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Abstract.—Seasonal reproduct ive development , size and age at sexual mat urit y, and fecundit y


were described for darkblot ched rockfish Sehasies crameri collect ed off t he Oregon coast . Alt o-

get her, 1,060fish capt ured by commercial groundfish and shrimp t rawlers between July 1986and


July 1987 were examined. Reproduct ive event s were prot ract ed. Inseminat ion of females occurred


from August t o December, and fert ilizat ion and part urit ion followed from D ecember t hrough


March. Spermat o/oa were observed wit hin bot h vit cllogcnic and prcvit ellogenic ovaries between


July and November. Reproduct ive event s in smaller males and females were delayed relat ive t o


t hose in larger individuals. Females at t ained 50% mat urit y at a great er size (36.5cm t ot al lengt h)


and age (8.4 years) t han males (29.6cm t ot al lengt h; 5.1 years). The unimodal development of


eggs and larvae indicat ed one part urit ion per year. Most age-6, age-7, and agc-8 females possessed


ovaries in an int ermediat e "mat uring" condit ion. Hist ological analysis revealed t hat most of t hese


females were immat ure; ovaries showed no evidence of previous spawning, oocyt es never devel-

oped beyond an early vit ellogenic st age, and during mont hs of part urit ion, many of t hese females


were resorbing t heir advancing oocyt es. Tot al fecundit ies ranged from 19,815 t o 489,064oocyt es


per ovary pair and increased exponent ially wit h increasing fish lengt h, linearly wit h fish weight ,


and asympt ot ically wit h fish age (6 t o 66 years).


D arkblot ched rockfish Sebastes crameri are vi- 

viparous, as are ot her species of t he genus Sebastes 

(Boehlert  and Yoklavich 1984: Wourms 1991). 

D arkblot ched rockfish larvae arc pelagic when re- 

leased during w int er, and juveniles likely shift t o 

a bent hic habit at  upon at t aininga st andard lengt h 

of 40-60 mm (Richardson and L aroche 1979). Al- 

t hough previous invest igat ors have provided some 

demographic informat ion on darkblot ched rock- 

fish (P hillips 1964; West rheim 1975; Wyllie E che- 

verria 1987; Barss 1989), none have examined t he


reproduct ive biology of t his species in det ail. 

D arkblot ched rockfish have been an import ant  

component  of t he O regon commercial groundfish 

t rawl fishery (N iska 197 6: Fraidenburg et  al. 1977). 

P revious invest igat ors have expressed concern t hat  

t he slow grow t h, low nat ural mort ali t y, and vari- 

able recruit ment  associat ed wit h species of t he ge- 

nus Sebastes make t hem ext remely vulnerab le t o 

overfishing(G underson 1977; L eaman and Beam- 
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ish 1984; Francis 1986; L eaman 1991). Knowl-

edge of t he reproduct ive biology of many of t hese


rockfish species, includingdarkblot ched  rockfish,


is essent ial for t he est ablishment  of biologically


sound management  programs.


T his paper describes an annual reproduct ive cy-

cle (based on gross and cellular examinat ion of


ovary and t est is morphology), size and age at  sex-

ual mat uri t y,and fecundit y of darkblot ched rock-

fish off t he coast  of O regon.


Methods


Data co llection .— Seven hundred t hirt y-five


specimens were collect ed bet ween July 1986 and


July 1987 during research surveys (P ikit ch et  al.


1988) conduct ed off t he O regon coast  (43°10'N  t o


45°50'N  lat i t ude) aboard commercial groundfish


and shrimp t raw lers (T able 1). An addit ional 325


fillet ed darkblot ched rockfish were collect ed from


D ecember 1986 t o June 1987 at  fish processing


plant s in N ewport , O regon. Fish were weighed


(nearest  gram; whole fish only) and measured for


t ot al lengt h (T L ) and fork lengt h t o t he nearest 


millimet er. Sagit t al ot oli t hs were removed and


st ored in 50% et hanol for subsequent  age det er-

minat ion. G onads were removed and weighed t o
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TABLE 1.—Summary of darkblot ched rockfish collec- 

t ions and allocat ion of gonadal t issue for use in hist ology 

and fecundit y est imat ion. N umbers in parent heses in- 

dicat e number of specimens used for hist ological ex-

aminat ion.


N umber of samples 

Dat e of 

capt ure 

11 Jul 1986 

12 Jul 1986 

28 Jul 1986 

19 Aug 1986 

20 Aug 1986 

25 Aug 1986 

18Sep 1986 

19Sep 1986 

22Sep 1986 

2 Nov 1986 

8 Nov 1986 

14 Dec 1986 

16 Dec 1986 

16 Jan 1987 

19 Jan 1987 

18 Feb 1987 

28 Mar 1987 

29 Mar 1987 

21 Apr 1987 

9 May 1987 

10 May 1987 

13  May 1987 

9Jun 1987 

lO Jun 1987 

lO Jun 1987 

17 Jul 1987 

T ot al 

Source 

8 

A 

A 

B 

A 

A 

A 

A 

A 

A 

A 

A 

C 

C 

D  

C 

A 

C 

C 

A 

B 

B 

B 

B 

B 

C 

B 

Males 

32(12) 

2(2) 

30(0) 

22(10) 

5(5) 

11(2) 

20(12) 

21(3) 

7 (4) 

35(17 ) 

40(10) 

