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INTaepaeTIC
- Eulicee iogeon be located appaotl.obaly 2w rlilen 100k
3 ¢i cen Franociseo on toe Bolinas hHesdlane, aloootly osver i

Fan fuoreas fault {(Flz, 1), Tide arsa of fNorthern Ceilfor-is
1s penowned for its ebundance of intertidel ahd onen walar

nerine organiems, end ls s center of mering apert and coxpalr

L T By

e¢inl fishing in the San Francisco Bay grea, The richness of
1ife 1g attributsbhble to the upwelling of organically rish-

cx7gen leden, ¢old water that results fror coffshore winds %f
blowirg seaward to the surface waters. Fentaseiic niasnkten o

bicops form a Jife hasls that eupports thie rich area of <o

rerciesl fiching., King salmon, Qnecorhynchus tuchewvizcha

3 (Walvaum), silver salmon, Cncerhynshua kisutch {(Walbaur),

strived bass, Reccus saxatiliue (Walbaum), sac Californie hall.

i, Pargiichitlye caiifornicus (Ayrec) are sought oy both
) cport and commerclel fishermen, Poilnas Bay offers refuge

to peitfishee {eurf srelt, jivpomesue nretioeus (Girara),

white bait smelt, Ailcsperus 2;0n7atus (Ayres) and northern

an~hovy, Engrautis mpordax Girerd) which collect ir arees cof

aurf wurbldity. B8Svoredically, the baitlizhes seer Lo migrate

fron the 3an Franclsco Bey reglion nortn, end temnorarliiy rew

al.de in Bolinas Bay. Thelr arrivel is asccorpanied by thoussands

of warine birde f‘gulls end pelicans) and by rans of siriped

basgE., The rune of atvipers are go rich and srgctaculsr thet the

1ongl Bolinas Hed end Baat tilun aronsors an aunuel been deroy,
The monetsry valus of Hollnaus uaroa. may be inerssved

by tihe expanalon and uaVQIOpmeuu of a boat hericr, The Murin
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carstrust an egologlcal portrait of lhe legorn, By incivpor

gtins pest student projzcis and thelir own recaprh. ¥x . GOran
Gaar and ¥r, Al Mollns of the College of Msrin hope lc ozl
augpestions regarding the most efficient harbor plannliy .
Their mein concern will be the utmcst somaservatlion of ecclogl-
cally irportant lagcen regzlons and tnelr indipancue TOITS,

Ey rericdic collsction and laboratory anz.iysie it wee hoped
tkst I might zain eome insight into the prioriy lltile studied

fiasnes of Bolinas lLagoon., This paper constitutes a renart ot

an icthyofaunal survey that I pursued througnout the summer of W
1957 with the support of the College of Karia and San Franelscc . i%

1

State College.
& lagoon is usually regérded e & hedy of water (80—

1nted from the sea perlodically by a corgl reef, shosl, Xely
peds, or other obstruction, In Bellnas Lagoon, a Fand spit
(ar extension of Stinson Beach} 1solaztes the lagoon from tha
Paciflc Ocean (Fig, 2&3). A8 cen be seen from the map, the
lggoon 18 cloeed except for the nerrow channel of the lagoon
map. This bottlemeck would certalnly e cloged by the en-
rro: ching sends of Stinson eplt if it were not for iLhe socwring
action of the tical prism, Marin County precently is staly-
ing whe scouring e:fects and 1s measuring discharse and s11-
tation of this reglon The dynaxic nature cf the lugoow
resu te fror the delicate balance of tremendous <lier¢y Lo-

tentials in conmtinunous opposlition, Iuring winler pmonihg, &




a = 0, = PR N ? P L, o .o = .
Lt e Lel e G5 EN Ol S e trhe vharpe! south s Tl u

Lot Tie tontrary fecupr dupive the sunnalr whef wp ol e
g ¥ milicwe tezes aeregitior ¢f fsnd.

Tila arew Lo elsc drasetivelly effectec or cnareuls
i tiuea.  Kortn of Zolires, Duzpury Heel exten.d w~iwal
over a rile into the Tacific end absdrbe the heln wave Lot.is .
Avccording to ¥, Chan, this reef represents Lhe mosl extarel-e
resfl In Callfornie anc at one time won geographlcally locawed
nesr Xonterrey is Centrsl Galifernia (1t is crmpeaad of ¥on-
terrey shala), The zurd aetion =lene ite nertherm haorder
slowly grinds the shals into grovel srnd esand fraing wilch are
swep*t southward towsrd Sen Franclsco Bay (Fig. 1). The 2and
gtrear, however, is diverted by & circuler littersl current
spusing long shcore drift and sand depesition siong Stinson
Besch end spit, Geologically, the ecand production syutsm of
Duxbufy feel uncessinsly tends co clioneg Lhe lagoor wouth,
The whole process 1s in sauch delicete balance Lhat aany Jdrarstie
sitersiion by man or neture could eaaslly result in the for-

petion of a landlocked lagoon,
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BOLINAS LAGOON
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Fleitee were rogtly colivcted wb L Lotimn mesniv,
e SCov length o 0 Toot depll, § inch muretcned oesn, o
atlltion, mary aberks ﬁnu reyS wers ceurht oy ro@ cnd Y.
with heit., On one occesion, s large counercial seine {30C
vard length -~ 30 foot depth, 3 inch siretohed mesh leaiora,
% dnch stretched meeh tag) was fished at Staticn 1., This
lerse 09t surprlsingly yielded Tew flshes &n reiaztisn to thae
effort required for operation, ev igter ccllections wers
z&de with the emeller more mansuverabie eeipe, Kost sress
vere rexched by a 14 foot Boston Wheler and ehallow watere
were navigated with a 12 foot canos. ,

Collected fishes were fixed in 10% formalin. In
collectlons of fishes to be anslyzed for gut conténts, the
visceral cavities were injected 1ﬁmedietoly in the fleld with
104 formaiin, The fishee were then pleced in 108 frormslin,
Flastic 15 gallon garbase cane with tight ritting‘iids Vers
found to be excellent field cortairers for tranxpoq ing pree-
servetive golutlions with filshem and for protecting rield
notes and lanterns from salt suvresy and fog.

