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ABSTRACT

The study was concerned first of all with the distribution

pattern at low tide of Oligocottus maculosus Girard and other cottid

fishes inhé.biting tidepools on the west coast of Vancouver Island, B.C.

Five species (O. maculosus, O. remensis, Clinocottus acuticeps, C.

embryum and C_._ globiceps) have their centers of distribution in the

intertidal zone. Seven species (Hemilepidotus herniiepidotus, Artedius

_ lateralis, é_.“'fenestralis, Ascelichthys fhodorus,_(_)_.‘snyderi, Enophrys

bison and Leptocottus armatus) inhabit tide’pools but are most abundant

in the subtidal zone.

O. maculosus is the most abundant and widely distributed tide-

pool cottid in the intertidal ion_e.- Only three other species (C. acuticeps,
_C_J_.__embryum and C. globiceps) regularly inhabif tidepools above LLHW
(lowest lower high-watc.r).. The '.primary en.virjonmental factor
correlated with the distribution of Q. maculosus i"s exposure to wave
action.- In exposed transects this species is restricted to the upper

‘ iﬁte rtidal zone, while-in gshelt(;f-é.d transects it inhabits.ti'depool.s
throughc;ut the intertidal zone. Observations "show that O..maculosus

responds to water turbulence by retreating to cover. It is concluded

that to inhabit a given tidepool O. maculosus must have a minimum

period of low turbulent conditions. This species has ‘capitalized!’

on the tidepool habitat to invade the open coast environment,

The study's second concern was to determine the fidelity of



vii

individual O. maculosus to the tidepool in which they are found. O.

A_rg_ac,ulos_n_xf shows fidelity to séécific iidépools and will return tQ‘
these pools wlu-en displaced from them. The results indicate that the
x{avigatio;\al ability of O. m-aculosus is not solely dependent upon
,familviarity_wit’}:l geographical ,f,ea,tgre s o£ the intertid_al zone. It is

suggestcd that homing behavior functions as a mechanism stabilizing

the spatial distribution of this species.

Thirdly, the study was concerned with determining what
factors affect the field activity such as feeding and spawning of

— e

0. rhaculosus, and a comparison of its field activity to that undex_'
controlled conditions. In the natural habitat its activity is dependent
primarily upon such factors as turbulencé, temperature and light.
Field observations on feeding behavior support Morris' (1960)
conclusion, drawn from physiological studiés,- that approximately

the 16 C isotherm is the limiting erivironmental factor in the south-

ward distribution of this species.

'Under constant conditions ©O. maculosus exhibits a tidal rhythm
of locomotor acﬁvity. The characteristics of the rhythm indicat;: that
it is entrained directly by the tide. Hydrostatic pressure is suggested
as the possible .sy.nchronizer. The .rh:yt.h:ﬁ is not directly related to the
field activity of O. maculosus. It is conclqdcd that it represents the

coupling of an avoidance or escapc response to a biological clock.



Such a mechanism would function with,

for, the homing behavior.

and be partially responsible
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GENERAL INTRODUCTION

Much descriptive and experimental work has been published
during recent years concerning the intertidal and subtidal distxfibu-
tion of plants, p;‘irxmrily algae, and invertebrate aﬁimals. Reiativeiy
iittle' \v'o;-k of a similarlnature, h-c_>weverv, has been pL_lblished on the
fisheg,_of these shore zones. Whereés workers in the fields of
- marine phycology and marine invertebrate ecology are at the stagé
w}‘l.c‘re they are directing att-ention towards the dynamic aspects‘ of
‘intertidal biological phenomena, investigators intere;ted in the‘
littoral fish fauna are still lacking adequate d.escrbiptions of thege

phenomena.

A possible reason for the >1imited attention given to the ecology
and béhavior of littoral fishes is the difficulty encountered whén
trying to study them. Unlike plants and many intertidal invertebrates,
fishes are typically Qery mobile once they compleAtc embryological
development. Aiso, e;\ccept’ for a relatively fcwvspecies which can
‘pass through periods of tidal e;nergcxlce under moist:but non-
submerg‘cd conditions, nﬁost‘ littoral fishes‘must remain submerged
throughout the tidal cycle. Therefére, diving apparatus is usually
réquircd if observations and measurerﬁcnts of-cn‘viz‘onmcnntal
pafameters are to be m;ide. Aside from the telemetry difficultics
involved, such studics can be hazardous at bcst; even when working

~in relatively sheltered arcas,
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- A physical featufc of the shore which tends to concentrate and
isolate intertidal fisl-es is the tidepool. Tidepools along the Pacific
Coast of Nor»th America usually contain, whep.they are isolated at low
tide, a vaxv*ic»d and often abundant assemblage of fishes. Along the west
coast of Vancouver Island, British Columt;ia, ébout 26 species of fish |
are cohﬂxnoniy found in tidepools. The family Cotti‘dae accounts for
the I.ﬂajc.)rity of species (about 14) and ir%dividuals. The ‘remz;i‘ning
species are primarily blennioid fishe's of the families Stichae.idae and
Ph«élrida‘e. ‘Becaﬂusc these fishes are readily accessible when the pools
are isolated, anvd because tidepéol paramecters can be monitored
relatively easily, the tid'epool is an ideal umt to focus atténtiqn upon
in orderv_to increase our fundameﬁntal understanding of the ecology and

behavior of littoral fishes.

Despite their rclative accessibility, the tidepool fishes of the
northeastern Pacific have received very little attenticn except for their
systematics., The pl.*csent investigation of the tidepool fishes of the
west codst of Vancouver Island, British Columbia, was undertaken in
hopes thét at least partial answers to the following quéstions could be
obtained: | What is the local distrib-ution pattern of the tidepool fish
fauna ;md how stable i.s this pattern? -How are specific ¢nvirqnznental
factors correlated with this pattern? What i.s t‘he rélationship between

individual fish and the tidepool in which they are found? What ave
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some of the behavioral mechanisms which lead to the observed distribu-

tion pattern and in what way can they be consider=d as being adaptive?

It became apparent early in the study that it wcﬁzld nof be
feasible to work with the entire tidepool fish fauna. (Jonsequex‘nly, the
'cqttidﬂ fishes were selected for sfudy because of their relative abundance
in sp.ecies and numbers, their apiaafent greater dependence upon the
tidepool envi_ronrnenf than the blennioid fishes and because théir
ta’x_onomy has begn well established (Bol'i.n, 1944), Sinlnilarly,

Oligocottus maculosus Girard received more intensive study than any of
X . 7

the other cottids because of its presence and abundance in relatively

high, readily accessible tidepools., -

'I"he thesis consists of thr.ee major sections: Partl describes
the local low tide ciistribution of O, maculosus, the associated tidepool
cottids and seasonal population fluctuations in the former species,
Part 11 devscribes_ the high tide movements and homing behavior of O,

maculosus, Part III describes aspects of the activity of O. maculosus

- under natural and controlled cénditions. A final discussion relates the

various hspccts of the study.



I. LOCATION OF STUDY AREA

The intertidal area selected for theA present investigatibn’ is
located on thel southwest cbast of Vancouver'_ls.land, British Columbia.
It is approximately 5kin southwest of the logging community of Port
’Rgnfre_w énd 400 m southeastAof the entrance to San Juan Inlet, in
latit‘_ude 48032' N and longitude 124027'W (Fig. 1). The site is
lpcatea on the s&an of Juan de Fuca, but is an open éoast with a

westerly and northwesterly exposure to the Pacific Ocean.

The region was selected, firstly, becausec the shore is ideally
suited both geologically and biologically for the study of tidepool
orgax-'lisms, and, éecondly, because it is undisturbed yet relatively
accessible. It was possible to construct research and living quarters
at the site. This made it feasible and convenient to carry out in situ

experiments and observations throughout the year.

It is of historical interest that the Iocatioﬁ of the resecarch
laboratory was 75m west of the old éite of the Minnesota Seaside
 Station, This vstation was opegzlted as a summer marine and
terrestrvial biological laboratory by the :University of Minnesota from
1900 to 1909. In recognition of its early usc as a biological research
site the ‘s‘horc rcéién is now called Bovtanical Beach. Dcépit"c this
early recognition of the uniqueness of the site for thé marine investiga -

tions, the present study, and others associated with it, represent the



Chart showing the southwestern coast of Vancouver Island,
B.C., the mouth of the Strait of Juan de Fuca and the
northern part of the Olympic Peninsula, Washington. The

~ study site is located at Botanical Beach.
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first time sinceé 1979 that intensive investigations have been conducted

there.

II. GENERAL ENVIRONMENTAL CONDITIONS

Geolorical Features

- . The gevolog\ical feature dominating Botanical Beach is a
Tertiary sandstone and conglomerate formation., This formation is
apparently a remnant of a once extensive coastal plain of Oligocene
or early Miocene sedimentary rocks which, according to Holland
(1964), probably existed all along the southwest coast of Vancéuvcr
Island. Where the formation extends into the intertidal zone benches
exist which are several hundred feet long and extend out a similar
distance from the high water mark., Local variations in the texture
and hardness of the formation have resulted in very irregular
surfaces and a large number of tidepools of various shapes and sizes,

. .L .
The following description from the 1906 Annual Announcement of the
Minnesota Seaside Station (Anon., 1906) is a rather picturesque but
factual account of these pools:

At mid and low tides a great sandstone shelf is uncovered
in which boulders have ground innumerable cistern-like pot-
holes varying in size from mere teacups to great wells,
twenty feet across, and thirty or more in depth, Thesc act
as natural aquaria and serve to segregate the plants and
animal populations, to the very great convenience and

instruction of students and collectors, Nothing like this
natural formation is known to exist in connection with other



‘seaside stations.... A great advantage is gained by the
extraordinary accessibilitr of the rich marine flora and
fauna.

f Where the Tertiai'y' formation has been cbmp_letely eroded,
hardéf 1‘_00ka of the Vancouver Gréﬁp (cf. Hull, 1906 gnd Clapp, 1917)
are exposed. Relatively few tidepools.occur in these slate anci shale -
formations, and Whel‘e the.y.do occur they are usually long, relatively
shallow pools which follow the lines of strat’ification' (Fig. 33). _A
further des.,c.riptiox} of the physiography of the tidepools .in the vicinity

of the study site is given by Henkel (1906).

vThe Iaerial photographs in Figs. 2 and 3, taken‘ during a low
water spring tide, shov;r 't_:he physical fgatures' of the intertidal zone
in the vicinity of the field laboratory. In many places the intertidal
“rock forniatioﬁs end abruptly and drop vertically ihto ten to twenty
feet of water at extreme low tide. ln-adjacent locations the intertidal
zone has an even slope of approximately 20 degrees which continues

in the subtidal.

The sandstone benches are mostiy ffee éf uncénsolidated
material but immediately in front of the fiela laboratory a stretch of
the shore approximafely 30 m wide is litfereél with glacially dei)osited'
boulders and cobbles. In this same area coarse sand and gravel occur

“above the 9' tide level.



Fig. 2.

Fig. 3,

Aerial view of the study site during a low water spring tide.
Nearly the entire rock formation shown is Tertiary sand-
stone. The shore facing to the left of the photograph is
exposed to Pacific swells. The research facility is located
in about the middle of this shore.

Aerial view of the intertidal zone in front of the research
facility (note the position of the tree shadows in Fig. 2).
Boulders can be seen littering the intertidal zone in the
left side of the photograph. This shore faces westerly

with open exposure to Pacific swells.