50 (35) 

7 (5 ) 

10(10) 

28(22) 

34(25) 

18(17) 

17(16) 

27 (26) 

7 (0) 

2(0) 

7 (0) 

25(1) 

23(0) 

16(14) 

5(1) 

501 (249) 

Females


29(11) 

5(2) 

24(0) 

25(3) 

14(6) 

23(4) 

13(5) 

22(1) 

38(2) 

21(3) 

41(7 ) 

54(7 ) 

14(1) 

9(6) 

28(15) 

14(9) 

14(10) 

35 (26) 

12(11) 

5(0) 

3(0) 

9(0) 

34(0) 

42(3) 

25(17 ) 

6(1) 

559(150) 

Fe- 

cun- 

dit y 

4 

1 

1 

1 

2 

15 

9 

3 

3 

1 

40 

T ot al 

speci-

mens


61 

7


54


47 

19 

34


33


43 

45 

56 

81


104 

21 

19 

56


48


32 

52 

39


12


5 

16 

59 

65


41


11 

1,060 

a

 A = collect ed aboard a commercial groundfish t rawler; B =


collect ed aboard a commercial shrimp t rawler; C = collect ed


at a fish processing plant , fillet ed fish carcasses; D = collect ed 

at a fish processing plant , whole fish. 

t he nearest  0.01 g. Based on macroscopic obser- 

vat ions, gonadal mat urit y st ages were assigned t o 

each gonad pair according t o crit eria of Wyllie 

Echcverria (1987). G onad color, si/.e, and mor- 

phology were recorded for each specimen. Addi- 

t ional macroscopic observat ions were made for 

t he presence of milt and swelling of t he sperm duct 


in t est es and t he presence of fert ilized eggs, eyed 

larvae, and residual larvae in ovaries. G onads were


preserved in 10% phosphat e-buffered formalin for


lat er hist ological analysis and fecundit y est ima-

t ions.


Sect ions of t he left ot olit h of each fish were pre-

pared for age reading as described by Boehlert 


(1985). Ages were det ermined for all collect ed


specimens according t o crit eria est ablished by


Chilt on and Beamish (1982). 

Histological preparation.—A represent at ion


subsample for hist ological analysis was select ed 

on t he basis of macroscopic gonad condit ion and


fish size. Some samples frozen prior t o formalin


st orage, and t hose collect ed in May (all small, ob-

viously immat ure fish), were excluded from his-

t ological analysis. H ist ological cross sect ions from


t he middle port ion of 249 t est es and 150 ovaries


were examined (T able 1). T est icular and ovarian


t issues were embedded in paraffin and t hen sec-

t ioned at  7 ̂ m and 8 nm . respect ively. Sect ions


were st ained wit h Mycr's hemat oxylin and coun-

t erst ained wit h eosin.


Histological and macroscopic evaluations. —Brief


microscopic descript ions of each gonad sect ion


were recorded. Crit eria t o describe t est icular sec-

t ions included t he presence of germ cells, primary


spermat ogonia, secondary spermat ogonial cyst s,


primary or secondary spermat ocyt e cyst s, sper-

mat id cyst s, and spermat ozoa. T he presence of


spermat ozoa in t he lest is lumen and signs of sper-

mat ozoa resorpt ion were also recorded. For ovar-

ian sect ions we not ed t he presence of vesicles, yolk


globules, developed follicles, eyed larvae, at ret ic


oocyt es, and st ored spermat ozoa.


Maximum oocyt e diamet ers were measured wit h


an ocular micromet er. Randomly select ed ovarian


hist ological sect ions (one per ovary) were scanned


for t he largest  spherical nonat ret ic oocyt e in t he


most  advanced oocyt e phase. A minimum of five


such oocyt es was measured for diamet er, t he larg-

est  of which was recorded as t he maximum oocyt e


diamet er.


The init ial macroscopic crit eria for gonadal


st ages were reevaluat ed following t he microscopic


assessment s. Microscopic descript ions following


t erminology of Moser (1967b) and Bowers (1992).


G onadal st ages wit h crit eria specific t o dark-

blot ched rockfish were described.


Length and age at maturity. — L engt h and age


at  50% mat urit y were est imat ed for males and


females separat ely by fit t ing dat a t o t he logist ic


equat ion


P RO P * = l / ( l +^ 

v 


^ ) ; 


PROP.v is t he proport ion mat ure at  lengt h (cm) or


age A' and a and b are const ant s. P aramet ers were


est imat ed by nonlinear least -squares regression


(SAS Inst it ut e 1987). L engt h and age at  50% ma-

t urit y (£50 and . 5̂0) were det ermined by subst i-

t ut ing 0.5 for PROP.v in t he equat ion above, yield-

ing


.V = —hia.


St andard errors (SE) for L$Q and .450 were ap-
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proximat ed by t he delt a met hod (Seber 1982). T his 

analysis was performed wit h dat a from all mont hs 

of collect ion and also wit h dat a limit ed t o collec- 

t ions made in mont hs of near spawning or spawn- 

ing (copulat ion for males and part urit ion for fe- 

males), when det erminat ion of mat urit y st at e 

(mat ure versus immat ure) should have been most  

accurat e. 