In the field, cate sheeta (Appendix) ware incorpor-
ztec to record physicou-chewmical and blological data, Wster
texperature, air temperature, water turbldity (rcugh estimete
iutc gradee), atmospheric clerity, tidsl state (prosent uide
jevel and time of high_hiqh snd low-low tidwaz), weter éa?ih,
mumber of seine haule, species cellected, aumber of fish

rreserved per speclsa, nusder of fiesh releassd per apeclen,

und ooserved flors and faune werse nctad,

"3’ ki
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Jeuging, «ekwt, ane tne alimentary trscts seroves Hpiran a
rlhoesntieal inclelon . Reeh srecimen weeg ladelsS adi 2 core
Tortglin invo

repponding evge wis included In viale of 10%.:

len the emtirs alimentsry tract wags vlecez  Thene towrte

w,
i ]

were tagn sent to Dr. Joel Guwtafason of San Franeisco Stave 7R
For idantificstion cf food 1ters and valume of shonach comienis.
Fiehwe wera ideniified with tke taxcnomic kevs of

Tury (1%52), &tephens (196%), Fhillizs {1937}, Roedel (roey

Barrasrt (1636), Corrlek and tehultz (L9463), Slemens and ’?

Wildy (1961), end Light (1954), Per each new aperies cole -;”fs
lected, a seriee of "type®™ epecimene wae preserved., The = ? %%
identities of these fishes were kindly confirmed by Dr., - iffi:

Willlam Follet, ichthyologiet of the California teadeny of '
fcience at the Steinhert Aquarium of Sam Francisce, This :
gerli«s of fishes rempins sg a conplste.celleetian £t the
Bolinea ¥arine Station, Bolingzs, Celifornia, and ia opern. for

luspection, - ma
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FArS.Cl THRRICAL PROFLATIZZ Y B0LTHAD Tdwl0M
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BeEiTas layosn i 8 Serine .oly o0 weleT rou.tly
nEeS L, e

oo 1la dong end § oxmile wids. Uriress variationn of physio:

cresival cenditions result From the ersat 1546l vIidw GLirs

tund

“ine. im the lsgoon, For exanmple, sunmer water bLenreraiury
nsy rente from 12 degreea . to 42 derresa €. Trhete szursnesa
érs postly dependent upon tidal dynexice es the lagoorn is
areinad end filled twice daily. If a high 22de eecurs during
diurnal hours 0f & clear day, the standins lesoon wetsr re-
ceives tremendous radlant energy., Heated jegoon water of
42 degreez C, contrasts ra@lcully with norpel oven water
temperatures of 13-1% degrees C, 4As g result o cool onshors
breczes blowing over the lagoon, an inland fog orten'occura
to Impenetrable dernsitlee, The mesrn kir tozperature Jor
ctlliecling Stations 5, €, 7, 3, which ocsur in the sbe‘low
ereas OI the lagoon znd are scceeeible only during high tide,
is les2 than the pean water tempereture of theso reglone,

In sore cuses, the alr tenperstury may be 18 degiews C. while
tihe water temperature ie 28 degreez 2, {(Fiz. 4). : i
Tides affect legoon salinity conditions in the sams

panner thet they determine alr and water tenpsrature. Lagoon

L3

galinity ranges from nearly O O/CO at entyrancas of frashe
water streams to 38 0/00 in leolsied pocls of Kant Islend,
It 15 inzeresting to note that in vath extraree, specialized
snt restricted 1if9 rormg ccour., At caripin freshusier
trear movths, an actual interface bietysayn ihs differsin:

galinities cmn be demonatreisd by olseling a hydrometer in

v},&f
B R I E e 8 )
o A GRS ek e %%@i
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completely exposed et low tides (twice delly)., Thie

w4 s 1o T opl Tresnwster Loed MRSTIYES R S AU SR -

] - . 5 2 3 . 0 1 _— PR .
funtitle 1T ot fHUIDD walod. e L ip P 0T Wada Hooe

ot Twl Siffersnt Jevsls reglalebling Lw0 Ay efaront Taltnivise,

(2

Ming algc affeat the geogrsphy 20 ths 1aFock o)
taeir scouring effects, The channels of Polinazs Lagoern 3o

extramely intirlcehe snd only trroush exporience siw 1ner mab

o

11

»

tered, (Fig. 3) Certain tidsl flete ln ths lagoon ars adtiu

Joudy

g Lron

of the ares ¢ast of map coordinates E«F {(Fig, &}, Thlp Ine

cludee study eress %, 6, 7, 8. 8o net only ac theps slatione

AL

weve szivrese veriatione of salinlty and terperaburs, Lic
they are often completely exnosed, Tidel currents prReins

tkrough chanpels heve profound effects on other study sress

-

a1en At Btatious 1, 2, 3, 4; the Tlow of watier reverses

e

twice dailv from e sleck to e full flood or evb. 4L the

w

chenrel mouth this means a terrific force of water fliowing

L)

at roughly Tifteen Xuots, slowing then travellins in reverse
ge the tide ohranges,

The crzenisna of Bolinms Lagoom sre reneriably
sdepted behsviorally to cope with thelr dﬁnamia enviroinente
Tne fact that % 9.lagoon conetantly charges oifwrs a variedy
of notentizl hatltste end nichea, This environmental variely

norts & diverse end edundent invertebrate fauns whiich 18

parsilelad by an egually varied lehinyofauna.

