four sunrise and four sunset periods of A ugust 1980, perma-

nent tran sects 1 m wide x 1 m deep x 20 m long were estab-

lished at three depths ( surface = 0 m, mid- depth = 9 m,


bottom = 13 .5 m) within three locations parallel to the edge

of the kelp fo rest ( 3 m in side, along the kelp- sand in ter -

face, and 3m outside) .  S ampling was conducted during ten

n ights from 10 July to 26 A ugust 1981 . A ll nine tran sects

were censused before, during and after the dusk tran sition al

AR009169



14


period c! ~ h e  same day. The crepuscular period was subjec-

tively de- :er:::ined since heavy and variable fog altered am-

bien t l i g = ~  ~ n t e n s i t y  relative to the time of actual sunset.

T he mean ::umber of in d ividuals of each species at each

location , depth and time was calculated from censuses on

differen t nights. M eans and 95 percent confidence in tervals

were calc::lated from log


10

(X+1) transformed data.
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R ESULTS


The results are presented by combining species in to

three groups based on similarities of adult distribution s

( onshore versus offshore)  and the observed distribution al

pattern s of recruitin g y o u n g - o f ~ t h e - y e a r  ( species aggregat-

ing in  the water column, versus benthic so litary species) .

Y oung of ten S ebastes species were recorded from the A rrow-

head P oin t kelp forest during the 1980 and 1981 recruitment

periods.  A dults of three species ( S . miniatus, S .

paucispin is and S . pin n iger)  occur more commonly in  deeper

offshore waters ( M iller and Lea 1 9 7 3 ) . A dults of the other

six species ( S . atroviren s, ~ ·  carnatus, S . caurinus, ~ ·

melanops, ~ ·  mystinus, and S . serranoides)  all occur common-

ly in  cen tral C aliforn ia kelp forests ( H allacher 1 9 7 7 ) .

I .  S easonal O ccurrence and W ater- C olumn D istribution  of

Y oung S ebastes

S ea conditions during days used in  monthly censuses

were similar, almost always characterized by clear sunny

skies with 0 . 0  m to 0 . 3  m surface swell.  U nderwater horizon -

tal visibility varied between 3m and 1 0m ( surface) , 3 m

and 11 m (mid- depth)  and 5 m to 11 m ( bottom) . R educed

water clarity was usually due to one of three factors: ( 1 )

phytoplankton ( 2 )  bottom sediments suspended by wave surge,

or ( 3 )  particulate matter derived from the degradation of

the M . pyrifera canopy in  late summer.

T here was no sign ifican t correlation  between visib ility

15
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and fish counts as measured with the rank correlation  coef-

ficien t ( rs)  ( fish abundance of all species combined versus

horizon tal visibility at each depth; surface rs = - 0 . 2 2 ;

mid- depth rs = - 0 . 2 4 ;  bottom rs = 0 . 1 5 ) .  C learest days

occurred during win ter and early fall when young- of- the- year

were least abundant.

The immigration of newly recruited S ebastes to A rrow-

head P oin t was associated with seasonal trends of coastal

upwelling. 

,)':1

The local occurrence of upwelling at A rrwohead

P oint was in dicated by abrupt decreases in  water tempera-

ture.  S easonal water temperatures at A rrowhead P oint were

similar to monthly temperatures recorded at G ranite C anyon

M ariculture L aboratory ( F igure 4 ) , which in  turn exhibited

an inverse correlation  with monthly estimates of upwelling

( rs = - 0 . 8 0 )  ( F igure 5 ) .

I n itial recruitmen t of many of the young- of- the- year

S ebastes occurred just after the month of strongest upwel-

lin g (M ay) during 1980 and 1981 ( F igure 5 ) .  M onthly upwel-

lin g estimates and young- of- the- year abundance were posi-

tively correlated ( rs = 0 .7 6 )  when adjusted for a one month

delay for fish abundance.

D uring 19 8 0 , young- of- the- year S . melanops, S .

mystinus and S . serranoides arrived in  late M ay and occurred

throughout the water column in small numbers. D uring the

remainder of the summer, all three species occured in  much

"


larger aggregations within the lower portion  of the water

column ( F igure 6 ) .  N umbers o f£.  mystinus and S . serranoides
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reached peak abundance during late spring- early summe=,

while£.  melanops seemed to bee most abundant during late

summer. The rapid decrease of all three species during

O ctober coincided with the onsset of southerly storms. F ew

young- of- the- year S . s e r r a n o i d ~ e s  and £.  melanops were ob-

served again in the kelp fores3 t un til the recruitment in

spring of 198 1 . S . mvstinus w a ~ s  slightly more abundant than

the other two species through the winter period.

17

A ll three species r e c r u i t ~ e d  much more strongly in  1981

and seemed to occur more w i d e l ~ y  throughout the water column

( F igure 6 ) .  A gain, S . m y s t i n u ~ s  occurred in  greatest numbers

near the bottom, though many f= ish also occurred at mid-

depth. U nlike the apparent c c ~ n c e n t r a t i o n  of S . serranoides

near the bottom in  1 9 8 0 , g r e a t ~ e s t  numbers occurred at mid-

depth in 198 1 . As in  1980 , a1 - l three species in itially

recruited in late M ay with the majority of S . melanons not

appearing un til after c e n s u s i n ~ g  was terminated in  July.

S . atrovirens, S . caur; - nus, and S . carnatus are more

benthic and solitary as adults- , and exhibit similar patterns

of recruitment. A ll three speecies in itially occurred in  the

M. pyrifera canopy at d i f f e r e ~ n t  but overlapping times ( F ig-

ure 7 ) .  D uring 1980 I was n ~ o t  able to distinguish between

the small individuals of S . c ~ a r n a t u s  and S . caurinus occu-

pying the kelp canopy. T heref= ore data for these two species

at the surface are combined. I ndividuals occurring at mid-

depth and the bottom were u s u ~ a l l y  larger, and more easily

distinguished, 

so data for tL ne two species at these levels
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are presented separately.  The combined species in itially

occurred in the canopy in late Hay and increased in  numbers

through July.  As numbers decreased in  the canopy, they

increased at mid- depths and near the bottom, in dicatin g a


gradual movement of each species from the surface to the

bottom over separate one-month periods.  I n dividuals of S .

caurinus at all three levels of the water column were gen-

erally larger than those of S . carnatus, suggesting either

earlier recruitment or faster growth rates for S . caurinus.

L ike the water- column aggregating species, recruited a-

bundances of S . carnatus an d£.  caurinus were greater in

1981 than in  1980 ( F igure 7 ) .  D uring 1981 I was able to

distin guish between the two species at the surface as well

as at mid- depth and on the bottom. S . caurinus in itially

occurred in  A pril, as opposed to M ay in  1980, and increased

dramatically by June. T his early recruitment preceded the

annual reestablishment of the kelp canopy that year.  I n di-

viduals of S . caurinus were first seen in  aggregations over

d rift M· pyrifera on the bottom. L ater, with subsequent

development of the kelp canopy, highest abundances again

occurred in  the canopy, though relatively large numbers

simultaneously inhabited the mid- depth and bottom portions

of the water column. As numbers of S . caurinus decreased in

the canopy in  late June and July, numbers of S . carnatus

increased. T hough the trend of surface to benthic migration

was not as evident in  data for S . caurinus, i t was repeated

by S . carnatus.
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S . atroviren s also occurred first in  the upper water

column, though later in the summer than S . caurinus and S .

carnatus. S . atrovirens recruited in  much higher numbers

than S . carnatus and ~ ·  caurinus during 1 9 8 0 , and the sur-

face to ben thic migration was more clearly indicated ( F igure

7 ) .  I n 1 9 8 1 , _censusing was terminated before the period of

highest recruitmen t o f ~ ·  atroviren s.  D uring subsequent

qualitative observations from A ugust to S eptember, I witnes-

sed a large increase of early recruits similar to that

described for 198 0 .

O f the three species whose adults occur offshore,

S . paucispin is recruited within the surface portion of the

water column while S . miniatus and ~ ·  pin n iger remained on

or near the bottom ( F igure 8 ) .  S . paucispin is and S .

pinn iger fir st appeared in  the kelp forest in  M ay, increased

in  abundance through June, and gradually decreased over the

remainder of the summer. T his pattern  of seasonal abundance

was repeated by both species during 198 1 . S . miniatus

recruited in  much smaller numbers than the other two off-

shore species and was rarely observed during the May to July

period of highest abundances for ~ ·  paucispin is and S .

pin n iger.  S . miniatus occurred sporadically during the

winter months ( F igure 8 ) .

I I .  I n fluence of M acroysitis pyrifera on F ish D istributions

The kelp forest in  which microhabitat associations were

determined was characterized by a few aggregations of large
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~ ·  pyrifera plan ts with numerous fronds. T hese aggregations

were separated by extensive areas of open water. I esti-

mated that kelp fronds below the canopy comprised only 30


percent of the planar area in the kelp forest.

A t the surface, a number of species exhibited a tenden -

cy to aggregate in  close proximity to the ascending fronds.

R andom distribution  of fishes at the surface would result in

encounters with fish near vertical fronds in  proportion to

the availibility of fronds ( estimated at 30%) . H owever,

nearly 50% of all the S . atroviren s, S . melanops, and S .

caurinus observed were within 0 .2 5  m of the vertical fronds

( T able 1 ) .  A pproximately 58% of the S . carnatus occurred

within 0 . 5  m of vertical fronds, suggesting a similar af-

fin ity to the cover developed by these fronds as opposed to

the canopy- forming horizon tal fronds. S . paucispin is and S .

serranoides exhibited little affin ity for vertical fronds.

O nly 34% and 21%, respectively, occurred within 0 . 5  m of

vertical fronds.

A t mid- depth, several species were more strongly as-

sociated with the vertical fronds of M. pyrifera ( T able 1 ) .

O f the three so litary benthic s p e c i e ~ ,  all of the S .

atroviren s and S . caurinus encountered occurred within 0 .2 5

m of fronds and S . carnatus was always observed in con tact

with fronds.  The shift toward stronger affin ity with the M.


pyrifera fronds at mid-dep_th reflects the absence of the

kelp canopy refuge presen t at the surface.  T his affin ity

for fronds at mid- depth is further reflected by the lack of
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observations of £. carnatus and £. caurinus at mid- depth

during 1981 when both species were actually more abundant

but M. pyrifera fronds were less frequen tly encountered by

tran sects than in  1980 .