Fecundity.— T ot al fecundit y, t he number of ad- 

vanced oocyt es per ovary pair, was est imat ed for


40 ovary pairs. Because ovaries were st ored in


formalin, we employed a gravimet ric subsampling 

met hod similar t o t hat used by Phillips (1964) and 

MacG regor (1970). Unlike t hem, however, we


recognized t hat Sebastes ovaries lack homogeneit y


bet ween oocyt es and int raovarian t issue due t o a


cent ral dense st ring of st romal connect ive t issue


t hat ext ends from t he ovary hilum (see Moser


1967a). O ur subsampling met hod at t empt ed t o


account  for t his.


Ovaries were blot t ed dry and weighed t o t he


nearest  O.I mg. Subsamples, averaging 82.8 mg


and 304 oocyt es, were t aken from t he ant erior,


medial, and post erior regions of t he left or right 


ovary and t hen weighed t o t he nearest  0.1 mg.


Aft er removing t he ovarian sacs, ovary pairs were


broken apart  and t he cent ral concent rat ed st romal


connect ive t issue was removed. O vigerous t issue


was t eased away from t he cent ral st romal connec-

t ive t issue. Connect ive t issue was washed wit h wa-

t er t o remove any remaining ovigerous t issue, t hen


blot t ed dry'. O varian sacs and cent ral st romal con-

nect ive t issue were weighed t o t he nearest  0.1 mg


and subt ract ed from t he t ot al paired ovary weight .


Each subsample was placed on a slide wit h 3 or


4 drops of 33% glycerin (H unt er et  al. 1985; Yok-

lavich and P ikit ch 1989). Oocyt es were t eased apart 


and t hen t ransferred t o a P lexiglas grid: vit ello- 

genic oocyt es were count ed wit h t he aid of a dis- 

sect ing microscope. All ovaries used for fecundit y 

est imat ions were in t he lat t er st ages of vit ellogen- 

esis. P revit ellogenic and at ret ic oocyt es were ex- 

cluded from t he count s. 

Oocyt e densit ies (oocyt es per gram subsample) 

were calculat ed for each sample region (ant erior, 

middle, and post erior). Final t ot al fecundit y est i- 

mat es for each fish were derived by mult iplying 

t he paired ovary weight  (less t he ovarian sac and 

cent ral connect ive t issue) by t he oocyt e densit y 

averaged across t he t hree ovary subsample regions. 

We assumed for t hese calculat ions t hat  each re- 

gion could be given equal weight , but  we t est ed 

for differences in oocyt e densit ies among t he t hree 

sample regions wit h a repeat ed-measures design 

analysis. Fisher's least -significant -difference mul-

t iple-comparison t est  (SAS Inst it ut e 1987). Rep-

licat e count s (t wo per sample region) were made


wit h five ovary pairs t o examine t he precision of


t he subsampling met hod.


N onlinear least -squares regression (SAS Inst i-

t ut e 1987) was used t o relat e fecundit y t o fish lengt h


and age. L inear regression was used t o relat e fe-

cundit y t o ovary-free fish weight .


Results


Maturity Stage Criteria


Gonadal mat urit y st ages, based on crit eria of


Wyllie Echeverria (1987), were reclassified (Ta-

bles 2, 3) t o incorporat e differences observed for


darkblot ched rockfish. Cont rary t o Wyllie Eche-

verria (1987), we observed no dist inguishing go-

nad t rait s (gross or cellular) t hat  could accurat ely


denot e t hat  a fish was in it s first year of mat urit y


(i.e., spawning for t he first t ime). For males, Wyl-

lie Echeverria's (1987) "first  year mat urit y" st age


was delet ed; however, an addit ional mat ure st age


was added. Sevent y-seven percent  of t he mat ure


males collect ed from April t o June had t est es in


which spermat ogenic st ages preceding spermat o-

zoa predominat ed. T his mat urit y st age, absent 


from Wyllie Echeverria's (1987) classificat ion, was


incorporat ed as st age 2, development  of sper-

mat ogenic cycles (T able 2). For females, t hose


ovaries corresponding macroscopically t o Wyllie


E cheverria's (1987) "first  year mat urit y" were re-

classified as "mat uring" (st age 2; T able 3).


''Maturing''  Females


Fort y-eight  percent  of t he females, collect ed


t hroughout t he year, possessed "mat uring" st age


2 ovaries. T hese females averaged 34.2 cm TL 


(SE, 0.12) and 7 years of age (SE, 0.08). P aired


ovary weight s did not  exceed 4.5 g and ovarian


sacs were less t han 15 mm long. Unlike oocyt es


in st age 3 ovaries, ovarian st age 2 oocyt es never


exceeded maximum diamet ers of 260 ^m and


never progressed beyond an early vit ellogenic st age.


H ist ological examinat ion of t hese ovaries collect -

ed from N ovember t hrough March revealed vary-

ing degrees of oocyt e at resia; 40% were undergoing


mass oocyt e resorpt ion. T hose st age 2 ovaries col-

lect ed in D ecember and January and examined


hist ologically cont ained vast  numbers of at ret ic


oocyt es (Figure 1). N o macroscopic feat ures (col-

orat ion, shape, ovarian wall t hickness) indicat ed


t hese ovaries were resorbing t heir oocyt es. Be-
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TABLE 2. —Mat urit y st age crit eria for t cst es of darkblot ched rockfish, based on macroscopic and cellular obser-

vat ions. The presence of germ cells (GC), primary spermat ogonia (PG), secondary spermat ogonial cyst s (SGC),


primary spermat ocyt e cyst s (PSC). secondary spermat ocyt e cyst s (SSC), spermat id cyst s (STC), and spermat ozoa


(SZ) is not ed. T erminology follows Moscr (1967b).