VT T R el y e Al e o T i‘.:t,:ﬁf ;’% g “‘r.,. mb‘;‘&ﬁf



B GIPTION CF CPATLLNS

SARETLER U NG PLYIAUCACL T LCRL TAN A LES L5ty
o sath alation are recorded in Pilg 4. Btuis acsac wore
sukited Witk etekes wnd rog tien Yor congieten: Rgmplin

For e otuvdy supportec by Sas Pranctoco |

A

Laty, under
e, Joel Guptafassn, it wes caeided to male weekly 2cllentisne
¢ in ¢ partievlerly ricr icthyofaunsi regier. Ebatlons i, &,

3, 4 reprssent colliectlons mede in SUrveying ror = permausnt
statlon {Fig; 2). For this reagon, Stetione 1, 2. Elwere
tgrplad few timee in contrasi tc Ststion 4 which was selsvrsd

A% LhE permanent aisllon and ool lentead wealklw

Stetion 1, East edge o7 lagosn mouth in clannel on
Stinson epit (Fig, 2). One survey collection wae made on
21 Juie 1467 et 1600. The tide wes obbing, three houre past
& alph-ligh tide of +4,7. This ie an area oF swift duep
vater fiowing through the lsgoon's decrest shenmel (5-15°
d2ev}, The bottom censigts cf actively moving fipe sand gad
declines rapidiy e few melers frea shore, volliecting hera
is ¢LfPicult due to the dapth ard ourrent, Tau srecles of
Tigres were collected. This zrew warves &p & oird eenctusry

&uring rung of bvaltlfish,

Jtation 2. Jouth edge of ckannal Sumsdlists aly southd
of center-chisanel zarker ss chsnuel bends coubi we lezoon

6t

wourh (Fig, 2i. One sarvey collection weu made on 51 June

L 3 A § . Y, & L, [ of
3567 8t 1620, The tide waz ebing F.5 hours past a high

Rlgh tide of +4.7, “wrsnt fiew wse strong 63 this la oo

A ..nm‘;'.\m.. ‘Jx#b g g - h o
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5 'S J:' - H T i - % .
5 - % T B ) Y . & asl W [ - ¥,
- L T A 'h’" i M i b i A.Eu.k 34 . 9 sy —-- B "-:" 1‘5 + i,
Faal i Tl ety A Lo rellecd Ly d@ioe e lae aml e hodn

e [voe sl Towon o ) Pl the cuxrsnt, tasr suedadig

Ihooalg v pentle Eloning sphote,  Leven sphetio. ware ool
lacied,

dention 3, Eaetermmost point of EKept lotlend (Fig. ®
Cus eurvar collectlon wze medé on 2. Jupe 1957 &t 1700, The
ride Fas elbing 4,0 houra pest the nl:l-hish tlaas of 4,7,
Hers thera 1s virtnelly no gecseweebie {luw as Yhis shellow
fla. dnes not* bordsr any flood ehennaie. Water denith is
er u’locw runging fror 1-2.%5 feet ac wuech gs 500 foet awey from
tte Lilend shéra, Bubstrate relanly i wott, sviaky rud whi:a

ruris the sren difficolt to ecollecl becsuze ¢f calins clore

g'ne and collschor einking., This arse L6 zuckedly Llnhabliisd : .gé

LY wersensck elam, Trenus nuttaild . Llue ZLoss sl

-
¥y
L‘-
[+
o

s Uposalds - :]:%

iscsbAngls, earnd white gnost ebricg, {wallinasng ximas, O

1y & species cof fishes vere collected,

Séati@n 4, (5F3 regicn) Horth edge of lagoti di-
racily northesst of Ftatlon I (Fig, 2). Collectlions wede
mads on the following dauiea, 17 Juma 1667, 21 June 1987,

27 Juae 1967, 12 July 19€T, 28 Jaly L%&67, 20 Juiy 1967, and
T opuzst 1007, Flow usually consiziec ﬂ? pLirke fioosing,
wird Lae woter varied I'pos 6 fwet deep et the chinaw. .o 3
S0ct Gesp alony the each 3ide nf oo olnt Stntion

valoue In wthoet AV ed'Pere rediosi ohargnd 4n o sowWiroumenl an

Cda et L il - i len CAud niids mel
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OO it 0%, Sreprerinrg eastegrd. tho aubstiols Lo

drwes froly oand the clsnnal e3i1l rrralne cl%2e 1o mbov o,

&t shie paint, a 'reshwaier atregy eniers Caugirg rutlean

extrenes 1n amlinity, Further 2qot ths Lottt ching

EIESE R

8311y mud then vo reducing mud and “he shennel Civerzes from

trhe shore lesvibg a gradual slope of shalluw weier (1.2

tcetl deep).

Une aeline heul of 17 meters wui matis gicng escn af

three eclienting arece {4, B, C) marked in Pig., S. Thia
; ]

was perforzed every 7 days, 20 miputes post slsek tids bee

tween & low-iow and & high~hich tide {flocéing}. Due to

ahanging tidal perivds, ecollectiona wera mece éiuvnal]f and

aecturnally,

Five of each spscies were tozesn foom each colleoticon

and the nunber of raleased fudividonals recoriel ,

Toss

spacimend were injected in the zeime with 10% Torralin 20

plesed 1a 10% formarir, Ia the iab, etandsrd ongbtos wele

measured, the bhody cavitiss opened , sex recoed, asd tha

alimentary trects rezoved end pisced in ¢ Soanmaliin,

this arer abounds in inveriebrates ireluding horec.

nack clems, Iresus nuttall, »ink tce star

Lern:it orabe, Pggurus ar., octopus Cetopus

3T 26 species of fish were coliscred.:

The ecoloslicowl divsraity of ftanion 4 je cutovanilig

mol «aly duve to whe differing subsirates, widal Inlivsness,

Al aiso due Lo the influx of freshwatgr
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ey "nene unigle prysliodenhuslons 2rCie U Ae
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el eAniasi re greet ppecier diversily anf wALdavde .p
LRl3 sPPi.

Coiiectiny egse wat great ond pelniuy waa sa “desl
teonniguee nere, Althoagh I usualiy rescrod Suatlion 4 hy

woet, L4t 1z witkio 50 meters of Califoralsa dighway 1,

Btation &, 6, 7, 8, S3taticm 5, 30 mevers nosthaast
o treeh durp inm west end of lagoen (Fig, 2). Btation 5,

100 meters southeest of tation.s-- about 30 reters frow
shore (Fle. 2}, BStation 7, 100 meters southeast cf Stotlon
6 ~ about 30 meters offshere (Fig. #). Blation 8, 200 mserg
northeaet of Statloa 7 - *D0 meters offshore {Fiz, 2).

Twenty ecllections were made under Vﬁiying day and
nigkt periods, tide levels, end wgter Cerths, Steticne 5,

6, 7, 8 are excepticnsl, bdeing cuﬁplately'expased during
normel low tider and tensath 3-8 feet of waley dnring normal
high vider,

The primery intere¢st of ccllestiong af these atations
wag the periodle occcurrence of leapard shavas, Jriskis
pemifageiota, and bat raye, Hojophinus salifornicus. These
anirnzls were often extremely sbundant in waters merely 1-3
faet deep, The substrate at all stations consisted of thick
leyers, of evtlicky reduclig mud., The water surface fraquenily
was choked by dfemse growths cof algue,'especiallé Pive.