21


A t all three depths, the three water- column aggregating

species were less strongly associated with M . pyrifera

fronds than the so litary benthic species ( T able 1 ) .  I n

1980, when fish occurred singly or in  small aggregations,

98% of the £. melanops occurred within 0 .2 5  m of the M.


pyrifera stipes.  I n  con trast, during the higher recruitment

of this species in  198 1 , few in dividuals were observed near

the stipes, but were seen more frequen tly in  large aggrega-

tion s at the edge of the kelp fo rest.  S . mystinus rarely

occurred at mid- depth when the stipe affin ity data were

collected.  L arge numbers were observed at this depth during

the following year ( 1981 )  and in dividuals observed during

that period exhibited a stipe affin ity very similar to £.


melanops ( during 1980)  in  which many in dividuals aggregated

close to, but not in contact with the M. pyrifera stipes.

O nly 12% of the S . serranoides encountered were within  0 .5  m


of the M . pyrifera stipes.  T his species exhibited the least

affin l ty toward vertical fronds of the water column aggrega-

to rs.  S . paucispin is occurred frequen tly ( 80%) within 0 .5  m


of the stipes, but rarely closer than 0 .2 5  m. E ncounters

with this species were primarily of so litary in dividuals.

A ggregating individuals exhibited a greater tendency to

avoid stipes in  the water column, similar to aggregations of
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S . serranoicies.

The high degree of frond affin ity exhibited by species

occupying the surface portion of the water column, sugges-

ted that the kelp canopy con stituted an important form of

cover. T herefore the canopy was experimentally removed to

assess its affect on fish distribution s.  The canopy removal

experiment in dicates that at least five species may be

influenced by the presence of the canopy microhabitat.

T hree species, S . atroviren s, S . carnatus, and S . caurinus

- -

22

comprised 87.5% of the to tal number of in idivduals ( n = 454 )

censused prio r to kelp- canopy removal. O f this proportion ,

numbers were not attributed to each species because they

could not be reliably distin guished from each other at the

time of sampling. The remaining 12.5% consisted of S .

melanops ( 6%) , £. paucispin is ( 4%) , and S . serranoides ( 2%) .

F or all species combined, the mean numbers ( and 95%


confidence in tervals)  of in dividuals per tran sect in the

con trol and harvest areas before harvesting were 10.1 ( ~ 2 . 4 )

and 7 .1 ( ~ 1 . 9 ) ,  respectively.  F ive days after harvesting,

the mean number of individuals per tran sect in  the control

and harvest areas were 1 0 .3  ( ~ 2 . 8 )  and 0 . 0 , respectively

( ,T able 2 ) .  T he rank order of tran sect means of the control

area before harvesting, the harvested area before harvesting

and the con trol area after harvesting did not differ sign i-

fican tly ( K ruskal- W allis p < 0 . 0 5 , H /D  = 4 . 4 3 ) .  I n con trast,

the dramatic reduction of newly recruited rockfish numbers

in the post- harvest area negated the need for statistical
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testin g.

U pon harvestin g, no M . pyrifera fronds Y ere encountered

on any of the surface tran sects sampled in  the harvested

area. C ursory observations lower in  the water column of the

harvested area detected no obvious increase in  abundances of

the canopy- associated species.  D isplaced fishes may have

moved horizon tally to areas of undisturbed canopy.

I I I .  S ubstratum U tilization

O ccurrence ( availability)  of the five substratum types

varied as follows; sand/ low rock ( 32%) , high rock ( 29%) ,

sand/high rock ( 22%) , low rock ( 15%) , and sand (1%) ( F igure

9 a) .  D rift algae occurred predominantly Y ith sand/low rock

and sand/high rock. T hese two habitats are characteristic of

the reef- sand in terface, where d rift algae accumulates.

T hough only qualitatively assessed, M . pyrifera plants oc-

curred predominantly on low rock and high rock. A vailability

of the algal components was not quan titatively reassessed

after the fall storm period.  The abundance of M· pyrifera

and d rift algae diminished during fall storms but the re-

maining plan ts and d rift material were dispersed among the

same substratum categories as before the storm.

W ith the onset of fall storms and the removal of much

of the d rift algae and M . pyrifera plan ts, many young- of-

the- year S ebastes either left the kelp fo rest en tirely or

shifted microhabitat types. F or those species which ex-

hibited noticeable habitat shifts the substratum utilizatio n
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data are pre:ented separately for periods before and during

the storm s c ~ s o n  ( June to S eptember versus O ctober to M ay) .

24

The twc offshore benthic species, S . miniatus and S .

pin n iger, ex·- ;bited similar pattern s of substratum utiliz a-

tion  ( F igure 9 a) .  Y oung- of- the- yearS .  miniatus exhibited

positive ele:tivity toward the sand/ low rock substratum type

( 82%) and wa: also frequen tly observed over the sand only

substratum t:P e ( 15%) . The utilizatio n  of the sand habitat

by £. m i n i a t ~ s  was probably underestimated due to the few

samples t a k e ~  there.  Y oung £. pin n iger occurred primarily

over sand/ lo·  rock ( 56%) , sand/high rock (17%) and sand

( 12%) with s ~ g n i f i c a n t  positive electivity for the sand and

sand/ low rocL  habitats ( F igure 9a; T able 3 ) .  B oth species

were rarely cbserved associated with any algal component

( F igure 9 a) .

D isribu" ions of the three so litary benthic species

differed fro=  one another ( F igure 9 b) .  Y oung of S . caurinus

occurred precominantly in  the sand/ low rock ( 50%) , sand

( 28%) and lo·  rock ( 15 .5%)  substratum types and were almost

always a s s o c ~ a t e d  with d rift algae ( 88%) ( F igure 9b) . The

high co- occu= rence with d rift algae suggests that young S .

caurinus were attracted to the substrata where d rift M .


pyrifera a c c ~ u l a t e d .  H owever, with the onset of fall storms

and the remo>al of most of the d rift material, the few

remaining y o ~ g - o f - t h e - y e a r  still occcupied the sand/low

rock substratum type. T his continued association  with the

sand/ rock ha:itat after removal of the d rift material
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suggests an underlying affin ity toward the reef- sand in ter-

face. S ign ifican tly high electivity was exhibited toward the

sand and sand/low rock habitats prior to the storms and to

the sand/low rock habitat during and after the storm period

(p < 0 . 0 5 ; T able 3 ) .

Y oung- of- the- year S . carnatus predominantly occupied

the sand/low rock (40%) and low rock (39%) substratum types

and exhibited an algal affin ity divided between d rift algae

and M. pyrifera plants ( F igure 9b) . L ater, during and after

the fall storms, individuals were most frequen tly observed

in cracks and crevices within the high rock relief ( 71%) .

E lectivity toward these substratum types was sign ifican tly

positive ( p < 0 . 0 5 ; T able 3 ) .

The majority of S . atroviren s young- of- the- year occur-

red in  the low rock ( 59%) and high rock ( 38%) substratum

types and were almost always associated with M. pyrifera

plan ts ( F igure 9b) . vlith the onset of fa ll storms, many

( 63%) of the young fish observed had abandoned the M.


pyrifera plan ts tci take cover in  low rock ( 3 6%) , high rock

(27%) and high rock/sand ( 22.5%) habitats.  E lectivity toward

all but the latter two of these substratum types was sign i-

fican tly positive ( p < 0 . 0 5 ; T able 3 ) .

Y oung of the three species which con stitute the water

column aggregating group exhibited high overlap of substra-

tum type utilization , yet their affin ity toward M. pyrifera

differed distin ctly.  Y oung S . mystinus displayed sign ifi-

can tly positive electivity toward the high rock (35%) and

AR009181



26


low rock (2.8%) substratum types (p < 0 .0 5 ; T able 3 ) . T his

species o c ~ u r r e d  predominantly over bare substratum and

rarely a s s ~ c i a t e d  with any algal component within the bottom

portion  of the water column ( F igure 9c) .

Y oung- of- the- year £. melanops exhibited pattern s of

substratum utilizatio n  which were very similar to that of S.

mystinus. S ign ifican t positive electivity was calculated for

the high rock (44%) and low rock (30%) substratum types

( table 3 ). H owever, the majority (70%) of the £. m elanops

observed were aggregated closely around the lower portion s

of ~ ·  pyri= era plan ts ( F igure 9 c) . T he few £. melanops

encounterec during and after the fall storms had shifted to

bare substratum habitats and were no longer associated with

M. ppifera. .

S . serranoides young- of- the- year occurred in similar

proportions over all four substratum categories which con-

tain ed a rocky component; low rock ( 35%) , sand/high rock

( 26%) , high rock ( 22%) and sand/ low rock ( 21 %) ( F igure 9 c) .

T he high utilizatio n  and proportion ally low availability of

the low rock habitat resulted in  sign ifican tly positive

electivity (p < 0.05 )  toward this substratum type ( T able 3 ) .

E lectivity toward the sand/high rock substratum was also

sign ifican tly positive ( p < 0 .05 ; T able 3) as a result of

this species' tendency to aggregate amid high relief rocks

in  areas a= reduced water movement where sand and d rift

algae accu.mulated.

S pecies with the highest percen t similarity ( overalap)
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values for substratum utilizatio n  also displayed relatively

lower fidelity toward the reef surface and/or differences in

affin ity for algal components. The three water column aggre-

gators frequen tly utilized  other portions of the water co-

lumn ( S ection I )  and differed by their affin ity for M .


pyrifera ( F igure 9c) . P ercent S imilarity values for these

three species were the highest calculated ( T able 4 ) . L ike-

wise, the next highest P . S . value was calculated for two

species (£. caurinus and S . pinniger)  which occupied simi-

lar substratum types but differed strongly in their affin ity

toward d rift algae. T he three so litary benthic species ( S .

atroviren s, £. carnatus and £. caurinus)  were similarly

attracted toward some type of algal cover and exhibited the

least overlap of substratum utilizatio n  ( T able 4 ) .

C omparison of species similarities based on substratum

utilizatio n  produced groups which correspond with the pre-

viously- described groupings based on adult and young- of- the-

year distribution s ( F igure 10 ) . The three water column ag-

gregators were clustered closest together.  The two offshore

species clustered together with S . caurinus, in dicative of

their co- occurrence along the reef- sand in terface.  £.


atroviren s and S . carnatus remained separate from the other

species and were most closely associated with S . melanops

due to their lik e association s with M. pyrifera.