Temperature of the Sea Water

Almosf weekly texinperatuvrve and salin_ity'readings for the
surface sca watcr at Botanical Bt.:'.ELCh were made from November
1965‘1:0 March 1'9()7. An inductive salinometer (Model RS52,
'lnchxstrial Instruments Inc. R New Jer‘stey) .\V>&S used for thesec

measurements,

The_m.eén monthly temperature of the Stilrfacie w.ater for 1966
is 5hown, in Fig. 4. Twol features are éharacte.ristic; The average
temperdture is relatively low and the amplitude of variation is
comparatively small. The highest temperature (11. 80C) occurred

durir;g August and the lowest (6. 70C) during February.

Thg most southern station on the west coast of Vanc_ouvér
Islankd where daily records of surface sea water temperature are
kept, is -Amphitrite Point (scé Fig. 1). For coxnpz;rison the average
mean monthly, surface sea-water temperatures a>tVAmphitritc Point

for the period 1935 to 1964 (Hollister, 1966) also are shown in Fig, 4.

AS‘ea water tempcerature data collected at stations off the mouth
of San Juan Inlet by the Pacific Oce_andgrapilic Group from October
1951 to‘Octobor 1952 (Anon., 1955) indicate that there is little
temperature variation between the off -shore and on-shore surface

sea water in the vicinity of the study gite (Table 1).
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Mean monthly temperature of the surface water at Botanical
Beach (o—o0) for 1966, and the average mean monthly
temperature of the surface water at Amphitrite Foint (0:+:0),
B.C., for the period 1935-1964 (Hollistexr, 1966},

=

- Mean monthly salinity of the surface water at Botanical
Beach {o—o0) for 1966, and the average mean monthly
salinity of the surface water at Amphitrite Point (o---0),
B.C., for the period 1935-1964 (Hollister, 1966).



. TABLE I

Surface sea water temperature and salinity data collected at a
station near the mouth of San Juan Inlet and at a station approxi-
- mately 4km off-shore (Anon., 1955),

Temperature - - Salinity
o - o
C /oo
near-shore off-shore near-shore .off-shore
| October 6, 1951 11.17 1131 29.54 ' 31. 10
November 5, 1951 . 8.85 10. 65 31.55 31.95
March .6, 1952 7.20 7.80 31.00 31.30
April 25, 1952 7.85 1 8.33 31.79 31.91
June 3, 1952 9.19 9.38 31.52 31.57
August 13, 1952 9. 35 9.78 32.09 31.83

September 23, 1952 10. 25 10. 31 31, 56 31. 44

1i



Salinity of the Sea Water

The mean mgnthiy salinity of the surface water at Botanical
- - Beach fof 1966 is shown in Fig, 5.  There was a seasonal variation
in the salinity of the shox2 water of approximatély 3.0%,. The
‘hig}klles,t salinity (32.35%.) occurred during the comparatively dry
summer moﬁths and the. lowest s‘alin'ity (28.35%s) occurred during
the wet winter months., This seé.sonal variation is typical of the
west coas‘t_ of V’anc011§er Island as shown in Fig. 5 by the average
(1935-1964) me-_an monthly salinity at Amphitrite Point (Hollister,
1966), As with the temperature of the shore water, 'ther.e, app'ears
to be little variation between the salinity of the on—sHore and off-

shore surface sea-water in the vicinity of the study site {Table I).

Meteorological Conditions

Records of maximum and minimum air temperatures at
Eotanical Beach were kept from October 1965 to .January 1967. The
mean monthly maximum and minimum a1r tempcratures are shoWn
in Flg 6. The daily range in“temperature is small, the summer
being c601 and t:he winter mild. During December 1965 and Januz"xry
and February 1966 minimum t-emperatures of below freezing were
fecofdcd on only eleven days..' The lo;vest temperature was -2.2°C.
Temperatures abo‘{c 18°C w_e.re rec.orded on only five daye during

. : ' o
the summer of 1966, The highest temperature was 22,2°C,
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Mean monthly air tempezaturps at Botanical Beach for

1566 (0~—~0 mean maximum, 4 — 4 mean minimum,
e—e mean} and average mean monthly air temperatures
at Pachena Point (o...0} B.C., for the period 1931-1960
{Anon., 1965), - :
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No continuous records of rainfall were kept at Botanical Beach,
but such records are kep-t'at Port Re,nfrvcw by British Colurmnbia Forest
iProélucts Ltd., who kindly made them available to me. These recofds
for 1965 are _i)rcsex1tetl in Fig. 7. Daily rainfall data are collected
at ch.h_c;nd vPoint (Fig. ‘1) and for comparison the average monthly,

rainfall at this station for 1931-1960 is also shown in Fig. 7.

'Ax.mual precipitation all along the west coast of Vancouver
.Isla.lnd is high, Lxsxlally over 85in, (216 cm) and is characterized by
marked seasonality. During the spring and summer the prevailing
flow of air from the northwesterly direction is cool, relatiyelyA dry
aﬁd stable. In the fall and winter the hiéh pressﬁrc center over the
North Pacific weakens and moves south to be replaced by a low
pressure center. AThe prevailing flow of moist winter air is fr'o‘m
the southwest on the west coast of Vancouver Island, ofte‘n eas't.t-erly'

in the Strait of Juan de Fuca.

Dense fog is characteristic of the summer months and during
. July, August and September 1966 it was on shiore for at least half

the day on an average of ten days per month,

Sea State Conditions

Sea state data were recorded on a semi-daily basis from

November 1965 to December 1966 at all times that the study site



30 735
- 470
+ -1 65
25 |- R 4
' = 1A -
B ¢ N 60
0 PN 7
- T N | [} -1 55
- it ' \ .0 ]
v o [ ' ' o=
o 20 |- t 0 150
S N I -
c i [
- 1o h
| ! '
! ' '
c ! 1 h
S 15 1 !
oS- ‘ "
L= 1 !
[=% ' :
i
a 107f ]
[}
5
¢ : : ,
J F M A M J J A S O N D
Months '
Fig. 7. Total monthly precipitation at Port Renfrew (---) for

1965, and average monthly precipitation at Pachena
Point, B.C. {~—) for the period 19311960 (Anon., 1965).



16
' was occupied. All observations were made from the shore. The
height of the swell was measured with a stadia rod gra,dué.teél in

tenths of feet using the horizon as a reference level. These déta
are.'presented in Fig. 8 as the percent of the total number of
observations méde eac;h rrion.th th;;f had sea swells of_ O-lft. , '2-3‘ft. s

and greater than 6 ft.

It is apparent that the sea is considerébly rdughef in the
winter and early spring than in theb éumme_r and early fall. These
observations correspond with sea state data ;ecorded on a ‘semi-
daily basis dufing 1956 b? the ligi'lt shiés Swiftsure and Relief
(Anon., 1958) at Swi_ftsu!re B_ank. (Fig. 1) off the moﬁth of Juan de

Fuca Strait (Fig. 9).

Tidal Features

At Botanical Beach fhe tides are of the mixed semi-diurnal
tyée. There is about equal inequality in both the high and low water;
Consecutive high tides and consecutive low tides are comparatively
equal only during. the new moon peri'ods. These fevatures of the tides

are evident in the 14-day cycles shown in Figs. 10 and 11.

The two tides of each tidal day depart from a 12.4 hour
- periodicity by as much as 2.6 hours. The time interval between the
lower low water and the higher high water is almost always longer

than the time interval between the higher low water and lower high
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Fig, 10, Computer Plotted curve of the tide at
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water. The tidal day departs from a 24, 8-hour periodicity usx;ally
by less than 20 minutes and never By more than approxin'l_ately 18
‘mi.nutes. ‘The variations in tidal periods and tidal day periods for

June and July, 1966 are shown in Fi'g. 12.

._:The amplitudé of extreme tides is approximately 12.0 féet.
A sd_fnmary of all the tidal featurés at Port Renfrew is presented in
Fig, 13, Curves showing the duration of maximum- singlé
emergences and submergences as a function of height in the inter -
tidal zone for the period May 1 to June 14, 1966 were prepared from
six-minute tidal predictions for Port Renfre}v (Fig. 14). Itis
apparent that there are definite steps in these curves which are
related to particular tidal factors, Fig, 15 shows the pcrcent gf

the year that various heights in the intertidal zone are covered.

Seasonally there is a change in the time of day at which
extreme high and low tides occur. From mid September to mid
March the lowest low tides occur in the late afternoon and evening
, wﬁiléthe hipghest high tides occur near mid day.' From mid March
to mid Scptcfnber the lowest low ti(llc:s occur during the early morning

and the highest high tides occur near midnight.



Fig. 12.

Diagram showing the relatively small changes in the
lengths of the daily tidal periods, i.e., High High -
Water to Low High Water and Low High Water to Low
High Water (upper part of the diagram) as compared
with the relatively large changes in the lengths of the
semi-daily tidal periods, i.e., High High Water to Low
High Water (lower part of the diagram). Times of the
high tide are from six minute tidal predictions for
Port Renfrew (Canadian Hydrographic Office, Ottawa).
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Fig. 13,

Tide height = feet

12 -
1
10 1 ~ MHHW
&1 ~ MLHW
. HHLW — - MTL
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HLLW — '
4 -
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LLLW —
o o

= HHHW

- HLHW
~ LHHW
— LLHW

May lSt - June 14"‘

1966

Tidal factors at Port Renfrew for the period May 1
to June 14, 1966, HHLW equals Highest Higher Low
Vater, MHHW equals Mean Higher High Water, etc,
From six minute tidal predictione for Port Renfrew

(Canadian Hydrographic Office, Ottawa),
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Fig, 14. Maximum duration of single submergence (o---c) and emergence {(o—o)

for various heights in the intertidal zone at Port Renfrew for the period
May' 1 to June 14, 1966. From six minute tidal predictions for Port
- Renfrew (Canadian Hydrographic Cffice, Ottawa).
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"Fig. 15. Percent of the year that vacious heights in the intertidal

zone at Port Renfrew are covercd by the sea, From 15
minute predictions of the tide at Port Renfrew for 1966,
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III. SPECIFIC ENVIRONMENTAL FEATURES

Methods
" Surveying and Levelling’

The intertidal zone at the study site was extensively sur-
vé)fe_(l and levelled during the summer of 1965. Additional surveying |
and l‘evelling.\va‘s completed in the spring and su%mnc; of 1966, A
K&E Paragon tr_ajné,it, Zeiss Se‘lf'-Levelling level, steel 100 ft,
me%s Llri:ng tapo a-nd.a stadia rod graduated i.n tenths of a foot were

used in these operations.