The staticns typically were cherectarized by ex-
trexmeiy warm water. Often timewn the weier tempersiure eX.

ceded thal of the air by 76 degress,

i R
oy i
:..i.;«f.[e.u'=f§:§*§§é



Tne Srerence of grest numbers of Jooperd ahariks
a4 tay ravs offered sn outsitanding crpertunity to stucy
7asding habite ir relstion with qiurnal-posturnal and tidal
influenced movements. PRoth sharks end rays were tagged
vith bBelium balloone and fecllowed throughout the tidsl cycle.

This information will be presented ae an sdditional pection

of this paper,
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SPRCIES ~IWERSITY

[

The following is e cumulative 1ist of fiah apecies

shat I collected in Boliras Lagoon duripng the sunnar af LT,

The Adentity of rerresentative speclmens of gaveh Tish waes

verified by Dr, ¥illlam Follet of the Califcrnia Acedeny

of Bclence,

10.

18,
19.
20.

21.

Greenling sea trout, Hexazrammos decsgrammus (Pallsa)

Brown roekfish, Sebastodes auricuigius (Girard) i

Writebelly rockfish, Sebastodes vexillgrle {Jordan & Gilban

Black rockfish, Sebastodes melanous {(Girard) !
@rass rockfish, Sebastodes rastrelliger {(Jordon & L lbers)
Walleye surfrerch, Hyperprosopon argenteun Gibbons

Black perch, Embiotica Jeckaoni Aggaslz
Dwarf perch, Kicrometrus minimus (34bbone Y

Sninei perch, Cyzatopaster aggrepgsta Gihbons
Pile perchk, Damalichthys vacca Girard

Curifin turbvot, Fleuronichthys decarxena Jordon & Gilvert

Speckled senddab, Citharjchthys stigmeeus Jordon %2 Guilbers
Starry flounder, Plstichthye stellstuse (Pallas}

Englieh sole, Parcpnrya vetulus Girard
Pacafic tomcod, Microgradue proximus {(Girard)

SN L

Tepsmelt, Athsrinops affinls (Ayres)’

Jeekemelt, Atherincrsis csliforniencis Girard

Staghorn sculpin, leptecottus ermatus Giraerd

Arrow coby, Cleveiszndia los (Jordon & Gilbert} |

Beddleback runcel, Dhoils ormgte (Girerd)

' e S, s s =Sy

-

Penpeint munnel, gnodicpinye rlevidus Girerd




b pr, wa RN BT ] ey ey e g
<2, Linscod, Ceolndon alfnratug  Girard

= S e

23 Lufralo acalpln, Eouarys bisen {Firaesd)

. oy

24, Cabezon, ScorpsenichiLive mgriroretus (Avres)

The following {ishes were identifled by mu and not
verified by Dr. Follst, but I feel confident ihat nc mins-

idenrtifications were made,

25, Surf smelt, Hypomesus preticsus (Girerd)

26, Striped baes, Roccue saxstilus (wWalbeurm)
27. California halibut, Paralichthys californicus (Ayres)

28, Dogfish, Sguslus acanthiss  Linnseus
29, Leopard shark, Triakls gepiifascista Girard
30. Bat ray, Holorhinus californjeys (0411)

In gdditicon, various other species have repcrtedly
been collected in the past, but I found no collections for
verification, A past student paper by Bill Callister referred

ts the monkey-face eel, Cebidichthys viglacecug (Girard) and

Feriflic elecirlc ray, Torpedo californice Ayree as belng

lggoon Inhebltants, I have heard reports gbout "edls" oc-

curring uncer and arcund wharf pilinge in the lsgoon and bﬂis
gpecics probably doss occur. However, I feel leas certain of
the aceurrence of Torpede celiforrnica, Accordivge te Bernhert,

(1%%6) thie electric ray !s typically found iz deern watar,

87 feel trat it n»robvably was mistaken for Holorhinus

¢go.iiognicug by Callister, G, Chan has elsc collectwed tie

f>1lowing fishes which I have not seen; Pacific ganacabd,

Eitipari-bvhys gordidue (Girard); Caiiforala tonguefish,




e raron ooricewds, (Jordon & Gilvevt), Cidapodl sonliior
- o fy 2w . e Ml W T e Bl

- D L - 4 : v e
¢ oromlis (Gfrard); and browr smoothoont pherd,

-

Bince there ure rrebably meny specles nct yet 2Ci«

i

(3%

[

locted, it seepe ilkely that theme fish did and/er 4o

oceur, 7o date then, 30 specles of fishes are Xnowr 1o oofur

and Four mwore reported.

A cupulative record of fishes was tabulated for each

statlion,

8tation 1

1, staghorn sculpln €, dogfish
2. cabezaon 7. striped bass
%, speckled sanddab 8, tcalifornia hallibut
4, penpoint gunnel 9, surfamelt
5. English sole 10,bat ray

Station 2
1., topemelt ' 5. pile Terch
2. staghorn sculpin 6. speckled sanddab
3. English sole 7. Pacific tomcod
4, lingcod

Station 3

1, staghorn rculplin
2. Arrow goby

%, English eole




sbawinn &

1%,

gresenling pea trout
brown rockfish
whitebelly rockfish
biack rockfish
gress rockfish
walleye surfperch
black verch

dwerf perch

shinsr nerch

7lle rerch

curifin turbot
apeckled sanddad

starry flounder

Stetion 5,6,7,8

1.
2,

ieopard shark

bat ray

by N N
[ & ]
2 .

h
W

-2

B

24.