IV. R elative Importance of M acrocystis pyrifera

Versus R ock S ubstratum

K elp O nly H abitat
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Y oung- of- the- year of seven S ebastes species were re-

corded during the twelve weeks of observation in the tran s-

planted kelp habitat ( T able 5 ) . Two species, S . mystinus

and S . serranoides, occurred infrequently and in very low

numbers. The other five species, £. atrovirens, S .

carnatus, S. caurinus, £. melanops and S . paucispinis were

attracted in greater numbers and occurred there consist-

en tly.
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The three so litary ben thic species displayed sim ilar

patterns of seasonal abundance and water column distribution

in the manipulated ( kelp only)  and unmanipulated ( kelp/ rock)

sites ( see S ection I ) .  D ata for S . carnatus and S . caurinus

at the surface and the first three months at mid- depth are

again combined due to my in ability to d istin guish them at

that time. I n itial recruits of S . atrovirens at the surface

in July are also combined with the other two for the same

reason. By early A ugust, £. atrovirens was distinguishable

from the others at a ll three depths. I t was then apparen t

that S . atroviren s was responsible for the majority of the

high combined- species den sities at the surface during the

previous sample ( late July) . S . caurinus contributed little

to the numbers in  the canopy then , but in creased at mid-

depth and the bottom. B y early A ugust, n oS .  carn atus or S .

caurin us were observed in the canopy. N umbers of S .

caurinus had also decreased at mid- depth and increased dra-

matically at the bottom. H ence, the gradual surface- to -

bottom migration  was more easily d iscern ible at this site
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tha::. :.he non - man ipulated site.  S ampling was termin ated

before in idividuals of S . carnatus migrated to the bottom.

S ebastes melanops recruited at similar depths as ob-

ser7ed at the kelp- rock site, with the majority of in d ivi-

dua:s aggregating around kelp holdfasts near the bottom.

ThiE  algal affin ity supports the observed high utilizatio n

of ~ ·  nyrifera by this species during the substratum u tili-

zation study. As observed at the kelp- rock site, S .

paucisninis recruited in to and remained in the surface por-

tion of the water column with fewer numbers occurring at

mid- depth.

~   O nly H abitat

O f the six species observed at the rock only site, only

two were also observed at the kelp only site.  T he two

species which also occurred at the kelp only site (§..


carnatus- caurinus type)  were observed in con sisten tly at the

rock only site and were always strongly associated with

d rift algae at the reef- sand in terface.  The other four

species, .§.· miniatus, .§.. mystinus, .§.. pinn iger and S .

serranoides, displayed stron ger affin ity with the bare rock

substratum and occurred there more consisten ly ( T able 5 ) .

T hese four species exhibited little  algal association  during

the substratum utilizatio n  study ( T able 6 ) . S . pin n iger was

the only species to recruit to the rock only habitat in

relatively high numbers ( T able 4 ) . Y oung- of- the- year .§..


miniatus were observed during F ebruary and M arch, though no

observations were made during N ovember through January, at
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which time they may have also occurred there.

R ock and K elp Habita- ::,

30

R elative abundances of those species which recruited to

the kelp- rock habitat is represented by the seasonal occur-

rence data ( S ection I )  collected in  the non - manipulated site

concurrently with the sampling of the two manipulated sites.

A ll nine species of youn - of- the- year were observed in rela-

tively high numbers in  this habitat and .remained there

through the duration of biweekly observations at the three

sites.  T heir occurrence at the non - manipulated site in di-

cates that recruits of each species were available in  the

general area, so the recruitment pattern s in  the manipulated

sites can not be explained by lack of poten tial recruits.

R esults from the kelp tran splan t experiment support

the previously- described affin ities of some S ebastes species

toward M. pyrifera and/ or d rift algae ( T able 6; see S ections

I I  and I I I ) .  E ach of these species displayed association s

with an algal component during frond affin ity and/or sub-

stratum utilizatio n  observations. S pecies which occurred at

the rock only site exhibited little algal affin ity during

previous observations.

VI . D istribution al C hanges A ssociated W ith D iel A ctivity

Y oung- of- the- year of eight S ebastes species exhibited

some change of spatial distribution  at dawn and dusk ( F igure

1 1 ) . T hose species which moved least were the so litary

benthic species. W ith the onset of darkness these three
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species g r a ~ u a l l y  moved closer to the structural cover near-

est them, c ~ t e n  becoming concealed among M. pyrifera fronds

or the rock substratum. T his resulted in  lower abundances

recorded d ~ ~ i n g  the tran sitio n  period and especially after-

wards ( n o c t ~ r n a l  period)  ( T able 7 ) . S uch reductions within

the same locations throughtout the water column were not

in dicative of large scale movements through the water column

or outside the kelp forest.  U nlike the other two benthic

species, la= ge numbers of S . caurinus remained exposed along

the reef in terface through the crepuscular period.

A s ambient light decreased through the crepuscular

period, the three water- column aggregating species gradually

vacated the mid- depth portion  of the water column and in -

creased numerically along the bottom ( T able 7 ) . Y oung- of-

the- year £. mystinus restricted  their vertical descent to

the rocky reef below. S . serranoides and £. melanops de-

scended to the reef surface but some individuals also aggre-

gated along the reef in terface at dusk and eventually moved

on to the adjacent sand bottom at n ight.  A bundances re-

corded for £· melanops over the sand at night are overesti-

mated due to the in clusion  of another species ( apparently S .

entomelas; Todd A nderson pers. comm.) in  these counts ( T able

6 ) . A pparently £. entomelas, which was never observed in

the A rrowhead P oint kelp forest, settles over the sand

bottom adjacent to the reef in terface at night. The large

number of £. serranoides observed at the surface along the

margin of the kelp canopy at n ight were larger (1 year old)
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in tividuals and were not young- of- the- year recruits.

O nly one of the three offshore species was numerous

enough to quan titatively describe changes of distribution .

~ ·  ninniger exhibited a marked n ightly migration from the

rock reef out onto the adjacen t sand bottom ( F igure 11a) .

Though individuals of S . paucisn in is were occasionally

observed actively moving below the kelp canopy at night,

their numbers were too few to quantify. S imilarly, S .

miniatus was only rarely encountered along the reef- sand

in terface at n ight.

32

W ith the gradual in crease of ambient light at dawn, all

eight species exhibited a d irect reversal of the movement

patterns described for the evening tran sition .  The crepus-

cular period was the time of greatest movement and in divi-

duals were usually in  their new locations by the beginning

of the subsequent diurn al/ n octurn al period.
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D ISC U SS IO N

S easonal O ccurrence

The seasonal recruitment of young- of- the- year S ebastes

in to shallow kelp- forest habitats appears to be strongly

influenced by coastal hydrographic conditions, particularly

upwelling. P arturition  for most rockfishes, including those

studied here, occurs during late win ter and early spring

( T able 8 ) . A t this time, offshore surface transport is

reduced and surface curren ts are predominantly shoreward

( E akun and P arrish 198 0 , P arrish et al.  1 9 8 1 ) . B akun and

P arrish ( 1980)  noted a possible inverse relation ship of

young- of- the- year S ebastes abundance with upwelling in ten si-

ty along the C aliforn ia coast.  Y ears of increased upwelling

were characterized by poor nearshore recruitment, and years

of reduced upwelling corresponded with times of high re-

cruitment. H ence, B akun and P arrish ( 1980 )  have suggested

that the reproductive season ality of S ebastes may be in

response to the " problem"  of main tain ing larvae within  close

proximity to the shore.

O ther hydrographic phenomena, such as shifts of water

masses of differen t temperature, may influence the local

occurrence and abundance of recruits to an area. T his rela-

tionship may explain annual changes in  numerical dominance

between the recruitin g young of S ebastes dalli and S .

saxicola off southern C aliforn ia ( M earns et al.  1 9 8 0 ) .  P rob-

ably also important to small scale pattern s of recruitmen t
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of young- of- the- year are localized nearshore curren ts ( ie.

eddies and local upwelling) .
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I n  the presen t study the in itial recruitment of some of

the young S ebastes to shallow reefs corresponded with the

in itiatio n  of coastal upwelling. H owever, annual recruitment

at A rrowhead P oin t did not vary predictably with differences

in  upwelling duration  or in ten sity in  1980 and 19 8 1 . B oth

years were characterized by similar degrees of upwelling,

but in  1981 recruitmen t of all nine species was much strong-

er than the previous year. A lso, a one month delay between

the peak upwelling period and the in itial occurrence of

young was observed in  both years.  W ithin the seasonal re-

strictio n s presumably established by net on - offshore tran s-

port of pelagic larvae, other factors may be important in

defin ing the timing of parturition  and nearshore recruitment

of the d ifferen t S ebastes species.

I n terspecific differences in  the seasonal occurrence of

the S ebastes recruits and the observed specificity for par-

ticular microhabitats suggests that microhabitat availabili-

ty may be an ultimate influence on the temporal pattern s of

parturition  and recruitment.  Y oung of the deeper offshore

species ( S . paucispin is, S . pin n iger, and S . miniatus)  re-

cruit, attain  peak abundance and leave the shallow reefs

earlier than the reef- dwelling species ( S . atroviren s, £.


carnatus and S . caurinus) .  Y oung of the reef- dwelling spe-

cies exhibit the strongest affin ity for the kelp forest

habitat and parturate ( T able 8 )  and recruit ( T able 9)  later
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than the offshore species.  S uch a trend would seem to con-

trad ict the strategy of early parturition  and recruitment

for avoidance of offshore tran sport.  The late parturitio n

characteristic of the shallow reef species would risk  the

loss of larvae to offshore tran sport more than the offshore

species.
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Among the kelp forest- dwelling species, those which

exhibit the greatest affin ity toward an algal structure

recruit latest in the summer. O f the three water column

aggregating species, S . melanops displayed the stron gest

affin ity for M . pyrifera and also reached peak abundance

later than the other two species.  L eaman ( 1 972 )  noted that

S . melanops young did not recruit in  large numbers to a


M acrocystis in teg rifo lia forest in  B arkely S ound un til the

canopy reached near maximum (75%) cover. O f the three so li-

tary benthic species, §. atroviren s exhibited the strongest

affin ity for M . pyrifera and also recruited latest.  G erard

( 1976 )  has described the gradual increase of plan t density,

plan t size and canopy cover of a cen tral C aliforn ia M .


pyrifera forest over the spring- summer period.  B oth S .

melanops and S . atroviren s may have evolved reproductive

strategies which delay parturition  and/or recruitmen t rela-

tive to the other members of their d istributio n al group

thereby increasing the probability of algal availability

when recruits encounter the reef.  U n fortunately, data for

seasonal parturitio n  of S . melanops are lacking for the

cen tral C aliforn ia area.