Maturity stage 

Macroscopic


description


Cellular


descript ion


1. Immat ure T ranslucent , t hreadlike, oft en bloodshot ; no milt ,


sharp edges: paired t est is weight . <0.6 g


2. D evelopment  of Dull t o milk-whit e in color; swollen; no milt ; color


spermat ogcnic of cross sect ion uniform; sperm duct  not swollen


cycles


3. Mat urat ion Dull t o milk-whit e in color; swollen: slight t o no


milt in sperm duct ; color of cross sect ion uniform;


sperm duct not swollen


4. Spawning (cop- Milk-whit e t o whit e-brown in color; sperm duct 


ulat ion) swollen wit h milt ; periphery t ranslucent and cent er 

whit e in cross-sect ion 

6. Spent L ight -brown or mot t led whit e in color, t ranslucent : 

slight milt in sperm duct ; periphery t ranslucent  

7. Rest ing Brown, t an or brown-grey in color; t riangular, sharp 

edges, firm, short  in lengt h; small t est es t ranslucent ; 

no milt 


GC. PG , and SGC are t he predominant st ages of


t he spcrmat ogencsis; more advanced st ages rare


PSC usually predominant ; GC. SGC. SSC. STC.


and a few SZ cyst s also present ; no SZ in lumen;


residual sperm in lumen rare


SZ predominat e; SZ cyst s broken open; SZ in effer-

ent duct s and sperm duct ; GC, PSC. SSC, and STC


also present ; spcrmat ogonia rare


SZ predominat e, most ly present  in lumen; periphery


cleared; germ cell development at t est is periphery;


rcsorpt ion at  periphery


GC predominat e; resorpt ion of SZ in sperm duct ;


no SZ in efferent duct s; PSC, SSC, and STC rare


GC, PG , and SGC predominat e; sperm duct  empt y;


residual sperm present  early in t his st age


TABLE 3. —Mat urit y st age crit eria for ovaries for darkblot ched rockfish, based on macroscopic and cellular ob-

servat ions. The presence of oogonia wit hin nest s (ON ), early perinucleolus (EP ), and lat e perinucleolus (L P ) oocyt e


st ages are not ed. T erminology follows Moser (1967b) and Bowers (1992).


Mat urit y


st age Macroscopic description 

Cellular descript ion


1. Immat ure P ink and t ranslucent ; oocyt es not visible; ovarian 

wall t hin, < 15 mm long; paired ovary weight . < 1 g 

2. Mat uring P ink, oft en bloodshot ; oocyt es small, pink t o cream 

color; ovarian wall t hin. t aut . 15-30 mm long; 

paired ovary weight . 1-4.5 g 

3. V it ellogenesis Cream t o cream-pink color; oocyt es large, cream 

color; large ovaries have black pigment at ion on 

ovarian wall 

4. Fert ilized O varies flaccid wit h delicat e ovarian wall and pink 

cast ; embryos spherical, hydrat ed (clear) 

Oocyt es, < 150 jim in diamet er; st ages of oogenesis


include ON . EP . and L P oocyt es; in ovaries nearing


15 mm in lengt h, secondary oocyt e growt h is init i-

at ed wit h t he format ion of oil vacuolcs


Maximum oocyt e diamet er. 150-260 /im; ON and


EP st ill present  but  predominant ly occupied wit h


oocyt es in L P and init ial yolk accumulat ion st ages;


oil vacuoles in midcort cx region increase in size and


number from summer t o wint er; follicular at rcsia


may be common from D ecember t o March


Maximum oocyt e diamet er, 260-600 MHT. yolk glob-

ules and oil vacuoles present ; spermat ozoa some-

t imes found near or at t ached t o ovigcrous lamellae


and out er surface of follicles; ON t hrough L P oo-

cyt cs


Embryos measure up t o 800 Mm; yolk globules com-

plet ely coalesced t o a uniform t ranslucent  fluid; oil


vacuoles coalesced t o single vacuolc; preblast ula t o


blast ula embryo st ages; empt y follicles fill st roma


surrounding embryos; ON t hrough L P oocyt es prcs-

5. Eyed larvae Ovaries t ranslucent grey, fluid-filled, ext remely flac- 

cid; free-float ing elongat e embryos wit h black pig- 

ment ed eyes 

6. Spent  O varies reddish t o purple-grey; ovarian wall t hick 

and loose from int erior: residual larvae present  

7. Rest ing O varies grey-pink: t hick ovarian wall: some wit h 

undefined black dot s visible t hrough ovarian wall 

Embryos wit h well-developed, pigment cd eyes and


bodies wit h well-organized skelet al muscle; col-

lapsed follicles and ON t hrough L P oocyt es present 


Presence of collapsed follicles and at ret ic oocyt es


t hroughout  (indicat ing resorpt ion); ON t hrough L P


oocyt es present 


Presence of collapsed follicles and at ret ic oocyt es


early in t his st age; oogonial growt h from ON t o oo-

cyt es wit h init ial yolk accumulat ion lat er in t his


st age


AR016815



REPRODUCTION OF DARKBLOTCHED ROCKFISH 

473


FIGURE 1.—Cross sect ion of a st age 2 "mat uring' ' ovary from a darkblot ched rockfish female capt ured 19 January


1987. N ot e complet e mass at resia of advancing oocyt es; AO denot es at rct ic oocyt e.


cause st age 2 ovaries cont ained no advanced non- 

at ret ic oocyt es during mont hs when mat ure fe- 

males were spawning, it  was evident  t hat  many of 

t hese fish were funct ionally immat ure. 