Fifteen permanent bench marks were established on the
shore. They were locéied from near the lowest water spring tides
to above highest \x}ater spring tides., As no 'pre_viously established
b::rich mark was present at tlﬁs site the heights of the bench marks
relative to mean Fide level were determined from six minute tidal
predictions for Port Regfrew obtained from the Canadian Hydrographic
Offica-, Ottawa. Ove.r a period of several months in the summer of |
11966'th.e times of submergence and emergence of one of the more
sheltered belnc>h marks were recorded o'n days when sea S\v¢lls were
legs than one foot. The average of the heights determined in this
way was taken as being the heigh.t of the bench mark relative t§ the

mecan tide level at Port Renfrew.
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Dgring the initial.a‘n.d subsequent levelling and surveying
operations a large number of tidepools were given identifying
numbers and the vertical height of each rela;ti'«,fe to oné of the bench
‘marks was determined. These data were recorded along with notes
describAing the general physical features, maximum depth and
surface.dimcnsions of eich tide‘po'ol. Maps were also prepared

sho\ving the horizontal relationships of many of these tidepools.,
Determination of Tidepool Volumes

The voiumes of 50 tidepools which had been surveyed and
levelled were determined by fluorescene dilution.” A known améunt
of concentrated fluorescé;ne solution was injected into a tidepobl
wifh a 50 ml syringé. The pool was then thoroughly mixed with .

a wooden oar after which a 100 ml sample was taken. The samples
wer.e kept in tightly scaled glass jars until they \\./ere analyzed. All
sémples were analyzed within one week after they were taken with

a Model 111 Fluorometexj, ‘Turner Associates, Palo Alto, California.
.Values obtained with the dilution technique were found to be wiﬂﬁn
3% of valucs obtained by manually (?mptying pools and dirc.ctly

measuring the volume of the water removed.
Determination of Temperature and Salinity

The same inductive salinometer that was used to measurc

the temperature and salinity of the shore water was used to monitor
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temperature and s:linity changes in tidepools. Often, however,
when only temperatu.-c observations were being made a glass

mercury thermometer was used.

A submersible l;{ygn 15-day recording thermometer, Ryan

~ Recording Thermometer Company, Seattle, Washington, was used
duriﬁg the summer and fall of 196-6 to .monifor on a nearly continuous
basis the temperature flllCtllatiOnVS in a single tidepool. Another Ryan
recording thernmometer, an 8-day model, was used several times in
conjunction Qvithﬁhe above model to compare the temperature
characteristics of tidepools at different leve];s and tidepools of '
different depths. Each of these thermometers was secwed with wire

to the bottom of the tidepool in which it was placed.
Determination of Oxygen and pH

Water samples to be analyzed for dissolved oxygen were
obtained by siphoning water directly from tidepools into B O D
(biological oxygen demand) bottles. The modified Winkler method

‘of oxygen analysis was used (Strickland and Parsons, 1960).
Hydrogen ion determinations were made with a Beckman
Model N-2 pH meter, Scientific Instraments Division, Fullerton,

California.



- Exposure of Tidepools

The degree of eprsure of tidepools was determined with a
device referred to by Green and Druchl (i.n preparation) as a sur{
sensor, The sensor consists ofvtwo 13¢m long, 0. ()ﬂcm diamecter
' b;‘ass rods mounted horizontally. 3. 8 cm al;dve a 1.3 cm thick,
7.6cm x 12.7cm plex.iglass plat:e (Fig. 16). When in operation,
a sensor is attached to the substratum at a known vertical height in
thé‘intertidal.zoge by a 1/2 in. bolt thro{.xgh the center éf its base.

The bolt is screwed into an anchored 1/2 in. diameter Philip shield.

. The rods are connccted by rubber insulated telephone drop-
line 1;0 a Rustrak Model 91, six volt recorder situated above high
watcr. The gap 'separating the freé ends of the rods‘ is aclj‘ustccl 50
that the recorder circuit is completed cauéing a2 maximum deflection
of the chart stylus w.heﬁ the rods are submerged by the surl or the
fiooding tide. Conversely, with each emergence of the rods the

stylus falls to zero.

By running two or more sensors in conjunction with one
another,‘ the relative exposure of different pools or locations in the
intertidal zone was determined by c'(_)nixpa.ring the ;’lCtLlZLl time at which
 a sensor became submerged or emerged with the prcdicied tirne of
sLn_bmevrg-cnce or emergence for that vertical height, The predicted

submergence and emergence times were basced on six minute tidal



.

1g.

16.

Surfl sensor bolted to the substratum at the 7 ft, tide
level, Wires leading to the recorder are at the top
of the photograph. Note the abundance of Littorina,
Balanus and Acmaea, o
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predictions for Port Renfrew provided by the Canadian Hydrographic

Office?- Ottawa.

Surf sensor data were used to place. pools into one of four.
exposure categories.; sheitered, moderately sheltered, moderately
- é.\;pose_d, or exposed. With a 3 ft. on-shore swell, actual flooding
of prls in»thesg classes. precedeél th.e predicted time of flooding by

)

approximately 1/2, 1-1/2, 2-1/2, and 3-1/2 hours respectively.
Determination of Flora and Fauna

Observaﬁons were made throughout the year to assess ‘the
dominant flora and fauna of tidepools at dif[e"rent-hcights and with
different exposures. Such observations were generally made at low
tide from above the surface of thé pool, but in some cases a face
ma_sk was used in 1‘)articular1y deep or wel.-l—shaAded pools. On the
b(asis of all the tidepools observed, organisms were classificd as

being abundant, common, rare or absent,

The vertical distributions of the dominant exposed benthic
algae and invertebrates were determined in the same way as the

vertical heights of the tidepools,
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~Results
Physical and Chemical Features of the Tidepool Environment

'In common with organisms living in the sub>tida1 regioh,-tide— '

pool inhabitants are not exposed. to periodic intervals of de>siccation°

In 'r_nahy other respegts, however, tidepéol environm_ental factors vé.ry
considerably more thap do the same factors below the intertidal zone.
The rhythmical changes which occur in the physical and chemicai
propertiés of tidepools have previously been investigated by a number
of workers, notably Klugh (1924), Johnson and Skutch (1928),
Gersbacher and Dennisqn (1930), Humphrey and Macy (1930),

St_eyb)h‘ens on, Zoohd and Fyre (1934), | Pyefinch (1943) and Naylor- and

Sinns (1958).

1. Temperature
Temperature is one-of the most obvious and important

environmental parameters which shows large fluctuations in tidepools.
vThe' tempefature range encountered in a particular pool dependé
primarily upon the degree of isolation of the pool from the sea

(Table II). Tilis factor is in t_urn.determined by the vertigal position
of the pool, its exposure and the sea state. Therefore, just as the
- maximum length of single emergences is critical in determining the

_amouht of desiccation of the open rock habitat, it is also of direct
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TABLE 11

Maximum. surface temperatures recorded in a series of tidepools
on August 15, 1966 in reiation to the ti_n})e of flooding of each pool.
The sea surface temperature was 10, 66 C,

Tide Height Maximum Surface Flooding

Tidepool of Pool ' Temperature Time
Number (feet) : (C)y (PDLST)
2005 4.0 11,72 | 1100

15 5.0 | ST Ir TR 1200

932 8.5 | 14. 60 1300
102 9.0 17.08 1330

103 8.5 ' 24.00 1500

97 10. 0 24016 1500
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importance relating to the temperature varianility of the tidepeol

habitat,

It is usual, however, that two tidepools equally isolated from
the sea will have different femberature characteristics because of-
differences in factors such as depth and degree of shading. This is
evident in Fig. 17 in which simultancous 6 -~day continuous records.

- of the béttom temperatures of tw‘o pools at the 9 ft. tide level with

the same e“);posure but with different depths are shown. Shadin'g may
be due e_ithér to plants or other cover within the pool or to obstructions
above the pool. Temperatures at the same depth_ in shaded and non-
shadcd i)ortions of a single pool have differed by as much as 3°C

when the surface of the pool reached its maximum temperature.

Continuous records of the bottom temperature of a 30 crmm deep,
- mo.d_crately sheltered tidepool at the 9 ft. level were obtained for
much of the summer and early fall of 1966 (Fig. 18 and 19). These
records show the effect of both the daily tidal cycle and the lunar

fortnightly tidal cycle on the ternperature fluctuations of the pool,
2. Salinity

The salinity of tidepools can differ {from the salinity of the
sca cither as a result of evaporation or of the inflow of watcr of

higher or lower salinity., Evaporation was found to be insignificant
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same exposure and vertical height, but with different depths.
upper chart was in a pool with a depth of 36cm and the lower

chart was in a pool with a depth of 94cm.



Records from a recording thermometer in a 36cm deep tidepool
at the 9 ft. tide level covering parts of June, July and August, 1966.
. The variations caused by the daily and fortnightly tidal cycles can

be seen.

9¢



Fig. 19. Records from a recording thermometer in a 36cm deep tidepool
at the 9 ft. tide level covering parts of August, September and
Cctober, 1966. The nearly flat record from September 14 to 18 : =3
was caused by a storm,
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in raising the salinity of tidepools unless the pools were isolated from
the sea for weeks at a time. In tidepools completely isolated through-
out sunny summer days maximum daily increases in salinity of less

than 0. 4% were recorded,

| Precipitation can significantly alter the salinity characteristics
of tidepéols. Table III shows the extent to which the surface salinity
of pools is lowered even when there is little or no surface drainage
infq them. - _Table IV shows fhc surface and bottom salinities of pools
which have extensive run off entering them. It is evident from both
tables that in the abscence of active mixing,poo.ls can become strongly
‘strat‘ified with respect to salinity. Because of the hgavy rains and
sub'sequént run off which occur, particularly during the winter_, some
pools and surge channels even at the lowest tide levels may have very
lowA salinities at low tide. Salinities of less than 4/. 0%were frequently
recorded at the 2 ft. level in several surge channels which, ‘at high

tide, had salinities of over 28.0 %a
3. Chemical Features

Oxygen and pH were not extensively investigated at the study
site but sufficicnt data were collected to substantiavtc the findings of
Klug‘h.(lc)'.z.‘»l), Py-eﬁnch (1943) and Stephcnson, Zoond and- Fyre (1934).
These workers investigated diurnal and tidal ch:mge.s in dissolved

oxygen and hydrogen ion concentration of the tidepool environment



TABLE 1II

Effect of rain on the salinity of tidepbols subject to little surface
run off. Pools emerged for less than cight hours.

" Depth of Pool 0.2m 0.5m l.lm 9.7m 1.5m
, Temperature G 8.28 8.20 8.00 9.84 9.56
Surface G ity %o 8.64 6.60 27.24 26.04 9.40
Temperature °c 8.40 8.36 8.08 8.92 9.36
Bottom
- Salinity %o 29.20 30.52 31.28 29,56 28.12

Effect of rain on the salinity of tidepools subject to surface run off,

TABLE 1V

Pools emerged for less than eight hours.

Depth of Pool 0.3m  0.3m 0.3m 0.3m
Temperaturce °c 8. 96 6.24 7.92 8. 60
Surface '
Salinity - oo 3.16 16.56 5.88 3,24
Tempcrature °c 8.32 7.81 8.86 8.60
Bottom : : :
- Salinity Do 29.08 29.68 28.24

27. 80

39
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and concluded that the range of va~iation of the's'e factors is primarily
dependent upon the density éf the flora. In tidepools in which the ratio
of plants to animals is large, dissolved oxygen and pﬁ variations are -

greater than in pools in which this ratio is small.

Most of the tidepools above the 3 ft. tide level have sparse

algal fldras, but some tidepools at all tide levels have dense grthhs

of eel grass '(Phylloslpadix scouleri). Thus, at all levels in the
“intertidal zone there are pools at.any one time with different dissolved

oxygen and pH characteristics.

In an attempt to determine whether dissolved oxygen might be
a limiting factor in certain tidepools, oxygen determinations were made

in several high tidepools which contained large growths of Phyllospadix.