AR009191



36


I t is possible, but not certain , that the successive

peak abundances of the three so litary ben thic species within

the kelp canopy are a means of temporally partition in g the

utilizatio n  of that habitat.  O bservations of large areas of

kelp canopy vacant of fish suggest that the canopy cover was

never saturated.  I t is conceivable, however, that years of

low recruitmen t and growth of M. pyrifera may have at some

time resulted in the limited availability of this habitat.

K east ( 1978 )  has described the temporal segregation of juve-

n ile fishes in the weedbeds and adjacen t nearshore waters of

a temperate lake. T his sequence of species occurrence is

maintained by the d ifferen t spawning periods of those spe-

cies ( Amundrud ~  al.  197 4 ) .

The seasonal periodicity of parturitio n  and nearshore

recruitmen t of rockfish may be in fluenced by the seasonal

availability of food within  the nearshore environment. The

nine species of young- of- the- year rockfish observed at

A rrowhead P oint fed predominantly on harpacticoid and cala-

noid copepods ( S inger 19 8 2 ) . H owever, changes in the rela-

tive abundance of copepods and other zooplankters on shallow

rocky reefs over the spring upwelling and subsequent summer

period is not well documented. C onsequently, the possible

in fluence of zooplankton compostion and abundance on the

temporal occurrence of young of the d ifferen t species of

rockfish cannot be discussed. The staggered peak abundances

of the differen t species may also be a mechanism by which

utilizatio n  of a common prey ( zooplankton)  is partitioned

AR009192



37

temporally.

The d ifferen tial influence of algal availability on the

period of residency of the various S ebastes young may also

be evident by comparison of the timing of the habitat shifts

and emigration from the kelp forest in  some species.  A ppar-

ent reduction in  the numbers of the two abundant offshore

species ( ~ .  paucispin is and ~ ·  pinn iger)  was evident by the

beginning of A ugust, whereas the shallow reef- dwelling spe-

cies did not exhibit greatly reduced abundances un til the

onset of fall storms ( O ctober) . F or all butS .  atrovirens

a n d ~ -  carnatus, these reductions appear to be the result of

the emigration of individuals to deeper reefs.

By the end of their first year, young- of- the- year rock-

fish occupy habitats typical of adult conspecifics.  T iming

of the tran sitio n  from the algal habitats occupied by young

recruits to those habitats typical of adults appears to be

prompted by storm disruption  of the algae.  I t is d ifficult

to distin guish the relative effects of increased water mo-

tion  versus the removal of large quan tities o f ~ -  pyrifera

and d rift material on the subsequent emigration and/or habi-

tat shifts of the reef- dwelling species during the storm

season . T hough seasonal changes of water motion may not

sign ifican tly alter the seasonal d istribution s of fishes

associated with kelp forests south of P t.  C onception

( E beling et al.  1 9 7 9 ) , many of the S ebastes species inhab-

itin g more n ortherly reefs appear to be influenced by sea-

sonal increases of water turbulence ( B urge and S chultz 1973 ,
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M iller and G iebel 1973 , P atten 1973 , M oulton 1975 , 1977,

C arlson and B arr 1977 ) .

W ater C olumn D istribution

38

T hose species which aggregate in  the water column ( S .

melanops, S . mystinus a n d ~ ·  serranoides)  recruit earlier

than the so litary benthic species ( excepting ~ ·  melanops vs.

S . caurinus) . T heir habit of forming large aggregations may

function as an altern ative form of refuge from predators,

reducing the need to seek cover. The formation of aggrega-

tion s is common among nearshore fishes and is an effective

defense mechanism against predators ( H obson 1978 ) . The be-

havior is especially pronounced among juven iles during their

size- related period of high vuln erability to predators.  The

development of aggregations of juven ile fishes is often

enhanced by in terspecific association s ( K eenleyside 1955 ,

E hrlich and E hrlich 1973 , O gden and E hrlich 1977 ) . The

common occurrence of mixed- species aggregations of young

rockfish has been mentioned in  this study and others ( B urge

and S chultz 1973 , M iller and G iebel 1973 , H allacher 1977 ) .

The reduced vuln erability to predation upon formation

of aggregations may also explain the wider occupation of the

water column by aggregating species during years of in -

creased abundance ( 1980 vs. 1981 ) . As numbers of young ~ ·

mystinus, S . melanops and ~ ·  serranoides increased over the

spring these species e x h i b i t e d ~ m o r e  relaxed affin ities for

substratum or algal cover and occupied open areas of the
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kelp fcres:.  T his same trend was also observed for in d ivi-

duals of ~ ·  paucispin is.  T hose species which displayed the

most c c h e s ~ v e  aggregating behavior ( S . paucispin is and S .

serranoiC .es; also exhibited the least affin ity toward the

vertical f r ~ n d s  of M . pyrifera and the reef surface.

S easonal tran sect data in this study probably underes-

timates n e ~  abundances of the three water column aggrega-

tors.  M ;d- depth tran sects included the water column above

the depth a ~  which many of these in dividuals aggregated ( 2 - 4

m above the reef surface)  and bottom tran sects sampled below

them. S . mvstinus was usually the most abundant of the three

species. P ast studies have described £. mystinus as the most

abundant of the young- of- the- year rockfishes occupying cen-

tral C alifornia kelp forests during the summer season ( B urge

and S chultz 1973, M iller and G iebel 1 9 7 3 , H allacher 1977 ) .

H owever, at A rrowhead P oin t mean abundances of two benthic

species (.§.. a troviren s 1980, and S . caurinus, 1981)  were

comparable · ith or exceeded values of S . mystinus at par-

ticular times of the recruitmen t season . H ence, S . mystinus

may not always be the most abundant young S ebastes inhab-

itin g  a particular reef;  this depends on the time of year,

relative strength of recruitmen t of each species and the

availability of microhabitats to which each species is at-

tracted .

O ccupation of the lower portion  of the water column by

the majority of newly recruited rockfishes was also observed

by M iller and G iebel ( 1973 )  and H allacher ( 1977) . L imbaugh

AR009195



40

( 1955 )  noticed that juven ile S . mystinus in  southern C ali-

forn ia kelp beds occupy deeper, colder water than the juve-

n iles of other rockfishes. T his may be due to a thermal

preference based on a physiological temperature optima for

this species ( H alley 1976 ) . H owever, young of S . mystinus in

cen tral C aliforn ia are commonly encountered in  tidal pools

( L imbaugh 195 5 , B urge and S chultz 1973 ) . W ater temperatures

measured during the spring- summer period rarely varied more

than 1 .0 - 2 . 0 ° C throughout the water column. I t is more

likely that young- of- the- year rockfish inhabitin g cen tral

C aliforn ia waters remain near the bottom due to an attrac-

tion  to the reef substratum. T his 

11 

thigmotaxic"  behavior

mentioned by B urge and S chultz ( 1973 )  also describes the

behavior of the three water column aggregators, who gathered

about higher rock relief and near the ascending fronds of M .


pyrifera.

S ize/ A ge- related D ifferences of S patial D istribution

A ll nine species of young- of- the- year S ebastes exhibit

distribution s which differ from their adult conspecifics by

depth, position  in the water column, or proximity to physi-

cal structures.  P ost- planktonic S . min iatus, S . paucispinis,

and £. pin n iger occupy shallower reefs than of adult con-

specifics ( H iller and Lea 1972 ) . P revious records of young-

of- the- year£.  miniatus associated with shallow rocky reefs

have been made by L imbaugh ( 1955 )  ( depth=  7 .5 m and 30.5 m)


and. B urge and S chultz ( 1973) ( depth=  18 m ) . B urge and
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~ : ~ u l t z  also observed large numbers of young S . pinn iger

. - > 8 7  mm SL) at depths of 7.5 m and 18 m during their

= ~ : t i d a l  surveys off D iablo C ove, cen tral C aliforn ia.  M iller

~ ~  G iebel ( 1973 )  mentioned the occurrence of first year S .

~ i = n i g e r  in  a kelp forest off C abrillo P t. on M onterey B ay.

?o :lett and A inley ( 1976)  collected young- of- the- year .§..


:::!.::niger ( 3 8 - 4 5 mm TL) from tidal pools in northern C alifor-

L i ~ .  Y oung- of- the- year S . paucispin is have been previously

observed within  the canopy region of shallow kelp forests

cff southern ( L imbaugh 1955 , C arlisle ~  al.  1964 , M oser

i9c7) and cen tral C aliforn ia ( B urge and S chultz 1973, M iller

anC: G iebel 1973 ) .

S imilarly, adult S . caurinus are not common inhabitan ts

of shallow cen tral C aliforn ia kelp forests ( H allacher 1977 ) ,

J::ut typically occupy deeper reefs offshore. The occurrence

of young- of- the- year S . caurinus in shallow kelp forests

along cen tral C aliforn ia has been previously reported by

K iller and G iebel ( 1973 )  ( 70 mm TL) and B urge and S chultz

( 1973 )  ( 2 8 . 5 - 4 0 . 5  mm S L ) .

The occurrence of young- of- the- year at depths much

shallower than adults has been recorded for other S ebastes

species as well.  H arada ( 1962)  described the occupation of

shallow sea grass beds by young- of- the- year S ebastes inermis

alo::g the coast of Japan. C arlson and H aight ( 1976) col-

lected younger S ebastes alutus at progessively shallower

depths off the coast of A laska. The shallower occurrence of

new:y recruited young of other reef- associated species is
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not U L ~ c = m o n  ( C larke 1977, H elfman 1978 ) . The relative im-

portance of shallow reefs versus deeper offshore reefs to

the y o ~ g  of these deeper- dwelling S ebastes is not known,

due to t ~ e  lack of abundance data from deeper reefs.

N ew:y recruited young of the reef- dwelling S ebastes

species ( the three water column aggregators and the three

solitary benthic species)  also exhibit markedly differen t

spatial distribution s from those of conspecific adults.

E allacher ( 1977)  and L arson ( 1980)  have illustrated the

depth and water column distribution s of adult rockfishes

which typically occupy kelp forests.  H allacher based his

description on observations made at nearby kelp forests

within C armel B ay. G enerally, the young of the water column

aggregators ( S . melanops, S . mystinus and £. serranoides)

occupy lower portion s of the water column than conspecific

adults.  Young of the so litary benthic species ( S .

atrovirens, £. carnatus and £. caurinus)  display much

stronger affin ities toward algal structure, which in  turn

allows them to occupy a wider portion  of the water column.