25,
26,

Eng ek ®ole
Prelflie ton of
toremalt
Jackazelt
atagnstr ssulpin
arrow gody
sgddleback punnel
peupeint gunnel
lingcod

balfele aculpin
cabezon

leopsrd shark

bat ray
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Stutibn 4, or the S5¥S regior, weg ¢cllectel =t 7
day Intervels frog 12 July ko 2 Sugust 16587, These coi-
leztione weré nede using a atanéardizad technlgue glraedy
desoeribed for SBtation 4 {(desorintion of stations)., & totsl
of 26 species was collected although the maxicum nambey
collected at one time was only 1B (19 July 19267), (Fig. €).
Figure 6 lists the species token at each collectlen, the
number of apeclmens collected, thelr percent eormypesition of
the specific collection, the cumulative percent ocumpositicn
of ench specles averaged for all colleactions, siza range
of standard lengths, and perceﬁt of population found to be
male (sex rstio) and diversity index.#® The range of sizes
and ratio of gexes was determined from five representative
specimnens selected at random from the seine. The alimen-
tary iracte of these fishes were removed for future study,
4.c0 1ncluded in Figure 6 are physical dats, such az time

of collection, height of higha-nigh tide and low-low tide

®A diversity index deaaridbed by Qdum (195G; 2£81.263)
waz celculated for each dollection and recorded in Fip, 6,
Thnis index seems to have dublious vaiue vrirmsrily due Lo
the bise introduced by differentis) ceilgeting efforts,
The index is calculated g Epesies
log # spacimens

Actually, Cdux sayn that the infex 1 concerned with com-
runitiee, ",...8n1 not with the biota of goozeorrepnical
areqs contalning a verdety of hebitate and mixsd conmun-
ities,™ {Cdux, 1939: 283), :
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an Lot 4 or - 3ea level, welor clarity (rournly 4ndics ed

by + “or ciecr and - for turblé), weter siac alr terpesat g
The sreghtest number of syecies {18} per ecllastlon

wze teren on 10 July 1047 (8F& 2, Trie wes alio tha third

greatsst nupber of individuelis colliected, The lezer number

ui' apecies end individuels was collected un 19 July 1857

8B5S #3},

The relative sbundance of flshes was daterwined by

—_
L9

finding the mean percent composltion of eack zrpesien for gil
collactiong gt Stetion 4 (Filg, 7). Tne most sbundeat fisheé
were ashiner pareh (32.7%), English sole (21.55),Pacifio
sanddab (13.0%) and staghorn soulpin (£.38), The leaat
abundant fishea were Jacksmelt (0.5%), bat ray (0.3%), grass
rockfish (0.3%)}, leopard shark (0.2%) and Pacific tomocod (042§)¢
Figure 8 is a plot of weekly tremnde inm number of
Exblotoclids snd the twe most abundant fishes (shiner perch
and English sole)., During tials relatively short period of
time (4 weeks) there geems to be generslly a constant level
of pepuiation until 2 August 1267 - 3Fs #5. ' This rise may
entall several explanationa sine® the coliection differed
from others in rhysical conditions. BFE # wss nrede at
0540 -~ before dswn, Thie ie the cnly noeturnel collectisn
made. The water temperature (16.5 degrees &) accordingly
wos 0.6 € degirees lese then the pricr recoidsd uinimun sad
1.8 Gegrees £ lesa than the prioply recerded high, Eash of
tiwse two Tattorg ray have contrituted feward graster 2ol

lection efllciency (2 Auguat 1667 had the sroatest rumber
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Huedrinse

He
*

wi MG oot da 31 LAte? o soaguit EF sa=pas PIS0 Gt

perel. Gl 2y edlraled o prler peridniegss of SFR L 2 ST,
GEG ge (36s1, 3FE #3 (17.44), aud SP8 $3 AV RN, The somne
gee rercent composition Tor mbiotoride ppior to IFS 9 wag

0, v, Yhis nean contragis with 60,43 cerpeciviom of LI &h;

Frow shje Tollow throe ponsibilitiest

1. sreatey psroent composition nerely dve to TRILI I QUL
reace of Tlshes

o, suri pereh were more sussepiible to mecturnal celrne eol-
lactiug '

z, gurf{ parches wera nore abwidant

It Beems posaible that surf perch wera more ebun~
Gsnt at thie time, especislly shiver perch. 7Tils might os
sorrolated with reprcduetlon 1n.bhesav§v&paroms fishes,
W. A, Ciegiens statse in Flashes of tﬁe Pacifle Ceast of Cdanads
{1961: 214), *The breeding perlod for $, goxpészis aPpRers
to extend from April to July snd between B end 36 young
ETE liberstéd 16 to )2 ronthe later,ﬁ

Possibly the rlsing curve for shiner peretn end othe
Exbictoclde indicates a nev generstion of offepring. Fur-
ther svijence of this wss found in the greaet sbundence of
eppprently new worn L. gAfXOCLYLE cniy-absut % 4m, 4n lenugta,
Tiie ean alss He aen in the ranges of standard le
previously the minimur lengih wes ©.0 cir. {SF5 ?1) in
EF8 #5 1t was 2.0 em. |

| "o d2tarzine vetween greater fish poprlatliouns op

creater ¢olilecitine efficiency, gors collectionp need to bLe

. vl S =T Ju et oo 1 '
Ll L AL PR Al] | S A Sk e
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BLeENIANE 92V Cut, Hydmproaeangk @A aar Tl Moilrot
nLg e Sne flrev report of sestrout in Bslinan Licrows.
was 3oalecied oniy atl btation 4 An the weeply naPlor T ool
setinnu, AL Stelton 4, wsatrout edszesed 1 ivan 2.9 of Ll
total populstion, (Fig. 7) ~ & totai of 13 fiah were :51isciad,

They wers most ebundant on 8FS #2, 19 July 1967, when oix
gpacimens were taten, OFf thode specimens ratalned, Lhd BhElE-
erd lengths renged from £,9-7,7 om. esnd Z0% wers mmiss, 411
wereg juvenilics
Se¢atrout ars oonzidered desirakie gpoirt ek by o

Roedel (1953} with a ralatabie flesh sigilsr io ceériein TOCK

fisnes, (Clemens, 1951}, Although aot regerded sz ¢ cop- ¥
mercial fish, it is preyed upon by steelhead snd salmon 5

(Clemens, 1961} end rrobebly hes economic ipporvance in thise
reepuct, The annual compercisl ceteh averaped 1,826 pouuds
in 1957 with a typicsl annual catch averaging avcund 1000
nounds (Baxter, 1360, 1983),