Determinations were made during the phasé of the mohthly tide cycle
when the pools were isolated for maximum periods of darkness, The

lowest concentrations obtained approximated 15% saturation.
General Features of the Benthic Biota

Very little information has been published concerning the
vertical distribution of the intertidal benthic flora and fauna of the
west coast of Véﬁcouver Island. The mosf. comprehensive sfudy
~ relating to the site at Botanical Beach is the investigation by Rigg

and Miller (1949) in the vicinity of Neah Bay, Washington (see Eig. 1),

/
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Widdovrson (1965).investigated the vertical and horizontal distributions
- of a number of inte'rtidal algae and invertebrates along the southwest
coast between Port Rehfrew and Victoria. Green and Druehl (in
préparation) dztermined the vertical distributions of dominant benthic
organisms in three vertical transects at Botanicail Beach. These

" authors were able to relate differences between transects to quéntita-

tively evaluated differences in the exposure of the transects to surf.

The benthic biota at Botanical Beach is that of an -open coastal

environment, This is typified by the p'resex'lce of Postelsia palmaefor'mi_s_,
a kelp which is restric'ted -to rocky shores with éxposure to heavy surf
(S;ﬁith, 1944). Few qualitative differencés- were found during the

summer of 1966 between the intertidal flora and fa'u_né at Botanical

Beach and at such ftiily exposed shore sites as Pachena Point on the

west coé‘st of Vancouver Island and the west coast of Cape Flattery on

the northwestern tip of the Olympic Peninsqla', Washington. The
fransition from open cbast’ to sheltered coast along the so.uthWest

.coast of Vancouver Island Between Port Renfrew and Victoria is.
exemplified by the shoreward boundaries of open coastal forms and

the seaward boundaries of sheltered forms (Widdowson, 1965).

The more conspicuous biotic features of the intertidal zone
at the study site are shown in Fig. 20, The division of the shore

into the upper intertidal zone and the lower intertidal zone is
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arbitrary but useful. The lower intertidal zone is characterized by
a cover of kelp whieh hes its upper 'imit at about the 6 ft. tide level..
This height corresponds with several tide factors as can be seen in

Fig. 11. Hedophyllum dominates the le':;rer intertidal zone except in

| very exposed transects where it is largely replaced by Alaria nana -

and Lessoniopsis (l*"ig. 23).

The upper intertidal zone, on thelother hand, is mostly devoid
of algal cover (Figs. 21 and 22)., .Only in very exposed transects,
where Postelsia occurs (Fig. 23), and in sheltered transects where
Fucus occurs, is algal cover present. The upper intertidal zone is
- characterized primarily by three invertebrate genera: Acmaea,

Littorina arl'd Balanus (Fig. 20).

Several species of subtidal algae such as Laminaria setchellii,

L. ephemera, Pterygophora californica and Pleurophycus have upper

levels at about the 1 ft.. to 2 ft, tide levels. Beceuse of the -
essentially sllbtidal character of the flora and fauna at these levels,
they are considered as part of the subtidal zone. It is not justified,
as Lewis (1964) points out, to extend the intertidal zone to the limite

of the extreme low tides.

The benthic biota surrounding a particular tidepool depends
upon the location of the pool. Tidepools in the upper and lower

intertidal zone typically contain little algal cover aside from that
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Fig. 21. Moderately exposed to moderately sheltered transect
showing upper and lower parts of the intertidal zone.
The band of kelp is primarily Hedophyllum. It marks
the upper limit of the lower part of the intertidal zone.

Fig. 22. The lower part of the intertidal zone is characterized by
a dense cover of kelp, The upper part of the intertidal
zone has little or no algal cover., Transect in Fig, 21 is

in the center of the photograph beyond the sandstone shelf,



Fig. 23.

Exposed transect. The band of Hedophyllum is replaced
by Alaria and Lessoniopsis, and Postelsia occurs in the
upper intertidal zone. The highest point in the transect
is at the 9 ft. tide level. Water is at about the 2 ft. tide
level.
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afforded by calcareous genera such as Corallina, Calliarthron and

Bossea (Figs. 25 and 27-31). A tidepool at any location may,

however, contain large growths of eli grass {(Phyllospadix scouleri)
(Figs., 24, 26 and 30-32). It is only in some lower intertidal,
moderately sheltered to sheltered tidepools (Fig. 24) that relatively

dense algal cover occurs.

Despite the fact that-Hedophyllum is dominant throughout much

of the lower intertidal zone, it is present only in the shallowest parts

of tidepools, if present at all (Figs. 25 and 27). In contrast to pools

above approximately the 2 ft. to 3 ft. tide levels, lower pools often

contain extensive algal cover afforded by such predominantly subtidal

algae as Laminaria, Costaria and Pleurophycus and a variety of

bladed and filamentous reds and greens.

The upper limits of subtidal and lower intertidal invertebrates

are generally pushed upwards by tidepools. Thus, such species as ‘

Mvytilus californianus, Katherina tunicata, Calliostoma 'costatum,

Acmaea mitra, Strongylocentrotus purpuratus and Anthopleura

xanthogrammica occur at conspicuously higher tide levels in pools

than they do in the open rock habitat., Conversely, many of the upper

intertidal invertebrates such as Acmaea digitalis, Thais emarginata,

Balanus and Littorina do not regularly inhabit the deeper tidépools

of the upper intertidal zone.



Fig. 24.

"ig. 25.
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A moderately sheltered tidepool at the 3.5 ft, tide level.
Hedophyllum and Egregia are abundant outside of the

pool. Odonthalia, Iredaca and Phyllospadix are abundant
in the pool.

An exposed tidepool at the 4 ft. tide-level. Hedophyllum

surrounds the pool but is not as abundant as in Fig. 24,
There is little vegetation in the pool aside from calcareous
algae. Mytilus is abundant at levels just above the pool,



Fig. 26.

Fig. 27,

A moderately exposed tidepool at the 6 ft, tide level,
Hedophyllum is abundant at tide levels below the pool

but not above it. The dominant vegctation in the pool
is Phyllospadix.

An exposed tidepool at the 5 ft. tide level. Some
Hedophyllum is around the pool and in its shallowest
parts, Mytilus is abundant in and above the pool,
Cllunpr;‘gf‘ﬁ‘i—[;Hn also are attached above the pool.




Fig. 28.

Fig. 29,

An exposed tidepool at the 8 ft. tide level. The surface
of the pool corresponds with the upper limit of Mytilus

in this location. Clumps of Mitella can be seen with the
Mytilus below the pool, and around the edge of the pool.

Coralline algae are the only conspicuous vegetation in
the pool.

An exposed tidepool at the 8 ft, tide level with a wire
minnow trap at its bottom. Corallina and Mytilus are
consgpicuous in the pool. Note the loose rock at the
bottorn and the absence of crustose algae around it,
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Fig. 30, A moderately sheltered tidepool at the 7.5 ft, tide level.
Corallina, Phyllospadix, Mytilus and Anthopleura are

conspicuous in the pool.

Fig. 31. A moderately sheltered tidepool at the 8.5 ft, tide level,
Corallina and Phyllospadix grow in the decper parts of

pool while Odonthalia and Spongomorpha grow in its

shallower parts,
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Fig. 32, Tidepools of intermediate exposure at the 9.5 ft, tide level.
' Note the absence of macroscopic vegetation outside the
pools.

Fig. 33. A tidepool at the 10 ft, tide level showing the general
physical features of pools in the shale and slate formations.,

Phyllospadix is conspicuous in the pool,



LOCAL DISTRIBUTION OF TIDEFOOL COTTIDS

.'l'he objcctive of this part of the prcsént study was to define
some of the factors in thé environment of tidepool cottids along the
west coast of Vancouver Island, B. C., and to relate certain factors
" to the local distribﬁ(‘i.(m and abundance of these fish. Particular
emp‘nasis has been given to Oligocottus maculosus, the most

abundant and widely distributed of the intertidal cottids in this area,

In the past various workers have noted that specics of north-
eastern Pacific cottids inhabit, and may be restricted to, the tidepool
habitat {(Greeley 1899, Bolin 1944, Clemens and Wilby 1961; and
MacPhee and Clemens 1963). Greeley (1899) also reported that some
tidepooi coltids occur only in tidepools with a particular flora, and
that somece species occupy pools at definite heights in the intertidal

zone.

The ouly recent contributions to knowledge of the local distribu-
tion of northeastcrn Pacific tidepool cottids arce the studics by Moruris
(1960, 1962). These studices ;ch primauvily c.oncerncd with temperature
and salinity as possible factors determining the geographical
distribution of several species, but he also coraments (Moz'ris; 1962)

upon the local distribution along the Oregon coast of Q. maculosus,

O. snyderi, Clinocottus globiceps and Leptocottus armatus. His data

indicate that the 167C isotherm is the limiting factor in the southward
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distribution of O, maculosus and C. globiceps (Morris, 1960). He

also suggests that a low Q]O is responsible for tie ability of O,

maculosus to inhabit high tidepools (Morris, 1962).

Methods

Quantitative and Qualitative Collections

The distribution of species at low tide is based primarily
upon poison collections made in tidepools and at subtidal stations,
Chem F_‘isl; C(.)llcétor, a rotenone-base chemical manufactured by
Chemical Insecticides Corporation, Mctucll"cn, New Jersey, was
used as a fish toxicant. It was found to be better suited for making
quantitative and qualitative collections of the tidepool fish fauna
than a variefy of other fish toxicants and anesthetics such as é,t‘esol,
quinaldine, chloral hydrate, 2-phenoxyethanol, and tricaine

methanesulfonate,

The typical reaction of northeastern Pacific tidepool fish to
Chem Fish Collector is an initial period of activity during which they
leave the seclusion of rocks and crevices, followed by a short period
of immobility that preceeds death, ‘ The initial activity ;15;lexllyr takes them
to the surface or édg_c of the tidepool:wherc they can be easily capturca
with a hand nct or forceps. The responsc to other toxicants and

ancsthetics is not as general, Many species become immobilized
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Beforc they lca_\.ro he seclusion of rocks and crevices. This makes
it difficult or imposaible to recover them. Gibson (1965a) has
reported that he was able to make quantitat;lve collections of British
tidepool fishes with quinaldine. The tidepool fishes with which he
_w.ork‘e‘d eiflxer respond differently to quinaldine than the fishes
iﬁvestiga‘;cd in the present study, 01 the tidepools Iin which he made

his collection were much better suited for being thoroughly searched.

' Crcsol i.s an effective fish toxicant gnd causes a response
sinﬁlax to Chem Fish Collector. It is a more corosive chemical,
however, and is much more injurious to the invertebrate fauna than
rotenone. Other rotenone-base fish toxicants have the same general
effect upon the fish fauna as Chem Fish Collector. But because of
its greater poten_éy, and composition, Chem Fish Collector is B
effective, unlike the others, at concentrations that do not alter the
clarity of the water. It is therefore possible to make a thorbugh

search of the pool following the application of the toxicant.

Precise quantities to add to poels were not dctermirieci. If
the fish did not respond to the initi»al dosage within ten to fifteen
minut.c:s, morc was added. It. was ncever necessary to add a quantity
of toxicant which interfered with the élarity of the water. After the
toxicant was mixed into the tidecpool, small dip nets and forcéps were

uscd to retricve the fish and transfer them to 10% formalin,



From May 19(?)4 to May 1967, 87 tidvcpool or ksubtidal
collections were made, mostly in the‘ vicinity of Botanical Beach;
20 were made between Pachena Point and Triangle Island, which is
located just off the northwestern tip of Vancouver Island. During
ﬂvth‘e summer of 1965, 36 collections were ma‘de between Prince

Rupert, B.C., and Cape St. Elias, Alaska.