We examined t he percent  occurrence of st age 2 

(mat uring) females among mat ure females, by age- 

group, during spawning (D ecember-March) and 

nonspawning periods (July-Sept ember; Figure 2). 

T his percent age decreased wit h increasing age. A 

lower overall percent age of mat uring fish were 

found in spawning t han in nonspawning mont hs, 

suggest ing t hat some recruit ment  from mat uring 

fish t o mat ure st age 3 females did occur during 

t he sampling year.


Seasonal Development of Testes 

Most  mat ure adult  males examined were near 

spawning condit ion in July, t he st art  of t he sam- 

pling period (Figure 3A). Spermat ozoa were pres-

ent in t he sperm duct  and efferent duct s, alt hough


sperm duct s were not  swollen (st age 3). Most  males


remained in t his condit ion t hrough August . A few


large males collect ed in August were in spawning


condit ion (st age 4), alt hough t est es at t his st age


were observed more frequent ly in males collect ed


bet ween Sept ember and N ovember (Figure 3A).


Most  t est es were eit her spent  (st age 6) or in a rest -

ing condit ion (st age 7) by t he end of D ecember,


and most  t hen were in a rest ing condit ion t hrough


March. T est es began developing new spermat o-

genic series (st age 2) from April t o June.


Seasonal Development of Ovaries


All mat ure females collect ed in July exhibit ed


vit ellogenic oocyt es (st age 3; Figure 3B). Yolk de-
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FIGURE 2. —Frequencies of darkblot ched rockfish wit h "mat uring" st age 2 ovaries as percent ages of mat ure


females during spawning (part urit ion) and nonspawning mont hs, by cohort -specific age (age offish during 1986).


Rat ios indicat e t he observed frequency of females wit h st age 2 ovaries over t he sum of t hose at st ages 2-7 .


posit ion and accumulat ion cont inued t hrough 

N ovember. 

Spermat ozoa were observed out side vit ellogen- 

ic oocyt e follicle surfaces or wit hin t he ovarian 

st roma in more t han 50% of t he hist o rically ex- 

amined females collect ed from July t o early N o- 

vember (Figure 4). Several mat uring st age 2 ova- 

ries collect ed during t hese mont hs also cont ained 

spermat ozoa, but  only wit hin t he cent ral st roma. 

The difficult y in det ect ing spermat ozoa (due t o 

t heir small size) wit hin ovaries and t he lack of 

O ct ober samples precluded furt her analysis of


spermat ozoa st orage. 

Fert ilized ovaries (st age 4) and ovaries cont ain- 

ing eyed larvae (st age 5) were found from D ecem- 

ber t hrough February. Alt hough no specimens wit h 

eyed larvae were observed past  February, one 

specimen collect ed in March cont ained fert ilized 

eggs. T herefore, part urit ion in some individuals 

probably occurred t hrough March. Based on t he 

observed occurrence of spent  females, t he prin- 

cipal mont hs of part urit ion were February and 

March. N early all t he mat ure females were in a 

post spawning condit ion (st age 6 or 7) from March 

t hrough June. T he unimodal development  of eggs 

and larvae indicat ed t he spawning of only a single 

brood per reproduct ive year. 

Size Effect on Gonad Cycles 

Males and females bot h exhibit ed an annual re- 

product ive cycle in which t iming was size depen- 

dent . T he reproduct ive cycle in smaller males was


delayed relat ive t o t he cycle of larger males. L arger


males were observed in development al (st age 2)


t hrough rest ing condit ions (st age 7) earlier in t he


season t han smaller males. L arger males also t end-

ed t o end spawning earlier t han smaller ones (Fig-

ure 5A). L ikewise, t he reproduct ive cycle of small


females appeared delayed relat ive t o t he cycle of


larger females. L arger females were observed wit h


a vit ellogenic ovarian condit ion (st age 3) earlier


in t he season t han smaller females (Figure 5B).


Length and Age at Maturity


E st imat es of lengt h and age at  50% mat urit y


were 29.6 cm T L  and 5.1 years for males and 36.5


cm TL  and 8.4 years for females, based on dat a


from all mont hs of collect ion (T able 4). P roblems


associat ed wit h classifying fish as mat ure or im-

mat ure during nonspawning periods (i.e., classi-

fying st age 2 females as immat ure in lat e summer


when some had act ually spawned t he preceding


wint er or spring) appeared minimal. E st imat es of


50% mat urit y derived from fish collect ed only


during near spawning or spawning mont hs were


only slight ly higher; 29.8 cm TL and 5.2 years for


males: 36.7 cm TL  and 8.5 years for females (T a-

ble 4).