D issimilarities of spatial distribution s between d if-

feren t size/age classes of reef fishes are common and are

usually due to the restrictio n  of young to areas providing

protection from predators.  The tendency of juven iles to

42

occupy lower portion s of the water column and remain closer

to the reef surface than adult conspecifics has been re-

corded for other reef- dwellin g species ( H obson 1972 , 1979,

B ray 1980) . O lla et al.  ( 1974 )  observed restricted movements
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of young 'h:::r.oga o n itis ( L abridae)  relative to adult con-

specifics.

D uring their occupation of the kelp forest, young- of-

the- year S eoastes are a major prey source for a variety of

piscivorous reef fishes.  P iscivores such as P aralabrax

cla thra tus :Y oung 196 3 ) , 0- ohiodon elonga tus ( M iller and

G iebel 1 9 7 ~ ;  and the adults of all the reef associated

S ebastes species ( L arson 1972, B urge and S chultz 1973,

H allacher 1977, R oberts 1979, L ove and W estphal 1981) are

the most sign ifican t predators of young rockfish.

P robab:y the second most sign ifican t predators are the

piscivorous seabirds, including pigeon guillemots ( F o llett

and A inley 1976 ) , B randt's cormorants ( H ubbs ~  al.  1970,

A inely ~ a : .  1981 ) , common murres, tufted puffins, rhinoc-

erus auklets (D . A inley, pers. comm.) and western gulls ( R .

P iero tti, pers. comm.) . A t the A rrowhead P oint kelp forest,

great blue herons and snowy egrets were observed to feed
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successfully on young- of- the- year rockfishes during dusk and

dawn. T hese two species perched on the M. pyrifera fronds at

the surface and removed young rockfish from the kelp canopy

( pers.  obs. ) . O toliths collected from P escadero R ocks ( 0 .2

km from A rrowhead P oin t) , where cormorants and gulls fre-

quen tly roosted, were primarily from young S ebastes ( J.

F itch, pers.  comm.) .

I n fluence a: S ubstratum H eterogeneity on D istribution  of

R ecruits

As a consequence of predatory in fluences, the availa- 
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bility of structural cover appears to play a paramount role

in the distribution s and habitat selection  of other newly

recruitin g reef fishes.  S ale ( 196 8 , 1969a, 1969b)  has demon-

strated experimentally the modifying affect structural cover

has on the depth and spatial d istributio n  of newly settled

juven ile manini ( A canthuridae) . H owever, the literature is

comprised of con flictin g results which support or discount

the importance of size and type of structures during the

settlemen t process of recruitin g fishes.

The majority of studies assessin g the influence of

structural specificity on the settlemen t of pelagic recruit-

ing post- larvae has involved observations of tropical spe-

cies colon izing artificially constructed substrates or iso -

lated coral structures.  R ussel et al.  ( 1974 )  observed re-

cruitment to small ( 1 .6  m X 0 .6  m X 0 .6 m) cement structures

of four d ifferen t hole sizes ( including one structure with

no holes) .  T hey hypothesized that habitat selectivity ( as a


function of structural relief)  would restrict the occurrence

of a species to one of the four structural types and d if-

ferences of habitat selectivity would be reflected in d if-

ferences of species composition and d iversity of the a s ~

semblage of recruits occupying each structure.  They found

little difference in relative abundance and diversity of the

species recruited to each of the treatmen ts and concluded

that selectivity for the type of structural cover ( hole

size)  was not important in  establishin g the species
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composition of a reef.  T albot et al.  ( 1978 )  extended these

same experiments and concluded that less than half of the

105 recruited species may have been influenced by the d if-

fering heterogeneity of the structures.  M olles ( 1978 )  ar-

rived at similar conclusions based on a study employing

small ( 1 .2 m x 0 .6  m x 0 .4  m) artificial structures in  the

G ulf of C aliforn ia, M exico.

S ale and D ybdahl ( 1975 , 1978 ) · monitored recruitmen t to

small ( 25 - .30 em dia. )  isolated pieces of live and dead

corals. O f the 56 species observed to recruit to these

structures, only five appeared to display a marked prefer-

ence for the " live"  un its.  Among the live and dead types

seperately, no smaller scale structural specificity was

apparent. L ikewise, I tzkowitz ( 1977)  concluded that habitat

specificities of juven ile pomacentrids inhabitin g Jamaican

coral reefs were not as well defined as those of the adults.

S uch observations have led S ale ( 1977, 197 8 , 1980b)  to

explain the subsequent diversity and composition of re-

cruited reef fishes occupying coral reefs as a stochastic

rather than determin istic ( e.g. habitat specificity)  phe-

nomenon.

I n their studies employing artificial structures simi-

lar to those of T albot et al. , G ascon and M iller ( 198 1 ,

1982) observed little effect of differences in  topographical

relief on the subsequent species composition of temperate

reef- dwelling fishes in  B arkley S ound, C anada. I ncluded

among the post- larval and juvenile fishes which recruited to
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their reefs, and which exhibited in difference to variation s

of relief, w:re S ebastes caurinus and S . maliger.

46

I n  c o n t ~ a s t  to those studies demonstrating a lack of

structural d ~ s c r i m i n a t i o n  by recruitin g young- of- the- year,

other studies have concluded that microhabitat specificity

can strongly influence the distribution  of settlement of new

recruits.  M a ~ l i a v e  ( 1977 )  observed sign ifican t preferences

for differen t substratum types ( rocks vs. pebbles vs. sand)

and algal structures by settlin g larvae of five differen t

temperate in tertidal species.  I n con trast to I tzkowitz's

( 1977)  observations, S ale ( 1971 )  observed a greater dis-

crimination  between available coral species occupied by

juven ile D asczllus aruanus ( P omacentridae)  than that ob-

served for adults. C ontrary to those previously- mentioned

studies addressing the species composition of post- larvae

recruited to coral iso lates, some recen t studies indicate

that habitat specificity may strongly in fluence the d istri-

bution of settlement of newly colonizing recruits ( S ale et

al.  1980, W illiams 1980, W illiams and S ale 1981) .

The sign ifican t electivities toward particular sub-

stratum types observed for the eight species of young- of-

the- year S ebastes in  ..this study reflect distribution al pat-

tern s strongly influenced by differences of structural re-

lief ( S . mystinus, S . serranoides) , proximity to the reef-

sand in terface (2. pin n iger, S . miniatus, S . caurinus)  and,

perhaps most importantly, the presence of algal structure

( S . atroviren s, S . carn atus, S . caurin us, S . melanous) .
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Y oung S ebastes exhibited sign ifican tly d ifferen t abundances

among larger- scale features of habitat relief and type than

the scale of habitat heterogeneity examined by the previous-

ly- mentioned studies.  The results of this study suggest that

possible partion ing of structural cover between the young

S ebastes could occur at spatial scales greater than that

examined by G ascon and M iller ( 1981 , 1982)  and similar

studies conducted in  the tropics.

I n fluence of A lgal C over on D istribution s of N ewly R ecruited

F ishes

I t is apparen t from the results of each of the d if-

feren t phases of this study that M acrocystis pyrifera plays

an important role in  determining the d istributio n  of young-

of- the- year of at least six of the species observed. The

influence d iffers among the species. T hough £. paucispin is

and S . serranoides exhibited little affin ity for vertical

fronds, they typically aggregated below the M. pyrifera

canopy. £. melanops and £. mystinus often  associated closely

with the vertical fronds at mid- depth. H owever only S .

melanops displayed strong affin ity toward M. pyrifera while

in  the bottom portion  of the water column.

The utilizatio n  of surface and mid- depth portion s of

the water column by the three so litary benthic species

closely corresponded with the occurrence of M . pyrifera

canopy and vertical fronds as in dicated by the canopy re-

moval and kelp tran splan t experiments. O ccupation of the

kelp canopy by young- of- the- year S . caurinus and S .
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atroviren s ~ a s  been previously mentioned by M iller and

G iebel ( 1973 ) . I n the lower portion of the water column the

affin ities ~ r  the three so litary ben thic species toward M.


pyrifera ~ ~ v e r g e .  £· atroviren s main tains a strong associa-

tion  with the M· pyrifera plan ts on the reef surface, while

£. carnatus divides its algal affin ity between the in tact M .


pyrifera piants and d rift material.  S . caurinus primarily

associates with the d rift M . pyrifera which accumulates

along the rock- sand in terface at the edge of the kelp

fo rest.

The close association  of young S ebastes with M·


pyrifera is probably due to protection  from predation , in  a


manner similar to that suggested for young fishes that

associate with shallow lake vegetation  ( K east 1978 , W erner

et al.  1977)  and shallow seagrass beds (Adams 1976,

W einstein and H eck 1979 , B laber and B laber 1980) . H ubbs et

al.  ( 1970)  concluded that B randt's cormorants while feeding

in  shallow nearshore waters, were less successful at feeding

on the more cryptic fish species and those which associated

closely with the fronds of M. pyrifera.  M itchell and H unter

( 1970 )  noted that small fishes ( including young- of- the- year

rockfishes)  were more frequen tly preyed upon by piscivorous

fish when removed from the cover of d rift M. pyrifera.

H elfman ( 1981) has discussed the ben efit to poten tial prey

species of hovering in  the shade of physical structures.

F ishes hidden by shade are not only less conspicuous to

their predators but also perceive approaching predators
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better.  G ibson and K eenleyside ( 1966 )  have demonstrated a


preference for shaded habitats by juven ile salmon ( S almo

salar)  and brook trout ( S alvelinus fon tin alis) .  Y oung- of-

the- year S ebastes which accumulate under the kelp canopy

probably benefit from this shading effect and the ability to

quickly retract in to the in terstices of the overlapping kelp

fronds.

The strong affin ity for M . pyrifera is underscored by

the disappearance of young rockfishes within the surface

portion of the water column upon removal of the kelp canopy

and the absence of subsequent recruitmen t in to the water

column upon removal of en tire M. pyrifera plan ts from the

" denuded"  reef.  M iller and G iebel ( 1973) concluded that

juvenile S ebastes migrated from the surface to the bottom

portion of the water column upon artificial removal of the

canopy of a M . pyrifera fo rest in  M onterey B ay, cen tral

C aliforn ia. L eaman ( 1980)  however, has observed d ifferin g

affects of canopy removal on fish den sities within  the water

column of a N ereocystis lutkeana forest in  B arkley S ound,

B ritish C olumbia. R emoval of the kelp canopy within the

inner and middle portion  of the forest resulted in  increased

densities of n eritic species whereas canopy removed along

the outer edge of the bed caused decreased den sities.  I t is

n ot clear however as to what po rtio n  of the fish observed by

L eaman included young- of- the- year S ebastes.