Periodic Trapping and Poisoning of Tidepools

Two series of tidepools with a combined volume of approxi-
matély 3,800 litres were trapped with wire minnow traps (Fig. 29)
bimonthly or monthly from December 1965 to September 1967. The
ler;;ose of the trapping was to assess changes in the fish populations
of the péols and to obtain data on growth for the species present.
The pools were moderately sheltered to moderately e:-:boscd and

were situated between the 8.5 ft, and 9. 2 ft. tide levels. The traps

were baited with broken pieces of Mytilus californianus. The usual

trapping period was four hours. On some occasions, however, high
surf necessitated an early removal of the traps from the pools.
Trappixig was usuaily confined to t_hc ddylight hours., When trapping
was nccessary at night, the tidepools wcré artificially illuminated

during the trapping period.
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The trapping of several pools just previous to poisoning them .

revealed that' a very high proportion of the total number of



O. maculosus and C. ﬂiO])iCCpS over 55mm in 1ength were taken-in
the traps., For exaraple, in one pool 14 O. n’1aC1,1lo.s_L_é_and 2 C.
globiceps were taken after two hours of trapping. Subs‘equent
poisoning took Onev additional O. maculosus. In another pool two
.honlgs of trapping took 5 O. maculosus andr'{ C. globiceps, while

subsequent poisoning took 2 additional C. globiceps.

One tidepool at the 9.4 ft. tidec level was poisoncd on a
monthly bésis or as close to a monthly b'as'}s as surf and weather
conditions permitted. The pool had a maximum dcp.th of 36cm
and a volume of 42 litres. The purpose of the monthly poisoning
was to obtain growth data for the fish present and to determine any:
seasonal differences in the degree of rcpopulatién, or in the species

which repopulated the pool.

All measurements of live fish were made to the nearest mm.
No anesthetic was used and the fish were released immediately after
being measurcd into the pool from which they had been taken,
Preserved fish werce measured with dial calipers to the ncare'st tenth

of a mm, All measurements represent total length.
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Results

General Distribution Patterns

On the basis of poison collections 16 species .of littoral
cottids common to the west coast of Vancouver Island canv be plac}ch
.into ’o_'n'e.of three categories: (1) those primarily restricted to tide-
pools,. (2) those primarily restricted to the sﬁbtidal zone, and (3)
those which occur both in tidepools and subtidally. The species
p]ﬁaced in each of these categories are listed in Table V under the
respective headings: primary tidepool coftids, subtidal cottids, aﬁd
secondary tidepool cottids. Table VI summarizes all the colléctions
made at Botanical Beach and the number in which the various'cottid'_
species were taken. Table VII summarizes the collections made

between Botanical Beach and Cape St. Elias, Alaska.

The most obvious feature of the local distribution of the
tidepool cottids is that at any given site the speciés characteristic
of one tide level are diffcirent from thosc at other tide levels. In this
respect the tidepool cottids eximibit vertical zonation just as does the
‘intertiél‘;l benthic flora and fauna., The details of this zonation as it

occurs at Pachena Point is shown in Table VIIIL,

Like the vertical distribution of specics of benthic plants and

invertebrates, the occurrcence, abundance and vertical ranges of the



TABLE V

Categories into which cottid species, taken at Botanical Beach, are placed with respect to
&
their occurrence in tidepools.

Primary Tidepool Cottids Subtidal Cottids Secondary Tidepool Cott_if_:_
Oligocottus maculosus » Jordania zonope Hemilepidotus hewmilepidotus
O. remensis Hemilepidotus spinosus ‘ Artedius latéralis
Clinocottus globiceps . Blepsias cirrhosus : A. fenestralis

C. .embryum Artedius harringtoni Asceliéhthys rhodorus

C. acuticeps _ QOligocottus snyderi

Enophrys bison -

Leptocottus armatus
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TABLE VI

Summary of cottid species taken in 67 poison collections made at Botanical Beach from
1965 to 1267. The numeral in far left of each row is the total number of collections in
which that species was taken. Other numbers show the number of collections in which

any two species were taken together.
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TABLE VII
Summary of cottid species taken in 56 collections made between Pachena Point, B.C. and
Cape St. Elias, Alaska, from 1965 to 1967. The numeral in far left of each row is the total
‘number of collections in which that species was taken. Other numerals show the number of
collections in which any two species were taken together. -
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TABLE VIII

. :
Cottids taken from a vertical series of tidepools near Pachena

Point, B. C., during July 1966.
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primary tidepool cottids vary from one verticol transect to another.
For example, in some transects, as is shown in Table VIII, O,
maculosus occurs only in the upper intertidal zone. In other transects

it occurs from the upper intertidal zone to the lowest tide levels.

ﬂClinolc'ottus embryum, on the other hand, is rarely abundant at tide
lé\;els other than those §110\V;1 in Table VIII and in many. t‘ransects it
is ‘absrent'. In sbme_ transects C. globiceps extends throughout the
intertidal zone, whereas in othe;‘S it is restricted to the upper
intel-tiqal zone c-)'r absent altogether, In transects where it occurs
C. acuticeps is restricted to the upper intertidal zone, whereas

O. remensis has been collected only in the lower intertidal zonec.

The secondary tidepool cottids all have their lower limits in the
subtidal zone and all of them have upper limits in the lower intertidal

zone. Artedius lateralis, O. snyderi and Ascelichthys rhodorus have

occasionally been observed in tidepools in the upper intertidal zone
but they do not regularly inhabit this part of the intertidal zone at the
study site. These species do, however, regularly occur higher in

the lower intertidal zone than other secondary tidepool cottids,

Environmental Factors and Distributions

o Physical and Chemical Tidepéol Factors
"It has been shown that the physical and chemical conditions in

tidepools vary considerably depending upon such factors as the depth
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of the peol, its {lova and fauna, weather conditions, and thé extent
to which the pool is .’,solé.t:c:d f;om the sea., The latter factor
determines the effects that. the othey. factors have and it'in turn
depends primarily upon e height of the pool, and secondarily upon

" the pool's exposurec and the sca state.

Pools below LLHW (Fig. 11) will {lood twice in each lunar
day. Pools above this height will flood no more than once pe.r lunar
day during the neap period'of the montl_ily tidal cycle. Pools located
above LHHW (Fig. ]Al)rwill be isolated for at least tw‘o consecutive
tidal days each lunar month. These're_lationships between veftical
‘.heig:ht, length of emergence and tidal factors are illustrated in Fig. |

12.

The upper limits of most of the tidepool cottids are situated

below LLHW, Three of the four species (O. maculosus, C. globiceps,
C. embryum and C, acuticeps) which regularly inhabit pools above

this level also inhabit pools above LHHW, Only C. embryum inhabits

pools above LLHW but does not occur above LHHW. This means that

all the tidepool cottids except O. maculosus, C. globiceps and C.

acuticeps have upper distributions corrclated with daily, tidally-
‘related, changes in environmental conditions, All the sccondary
tidepool cottids have upper limits corrclated with semi-daily,

tidally -rclated, changes in environmental conditions.,



Because of the effects-aﬁd possibly interactive effects of
'.,factors other than .th.e vertical positiorl of a tidepool, it is very
difficult to determine what single factor, il any, in.a pool is limiting
the ver_tical distribution of a species. Tidépools of the s.ame shape
. and si‘z'e meortu_na.ltely do not occur in neat vertical transects, In
this»re-spect the tidepool environment is more difficult to-evaluate

than the open rock environment.

I{ tér‘x;xp(%l‘:»ltul‘@ were limiting the-uppcr distribution of a species, -
that spe.c;.ics would be expected t.‘o be found higher in the intertidal zone
- in deep shaded pools than in shallow open pools. It has not been
possible, on the basis of poison. collections and trap catches, to
correlate wvertical distributions with depth or other physiograpl‘nic
characteristics of tidepools for any of the cottigls which do not occur

above LLHW.

It might also be expected that seasonally, vertical distributions
would change in response to more favorable tc:mpcfatures in tidepools
. above LLHW. But again such shifts have not been observed in the
cottids which occur only below th'ishtidc: level. The fact that seasonal
changes in distribution patterns in th»e‘se cottids .do not occur even in
transects where hecavy run off at low tide causcs the salinity to be
.muéh lower than that of the sea, i.11c1iAc;itcs thcv ineffectiveness of

gsalinity ags a factor affecting the local distributions of these gpecics.
Y g I
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For all three of .the species which inhabit tidepools above

LHHW scasonal s_hi_t.?;s'indistrﬂnﬁtions with respect to spccific poé].si
do occur (seeibclow). In séveral of these cases the changcé in distribu-
tion appear to be related to seasonal changes in temperature chara;ter_-
‘istic'.s .of the pools. Fi.g. 34 shows the number of O. maculosus and C.
piob'icepg taken in a shé]low pool at the 9.5 ft. tide level during 1966
and ‘19'67. It is obvious that the pool is a more favo_rablé habitat during
the fall than during the éumme r despite the fact that it receives heavy

run off during the former period.

Although these data suggest that high temperatures can restrict
the distributions of O, maculosus and C. globicegs,- temperature can
not be used to explain the horizontal distributions of thesc species.

In sheltered and fnoderately sheltered transect_s C. globiceps cioe-s :
not occur in pools which have less exAt.rcmc temperature fluctuations
- than those in higher moderately exposed and exposed pools where the

species does occur. This is also true for the distribution of C, embryum.

O. maculosus inhabits tidepools throughout the intertidal zone
in sheltered and moderately sheltercd transccts, but has a; high lower
vertical distribution in exposed transects. Clearly the horizontal
- differences in the vertical distril;\‘ltioh of O. maculosus can not be
related to tidal fluctuztions in physical and chemical factors within

tidcpools.
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Exposure

‘The vertical clisti-_ibution of ngzlcxllw_at Botanical Beach
';s correlated with the degree to which the intertidal zone is expoécd
to surf, Whefe therc is no protectioﬁ from open sea swells, this
species occurs only in tidepoolé in the upper intertidal zone. In
she_ltcrcd_transects, however, it occurs in tidepoois and surge
channelé to as low as the extreme lowest tides. It 'has never been

taken in a completely subtidal collection.

"The relationship between exposure and the percent of the total
cottid fauna represented by O. maculosus, -as determined on the basis
of surf sensor data and poison collections, is shown in Fig. 35,

Fig. 36 shows that the density of O. maculosus pcr litre of tidepool
volume is also correlated with exposure. It is apparent from the
fo-rmer figure that the factor(s) which limits the lower vertical range
of the species does not exclude it from the lowest tide levels in either

sheltered or moderately sheltered transects.

The vertical distributions of the ofller two abundant primary
tidepoofl cottids at Botanical Beach are also correlated with exposurc,
Fig., 37 shows that the relationship between the vertical range o.f
C. .globiceps and cxposure is ﬁ-early .'the rcéiprocal of that of O.
rna.culwgs_gﬁ_._, Thc vertical range of C. _.:Dwg_x_(hg 38) tends to be

rclated to exposure in the same way as that of C. globiceps but this



Fig. 35.

Percent of the total cottid fauna of tidepools
represented by O. maculosus as a function of
exposure and ticTe_}_l_cight.ﬁfgl—)osurc categories
arc (E) exposed, (ME) moderately exposcd,
(MS) moderately sheltered, and (8) sheltered.
Sce text for explanation of exposure scale.
Collections were made during July and August

1966.
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Fig. 36.

Tide height — feet
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Density of O. maculosus over 55mrmm in total length

per litre of tidepool volurne as a function of tide

height in exposed { A ) and mederately exposed (O) .
tidepools. Collections were made during July 1966,
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Fig. 37.