¥r, J.L. Baxter revortsd seatreut to fesd upou "Vare
lous eea wormg, crustaceans, ané small fishes." {Baxter, 1060,
19633 60}.

in this cgse end meny others %o foliow, only Juvenilie
fighes wera cavght. Thie lends suppert to the idea that tre

lagoon acts &8 @ nursery for oceaniec fishes,

f ;!:;;“f‘:"' e



cdrt T s Pl oew RN d B oS [ S B G . o !
viFe® fonpfish, FACALINGS RELTLFR wocden

Tiis io Lho first repérﬁ 2 grams reogfish in Eolines TS
It wes oollscted only at Station 4, ceapeaing C.% of tke
Lotal 2opulation of fishes collectei sof thet steticn fﬁié

4 iobal of 5 individuala wers colliscted op £08 £5 . 2 Bugesy
1267, Ko others-were collected, Standsrd lergthe rsnged
Trom 4.0 - 5.1 on, and pales compused 100% of the epesimens
wxemined. All were juveniles,

Nearly all roekfiph may ba of épﬁrt fisking 1natareant
depending upon their sbundsrice, maximan eize, #nﬁ 2lerh
palatsbllity. 8. rastrelljger is of minor importance bdoth
a8 & 8pert and commercial fish mainly because of amal] ahnif-
dsnce, however, the flesh is tsmteful (Baxter, 1958, 1980},
It ie interesting to note that the bleckigh-green coler of
E. ragtrelliger may cause it to be eglacted in the coamer.
clal merket, being "unattractive” {Bextor, 1958, 1560).

Baxter reports brown rockifish reed upan crabs ang

Ensll flches - & 16 3/8 ineh specimen comteinad a 5 inch

white perch, Fhanerodon furcatus (Baxter, 1958, 1359),




¥t . Iy & ¢ Loan e | om & = 3 St . {» Pt
Biown rocailsk, feliniafes aerdew o flreon 3oL

LU 4 s arr

M deow T Cesard of Urown v ilian LI EFEARS 5 TS K TR T
wae GRG,  IL was collected pt Blatdnil 4 o 223 ke, 24 s
1TV, SR8 F3, 26 July 1657, 35S #Fo, O Auguat 1T,

The prealest abundsnce war resoried ou S93 Fr, Yz
Guly 1067, and EFS #4%, 2 kugusi 1967, #hen four fian wers
texen in &ech collaction. A total of 3 specimens cupposd
1.2% of the Stetlon 4 total propuletion (Fig, 7). Stanéard
lengthe ranzed from 3,7 - 5.3 em., with 245 of exsrrasd flases
being males, All were juvenilas,

Brown rockfish sttein & maxinus leagth of 18 {nehex
{élemens, 1961), quailfying 48 a sport fish alinougn of wissos
irxportance,

i
T El
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Wollsye surlrorcn, Hyoonnoosinop rofnnafguws Hihhs- e

hic fish was collacted et Station 4, eltiough I harso saen
sdulits tgken by pier fisherman in the charnel directly norilk-
e2st ¢ Bolinae Marine Svation, Wallerve curiperchk were col-
lected on 8rS #2, 19 July 1657, and SFE £5, 2 Auguss 1967,
SF3 #5, 2 August 1967, had the greatest sbundance when 20
fishee were collected. A total of 28 individuals composed
2.1% of the weekly Statlon 4 collections. . Standard lengths
ranzed from 5.5 -~ 7.0 cm, and =1l exsarined epeclmens vere ju-
venile meles. Adults however, do occur in the lagoon,

H. argenteum 1s both sn impertert sport and commerciel
epecies (Rosdel, 195%), Baxter (1660, 1962). These fishes
sre widely sought and succesefully collectad by young fisher-
ren in the bay area. In an unpublished study, I performed on
the gut contents of Erbistocidae of Dillon Eeach and Tomales
Bay, 1% was fcund that H. argenteum fed upon annelilds, ar-
thropods, chlorophyte, and vertebrates (fisk), Their diets
varied with the gbundance of prey species {Kolan, 1966),

Jaxter reports finding swcell crustaceans in the gut of He

arcsenteun (Baxter, 1960, 1963),



bBisck perch, Enbiotles jacasini Amzeesin,

Ints %a tne firat rerurt of olavi serch v bolines Lavco .n,

Cirirping ouly at Statlon 4 on SF3 g1, 12 July 1967, i3 g&
19 July 1637, SFS #4, 26 July 1567, and SF3 #5, 2 August 1GET

1t coxrosed a total percent comresition of 4.4k (Fig, 7).
It was fcund in greatast abundance on SFE # when 22 enscisens

o

were collected, Standurd lengthe renged fron 2.8 -~ 5.4 em,

and males averagee 38, of examined individuals. All were

juveniles,

Roedel 1lists black perch as “A minor constituent of
the 'perch' cateh .... cazught in moderate quentities i
Centrel Californig." (Roedel, 19%3: 109), Tarp alsc regardia
E. Jscksoni as a minor constituent of the commerclal "perch®

catch and as a copmon fish taken by anglers (Tarp, 1952),




Lwary perch, Misyspetrus minimue {Givhonsa)

5.5 L5 the firat rencrt of dwer? perch in bBoliaas: Javoia,

£y
G
by ]
=

reing &t Jtatior 2 on 21 June 1%LT and Ststicn 4 on

8§3& #1, 12 July 19€™, 3F8 #2, 16 July 1$67, and 845 #5, Z avp
1567, At composed a mean 47 ¢f all anecies -ollectra gt

Steticen & (Fig. 7). It was found in freatest abuvndéance on

is

F3 #1, 12 July 1967 whan 7 specimpens wers zollectsd, Siend-
ard lengths ranged from & - ¢,8 em, and 18% of examined fish
gvararel males, The larpeegt epeclmen (G, 8 cm,) ccllented on

SFS #1, 12 July 1967 seers to be an exceptiomslly large in-

dlvidusl. Roedel ststea that dwarf perch sellior reach % inches

i leng*h (Roedel, 1552) and Tarp's maximum record in stand.-
ard lengih was ©,45 cem,, and 50 apecimens averaged 5.7 om,
(Tarp, 1¢92). Juveniles and adults were collected,

Thies surfperct has neilther corinercial nor svort value,
Trey are unique in that they are herblvorous, feeding on
elgae, Adaptation to a plant dlet can be eeen in the rulti-
colled, long Intestine, Belng herblvorous and srall in size
exrlalns the small dwarf-perch catch by englera. It is to hLe
roted th.et both Tarp (19%2) snd Koedel (1953) refer to M.