Juveniles of other fishes common to C aliforn ia kelp

forests exhibit strong algal affin ities.  C oyer ( 1979 )
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c i e s c = ~ ~ e ~  the close association  of juven ile H eterostichus

r o s t r a ~ u s  ( C lin idae) , B rachyistius frenatus ( E mbiotocidae) ,

P a r a l a ~ r a x  clathratus ( S erranidae)  and S ebastes atroviren s

( S corpaenidae)  with M . pyrifera.  Among all these species

50

juveniles exhibit comparable or stronger affin ity toward the

structure of M . pyrifera than do conspecific adults.  Y oung-

of- the- year of some reef dwelling embiotocids exhibit a


simila=  pattern of abundance and survivorship in relatio n  to

the presence of understory algal species ( esp. P terygophora

califo rn ica)  (A .W . E beling and D . L aur, pers.  comm.) . E x-

perimental clearin g of P terygophora californ ica resulted in

habitat shifts and depressed den sities of young- of- the- year

while adults were less affected.

M arliave ( 1977 )  observed sign ifican t differences in  the

frequency of settlemen t of two in tertid al species on ar tifi-

cial algal structures of d ifferen t form. He observed larval

P holis laeta ( P holididae)  to settle more frequen tly on nar-

row elongate plastic strips similar to the form of the surf

grass P hyllospadix scouleri ( Zosteraceae)  than on wider

plastic strips.  I n  con trast, G obiesox meandricus ( G obiesoci-

dae)  displayed a greater tendency to settle on wider plastic

strips more represen tative of broader- bladed plan t species.

T he differences in  forms selected by f. laeta and G.


maeandricus reflect differences in  the plan t forms charac-

teristically inhabited by the adults of these two species.

B oth species preferen tially settled  on plants rather than

bare rock substrata of various rugosities and showed little
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discrimination  between the artificial structures and the

actual plan ts.  L eaman ( 1972)  observed a similar attraction

of young- of- the- year £. melanons to plastic strips employed

as a facsimile of li· in teg rifo lia fronds. T his lack of

discrimination  between artificial and actual algal forms

supports the contention that the physical structure is the

major cue by which recruitin g young fish are attracted to

the plan ts.
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The high fid elity of species associated with the kelp

canopy habitat is indicated by the high similarity of spe-

cies composition within this habitat between islan d and

mainland fish assemblages off S anta B arbara, C aliforn ia

( E beling et al.  1980 ) . The fish assemblages associated with

the kelp canopy habitat exhibited less in terlo cality vari-

ability than did the assemblages associated with the reef

surface at the same sites.  F urther, changes in  M . pyrifera

availability ( density)  appear to in fluence the den sities

( E beling et al.  1979) and d istribution s ( B ray 1980)  of kelp-

associated species on a reef.  L ikewise, Adams ( 1976 )  found

sign ifican t correlation s between fish biomass, temperature

and biomass of the sea grass Zostera marina ( L innaeus) . The

importance of this addition al structure for some temperate

reef fishes is emphasized by the number of species which

have developed strong affin ities for a habitat characterized

by marked differences of seasonal abundance. F eder et al.

( 1974 )  and G erard ( 1976)  describe the ephemeral quality of

the kelp canopy habitat.
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O ther F actors W hich I n fluence Y oung F ish D istribution s

The in terspecific differen ces in microhabitat utiliz a-

tion described here may lead to dietary differences among

the planktivorous young- of- the- year S ebastes species.  A ll
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nine species feed predominantly on calanoid and harpacticoid

copepods ( S inger 198 2 ) . W hether these zooplankters are ever

a limiting resource to young S ebastes during the spring to

fall period is not known. F ood availability may be impor-

tan t in promoting the accumulation of the water column

aggregators along the offshore edge of the kelp forest ( B ray

1980)  .


The relative in fluence of prior residen ts ( adults or

previously settled young)  on the distribution  of new re-

cruits seems to vary according to the species addressed.

Some studies in dicate that prio r residence of conspecifics

alters the occurrence and spatial distribution  of settlin g

young ( R ussel ~  al.  1 9 7 4 , S ale 1976, 1980a, N ursall 1977,

D eM artini 1976 ) . E arly agon istic behavior among juven iles

has been observed for a variety of fishes ( K eenleysde and

Yamamoto 1962, H artman 196 5 , G ibson 1968, I tzkowitz 1977,

see review by H elfman 1 9 7 8 ) . ·


O ther studies however, suggest that adult- young in ter-

actions ( other than predation )  cause little effect on the

patterns of settlemen t of pelagic recruits to reefs ( T albot

et al.  1978 , S ale et al.  1 9 8 0 , W illiams 1980 ) . L arson ( 1980)

- - - -

concluded that adult S . chrysomelas usually to lerated young

conspecifics less than 100 mm SL and displayed no aggressive
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behavior toward them. A lso, den sities of recruitin g young

did not appear to be lim ited  by adult d en sities sin ce set-

tlement did not noticeably increase in  areas which had been

cleared of adults.  L arger juven iles however, even tually

began to elicit aggressive behavior from adults and conse-

quently developed " floater"  ranges restricted  by adult ter-

rito ries.  N o in traspecific or in terspecific in teraction s

( other than predation )  were noticed during this study, al-

though aggressive behavior seems to develop between young of

the benthic species within their first year (G . H oelzer,

pers. comm.) . W hether adults recognize and avoid or selec-

tively prey upon conspecific young is not known.

S patial D istribution s A ssociated W ith D iel A ctivity

C hanges of activity and spatial d istribution  associated

with the tran sitio n  from diurnal to nocturnal light condi-

tion s are common among reef associated fishes.  The replace-

ment of diurn ally active fish assemblages with nocturnally

adapted species is characteristic of tropical coral reefs

( H obson 19 6 5 , 1 9 7 2 , 1973 ) . T hese shifts of habitat and

activity correspond closely with and are most apparen t dur-

ing the dawn and dusk crepuscular periods. F ishes indigenous

to C aliforn ia rocky reefs exhibit similar pattern s of ac-

tivity, especially among those species whose families are of

tropical derivation  ( E beling and B ray 1976 , H obson and C hess

1976 , B ray 19 8 0 , H obson et al.  1981 ) . H obson has in ferred

that the evening migration of diurn al planktivores toward
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the structural cover of the reef substratum reflects their

increased vuln erability to predation during their nocturnal

period of in activity.
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The crepuscular migrations toward the reef surface at

dusk and back in to the water column at dawn by the three

water column aggregators seems to lend support to H obson's

in ferences regarding changes in  d iel distribution s.  Y oung £.


melanops, S . mystinus and S . serranoides all feed on micro-

crustacea during the day and not at n ight ( S inger 1982)  and

are subjected to heavy predation by residen t piscivores.

C onsequently, all three species may seek cover from preda-

tion  upon the reef surface during their period of nocturnal

in activity.  S imilarly, the three so litary benthic species

drew closer to the cover of M . pyrifera and the reef sub-

stratum when inactive throughout the n ight.

The nocturnal migration of young S . pin n iger from the

rock substratum to the adjacen t sand bottom and the settle-

ment of young S . melanops and S . serranoides over the sand

bottom seems incongruous with H obson's refuge- seeking hy-

pothesis.  T he movement of young S . pin n iger onto the open

sand bottom would appear to remove this species from the

reef cover and increase exposure to predators.  D ata are

in sufficien t to determine whether young S . pinn iger feed

over the sand at night. The movement of some S . melanops and

£. serranoides onto the adjacen t sand bottom at night may

have been influenced by the large aggregation of another

young- of- the- year S ebastes ( probably S . entomelas; T.
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lnderson pers. comm.) which settled near the sand- reef in -

terface at n ight but was not seen within  the kelp fo rest

during the day.

55

R elative to tropical reef fish communities, temperate

kelp forests lack many conspicuous nocturnally active pisci-

vores. M any of those species which may feed on fish at n ight

are primarily benthic species ( e.g. O phiodon elongatus,

S corpaenichthys marmoratus and adult S ebastes spp. ) , most

active in the lower portion  of the water column. C onse-

quently, i t is possible that species which vacate the water

column at n ight to settle on the reef may actually increase

the probability of encountering predators.  Y oung S ebates

were often observed laying exposed on the reef surface at

night.

An altern ative hypothesis for the n ightly movement of

young S ebastes from the water column to the reef surface

might be that settlemen t is a more en ergetically efficien t

means of maintain ing position  within the kelp forest ( i. e.

in  proximity to structural cover)  relative to actively swim-

ming against surge or curren ts.  S ettlement may prevent fish

from being swept from the protection  of the reef during

periods in  which they are unable to feed.
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SUMMARY


~ o u n g - o f - t h e - y e a r  of nine species of S ebastes were

observed • ~ t h i n  the A rrowhead P oin t kelp forest during the

s p r i n g - s u ~ = e r  period of recruitment ( 198 0 and 19 8 1 ) . The

nine species con stituted three groups, based on their d is-

tribution a: pattern s as young- of- the- year; water column

aggregators ( S . melanops, £· mystinus an d£.  serranoides)

vs.  solita= y benthic species ( S . atroviren s, S . carnatus and

S . caurinus) ;  and a third group of species who, as adults,

in habit deeper offshore waters ( £. min iatus, £· paucispin is

and S . pin n iger) .  T iming of recruitment differed between

groups ( offshore species recruited earlier than kelp fo rest-

dwelling species)  and within groups ( species exhibiting the

stron gest affin ity for M acrocystis pyrifera recruited lat-

est) .  The onset of the recruitment season was correlated

with the development of the upwelling period along the

cen tral C aliforn ia coast.

A ll nine species of young- of- the- year S ebastes were

d istributed contagiously within the kelp forest · . D istribu-

tion s of the three species which aggregated in the water

column were influenced by rock relief and displayed in ter-

specific differences of attractio n  toward M . pyrifera.  A f-

fin ities for substratum and algal structures seemed to de-

crease as the size of aggregations increased and all three

species occassionaly formed mixed- species aggregations. The

distribution s of species which temporarily occupied the

56
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surface portion of the water column were strongly in fluenced

by the presence of the M . pyrifera canopy. S pecies which

occupied the bottom portion  of the water column exhibited

in terspecific differences of distribution  which corresponded

with differences of affin ities for substratum type ( sand vs.

low relief rock vs. high relief rock)  and algal structure

( M acrocystis pyrifera and d rift algal material) .  T hough no

understory algal species such as P terygophora californ ica

occurred at A rrowhead P oin t, observations in  nearby kelp

forests suggest that those algal species also strongly in -

fluence some young S ebastes distribution s.  The strong af-

fin ity for M . pyrifera exhibited by some newly recruited

S ebastes appears to be in response to heavy predation pres-

sure.  H owever, this was not tested experimentally.