Percent of the total cottid fauna of tidepools -
represented by C. globiceps as a function

of exposure and tide height., Exposurec
categories arc (E) exposed, (ME) moderately
exposed, (MS) moderately sheltered, and (S) _
sheltered. See text for explanation of cxposure
scale. Collections were made during July and
August 1966,
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Fig. 38. Percent of the total cottid fauna of tidepools
represented by C. embryum as a function of
exposure and tici:—}-wight. E;:posure categorics
are (E) exposed, (ME) moderately exposcd,
(MS) modecrately sheltered, and {S) sheltered.
Sce text for explanation of exposure scale.
Collections were made during July and August

1966.
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species is completely absent from sheltered end moderately

sheltered tidepools.

‘Because of tbe felatively few collections which contaix}ed
O remensis and C. acuticeps it is difficult to det:érmine the
- relationship between the distributions of these species and exposure.
At the study Sife, however, O. iemen sis has only been taken in
1110(101';a.tely" exposed to modera.t-c:ly sheltered tidepools in the lower
intertidal zone. C. acuticeps,on the othf:r hand, has only been
taken in moderately sheltered to sheltc‘red tidepools in the upper

intertidal zone.’

The upper limits of the vertical‘distribution of the secondary
tidepool cottids do not appear to be as markedly correlated with
exposure as arc those of the primary tidepool cottids. Poison
collections do indicate though thét most of thesc specics arc more
abundant and tend to have slightly higher vertical distributions in

arcas with intermediate exposures.

Biotic Factors

The conspicuous vertical and horizontal variations in the
benthic fauna and flora have been referred to in an earlier scction
of the paper. Since thesc variations are correclated with tidal factors

in the same way as arc the distributions of those tidepool cottids

which only occur-helow LHHW, the distribution of these cottids is
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also corrclated with the benthic biota. Only.O. snyderi, however,
has a sufficiently di.sco'ntinAuous distribution below the upper limits
of its vertical range that a specific biotic factor ca.n bg correlated
with its distribution. This species has rarely been collected at the
stugly_sitc, or. at other collecting sites, where eel grass was not

abundant.

The local di_stributbn of O, maculosus is not correlated with
co.'nspicquus bio.t'ic features of the environment., Its occurrence at
the lowest and highest tide levels in moderately sheltered and
sheltered transects and in tidepools-above L}'he 3.ft. to 6 ft. tide levels
in moderately exposed to exposcd trans'ects means that it inhabits
pools with the widest possible range of biotic features, It inh:’x.bit:s
tidcpdols with all other tidepool cottids. Often the only cottids in
lower intertidal, moderately exposed to exposcd pools where it does
not occur are C, embryum and C. pglobiceps, Yet it commonly
inhabits higher pools ir,l which both C. embryum and C. glohiceps

have higher densities,

One can sugpest that biotic factors may be important in

relation to the distributions of C. embry

um and C. globiceps. Both
species do not inha®hit pools in transccts where physical and chemical
environmental conditions are less variable than conditions in pools

inhabited:by these specics in other transccets., Therc is no basis,



however, to suggest what factor(s) may be important,
Size

The vertical range inhabitéd by O. maculosus depends upon
the size of ltl.xe fish, 0O-year fish (£ 55mm) do not occur as low in any
vertical transect as do older fish. Even in sheltered transects fow
0-year fish inhabit tide:pools below the upper intertidal zone. Larger
fish inhabit pools as high as.those inhabited by juveniles provided
that the pbo].s are deep enough. 'I‘hese-featurcs of the distribution

of O. maculosus are shown in Fig. 39.

Specimens less than 45mm in lengt}; of.m;-n inhabit i:i.clel>ools
less thqn 10cm deep, and specimens smaller than 15mm in length
can be taken in shallow depressions no more than several cm 'dccp.
Fish larger than 55mum do not usually inhabit ﬁdcpools less than

10cm deep.

For most other tidepool cottids 0-year fish tend to be more
abundant near the upper li.mit_'_ of the species' vertical distribution.
But only for C, globiceps do O-year fish inhabit pools not gencrally
inhabited by larger {ish of the speAci(:s. The disparity betwecen the
distributions in the upper intertidal zone in sheltercd ax}d maderately
shcltefcd transeccts of _C:__ _glglgic_ﬂ)é_a.nd C. embryvurn (Figs. 37 and 38)

is due largely to the occurrence of juvenile C. globiceps in sheltered
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to moderately shaltered upper intertidal pools., Juvenile C. globiceps
also tend to rmove to lower pools at a smaller size than do juvenile O,

maculosus.

Secasonal Changes

There do not appear to be significant seasonal shifts in the upper
or ~10\vc‘r vertical limits of O. maculosus, There are, however,
seasonally related changes in the occurrence of tvh.is s»p-f:cics in parti-
‘cular tidepools. In some modcrately éheltcred to c#poscd pools in the
upper.ini,ertidal zone few, if any, O. maculosus occur except duving the
summer months. Apparently these pools become uninhabitable cl-uri.ng
thexwintcr months because of surf;-'insluccd abrasive action of cobbles
and boﬁldcrs which litter their bottoms. Such pools are typically
devoid of any biota during the winter ‘mohths except for possibly a

belt of coralline algae around their upper edye.

Other tidepools at the study site becomc‘completely filled with
sand or gravcel during the summer CU'Id therefore fish are absvcnt during
this‘period. With the c)f.f~shc“)i'e movement of sand which occurs during
the fali and winter, these pools become populated with juvenile O,

maculosus, Temperature has been mentioned above as possibly

having a seasonal cflect in some pools.

A storm during January 1967 dislodged two boulders from a

tidepocol at-the 8 ft. tide level which was being trapped on a rmonthly



'basis.. “Each boulder weighed about 10kg and they were the only.'
.cover in the pool. Whecreas trap catci.\es previous to the storm
indicated a population of about 20 _Q_M_Ll_lcg_bj:_, no fish were

. caught o‘r observed in the pool after the storm. Similar declines

in other tidepool populations of O. maculosus following the

disruption of the pools by stormvs have been observed.

None of the other primary or secondary tidepcol cottids
appear to have distributions patterns which vary seaséncdly. Only
C. globiceps and C. acuticeps, because of their occurrence in the
upper intertidal zone, are usually affected by the conditions

mentioned above.

Population Fluctuations and Growth

Over the two yecars that bopulations ofg rnaculosus in
_scveral serics of tidepools were monitored by periodic trapping,
significant scasonal fluctuations in these populations occured. The
results of the morthly trapping of two scries of tidepools is shown
in Fig. 40, It is evident from this graph that the population
declinc;d sharply during the winter and early spring and built up
again t)vc:i' the summer and early fall. Length frequency analysis

of the trap catches shows that the build up resulted from the
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recruitment of 1-year and O-year class {ish rather than a re-invasion

of the pools by larger fish,
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This decrease in the population of O. maculosus during the

winter and spring oecurs throughout the» vel*ticztl and horizontal 1.'5.ngc
of the species at the study site. Thus, by F(;’brqary and March.ma‘my
pools at the lower vertical range of the species have few, if any, O.

- maculosus in them. In this way the lower limits of the species do
tend to be pushed \,1p\va1_"ds over the winter, but it does not appear to

be due to active emigration of fish from the pools. .
The only other tidepool cottid for which similar data are

population decline during the winter and early spring.

The growth of O. maculosus will be treated in detail Iin a
later péper. However, in connection with the seasonal aspects of
the distribution and population fluctuations of this speccies, it is
useful to include data regarding scasonal aspects of growth., Fig. 41

shows monthly length frequencies of O. rnaculosus from poison-and

trap collections. 1t is apparent that the species groﬁvs little if at
all during the winter months, and that growth was most rapid

“during late spring and suwmmer.
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HIGH TIDE MOVEMENTS AND HOMING BEHAVIOR

Basic to the understanding of the ecology‘and behavior of any
mobile species of animal is a knowledge of the movements of indivi-
duals of the species. Itis important to know the area covered by the
individual in its normal activities of feeding and reproduction, whether
or not special rnigraﬁons for reproduction or other pt-lrposes occur,
and if the individual tends to stay in a particular ar-ea for a considerable
period of time. Previous studies on fishes have shown that a large number
of marine and freshwater species have restricted movements, and that
many species during reproductive and non-reproductive periods will

return to a formerly occupied site, if they are displaced to another

location (see review by Gerking, 1959).

Certain tidepool fishes have been investigated in regard to

their movements and apparent homing behavior, Beebe (1934) and

Aronson (1951) found that Bathygobius soporator returned, after being
released in other tidepools, to the pools in which they had been
captured. Williams (1957) concluded from returns of marked

specimens of Clinocottus analis and Girella nigricans, which were

released into the same pools in which they were captured, that both
species homed to particular pools. On the basis of one experiment

in which 10 of 35 specimens were still in the same pool 10 days after
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being marked, Gerbacher and Denison (1930) suggested that

Oligocottus maculesus shows fidelity to individual pools. Obsecrva-

tions by Hubbs (1921) indicated that Amphigonepterus aurora alseo

occupied the same tidepool on successive low tides. More recently

Gibson (1967blinvestigated the range of movements of two British

tidepool species; Blennius pholis and Acanthocottus bubalis

(=Enophrys bubalis). He concluded that both species move over

limited areas and that at least the former species moves over a

"home range' which includes several tidepools.

In all the above studies it was gssumcd ihat the species under
investigation leaves the tidepool at high tide to maké an on-shore
feeding migration and subsequently retreats to the tidepool as the
tide ebbs. Such movements away from the pool are crucial to the
homing hypothesis in studies which do not involve displacement of
‘specimen's to other pools. Kven so, the evidence concerning high
tide movements has been primarily circumstantial, Only Williams
(1957) attempted to directly obscrve the movemsents at high tide of
the species he investigated. He concluded that the assumption that

fish did-not remain in the pool for the interval between consecutive

low tides was undoubtedly true for Girella nigricans. The data

were not so obvious fur Clinocottus analis, cvemn though at one shore

location he observed an apparent complete upward shift in the vertical
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distribution of this specics during the flooding., He observed.taggcd
spetiirﬁens of C. analis only .ébout 12 times, dn_d although 'eac»h of
these fish was ”:;1; a considerable di;l:a.nce from the pool in \\-'h»ich it
was last observed"” it is not mentioned if ,;111 these fish were ever secn

in the home poel again,
v & .

Gibson {1967)made no direct obsecrvations on the movements.

at high tide of either of the species studied. But he concluded that

Blennius pholis probably leaves the tidepool in that it feeds to some
extent on barnacles, which are not common in pools, and the fact that
the specics has a tidal rhythm of activity in which its locomotory

activity is cnhanced for 4 hours around high tide.

The first s.tage of this phase of the study was to make direct
ohservations on_thc movements at high tide of O. maculosus ata
vaficty of shore sites with respect to exposure to surf, and during
different seasons of the year. 7The second purpose was to determince,
through tagpging experiments, the relationship of individual fish to
particular tidepools. Attempts were also made to determine some

of the factors which affect the tendency and ability of O, maculosus

to return to specific pools after being displaced from them.

