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Abstract
l \ ' l a les  and iena les  o l  Hcxasnnntos  decagrannnus.  a  nor thcas t . rn  Pac i f i c  g reen l ing  v i th  s l r i l i ng  serua l  d i f le rences  i r  tun-

danrenra l  co lo .  pa l t f rns ,  c r l ih i t  d i t fe ren t  serua l  d ichron ia t i s  s  dur ing  cour tsh ip .  ) la lcs  o l  , { .  necagrarnn tb  an t l  i t s  corgcner ,

, r / .  r re l le r i .  de fend t renrh ic  rdhcs i \ . .ggs  aga insr  consptc i f i cs  and o ther  i i sbes .  t r la l rs  o l tc r  s inu l taneous ly  tend >  I  n rass  o l

spasn i  c i r .umstanr ia l  e r idc rcc  suggests  thar  rhese eggs  an ' thc  c lu tches  o f  >  I  femalc

lntroduction
The kclp greenling, Hetagramnos decagram
mus, inhabits shal lou rock reefs from thc Aleu-

t ians to southern Cali fornia (Eschnre. '-er et ol.

1983) and contr ibutcs signif icanti ,r ' to shore, skif f

and skindiving recreational f isherics, part icularly

in northern Cali fornia (Frev l9?l) and Pugct

Sound (Barker 1979). The whitcspotted greenling,
H. stel ler i ,  a smaller and less exploited species,
inhabits coastal rocky and vegetatecl rcgions
(Hart 1973) lronr Puget Sound to northern Japan
(Eschne.r-er et at. l9B3).

Lit t le has been published on thc reproduc'

t ive biology-'  of either species to complenlent Ken-

dal i  and Vinter 's (1984) recent review of the lar-
vae of these and other hexagrammids.l le-ragram
mos decagntmmus spawns masscs of blue eggs

during rhc fal l  in Bri t ish Colurnbia (Hart l9?3)

and Puget Sound (Patten 1980), and during late

summer farthcr north (Gorbunor.a 1970). Eeder
el al.  (19?4) inlerred winter spawning in southerD

Cali fornia, because of springtime observations of
planktonic larvae ald benthic juveni lc recruits.
Hexagrammos stel ler l  i r lso spa\{ns clusters of
b l u e l . g g -  ( H d r t  1 9 7 3 1  d u r i r r q  l r r t c . u n r n r e r - n  i n l . r .

depending on lat i tude (Corbunovir 1970, Hart

1973, Barker 1979, Palten 1980). In this paper

I provide new inforrnation on spawncd eggs and
clutches, spanning substrates, and reproductive

colorat ions and paternal behaviors of these two

hexagrammids.

Study Areas and Methods

Most observations of Hexagrammos decagram'

mus were made during October-December 19?2

and November 1973 at natural and art i f ic ial rock
reefs in Pugel Sound and adjacent waten!ays and
d u r i n g  D e c e m b e r  1 9 7 3  a n d  D e c e m b e r
1974-JanuarJ l975 at natural reels off Cannery
Row,  Mon te rey ,  Ca l i f o rn ia .  The  phys i ca l
characterist ics and biotas of these areas are
described Lrv DcMart ini and Anderson (1980). Ad-
dit ional observations wcrc made off Mitchel l ,

Eagle and Limestonc Points on San Juan Island,
Wash ing lon  (48 '30 '  N ,  123 "  05 '  W)  du r i ng
October'December 1972. Undernater observa-
t i ons  r ve re  made  us ing  SCUBA a t  dep ths  o f  0 ' 15

rn (Washington) and 5-l0 m below MLLW
(N{onterey). Incidental observations l 'ere macle

at 9'25 m depths on a submerged seamourt off
Point Br,rchon (35o l5'  N, 120'54' W) in central
Cali fornia during DeccmLcr 1976. Some lorv in-

tert idal spawns in Puget Sound were sutvcred
rvhi le emergent during nightt inre minus t ides.