C hanges in d istributio n  of young- of- the- year S ebastes

were observed during the dawn- dusk crepuscular periods.  A ll

three water column aggregators vacated the water column

during the evening crepuscular period and assumed in active

position s in  contact with the bottom. A t dawn, these three

species reaggregated and reoccupied the lower portion  of the

water column. The so litary benthic species showed no marked

changes of vertical d istribution  but came in  closer con tact

with nearby physical structures with the onset of darkness.

O ne species, Q. pin n iger, underwent daily migrations from

the rock reef to the adjacen t sand bottom each evening and

returned to the reef at dawn.

I n  conclusion , young- of- the- year S ebastes exhibit
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pattern s of spatial distribution  which d iffer markedly from

those of adult conspecifics, probably as a result of attrac-

tion  for structural cover in  avoidance of predation .  The

role of macro- algae appears especially important as a refuge

from predation .  T hese results suggest that assessment of

factors in fluencing the pattern s of settlemen t of temperate

reef fishes warrants consideraton of algal structure as well

as substratum heterogeneity and other factors previously

addressed in  tropical studies.
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Appendix I .

P ercent number of individuals and percent frequency of occurrence (number of observa-

tions)  of juvenile rockfish species occupying the different substratum types. R ank order

of percent number and percent frequency 

( in parentheses)  were compared with the Spearman

rank correlation coefficient ( r

8 

) .

S ubstratum T es

sand/

low 

high 

sand/lo sand/hi lo/hi 

lo/hi

S pecies M onths 

..-£s._ 

sand 

rock 

rock 

rock rock rock rock

§_. atrovirens 

Aug-D ec 

.63* 

0 ( 0) 

43( 37)  

23 (37)  3 ( 8) 0 ( 0) 

31 ( 17) 0(  0)

F eb-M ay 

1 .0  

0 ( 0) 36( 36) 27( 27) 9 ( 9) 18 (18) 

0 ( 0) 9 ( 9)

§_. carnatus Jun- S ep 

1 .0  

6 ( 4) 30( 25) 

8 ( 8) 

40( 43)  

0(  0) 

18( 17)  0(  0)

O ct-M ay .87 

0 ( 0) 10( 14)  

68( 62)  3 ( 5) 13 ( 9) 6 ( 5) 0 ( 0)

§_. caurinus Jun- S ep 

.94 

28( 14) 14 (21)  2 ( 7) 46 (39) 

0 ( 0) 

3 (10) 7 ( 7)

O ct-M ay 

1 .0  0(  0) 

14 ( 20) 14 ( 20)  

71 (59) 

0 ( 0) 

0(  0) 

0 ( 0)

§_. melanops 

Jun- S ep 

1 .0  

1 ( 4) 30 (30) 44 (39) 19( 17)  

3 ( 9) 0 ( 0) 0(  0)

O ct-M ay .6* 

0 ( 0) 13 ( 5) 23( 32) 33( 26) 26( 32) 3 (  5) 

0 ( 0)

§_. miniatus 

Jun-M ay 

1 .0  

15 ( 33 )  3( 17) 

0 ( 0) 82( 50) 

0(  0) 0 ( 0) 0 ( 0)

S" mystinus 

Jun-M ay 

.85 

0(  1) 

20( 18) 27( 41) 16 ( 20)  

18 ( 9) 

16 (  8) 

1 ( 2)


s.  pinniger 

Jun-M ay 

.95 

13 ( 9) 11 ( 13) 2(  7) 

55( 45)  

16 ( 22)  1 ( 2) 

2.5 (3)

§_. serranoides Jun-M ay 

.19* 

0(  1) 20( 29) 

10 (28) 

14 ( 15 )  

18 (10) 21(  6) 14 ( 7)

* (p < . 05; not significantly correlated)

·:J\

'f)
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F igure 1. L ocation of study site at A rrowhead P oin t, C armel

Bay, cen tral C aliforn ia.
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F igure 2 . 

72

L ocations of the kelp only, rock only and non-

manipulated kelp- rock sites.  H ash marked area

includes high relief rock reef( <  7 m deep) .

S tippled contour indicates hard- soft bottom

in terface.

AR009228



1


'


! 

I


i


I


[


l


!


!


' 

J


........

.. ·.· ..... : · ......
: .

.. . . . .
. .
 . . .. 

.....


1- 

z 

-

0


0.. 

0


< (

w


.. .
.


. . ..


... 

.
..

. . 

..


. .


.. 

.
.:

.. 

.
 . ...

J: .
 ·.
· 

. . . :


"'::::at
 · ·
· ··


..


. .
.. 

>
 ·.

0
 ....

. . . . . 

0::


Cl:: · · · .


~  .. . ··:

....... . .

...


. . · ..

...


. . ..


.... 

. ... :
.

. . .. . 

.... :::


... ·:· .


. ... . 

.,::g:


> . 

u


0 c:


0 ::0

'


'

' 

I 

I


~ / I

I 

~ ~ ~  

c. 

> .

G>C: 

~  0   

~   

~ : ) ' \ )

I


:;t' ·
w gz : :.::

I


I


I


I


/ 

I 

I


,-'

I


'


' 

'


I 

I


{


I


I


I


,_


(\J

E


N


I I

0


Q)

,_ 

< (

(\J

E


N


<.0

I I


0


Q)

,_ 

< (

(\J

E


0


1.( )


N


I I

0


Q)

" -

<l:


AR009229



F igure J. C onfiguration of the transplan ted M acrocystis

pyrifera plan ts at the kelp only site.
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F igure 4 . W ater temperatures at three depths within the

water column at A rrowhead P oint and surface water

temperatures at G ranite C anyon M ariculture

S tation  during 19 8 0 - 1 9 8 1 .
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F igure 5 . 

M onthly to tal number of y o u n ~ - o f - t h e - y e a r

S ebastes at A rrowhead P oint ( all species

combined) , mean coastal upwelling estimates

(N OAA/N M FS M onterey, C aliforn ia)  and mean

surface water temperatures ( G ranite C anyon

M ariculture S tation )  during 1980 and 198 1 .
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F igure 6. S easonal occurrence of the three water- column

aggregating species at three vertical levels

within the A rrowhead P oin t kelp forest.  Values

represen t back- transformed l o ~

1 0

( X + 1 )  means

and 95% confidence in tervals ( n = 5 ) .
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F igure 7 . S easonal occurrence of the three so litary ben thic

species at three vertical levels within the

A rrowhead P oin t kelp forest.  Values represen t

back- transformed log

10

(X+1) means and 95%


confidence in tervals \n = 5 ) .

AR009238



fll

,..., 40

ltl


: I

' t l

·.-<


- ~  30

' t l

c


H


· 20

0


z 

~  10

ill

:;:


GO . MID -DEPTH

fll

,...,

ltl

::l


' t l

·.-<


:> 

·.-<


' tl


c


H


·


0


z 

c 

ltl

ill

:;:


fll

,...,

40

30

20

10

!!! 30 

~  BOTTOM

' t l

.,.;


:>


;tJ 20

c


H


ci 10

z


c


ltl

~  MAY 

1980

JU L

JU N

' 

I ,


I \ 

f


l '


'
 \


'


'
 ~ "

1 

0


X


·


I 

.


\


I 

I


_--l


I


'

SEP NOV


AUG OCT DEC

s. 

atroviren s

s. 

carnatus

s. 

caurinus

'


I 

I


I


J1'1.N  

F EB 

MAR MAY
 JU L

APR JU N

1981

AR009239



84

F i e ~ r e  8 . S easonal occurrence of the three offshore species

at three vertical levels within the A rrowhead

P oin t kelp forest.  Values represen t back-

transformed log

19

( X+1) means and 95% confidence

in tervals ( n = 5 ·
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F igure 9a. P ercent cover ( availability)  of each of five

substratum types and the occurrence of bare

substratum and d rift algae. A vailability of M .


pyrifera was not assessed. P ercent number of the

two offshore, bottom- dwelling S ebastes species

within each substratum category and co- occur-

rence of bare substrate, d rift algae and M.


pyrifera with fish.  A sterisks in dicate sign ifi-

cant electivity ( P  < 0.05 )  for a substratum

category.
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F igure 9c. P ercent number of individuals of the three

water- column aggregating S ebastes species within

each substratum category and the co- occurrence

of bare substratum, d rift algae and ~ -  pyrifera

with fish.  A sterisks indicate sign ifican t

electivity ( P  < 0 .0 5 )  for substratum category.

AR009245



5. mys tinus  

80 

"'


'E so

: : l

z


.,


<.J 

...


"'
0.. 

4 0

Jun-M a y

n" 48 2

*


o-

AR009246



F ~ g u r e  1 0 . C lustering dendrogram of the eight young- of- the-

year S ebastes species based on percent

similarity values ( P S I )  of substratum type

utilizatio n .  ·
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.§. · atroviren s

.§.. 

carnatus

s. 

miniatus

.§.. 

caurinus

.§.. E inn iger
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F igure 11 . 

0 

·-

D iagrammatic represen tation  of the distribution s

of young- of- the- year of nine S ebastes species

before and after the evening crepuscular period

within the A rrowhead P oin t kelp forest.
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T able 1. furcent number of 1nd1v1rtuala of y o u n ~ - o f - t h e - y e a r  S ebastes species within

each of four categories of proximity to the vertical- l;l'ui!Ju ul' Mucl'ocyBLlli

pyrifera'at the surface and mid depth portions of the water column during

1980. I = fish > 0.5 m from fronds, I I =  0.5 m > fish > 0.25 m, I I I =  0.25 m >


fish > contact with fronds, IV= fish in contact with fronds. n= number of

individuals observed.

S pecies

S . atrovirens

S . carnatus

s. 

caurinus

s. melanops

S . paucispinis

S . serranoides

n 

380 

89 

240 

106 

238 

19 

S urface

P roximity C ategories

I 

26.5 

42 

38 

27


66


79


I I  

19 

26 

16 

27


24


0


I I I  

48.5

26


113


34


7


21


IV


6


6


2


11

3


0


n


259


31


127


72


I ll

1110


M id-D epth

P roximity C ategories

I 

-
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0 

0 

0


5


86


I I  

0 

0 

0 

0


78


2


I I I  IV


31 69


0 100


91 

9


98


2


2


] It


10
 2


\ 0

""
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T abl: 2. M ean number of young- of- the- year S ebastes ( all

species combined)  before and after canopy removal

at the harvested and non - harvested s it e s .  M ean

values of the before and after non - harvested and

the before harvested treatments were comP ared w ith

the K ruskal- l. ,rallis (HI D) nonparametric analysis of

variance. n= number of tran sects, C . I . =  95% con-

fidence in tervals.