Obscrvations and homing experiments were also made on other

tidepool cottids in the study area.
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Methods

High Tide Distribution

The high tide distribution of O, maculosus was determined
primarily by direct observations of tagged (sce below) and lmtaggcd
‘speci‘men-s. As a result of sur{ éonditions, most of the observations
had to be made from beneath the water surface. At times of calm
seas, and in sheltered locations, howeﬂzer, it was p'oss‘ible to maRe
observations on the distfibution and moizément of the species from
above the sea surface. Under these conditions observations were
made either from-a vantage point, such as a rock or ledge, above

the water or while standing in the water.

During most of the uncler;vater observations a face mask and
a snorkel were used, but SCUBA equipment was used on some
occasions. Becausc of the roughness of the sea, particularly during
the winter months, it was sometimes necessary to confine the
observations to the more sheltered sites. Ewven during the winter
months, however, there were ‘-periods of calm vsca conditions which
permitted obscrvations to be made at‘th‘c most exposed parts of filc
- study site.

Notes concerning the distance and arca covered by tagged
specimens and the ;chc:ral. distribution of tidepool populations were

recorded on an underwater writing pad. In one moderately sheltered
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arca monthly observations were made f.o detcrnﬁnc the number of .

O. maculosus at high tide in an area of a‘ppr'oximatel_y 8m

surrounding a single tidepool. This pool waé also trapped on a
monthly . basis and it was thérefore possiblé to calculate the number

of fisl;x‘in‘ the area surr_odnding the tidepool a.s a percent of total

population of the pool.

Monofilamcmt gillnets of 1/2 in. mesh, knot to knot, placed at
vzir\ious depths and sites in the intertidal zone were alsé uscd to assess
distributions at high tide. FEach net was mounted on t:\vo, 6lcm long,
13mm diameter, steel rods (Fig. 42). The ,lrods._ were threaded at
the bottom end so they could be screwed into 1/2 in. Philip shiclds
anchored in the substratum. Three shiclds were placed 2m equidistant
from one another at each gillnet site. Thus, all 3 sides of a triangle
could be closed off with netting. The net was looscly hung between |
the rods and weighted so its bottom lay along the contour of the shore.
Nets were examined fOr}f.ish either just bcnfore or just after the ebbing

tide exposcd them,
Tagging

The principal type of tag used -con'sistcd of one cr two colorcd
embroidery beads attached to the fish's dorsal musculature midway
between the anterior and posterior dorsal fins. "l‘hc beads werce

attachced with 31b. test monofilament nylon line inscrted through the



Fig. 42,

Gillnet site showing the three equidistant supporting
rods anchored in the substratum. Resecarch facility
is in the background.
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musculature with a #I1 stainless steel sewing needle.

Previous to the actual tagging operation t:tgs_c.onsisti.ng of a
10cm piece of line with a single bead sec;ur'el.y tica to one end and .a
singlé loop in the line just below the bead were prepared. During
‘the thgijw.gg operation the free end of the line was pushed through the
fish's dorsal musculature rabout 3mm below the mid-dorsal surface
and thén through the loop below the bead. The loop was tightened and
two knots in the fl'ée end were cinched tightly against it, When two
.bea,ds were used, the procedure was the séme except that the sccond

bead was placed on the line just after it was passed through the fish,

Two other methods of marking fish were also used. Fin
clipping was done extensively in conjunction with bead tags so that
the individual fish could be identified. It was usually restricted to
oné or both'pelvi.c fins, but in some instances anterior and postecrior

portions of the anal and dorsal fins were clipped.

-

Tags consisting ofcolorcd silk thread were used in a few
experiments when the movement of marked fish was being observed
from unclejrwater. The thread was inserted in the same way and
position as the bead tags and then knotted above the median dorsal
surface. Tl;v:: free c:ﬁ.ds werc cut so0 t-hc:y were about the same length
as the fish; The ends were then C(.);trtC(;l with vaseline so they would

float.
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Fish werve caught for tagging with baited minnow traps or with
small dip nets. No anesthetic was used during the marking of any fish,

and each fish was sexed and measured after being tagged.

Two conditions were used to evaluate the effects of tagging on
survival., Over a period of 18 ;ndnths 25 bead-tagged O. maculosus
(55mm to 70mm) were held in aquaria with 20 non-tagged Q. maculosus
{(55mm to 70mm) for a »nlinimmh period of 6 months ‘each.. The water in
the aquaria was not circulated or filtered and it was renﬁwed only every
week or 10 days. Daily temperature fluctuations in the aquaria corres-

ponded to those which occur in tidepools in the upper intertidal zone.

There were ne mortalities of either control or tagged {ish,

In order to more accurateiy simulatc natural conditions, 10
bead-tagged O. maculosus (60mm to 70mm) and 8 non-tagg.ed O.
maéulosus (63mm to 71mm) were held in an 80 litre covered tidepool
at the 9 {t, tide level. These fish werc held in the pool from November 10,
1965.to June 9, 1966. One tagged and one non-tagged {ish died between the
12th and 22nd of February, 1966, as a result of being caught under the
screcn cover. Another tagg¢d fiS};x lost its tag betwec»n the 2‘5th ar-id
30th of March, but was in healthy condition with the wound completely
closed when the experiment was terl'x'li;lal;c:d. All 8 of the remaining
tagged fish were in good physical condition at the termination of the

experiment, The flesh surrounding the tags of all these [ish, however,



was to varying degrees worn away and the tags of several fish were

about to be lost,

The latter observatiens indicated that tag loss could occur in
the pool environment in a matter of 1ﬁ1onths and perhaps wecks. The
fact that there were no more hazards on which the tags could become
sn'agg.ed in Vthe.‘ covered pool than in the aquaria, suggests that tag loss
- was probably due to the abrasive action of turbulent water. If this is

true, one should expect to observe, as was the case, fewer tags lost

during the summer than winter.

Tag loss does not result in increased mor-tality. Bead tags were
forccl'ully removed from 10 O. macﬁlosus one week after they had been
attached.. Fivcv of these fish were held in an aquarium and five were
held in the covered pcol. At the end of 4 weeks no d;aths had occured.

and the wounds of all the fish were healing.

Types of Tapging Experiments

Two types of tagging experiments were conducted: those
'involving transplant releascs and thosg; involving home pool releases,
In the former c;.xpc.riments fish fror;\ one tidepool were tagged and
subscquently releascd at a location other than the pool in which they

were captured. Usually they were relased into another pool, but some

were releasced dircctly into the sea.  In the latter experiments tagged
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fish were relcased into the same pool in which they were captured.
Data on the flooding history of the pools and surf conditions were

recorded.

The primary mea_ns of obtaining recovery data were lﬂf extensive
and intensive trapping of pools with minnow traps and froxﬁ nocturnal
observations of pools. The latter method proved to be an extremely
effective a.nd quick way of obtaining recovery data. -Because tidepool
cottids leayc their hiding places at night and position themselves in
the open, they can be easily observed and captured with a small hand
net. In this way a large number of pools can be examined .in a

relatively short time.

Tagping studies were initially under.takcn to determine the
fidelity of individual fish to particular pools, and to what extent trans-
plaﬁ.tcd fish will return to a pool. Lavter, further studics were carried
out to try and answer several que‘stions about the ?l')scrved homing
instinct: how is homing_affected by such factors as the season of the
~year, the distance to which Specimcns are transplanted from the home

pool and the length of time fish are held in captivity?
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Results

High Tide Distribut.’gxiand Movements .

Observations on the distribﬁtion of O. maculosus during high
tides were concerned pli:ﬁarily with determining whether this species
moyves out of and away from the tidepools in which it is found at low
tide. On the basis of diving obse rvations and gillnet catches, it was
found th‘at the characteristics of the high tide distribution of this

species depends upon both space and time factors at the study site.

"Horizontally along the shore tﬁere is a diffcrence between the
high tide distribution of fish inhabiting tide¢pools in exposed transccts
as (;pposed to those inhabiting tidepools in sheltered t;'ansects. In
the exp-oscd habitat O, maculosus does not regularly leave thqtidcpodl

whercas in the sheltered habitat it does.

Seasonally therce is a change in the high tide distribution of fish
inhabiting tidcpools of intermediate exposure. Fig, 43 shows t-hc
seasonal change in the average number of O. maculosus, as a perccx.lt_
of the total tidepool populatiohn, obscrved at high tide on a {lat
surroux&d-ing a modcrately sheltered tidepool. It is apparent that the
“only time at which a significant percent of the pool population was out

of the pool was during July, August and Scptcmbcr.
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Percent of the total tidepool population of O. maculosus
out of the tidepool at high tide duzing different months
of the year. The value for cach month represents the

average for at least six high tides,
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In transects vvhere the high tide distribution encompasses a
larger area than the lowv tide distribution, the species does not :c--_xhibit
a complote upward shift v.‘n its vertical distribution. The‘re are al\vqys
fish which remain in the tidepool or at the‘ saxﬁe tide height as the pool
régardless of how low in the intertidal zone it is located. The only
spec-imens which tend to show a more Aor less compl_ete ﬁdal shift in
their vertic:al distribution are O-year fish in some sheltered and
moderately sheltéréd areas. If there are no physical impediments
to following the flooding tide to its highest levels, thesc fish migrate
shoreward as their pools are flooded énd thein mc.>vc off—shore‘ again as
the tide ebbs. This on-shore, off-shore migration can be seen
particularly well at the study site in an arca where a large sheltered
tidepool at the 7 ft. tide level has only sand and gravel shorewafd of

it.
Tagged fish

According to the above observations, at least in cert:.tih tidepools
‘and during certain months of the year, the same individuals of O,
maculosus will be in particular tidepools 611 successive days and for
successive weeks, Data from 117 O. maculosus that were tagged and
sbescquently releaged into the tidepools from which they were taken,

show that this is so (Tuble IX).



TABLE IX

-~

'9 4

Summary of nine cxperiments invelving home pool releases of

O. maculosus., Recoveries within the first two weeks of tagging

are not included.

Number Percent Percent
v recoverced resident resident
Number Number in home of of ’
Date tagged recovered  pool recovered tagped
s ds ¢s ds ?s ds
9 13 6 12 6 12 .
. - -6(H5
22AX 65 22 18 18 100 . 82
y 4 3 4 2 4 2
23-X-65 . 6 : 6 100 86
) 3 1 3 1 2 1
22-VI-66 4 4 3 75 75
22 22 21 21 21 21
18-VI?-66 44 42 42 100 96
. 3 4 3 4 3 4
8-IX-66 . 7 7 7 100 160
2 2 | 2 0 2 )
8-IX-66 4 3 > 50 50
3 2 3 2 2 2
9—X-66 5 5 4 80 80
0 5 0 5 0 5
- X.b6f
10-X-66 5 , 5 5 100 100
12 7 10 3 i0 3
25-X1-66 19 13 13 100 '68
Total 58 59 51 52 48 52 94 100 83 88
otals 117 103 - 100 97 86
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Aside from obtaining data by extensive and intensive trapping of
tidépéols, and night observations at low tide, high tide observations
were also made on pools in which tagged fish were released. At times
when sea conditions permitted, broken pieges offresh Mytilus were
placed at the bottoms of tidepools af or near the time of high tide.
This results in a co.nve:gcnqé of the O, maculosus ana other cottids
in the pool to the Mytilus., In this manner it is possible to bring all
the tagged fish in the pool into view. The number of obée-rvcd tags
can then be (.:onip:'t,red with the number of tagged fish released into the
pool. Observations of this type coﬁfim_ned that in. exposed pools
throughout the year, and in tidepools of intermediate exposure during
most of the yeaf, nearly all the O. maculosus remained in the pool

the entire time that it was flooded.