Observations of 1L stel ler i  were made during

0ctober 1972 in the core immediatcl l  ofTsitorc
of the Friday Harbor Laboratories (FHL) of the

Universit , l  of Washington on San Jan Island,
Washington (see Shimck, 1983, for habitat

descript ion). Obscrval ions ol H. stel ler i  wcre
madc in and near an eelgrirss (Zostero rnarina)
bed  a t  c l cp ths  o f  3 -16  m .

SCUBA obse rva t i ons  we re  made  du r i ng
0930 -1630  h  (PST)  when  l a l e ra l  unde r ra te r
visibi l i t ies exceeded 3 m. Notes t{ere recoroeo

on plast ic slates and later transcribcd to perrna-

ncnt recorais.

'Present addfessr Na. in.  R.r ies Cornmirree Rf iu. fh Center.
531 Encini las tsoulcrard,  -sui te 11.1.  Encin i lns.  Cal i lorn ia
92024.
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The Washington and Monterel observations
I describc complemenl detai led f ield studies of
the populat ion ecology and mating system of
anotber hexagrammid, O$.lebius pk:tus (DeMa(
t ini and Anderson 1980, De\Iart ini  l9B5).

Observations

Reproduct  ve Colorat ions and
Spawn Tending

Kelp greenling. On divcs of 5 Decernber 197,X
and I Junuall '1975 at Monterey, I  observed two
diffcrcnt male Heragrammos decagrammus, bolh
engaged in intcractions rvith a gravid-appearing
female. S/hcn f irst sightcd at 1000-1300 h, rhe
rnales and lcmales were on the bottom, wilhin
.5-nr distaucc of each other, on incl ined surfaces
of reef. One pair was adjaccnt to two rnasscs of
H. decagrammus spaun, both in eany 1un-
pigmented) dereiopmcntal stages, that $ere nes-
t led ainongsl cncrusting epifauna. ln both in-
stances, lhc male nrosl lv lacked the fundamen-
tal male color pattern i l lustrated by Eschmeyer
el ol (1983: Plate 22); instead, each was uni lbrm,
da r l '  J . r t , - g re r  o r  i l .  an l ,  r i u r .  a .  ne l l a -  pus te r i o r
trunk. The tvpical pattcrn of blue, stel latc spots
(outl incd in reddish-bronn) nas especial l ,v pro-
nounced on the head region of the rnales. (Such
"spawning" colorat ion has been noted prer. iouslv
bv Hart,  19?3, from aquarium obscrr.at ions.) The
eyes of both males had a conspicuous, unusualiv
bright goldcn sheen. Both fcmales also lackcd the
fundanrental pattern of uniform, srnal l  rcdcl ish-
brorn spots (Eschnrclcr et al.  \983): lrunk col-
oral ion of the fernalcs was donti  atcd instead by
numerous, large (seleral cm-r ' ide) dark-brown
blotches.

\t[alc II. decrtgramntzs rl'ere ob-.cn cd tending
fronr one to -. ir  masscs of sparvn on sc\.cn other
occasions off - \ lonterer ' .  Tventt-onc male i1-
deaagramnus were ob-.erved tendi lg fronr one
lo len 0nean - 4.5) ntasscs of spaun at reels ln
Puget Souncl and ncirr San Juan Island,
Washington. Spawns lr 'ere found over the rangc
of depths surr.cled off Nlorrtcre,; and at depths
fron + I to 1,1 rn in Washington watcrs.
Neighboring masses within ntalc broods r, !erc aL1-
jacent to 1.9 m apart.  \ ! 'alc. temperatuaes Nere
9-12.C.

I lexagrantmos dccagronnus cggs \rere usu-
al lv deposited among encrusting epifauna, oftcn

the cmpty valves of the large barnacle, Balanus
nr6i lzs. At Buchon Reef, one rnass of spawn was
sequestered betr,rccn the branchcs of a colony of
living hydrocoral, I Llopora californica, at 15.m
depth. A rninori tv of al l  egg masses nere laid
direct ly on rock substratc.