[

zinduis as a tlde pool resicdent and ninkes no reference to

i

occurrence in lagoone or bays,




Shinew peren. Irrstocafier gesremats BDoonr inni.
exilention, lhey co.pessd the preateal averefs CCOUpleitios
£ 721 fishee (T£.72), (Fig., 7}, erd ovcurred In greatest
stundance on 5%& FL . 2 Auguet 1267 wher 127 apéslaens S 4
collected. Stardsrd lengths ranged from $.0 - 11.3 cr. sud
€E% of individuals wxarined were wsles,

Shiner perch heve virtually no commerclal lmpor.ancy
4y, Cnlifornia mlthourh they may be used as bait (Roedel, ISL7).
(Baxter, 1960, 1942). Eowever, Clexzens amd Wilby.(1961) rée-~
port C. gEgrezats of cormereial importance 1a Caneda wrere.
foonslderable quantlties are bfsught to the meriets auring
the winter as a ready ssle 1s found amonget the Chinese wko
ronaider this fish a delicacy." {(Clemens and Wilby, 1961y 2147,
Califormis shiner nerch are rated highly as e srort fish
due to flesh cuslity {Baxter 1960, 1963), (Roedel, 19%3;.

Shiner perch feed unon skall crustaceans, and bar-
nacles {(alp off smpenderes) and are fed upcn oy zerirne Sirds
and rammals (Baxter, 1960, 1662}, In exauining the siomach

contents of shiner perch in Tozaies Bay, Calilfornia, I found

chlorophyta, arthropode, nemerteans, end molluscs (Xolan, 1968},
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glandbrd tergia of & © cn end war & Juvert. 2 {emale.

Curllin turbet g reparded g8 meosil Gaagliirueble and
2ileco (Boedel, Lu%%),. I Cangde, this is not a comaeraial

Po . gecurcens fecds uron crustaceans, snall meiluacs

1 g it

snd snchovies (Qlamehs and Wilby, 1981},
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et

rprcinge megeured 6.0 op, in zupndart lenstd, waz 2 oo -l
anc GOIRnCHed ondy D.de ol whe final waekly sensus (Fig. 7J.

it w2z a Juvenile,
Belng sbuadert ip the ses, lerve~ to ? feel, and

-

deliclous; stsrry flounder ere rgisd nighly a8 & corroiel
snd gnort flan, The comrercial ceioh pan heesn nearly LoD, OO0
rowmnds sincs ) 35.anﬁ was 454 000 prunde In 12907 (Buxter.
1650, 1962). ¥oet gtarry flowadsrs ure 1an4ed 40 Winnew Lo
tween Deceriter gnd Marcin, Cther than this, no expismation
can be given for the lack of £. steilatue iz Bolirus Lagoun,
It tyricelly inhabits shallew sand eubstrate bays, and 2esdel
repovts thet they may enter Lrazlkisk end asven frecawetsp
(kzevel, 1993}, A1l of the ccniitions scer 1o He Yovsratle
in 8¢linae in addition to great zotentisg) food scuruen; whioh
in Canada conelsts of crabsa, shrispa, woime, clsas and cles

Sy

giphons, smell molluscs and small fisn {(Cleoeas & Wilby, 1u&l
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g@ia yanssd second only te shiner méroh in abunuance Ok
roving 2100 of wll Clehes ocilectsd sy Svetdsn a4 [(Fhe T
Staagiure lengthe roneed Sros T.4 « &0 ni, and §|aiws cun
pozed TSx of individuala ezemined, ALl were Juvveailéwu,

feashing 22 Inches, tiis spec.ee Torms MEL of tue

sle calcl: (ascond largest proportion of cagleh) in Qalifwrnice
(Beedel, 1013}, Io 1958 2 millden wevmie oi 1. ¥2y
we.e collented dn the Henate =tpslit of Hritiash Celumbla
{Clemene & Wilby, 1961). Englisk sole young typieslly ine
" hatit zhsliew water and mova to deerer welesr wiilh inercasing
pize, Food sonsists cof craba, woi'rs, ehrinp, trittle sters.

elsm siphene, and ampall mollusces (Slemeas & Wilby, 1941},
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foce eomroied nnly g UHall Tart e b et el meaiiv o owl il

Tablon = Q.26 (Fiz, The The toiac colecned hod o009 Bl

Tensth €7 10.4 or. arai was a juvenile niale,

slthough repcried fzirly sburdant, H. sT3dicd 1%
£ o cosmercial imworianes, In 1651, 2,000 pounids were

iended in Cmiiformin [Roedel, 1¢53), It is zless of winow
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cellected,  They cariesed a cupuletive Lounl o J.EA %
B~ . g & i, ey we gl M LR
Bvetion & (Fip, 7). Suwundard lenptha samed Tror 21,10 -

2.0 vm,. whdeh 1a sbout & of the mazimyp pite'ne! lanstr of

.2 irones, EHaler conpozed 100L of thoses specimansg exunmined, ®
Torarnelt ferm about 25% of California’s "amelt¥ cateh .
sand are reparded of o nor importance {(Heedel, 1733}, Thore
is no sport flsnping inuscrtance except vieh nz:d 29 balt,
Tepgmelt beleoog to ths aliverside fanilir, Atnerintdee |
and are not true smelis, femily Oamerilee. fog
Atnerinooe effinis ares relatively compon {ishes
whizn ore tolessnt to brackish and freshwaters and spesn in ;
shallow water (8chultz, 1923), ";j?%”
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A, end #l1 exnesived were jJuverile calss,