Fecundity


Significant differences in est imat es of fecundit y


were found among ovarian sampling locat ions (re-
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FIGURE 3.—Seasonal changes in gonad condit ion for (A) mat ure t est es and (B) mat ure ovaries of darkblot ched


rockfish, based on mat urit y stage crit eria. May and October are omit t ed due to small sample sizes. Gonad stages


arc described in T ables 2 and 3.


peat ed-measurcs design: F = 6.60; df = 2, 78; P 

= 0.002). Fishers least -significant -difference mul- 

t iple-comparison t est (P < 0.005) indicat ed t hat 

fecundit ies est imat ed from post erior ovary sub- 

sampling were significant ly lower t han t hose es- 

t imat ed from eit her ant erior or medial subsam- 

pling. In addit ion t o t he cent ral connect ive t issue, 

which was removed prior t o subsampling, t here 

remained int erst it ial connect ive t issue t hat ap- 

peared more dense in post erior subsamples. Ac- 

cordingly, t he average oocyt e densit y from pos- 

t erior subsamples (5,887 oocyt es/g; SE, 765.94)


was lower t han bot h medial (6,236 oocyt es/g; SE,


838.20) and ant erior (6,281 oocyt es/g; SE, 820.69)


subsamples. Fecundit y est imat es from ant erior


subsampling were not significant ly different from


t hose est imat ed by medial subsampling.


Coefficient s of variat ion (100-SD /mean) for


mean oocyt e densit y across subsample replicat es


(t wo replicat es in each of t hree regions for five


ovaries) ranged from 0.43 t o 3.35%, averaging


1.81%.
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FIGURE 4.—Cross sect ion of a vit ellogenic (st age 3) ovar>', cont aining spermat ozoa, from a darkblot ched rockfish


female capt ured 22 Sept ember 1986: S7., spermat o/oa; YG, yolk globule; FOL. follicle; EP. early perinucleolus


st age oocyt e.


T ot al fecundit y est imat es ranged from 19.815


t o 489.064 oocyt cs, increasing nonlinearly wit h


fish lengt h and linearly wit h fish weight (Figure


6A, B). Specimens used in t he analysis ranged from


325 t o 470 mm T L , 565 t o 1.742 g ovary-free fish


weight , and 6 t o 66 years of age. T he lengt h-fe-

cundit y relat ionship was best  fit  by t he power


funct ion


FEC = (4.3459 x 10'

10

) L

5

-

6049


(r

2

 = 0.905); FEC is fecundit y (number of oocyt es


per female) and L is t ot al lengt h of t he fish (mm).


T he weight -fecundit y relat ionship was


FEC = 37 0 .03 -W- 182,381.36


(r

2

 = 0.974): H ' is ovary-free fish weight (g). Fe-

TABLE 4. —Est imat es of si/e and age of darkblot ched rockfish at 50% mat urit y, derived from logist ic equat ions


(P — 1/1+*»

a

-

v

*'

1

) fit t ed by nonlinear regression lo proport ions of mat ure males and females; .v = t ot al lengt h (TL ,


cm) or age (years); .V = number offish used lo calculat e proport ions; SE = st andard error of .v at 50% mat urit y.


Equat ion


const ant s


Sex


Males


Females


X 

T L  

Age 

T L  

Age 

D at a used

3


All mont hs


May-N ov


All mont hs


May-N ov


All mont hs


D ec-Mar


All mont hs


D ec-Mar


a


-2.47


-1.82


-3.32


-3 .M


-0.65


0.64


-0.68


-0.68


b


73.25


54.14


17.08


16.45


23.66


20.57


5.70


5.77


r

2


> 0.99


> 0.99


-0.99


> 0.99


0.98


0.96


0.97


0.97


;V 


500


309


500


309


559


168


559


168


50%


mat urit y


est imat e


(T L  or years)


29.6


29.8


5.1


5.2


36.5


36.7


8.4


8.5


SE


0.06


0.05


0.02


0.02


0.17


0.27


0.23


0.26


1

 Mat urily dat a from all mont hs are compared wit h dala from monlhs of near spawning or spawning, when ihe delerminalion of


mat urat ion st ale (maiure or immat ure) should be mosi accurat e. Monlhs of near spawning lo spawning were May-July 1987 and


July-N ovember 1986 for males, and D ecember 1986-March 1987 for females.
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cundit y increased asympt ot ically wit h fish age


(Figure 6C) and was described wit h a von Bert a-

lanffy-t ype funct ion:


FE C = 386,668 [1 - <>-0.0564(r-2.58)]


(r

2

 = 0.903); / is age in years.


Discussion


Timing of Reproductive E vents


Reproduct ive event s for darkblot ched rockfish


off t he O regon coast  overlapped and were pro- 

t ract ed (Figure 3A, B). Inseminat ion occurred from 

August t o D ecember, fert ilizat ion from D ecember 

t o March, and part urit ionfrom D ecember t hrough 

March. Based on t he t iming of inseminat ion and 

fert ilizat ion, some females may have st ored sper- 

mat ozoa in t heir ovaries for up t o 3 mont hs. 

Differences in t iming of reproduct ive event s 

among fish of different sizes cont ribu t ed t o t he 

overall prot ract ion and overlap of reproduct ive


event s. Major reproduct ive event s began and end- 

ed earlier in larger individuals (Figure 5A, B). E ld-

ridge et al. (1991) report ed a similar t rend in si/.e-

specific reproduct ion for yellowt ail rockfish Se- 

bastesflavidus. Earlier seasonal spawning by larger 

or older individuals has been document ed for fish


species such as largemout h bass Micropterus sal-

moides (M iranda and Muncy 1987 ; Mayer et  al.