Al l  sol i tart nale II .  decagrammzs observed
tcnding spawn on reefs off Monterey and
Washington had the usual male color pattcrn i l -
lustrated by Eschmeyer et aL (1983). 0n rwo oc-
casions in Puget Sound, a male did not rctreat
u h e n  I  a p p r o a ,  h e d  s i t l r  l - 2  m  o i  t h e  : p u u n  i t
was tending, and maintaincd i ts fundamental sex-
uai dichromatisnr.

Tending and nontending male 1L decagram.
m&r rrere seen chasing conspccif ic males on
Puget Sound reefs. I  once saw a nontending male
chasing an adult copper rockfish, Sebastes
caurlaas, on a reef near San Juan Island during
the breeding season. Males maintained thcir fun-
damental sexual dichromatism during intra- and
interspecif ic chases.

Whitespotted greenling. The bodv and f in
colorat ions ol male Hexagrarnmos stel ler i  ob-
served at the FHL cove dif fered from the typical
color pattern i l lustrated by Eschmeyer el al
( 1983 :  P la t c  22 ) .0n  d i ves  o f  14  Oc tobe r  1972
(1230-1,100 h) and 22 October l9?2 (1520-1630 h),
I  saw scven nale H. steLleri .  Indiviouars were
recognized bv dif ferences in bodv sizc and loca-
t ion within the eelgrass bed. One male was noted
attacking another rnalt ' .  Four f ish circled me ag-
gressivel,v; and lwo males bit  mv facemask. One
of the latter f ish (ca. 30 cn total length, TL) chas,
et l  a fcmale H. detagranunus. This male was
guarding seven rnasses of spawn at a depth of
B m. Sir nrasscs had been laid among the bran.
ches of a red alga (.4g,[nrdrella sp.), and the other
rras nestled in the hoidfast of a laminarian kelp,
( l0-cm distant. Another f ish (a rnaturc male
25 cm TL, col lected bv spear and scx confirmed
bv dissection) was guarding lhree masses of
spa\ ' !n at 7 m. Al l  eggs had been -"panned in bran,
ches of the rerJ alga Pri.onit is sp. Both guardian
fish had unusuallr  dark bodies, noticcablv duskl
p . l \ r ,  a  r , l  a ra l  l i n . .  r nd  ea rh  l r . r r l  . r  " un : f i . uo r r5
black blotch on the anterior dorsal f in. Thc sex-
u a i l r  m , , n , ' n r o r f h i r  \ \ l r i r p . p o r t i n g c l r r c i ,  t , r i . l i c
of the specics (Rutenberg 1970, Eschrnever el al
1983) uas prescnt on the bodr and head of borh
nlales. Water tenlperature was l0oC.
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Spawn Character stics

Kelp greenling. Thirty-t o discrete golf bal l-  to

tennis bal lsizcd lrrasses of brlnlhic adhesive eggs

were coi lected f iom substrates near paternal male

Heragrarnmos decagrammus at reefs in Puget

Sound and ncar San Juan lsland, Washington.

Thc  number  o f  eggs  p resen t  i n  cach  mass  was

determined br ret gravimctr ic nethod (Bagcnal

and Braum l97l)to the nearcst rng. l lgg number

varied from 1,580'9.660 (mcan = '1,3'10; SD =

l,?60) for these 32 spawn-.. Eggs ( including cap-

su l ' . - l  r r ngen  l r " n  2 .2 -2 .5  n rm  (n r ,  r r  - 2 .3  mm)

in diamcte r and 6.8 8.7 mg (rnean = 7.6 mg) l ive

eight. Each mass of 11. decagrem us spir\ \n

tcnded by an indit idual male usually dif fered in
yolk colorat ion (from rose, grcen, and blue, to

grey) and developmental stagc. Fert i l ized eggs

contained numerous, small  rvhit ish to -vel lov-
orange oi l  globules. Older rnasses oI spawn often

had a luxuriant cl iatom epif lora. Flrnbrl 'os rc-

quired about 30 dals to progress from pre-germ

ring st irges to hatching when held i l  the

labo r  t o r y  a t  l 0oC .