T otal 

number

Treatr:.en: 

n 

v


c. 

I .  

of' 

fish

"' 

- -  

Be I '  or:

N on- harvest 

20 1 0 .1 * 

±2. 4 

202

H arvest 18 

7 .1 * 

±1 . 9 128

A fter

N on- harvest 12 1 0 .3 * 

±2.8 

l 2 l l

H arvest 

15 

0 .0  

0 

0


*HID= 4 . 4 3 ; 

not sign ifican t 

( p < 

0 . 0 5 ) .
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T able 3. Chi square (X2) results and electivity values for each of eight young- of- the-

year S ebastes species toward the five substratum categories. A sterisks indicate

significantly positive ( P < 0.05 )  differences of observed from expected ( i. e. ,

random) utilization of each substratum category, and ~ 1 1  categories combined.

n= number of fish observed.

S ubstratum Type

S pecies 

P eriod 

n 

x2 

Sand 

L § ~ n ~ b c k  

Low rock 

Sfind/


H ig
 rock
 H igh rock

s.· atrovirens 

Aug-Sep 108 ( *) 

- 0 .01 - 0 .3 0 0 . ~ ~ *  

- 0 .22 

0.09*

F eb-M ay 

11 ( n . s. )  - 0 .01 

- 0 .15 

0.21* - 0 . 0 ~  - 0 .02

S . carnatus Jun- S ep 

51 

( *) 0.05 

0.07* 

0.22* 

- 0 .22 - 0 .12

O ct-M ay 

31 

( *) 

- 0 .01 

- 0 .3 0 

- 0 .02 

- 0 .09 

0 . ~ 2 *

s. caurinus Jun- S ep 

107 

( *) 

0.27* 0.17* 

0.00 

- 0 .1 8 

- 0 .26

O ct-M ay 

20 

( * ) - 0 .01 0.38* - 0 .01 - 0 .22 - 0 .1 5

S . melanops Jun- S ep 

71 

(*) 0.00 

- 0 .1 3 

0.16* 

- 0 .19 

0.16*

O ct-M ay 

3 0 ( n . s. )  - 0 .01 0.00 

0.02 0 . 0 ~  

- 0 .04

S . miniatus 

Jun-M ay 

33 

( *) 

0.14 

0.49* 

- 0 .12 - 0 .22 

- 0 .29

S . mystinus 

J u n - ~ l a y  

482 ( *) 

- 0 .01 

- 0 .1 6 

0. 111 * 

- 0 .03 0.06*

S . serranoides Jun-M ay 

lj 00 

(*) 

- 0 .01 - 0 .11 

0.16* 

0. Ol!* 

- 0 .08

S . plnnJc;er Jun-M ay 

651 

( *) 

0.11* 

0.23* 

- 0 . Ol! 

- 0 .05 - 0 .26

\D

\_1.1
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T able 4 . S ~ i l a r i t y  matrix of substratum type u tiliz atio n .

3 ased on P. S . I .  values derived from pairwise

comparison between all species among all five

substratum types.

S pecies

s. 

at rovi:::er:.s

s. 

carnatus 

.59

s. 

caurinl!.s .22 .65

s. melanous 

.71 

.67 

.42

s. 

miniatus .06 

.49 .68 

.23

s. 

m;[stinus .66 . 61 

-39 

.82 

.19

s. 

J2inniger .17 

.60 

-79 

- 37 

. n  .47

s. serranoides 

.56 

.69 .43 

.74 

.24 

.85 

.52
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T able 5 .  

N umber& of juvenile S ebastes species observed at the kelp- only and rock- only

treatments during summer census periods. Values are total number of each species

per entire area at each depth. S pecies abundances within the surface (canopy}

area are derived from ll.O m X l.Om X l.O m transects ( log transformed mean and

95% confidence intervals)  multiplied by 5 .6 7 .

H abitat 

S [!ecies 

....L 

C ensus P erlads

18 H ay 7 June 

18 June 1
July 

11 Julv 

19 Auqust

R el P..J!n!.y

s. atrovirens s u r f.  

0 0 

0 0


+48

3 2 ( - 2 ] . 5 )

mid. 0 0 

0 0 0 38

bott.  

0 0 0 0 0 12

s ~  c<u,-nl!tU!'! 

surf.

o·  

24 ~ ~ ~ ~ ~ ·  

n r ! :

3

~ J  · 

171 

+31
 

1 

·


931 

+2 4 8 !· ·


0


- 8 
. 5 - 38

mid.

o·  6 ·  

lB * 

32* 15 

22

bott.

o·  o·  

1* 

a· 

0 0


e. caurinuo 

surf. 

0


mid. 

45 

28

bott.  

21 

ll4

S .  r n e J . a n _ g p ~  

surf. 0 

16 ( ~  

3 


~ )  

1 ( +1 . 5 )  

5 ( ~ l g ,  

l l ( ~

3

1 l  

0


mid. 

0 

1 

36 - o 

20 5 3


batt.  0 

45 

85 

180 172 

Bl

+40

15 ( +3


4


1 

4 ~ ~ ~ ~ ,  

1 2 1 '3 5 )

0


B. , paucispinis aurf. 0 

18 ( -  6 )  

- 5 

- 2

mid. 

0 2 

~ ~  6 

0 

0


bott.  

0 0 

0 0 

0 

0


R oclc O nl!J!


£l. mvs t:irms 

surf. 

0 

0 

0 

0 0 

0


mid. 

0 0 

0 

0 

0 

0


batt.  4 

4 

3 

9 

2 

0


s.  ~ i n n i q e r  

surf. 0 

0 

0 

0 0 

0


mid. 

0 

0 

0 

0 

0 

0


batt.  8 

47 

50 

77 

51 

19

S .  a e r r a n _ p i c } ~ a  surf.  

0 

0 0 

0


0 

0


mid. 

0 

0 0 

0
 0 

0


batt.  

0 1 

20 

12

6 

)


· Vn]ue repreeonto combJnc11 numlwre nf S , Q ! ! _ r : n ~ t u ! ! _  owl s.  cnt!_!inuo.

· ·  V a lue represents combined numbers of S . ntrovirens, s.  carnatua and S . ~ n u ~ .

0


!" " )

AR009255



lC=._


T able ~ .  :omparison of microhabitat utilizatio n  of fishes

~ e c r u i t e d  to the rock only and kelp only treat-

3 en ts.  D ata are given as percen t of in dividuals.

A lgae includes d rift and M acrocystis pyrifera

~ o m b i n e d .

B ottom 

M icrohabitat

H abitc.t

S oecies

U tilization

B are

R ock O nly 

R ock A lgae

s. 

miniatus 

100 0


s. mystinus 

76 

24

s. 

pinn iger 

64 .5 

35.5

s. 

serranoides 47 

53


Ke1E  

O nly

s. 

atrovirens 

12

88


s. carnatus 

14

86


s. caurinus 

8


92

s. me1anops 

20

so


s. 

paucispin is
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lCZ

~  7 .  M ean number o: vithin  each of nine location&  ot the kelp fcreat before, and after the

evening period. D ata preaented ara after log( X +l} tranatormation: ( +and - l

repreaan t upper and lowar limit&  reapectively, of 95% confidence in terval.
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T able 8. P eriods of parturition of the nine species of S ebastes whose young- of- the-yen!'

occurred within the Arrowhead P oint kelp forest.

S pecies 

s. atrovirens 

s. carnatus 

s. 

caurinus 

s. melanops 

s. 

mystinus 

s. 

serranoides 

s. 

paucispinis 

s. pinniger 

s. miniatus 

*Source 

Source* 

3 ' 8


3 ' 8


1 ' 3


7


3, 4


2


1 ' 5 ' 6


6


1 ' 3


1. E igenmann, 1891 

2. Love and W estphal, 1981 

M onth

O ct N ov D ec Jan F eb M ar Apr May Jun Jul Aug ~  

L ocation

southern C alifornia

central C alifornia

3. L ove, pers. comm. 10 June 1982 southern and central C allfornla

central C alifornia

4. M iller and G iebel, 1973 

5. M oser, 1967 

southern C alifornia

6. P hillips, 1964 C alifornia

7. W estrheim, 1975 

O regon

B. pers. obs. ( this study)  

C armel Bay, C alifornia

(-_)

' · )

AR009258



Table 9. Timing of the in itial occurrence of young- of- the-year § ~ ~ ~ ~ ! ~ ~  apeclen

to nearshore shallow reefs.

Species. 

S. atrovirena 

S. carnatus 

s. caurinus 

s. 

melanopa 

§_. miniatua 

S . myatinua 

s. 

pauciapinis 

S . pinniger 

S. serranoides 

Season 

April-Augua t 

late July-A ugust 

mid-June 

July 

late June- July 

O ctober 

late April-M ay 

mid-M ay, peak later 

M ay-June, peak later 

M arch-April 

M ay, S ept. , D ec. 

October 

A pril 

A pril 

M ay-June

July 

A pril 

A pril 

A pril- June 

June-August 

April-M ay 

M ay-June 

·M ay 

mid-summer 

M arch-April 

M ay-June 

L ocation 

central C alifornia 

Arrowhead P t. 

S anta C ruz I sland 

southern C alifornia 

Arrowhead P t. 

Puget Sound 

Arrowhead P t. 

Barkely Sound 

Arrowhead P t. 

southern C alifornia 

Arrowhead P t . 

southern C alifornia 

M onterey, C alifornia 

Arrowhead P t. 

southern
C alifornia
 

I I 
 I I 


" 

" 

M onterey, C alifornia 

Arrowhead P t. 

central Oregon 

Arrowhead P t. 

southern C alifornia 

I I  I I  

Source

Limbaugh 1955


this study

Larson 1980


Limbaugh 1955


this study

P atten 1973


this study

Leaman 1972


this a tudy

Limbaugh 1955

this study

C arlisle et al 1964


M iller ana-G febel 1973

this study

M oser 1967

C arlisle et al 1964


Limbaugh P .l5 r

M iller and G iebel 1973


this study

R ichardson & Laroche 1979


this study

C arlisle et al 1964


F eder et af P.l74


S anta C atalina 

A vila, central 

Arrowhead P t. 

I a. llobaon anircheaa 19 76


C alif. Love 1981


this study

,__.


0


r
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