1990), t he freshwat er sculpin Cottus gobio (Mann


and Mills 1979), and summer flounder Paralich-

thys dentatus (Morse 1981). L arson (1991) sug- 

gest ed t hat delayed reproduct ion in Sebastes may 

result from reduced food availabilit y, which would


disproport ionat ely affect smaller and younger in-

dividuals t hat  have great er met abolic demands t o 

support  somat ic growt h and t herefore decreased


levels of fat reserves.


T he flexibilit y in t he t iming of reproduct ive 

event s in Sebastes may enhance reproduct ive suc-

cess. L isovenko (1970) suggest ed t hat t he pro- 

longed copulat ion periodof Sebastes may increase 

t he probabilit y t hat each female will be fert ilized.


P rot ract ed spawning seasonshave been at t ribut ed 

t o species employing a

 %t

bet -hedging" reproduc- 

t ive st rat egy in response t o unpredict able envi-

ronment s (L ambert  1984; L ambert  and Ware


1984; Alheit 1989). Correspondingly, a prot ract ed 

part urit ion period increases t he probabilit y t hat 

larvae will be released when condit ions are favor- 

able for t heir survival. 

Length and Age at Maturity 

Males mat ured at a smaller size and younger 

age t han females. N inet y-seven percent  of all t he 
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FIGURE 5.— Percent ages of gonadal st age occurrence


by mont h for
t wo si/e-groupings
of sexually
 mat ure


darkb lot ched rockfish (A) males and
(B) females.


Omissions of t cslicular st age 6 and ovarian st ages 4-7 


are due t o insufficient dat a. Mont hs of May and O ct ober


are also omit t ed because of small sample si/es.


males capt ured wit h commercial groundfish gear


(exclusive of shrimp gear) were mat ure. In con-

t rast , only 51% of t he females capt ured were ma-

t ure.


L engt h at mat urit y appears t o increase wit h in-

creasing lat it ude (T able 5). L engt hs at  50% ma-

t urit y (L so) est imat ed in t his st udy were similar


t o values present ed by Barss (1989), who also ex-
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FIGURE 6. —Est imat ed fecundit y of darkblot ched


rockfish as a funct ion of (A) t ot al lengt h, (B) ovary-free


fish weight , and (C) age.Curves represent  t he fit t ed equa-

t ions.


amined fish caught  off t he cent ral O regon coast . 

West rheim (1975). who examined fish off Brit ish 

Columbia, report ed significant ly larger values of 

L

50

 for bot h males (38.9cm T L ) and females (35.6 

cm T L ; T able 5). Phillips (1964) present ed L

50 

(30.5 cm TL ) and age at  50% mat urit y (6 years) 

for darkblot ched rockfish capt ured from cent ral t o 

nort hern California. Alt hough sexes were com - 

bined in P hillips' (1964) analysis, it appears t hat 

est imat es of £50 were smaller t han t hose found in 

t he present  st udy (T able 5). Wyllie Echeverria 

(1987) present ed considerably smaller values of


L5Q and age at 50% mat urit y (A50) for dark-

blot ched rockfish collect ed off cent ral t o nonhern


California for bot h males and females (T able 5).


Int erpret at ion of t he various mat uri t y est imat es is


difficult because t he invest igat ions were conduct -

ed during different years and t he t echniques used


t o assess mat urit y may not  have been consist ent .


Uncert aint y in defining t he size and age at sex-

ual mat urit y of species in t he genus S?/>0s/t fj has


been relat ed t o t he difficult y in det ermining t he


reproduct ive viabilit y of relat ively young fish wit h


"mat uring" gonads (West rheim 1975: G underson


1977; Wyllie Echeverria 1987; L eaman 1988; E ld-

ridge et  al. 1991). E ldridge et  al. (1991) quest ioned


whet her small, young yellowt ail rockfish wit h


"mat uring ovaries" act ually complet e mat ure go-

nadal cycling. Evidence from our st udy of dark-

blot ched rockfish indicat es t hat  many "mat uring"


(st age 2) ovaries undergo an "immat ure cycling/'


whereby developing oocyt es are resorbed just  pri-

or t o yolk accumulat ion. E ldridge et  al. (1991)


observed a cessat ion of oocyt e development  and


resorpt ion of oocyt es in ovaries of young labora-

t ory-held yellowt ail rockfish. Similar reproduct ive


failures in young female rockfish. part icularly t hose


t hat  have not yet spawned for t he first t ime, may


be common in t he field as well. Reproduct ive fail-

ures (mass oocyt e resorpt ion) in fishes have been


associat ed wit h poor physical condit ion of fish


(MacG regor 1966; Wallace and Selman 1981),


poor nut ri t ion (H unt er and Macewicz 1985), en-

vironment al st ress (Ball 1960; Hont ela and St acey


1990), and sex rat io imbalance (T rippel and H ar-

vey 1990). H unt er and Macewicz (1985) not ed


higher rat es of ovarian at resia among smaller fe-

males of nort hern anchovy /:w r̂aM//.v mordax. In-

cidence of mass oocyt e at resia in darkblot ched


rockfish ovaries may also be at t ribut ed t o con -

st raint s associat ed wit h energy allocat ion, part ic-

ularly because t his phenomenon was limit ed t o


act ively growing females less t han 9 years of age.