Vhitespotted greenling. The ten masscs of

Heragramrnos slel ler l  spawn containcd from

1,200-5,200 embryos each (mcan = 3,460; SD =

1,060). Eggs rarged from 2.0-2.5 mm (rnean -

2.2 mm) in diamcter and 5.2-?.1 mg (rnean - 6.4

mg) l ive $eight. Egg masses dif fercd in lolk cof

oration (ranging from grecn, blue, ard violet,  to

grry) and stage of embrronic der.eiopment. The

nurnerous, smaiJ oi l  giobults ranged from pale

strar! to golden in color. l imbr--vos required about

30  da ; s  t o  ha t ch  a t  l 0oC .

Discussion
Terrtcra Spawn Tend ng and
Feproduct ve Co oratlons

NIaIc HeragramnLos deadgronmLs are both inter-

ancl intraspecif ical lv tcrr i tor ial (Barker l9?9, this

studl).  [ Iale dcfcnse of spann and spawning sitcs

has been describecl for several olher ea-i tern

Pacific grcenlin gs (lingco d., O phiolon e longat us:

Lariviere e, a/.  198I and references; pairrted

greenling, Orylehi.us pir: tas: DeNlart ini  and

Anderson 1980, DeS{art ini  l9B5)and is suspected

for he:ragranrmids in gcneral (Corbunova 1970).

The courtship colorat ions of male and female

f l  l e , ' t g ' a n n u ,  r r r "  - " r u a l  r  J i . t i r r r t  ' ; r i a t i u n -

of the species' fundamcntal sexual dichromatisrn.

Oxylebius pictus a\so hirs both fundamcntal and

social ly modif ied sexual dichrornatisms (DcMar-

t ini  I985).
Adult male and fcnr ale H. decagramntus, like

adult O. prctas (DeNIart ini  and r\nderson 1980,

DeNlart ini  1985), segregate by habitat and deptl t

in Puget Sound (I loulton 19?7, Barker 19?9).

Perhlps intersexual cornpeti t ion for rcsour.es as

$c l l  as  sexua l  sc l cc t i on  has  con l r i bu ted  t o  t he

evolut ion of str iking sexual dichromalisns in he\ '

ag rammids  (DeMar t i n i  l 9B5 ) .

Spawning Substrates
Most spawns of Heragrarnmos decagrantrnus atr)

al l  of the rclat ivel l  few spawns of H. stel ler i

obse rved  re te  l a i d  on  t h ree -d imens iona l

biological substrates. Rugosc substrates lrobably
p ro r i de  m" re  . c i  u rP  d l , dchm-n l  - i l es  f o tqs j

and increased protcct ion from oophagous f ishes.

Data are insufl icient to evaluate f i 'hether anv

Ll iological substratcs are prefarrcd o!er bare rock

surtaces,

Egg llasses
Thc discrete naturc oI masses of l letagrannos

tTecagrantmus anrl I I .  steLLeri spawn, plus the

usually dist inct yolk colorat ion and developmen-

tal stage of each mass, strongl-y suggcst that each

mass is contr ibutt 'd b1'.  a dif ferent fcmale. The

sizcs and average nunrbers of eggs prcsent in 11,

decagramtnus and H. steLLeri spar{ns rescnble

those of several other similar-sized l letagran'
1 7 e 5 . p p .  { C u r b u n o r a  l q , 0 ) .  \ ' l r i c h  i -  c ' , n . i . t r n t

uith this h, lpr-rthesis. Each mass of eggs

represents a fenrale clutch in Oxt ' lebius pit tus
(DeMartini and Anderson 1980). I f  this relat ion

exists for,fL decagrarnmus ancl II. slelled, rnales

often fert i l ize and lcnd the eggs of nranl fernales

in mult iple-clutch brocrds, a-" is t lpical for I Ier

egranmos spp. (Gorbunova l9?0). Studics of

lcmale fecundit.r  arc needed to substart iate this

|  ' , r  l l . , l e , ' t t ' n n ' n t L  . : ' t d  H .  s t " l 1 " , t .
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