Belug Jargsr then tanemeli, dtherinonalg aliin g,
Jocsmelt rosch 22 inches and mre of greater cuemar:ial ‘e
portonne, St forme from 2/% o 3/E o Califesnife’s Mensii
catsh gbd 13 elsn wlisly ceuptt by flehsrasy (Hovdel., 1795
sackipelt, 1lhe tope.wlit, are Alneriuioes, anC
tetus 2ly the "smelt” cstoh »f Cxlifoiwle 2omslste of ruly
' & emedl vercont of trove Osperldae,
i feel that in the camesd of worth togp and jJjeekauslth
; the nariers coliected misrepresent tae trve abundance, Mook
tishas sre xtenzive schoolere snd Tast awipmsrs, and seaem
toe aveld the current of Statlon &,

. HE = ; . . fre .
"spelte® woere obierved fror freguent

(reet schoolan of
bost trive but were cxtrsmely elusive te »ur Bslolup tecie
niques, Qften Lhey Jumy clesy of the water snd dart rarld.
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balt Tor eherk etadiss Gy vslng ermell nools end Qelifo-aia

nugsele for Yelt, Witnin 30 minvwnes, i lg 2zey to ¢.ien

£0-530 fisk especially at Tlcosinr tides. S.addard Teontag

ranged frem €. - 15,4 em, and meles composed TiE of e

Epesimense exawmined, Javenilea and odults wore eviicetwd, -
The only ecoucmic iwportsnce of §, armatns 18 uas

selt flak; howsver it is widely souzht DY young englers in

vhe Bollnga aras, Cleseons and Wilby (1681} revuart ﬁh&? in

Canada, staghorn sculpin are fed upon Ly ducke snd sther

torfowi,
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14 vl P dw DGRt S Etatlon o v 2L oSid lwdT g
WriLlom 4 on 3FY gi, iz ik AFAT, LT3 di, L3 Faly ruds oy
EPS B4 (26 July 1087) anc &ra #5, £ Ruguer Qi3€F, Tn oacourred _;i
in gregltest sbhindurcs on 12 ALy 19€7 when 5 wess 20llscted, i
They comross? g ecupulative Ccn of Brarviog & 233lertdong, :
&.1 wers Juveniies with standnang lergtun revwing resn 5.1 - K
12.7 em. and 50% of tloge exaunined were meles,

lingeod are very lmportant soanercinlis attalining
27 oawmundas andg renuing rournsench 4in NOULG AL % and vaive g
1950 \Roadel, 1957), The average amnusl cateh uf Mnge d is 51

Betwaen 400,000 and 2,006,000 poundna, Linceod rpe wolusd for
thelr flrah, and in acditlgn their Iiver oii is hirgh in
vitwein A & B, Of 211 fishes O. glonentng ir redgrded as one

of the best sources for ineulin (Clemens & Wilby, 1951,

In the Bolines region, lingcod are beavily fished

;

NG many lerge specimens sre csught in Bolinas fuy. Since Qgﬁ
1851, the anmusl pariy nost cateh hme besn POUAPLY TI,000 %
rounds yearly indieiing s higw degree of spor. Tiahing, ;f%
Juvenile lingeod feed upen copepdis {Ciemument & ﬁllby;' \-%

i%€1), ehrimp send other crustacesns (Fiteh, 1955, %45y,
A8 aduitg, they consume flounder, hake, o4, ¥hiting, gunde-

lence, and young lingcod (Clsmens & ¥ildy, 1%€1).
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tha Lifen reerad Tor WGl il o aeanfan TR i
peafon,  Twe siifale #iLIPirs wele ToileXL 03
Aveust 1907 at Stovn .op 4 and L owe. o0 ledfeu OO

¢ August 1957, Tomuther thay compsaed C.Gw wf iba

examined wersa Ivenile ales ransing
?e‘? - EIE

bison have no compercial importance ond are fished

(;"S;,.

Livire in shallow water, ihey fead

., ampnipods, erabs, mus:=ela znd el Tlvher

sea verchar, sandlences, snd JJvsi.

& ¥ilby, 19€1},
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2 oaviust 1957, They dure 1001 avromat €4 fher Janc fo, lecu!an
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Statlion 4 totade (Fig., 7). Stander? lenstihe ratoed from 1.0 -

Yol mm. and wmales ecmpoeed TSk of those evaciase, b&11 s@ s
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Cabuzon 1e not regarddd 98 e fipil l2ei carneriix

PR

axthouga ite value 88 a sport ifi=h te Jumcatderes.ua,

Bexier reports that csbevon nre ", ome o7 tihs most songhi-

ai'ter racky shore inkabitents,” {Baxter, 1560, 196%), The

sport catek of cabezon usually exeseds the coomemela’ catoh,

wninkh

1957 .,

arounted to 6,000 pounds in 1554 apd 12,008 pounds Lo

“Sabezon feod on erste (50s) sid molluscs ani fishea

(50;:), (zaxtewr, 1960, 1384},

"

4 3 . [ ¥ o 1 ALk, T r
ok [tathk) a F R R R i, G e T 1 e B




e E I T
-

o I P

- .

=

ol g SR

T

T
L o

wirlrle. L wmeeA g i wned 5 LAY g i ’
I S S I S SUIPIPREE 1177, ST L D U< SR PRINCL IS SRR SN R
Tarun Andaveduess were colipniad ara e apaciren Lxa Vove
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In Cgitferris susfepalt compase @ snall ractiss of

the Yomelt® cster ant are recarded sz o minoe™ compertisl

cpecices - shiefiy at San Franciseos, 3cma Ilinsymen 4ikp uet
H. preilesvs in eurf reglone of the Bay area.

1

Surfemelt gre widely Tfed upon by $tripsd haan, %ﬁ&ﬁ%ﬁ
pgreiiius. Some Tiebermen szy theat snelil loew%ad ia turbhid,
gur: agltatad waters are hiding Irom ihe voraclous at“jwaro

By fiehing i1 these turbid wetera, I have caught striyger

using smelt for bzit. At some timae, bass can te sean fesd~ .

ing upon chadtically fleeing amélt.

In Ceuedie, surfsmelt apparently are 2ore 1mpovtani
commercially then in Cslifornia, <Clemens and vilby (1941)
report that the fish ®,,.finé a realy osie Lu the Ireske

fish market,"

Smelt oat small crustscears and woras end are In

turn ed upon by carnivoroue fishes and bizds, Local fisher

men stest that smelt mi grate £rom 3an Framsiszes Bay to
dolince Pay sad sre in turn followed by greet flocks of

water birda end striped base rums.
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