Eight -five percent  of st age 2 females were 6. 7, or


8 years of age. Furt her invest igat ion is needed t o


det ermine if t he reproduct ive failures observed


among st age 2 darkblot ched rockfish females oc-

cur annually or if condit ions specific t o t he year


of invest igat ion were responsible.


The presence of spermat ozoa wit hin st age 2


ovaries indicat ed t hat some mat uring females


mat ed, even t hough most  did not  spawn (undergo


part urit ion). Successful mat ing, t herefore, does not 


necessarily result  in successful spawning. P erhaps


under more opt imal condit ions (great er food
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TABLE 5.—Comparison oflengt hs (L so) and ages (Aw) of darkbiot ched rockfish at 50% mat urit y est imat ed by


various aut hors. L engt hs arc present ed in cent imet ers t ot al lengt h; ages are in years.


Source 

P hillips (1964^ 

WyllieEcheverria(1987) 

Barss(l989)

h 

P resent  st udy 

Wcst rheim(1975)

bc 

Capt ure


locat ion 

California 

California 

Cent ral Oregon 

Cent ral Oregon 

Brit ish Columbia 

Males 

27 

31.5 

29.6 

35.6 

^50


Females 

30.5 

27 

36.7


36.5 

38.9


Males 

4 

5.1 

*50


Females


6


4


8.4


a

 Sexes combined.


b

 Convert ed from fork lengt h (FL ) t o t ot al lengt h (T L )by T L  = 0.846 + 1.046(FL ); N = 1,058, r

2

 = 0.99.


c

 Original lengt h dat a were measured t o t he nearest  lower cent imet er, but in analysis dat a were lumped int o even-numbered 2-cm


int ervals. V alues of L$Q, t herefore, are biased low by approximat ely 0.25cm.


availabilit y), a great er proport ion of mat uring fish 

would have mat ured and spawned. G iven t he high 

percent age of st age 2 females (48%  of all females 

sampled), such an occurrence would significant ly 

affect est imat es of bot h lengt h and age at mat urit y. 

It is difficult t o predict  when a fish will spawn 

for t he first t ime or t o predict  when a st age 2 ovary 

(mat uring) will t ransform t o a mat ure vit ellogenic 

(st age 3) condit ion. It is clear, however, t hat  fish 

wit h st age 2 ovaries had never previously spawned, 

and in t he cont ext  of comput ing lengt h-mat urit y 

and age-mat urit y relat ionships, it  is correct  t o 

consider t hem immat ure. 

Fecundity 

Phillips (1964) est imat ed fecundit ies of 36,600- 

609,800 oocyt es per ovary pair using t he gravi- 

met ric t echnique wit h 12 darkbiot ched rockfish 

ranging from 335 t o 575 mm T L . T est ing t he null 

hypot hesis t hat  t he linear log(fecundit y)-log(lengt h) 

relat ionship in t he present  st udy was not different 

from t hat of Phillips (1964) revealed no significant 

differences in eit her slopes (analysis of covariance: 

F = 0.24; df = 1, 48; P > 0.63) or int ercept s (F 

= 1.80;df = 1 , 49 ; P  > 0.10). 

T he largest , oldest  individuals were t he most  

fecund. T hus, available evidence suggest s t hat  re- 

product ive senescence does not  occur for t his spe- 

cies. 

Management Implications 

Exploit at ion of long-lived species such as dark- 

blot ched rockfish may compromise t heir repro- 

duct ive success. L ong life spans and repeat ed


spawning (it eroparit y) reduce t he risk of st ock de- 

plet ion when environment al condit ions are un- 

favorable for ext ended periods (L eaman and 

Beamish 1984) or when reproduct ive success is 

variable from year t o year (Holgat e 1967; Murphy 

1968; Charnov and Schaffer 1973; St earns 1976; 

Mann and Mills 1979; L eaman 1991). As fishing


reduces t he number of age-groups in a populat ion,


t he pot ent ial for populat ion collapse increases


(G underson 197 7 ; Borisov 1979; L eaman and


Beamish 1984;Francis 1986). The t iming of re-

product ive event s for darkbiot ched rockfish was


shown t o be relat ed t o fish size. In t he absence of


densit y-dependent  growt h, t he select ive removal


of larger individuals t hrough fishing may shift t he


spawning peak t o lat er in t he year (Bye 1990), and


may reduce t he durat ion of t he spawning season,


furt her reducing t he chances for reproduct ive suc-

cess.


Alt hough it  is difficult t o different iat e t he rela-

t ive impact s of fishing mort alit y and recruit ment 


variabilit y based on only one year of dat a, t he age


dist ribut ion of darkbiot ched rockfish, which was


highly skewed t oward younger ages (N ichol 1990),


may indicat e t hat  reproduct ive pot ent ial has been


reduced relat ive t o t he unfished st at e. We est imat e


t hat  49% of t he darkbiot ched rockfish females in


O regon commercial t rawl cat ches had never


spawned. Females were fully recruit ed t o t he fish-

ery by age 7 (N ichol 1990), yet  50% mat urit y did


not  occur unt il age 8.


L eaman (1991) effect ively demonst rat ed how


vulnerable rockfish st ocks are t o fishing exploit a-

t ion and how current  management  policies, de-

veloped for short er-lived species, are inappropri-

at e for rockfishes. T hese concerns cert ainly apply


t o darkbiot ched rockfish st ocks off O regon, and


st rat egies current ly employed t o manage t his and


ot her Sebastes species merit  revaluat ion.
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