Observations of tagged fish in tidepool areas of intcrmediate
ekposmw also provi.dcd. information on the distance away from the
homg i)ool that O. maculosus will travel during the SC;’;LSOI‘X of the year
"when cxc.u_rsions from the poolrare made. Very marked ciifferénca-s
between individual fish were observed. Several tagged specimens
which were obscrvcd at least thrce times a week for over a month
were never sech more than 1 to 2m from the edgc of their pool. The -

2

particular pool is located on a flat shelf with an arca of over 250m .

During obscrvations on these fish, other tagped fish from pools on the
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same éhelf but 3 to 5m away would frequently move into the vicinity
of this fic101>C)o].. But eveﬁ on this shelf wl‘lere movement or vision
was not restricted in any way, no tagged fish was ever seen more
than 10m from its home pool and later observed again in its home

pool,

Duration of Residence in Specific Tidepools

The length of time that ind'ividual fish spend in a single
tidepool cannot be calculated from decreases in tag fcturns with
time bcc-atise tag loss is such a significant factor. It is also likely
that tagged fish are more susceptible t:o prec'latioh, at leasf in

certain pool arcas, than non-tagged fish,

Duration of residence in specific tidepools was determined
on the basis of data from fish which retained their tags for long
periods, or remaincd identifiable as a result of clipped fins or other
morphol.ogical_ characteristics which enabled positive idéntification.
in lcngth; inhabiting pools of intermcdiate exposure and exposcd
tidepools, the pool in which it was found was its permancnt home
pool.  Forty O. maculosus have been obscrved in the same pool for
over 6 months, and 10 i‘nave heen followed in the same pool for more

than a year,



97

traying

Some O. _x}j_s_t_c_L_.lo_SL:ts llq\re been observed over a period of _time
in two or more pools. Table IX slm.ws that 3 fish that were released
into the pool'in which they were trappeﬂ wcreb never taken égain in that
.poo].'b‘ut were taken in another po@l. Also, 10 fish which were still in
the hbme pool at least two weeks after being tagped were later observed

in other pools. All of these fish are referred to as strays.

Nine strays were observed in the second pool for at lecast one
month before they disappeared and two of them were in the sccond pool
for at least four months. Only 2 strays were observed in more than

two pools. One of these was in the second pool for no more than a

week, but was in the third pool for at lcast three months.

Hipgh Tide Distiribution of Other Species

No cottid species other than O, maculosus were ever caught in
gillnets situated in the upper intertidal zone. Two non-cottids,

Hexaprammos stelleri and Schastodes melanops, were frequently

caught i;i gillnets in the upper intertidal zone. During diving observations
these specics have been obscrved at tide levels above 8 ft. Both specics
appear to follow the flooding tide on-shore, remain in .thp intertidal

7one throughout the high tide and then retreat to lower levels as the

tide ebbs.
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Obsecrvations at high tide did not show that any of the secondary

tidepool cottids have a tidal on-shore migration wiich carries them into

the upper intertidal zone. Artedius lateralis and Q. snyderi were
frequently seen during the summer months feeding on vpen shelves
between and away from tidepools, but usually they were never more

than 5 to 7m from a pool. Two blennoid species, Phytichthys chirus

and Pholis ornata were frequently seen feeding in eel grass beds 15 or

more metres from the tidepools.

Homing Behavior

Definition

Williams (1957) in his study of homing behavior of rocky shore
fishes defined homing as the presence of the same fish in the séxmc
pool on two successive observations of the fish during two diffcrent
low tides. Homing should indicate that a species has navigational
abilities rather than just fidelity to a particular geographical site.
Conscquently, on'the ba-sis of __w.ha_.t has been stated about the high tide
distribution of O. imaculosus, the above definition of homing is clearly
inadcquate for this specics. I-Io.mi'ng n1usé be defined in Q. macuwlosus,
and in other species with similar high tide distributions, in terms of
the return of individual fish t‘cl; tidcpobl.s from which they have been
displacced. Homing e:-:pgi"rimcﬁts thercfore cbnsis‘cc:d of tagging fish

from specific pools and relecasing them at sites other than the pool in
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which they were cavght, Only the initial recapture of such a fish in
the pool in which it wes originally caught was considered as an

instance of homing.
Homing success

"4Transplant experiments were run in the same general area of
- thé study site as the home pool release experiments and in many
experiments the same pools were used. Twcnty—oné trqnsplant
experiments involving 149 0. maculosus are summarized in Table X,
It is app-are-nt from the results of most of the individual experiments
and certainly from the grand totals, that this species possesscs
strong homing behavior.. It is also -apparent that O, '_n_la_culosqg_has.
the ability to return to the home pool after being displaced over

relatively long distances.

The data show that there is no difference in the homing
behavior between males and females. Also over the range that was
investigated, homing behavior is apparently not dependent upon age

(Table XI).
Behavior of transpldnts

Often it was not possible duc to unfavorable tide or surf
conditions, to thoroughly scarch the home pool on the low tides
r

immediately following the release of transplanted fish, Because of

this it conld not always be established in what time span successful
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TABLE X '

Summary of 21 experiments involving transplant releases of
- O, maculosus,

Number re- Percent Percent
: Number Number covered in- . homed of homed of
‘Date tagged recovered home pool recovered tagged
Qs o's Qs ds 9s ds |
3

22-X-65 6 12.6 2 0 6 > 10 > 91 83
22-1-66 ? 11 . 6 . ! 5_ 6 ; §6 55
20-11-66 % 0 . 3 . > 100 100
2-111-66 2 5 > 3 ¢ b 3 g 100 60
30-1V-66 0 2 oo 7 .7 Q . 7 100 100
2-V-66 _ L 16 9 > 11 6 5 11, 6 ‘ 100 | 69
o-vee ¢ 2t 2% 2 83 83
16-VI-66  ° . 4 | 3 ; v 5 > o 71
TR R 71 56
22.vi-66 0 ¢ 0 b0 100 50
2a-vi-66 0t 2 020 100 89
zax-66 b 2 b b 61 67
| 2-1X-66 O 100 . 33
2s.x-06 b 2 b2 0 50 38
27-1X-66  ° p oo > o -2 , 0 100 50
27-1X-66 g 5 ? | 2 5 0 v 1 1 0 s 50 20
1-X1;66 e g 2-_ 2 Z . 2 100 - 100




TABLE X (continued)

Number re-

Percent

101

Percent

96

Number Number covered in  homed of homed of
Date tagged recovered  home pool recovercd tagged
v ?s ds Qs ds ?s ds
S 3 2 3 1 3 0 . '
9-XI-66 5 4 3 75 ' 60
o 0 5 .0 4 0 4
9-XI-66 5 - 4 4 100 80
- 9-XI-66 2 . 3 2 > 0 2 5 0 100 40
e gy 5 5 4 3 4 3 ‘
9—)4-66 10 a 7 100 70
Totals 71 71 56 53 49 47 88 89 69 66
142 109 88 - 68




TABLE XI

Summary of 20 transplant experiments of O. maculosus showing the
homing success of different size groups,

, Number
Size \ ' v recovered Percent
groups Numbez Number ~in home homed of
- {mm) tagged recovered pool tagged

50-54 A 5 5 4 , 80
55-59 9 6 6 o7
60-64 ‘ : 22 16 15 68
65-69 _ - 28 25 ' 22 79
70-74 217 22 : 19 70
75-79 17 13 11 65
80-84 - 19 - 16 16 84

85-90 5 4 o3 60 -
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homing was dcco.mplishcd. However, in ‘all nine of such instances
when it was possible to make observations, all the fish which
successfully homed were in the home pool by the second lL)W tide.

These observatidns, along with incomplete observations from other
e;cperAiAments, suggest that most successful homing is accomplished

within the first one or two high tides following release.

Frequently it was possible to thoroughly search and observe
the pool in \vhichl the transplants were released. In thz;ee instances
the latter pool was poisoned during the first low tide following the
release of transplanted fish. These observations showed that even
if transplanted fish were not successful at returning to the home
pool, they did not remain in the pool into which they were transplanted.
Only four of over‘ 100 transplanted fish for which such observations
were made were still in the transplant pool following the first high
- tide. Two of these fish remained in the transplant pools for about
two weeks and then rctulrned to their respective home pools. A third
fish remained in the transplant pool for about four weeks and then it
also returned to its home pool, Thc fourth fish was taken with poison
in the transplant pool on the first low tide following its releasec.

This immediate movement aw;Ly from the transplant pool was
shown not to be related to the dcnsit.y of O, rﬁétculps us or other cottids

in the transplant pool. Neither the removal by poisoning of the cntire
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fish fauna or the removal by i.'rapping'df most of the cottid fauna
several days prior to transplaﬁting fish iuto a pool.resulted in the
transplanted fish remaining a longer time in that pool. Reciprocal

transplants in which the same number of tagged fish were interchanged

between two pools also did not modify this behavior.

Possible Influencing Factors

Position of pools

The transplant experiments in Table X involved transplanting
fish to pAools which had a variety of spatial relationships to the home
pool;;. In some experiments the two pbols »-Vere.-at about the s.ame tide
level whjle in other experiments the two pools encempassed nearly the
entire vertical distribution of O. maculosus., In.still other experiments
the two pools were both vertically and hor_izonf;tlly separated from each
other. Comparisons of the results of individual experiments indicate
that the vertical and horizontal positions of the pool relative to one

another do not influence homing success.
Distance from home pool

The transplant experiments summarized in Table X involved the
transplanting of fish by as much as 102m from their home pool. The
relationship between homing success and distance for these experiments

is shown in Fip, 44. FEven the precatest distance over which fish were
E:' g)
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transplanted was within the homing ability of ti}e speccies., The fish in
experixnenté involvirg distances of over 50m (:16 tend to have a lower
hoﬁning success than fish released at a shorter distance fﬁrom the
home pool, but this may reflect the effeéts of complexities and
_i'r'rcg'u_lari.tics of the substratum rather than the cffects of distance
alone. The experiment.in which high homing success was obtained
over a distance of 10Z2m involved the return of fish across a relatively

level and non-dissected portion of the shore.

The fact that O. maculosus will move considerable distances
in search of the home pool is indicated by three transplant experiments
which are not included in Table X. In'cach of two experiments, 20
O. hW&CLllOé}lS_ were tagged and transplanted to a pool in the area of
the study site where the homing studies were being conducted from
a large pool approximately 240m away. In the third experiment 10
O. maculosus were simiiarly treated. Extensive trapping and night
observations of pools within .60 to 90m of the pools in which these fish
were releascd indicated that all transplanted fish moved completely
out of the study area. Unfortunately, it was not possible to determine

if any of these fish successfully homed.
Time of year

Homing success ag a function of the time of ycar is shown in

Fig. 45. Itis important to note that during all seasons of the year
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O. rnaculosus exhibits homing behavior. The fact that all these
experiments were conducted in intermediately (:.\:[;osed to exposed
b_parts of the study site means that homing occuré at those times of
the year wheﬁ the fish are scldom, if ever, normally out of the home
"pool,,
Captivity

Nearly Vall the transplantcd fish were held iﬁ captivity over at -
least one tide CAyClc before being releaslcd. In five experiments
transpl&mtcd fish were held in aquaria over three tide cycles.. Homing
success in these five experiments was no lower than fllc average

success of all the cther experiments.

In one instance a tagged fish which was being held in a covered
pool escaped after being in the pool for six months. This fish was
subsequently trapped in the pool from which it was originally taken,

Ve

It remained in this pool for at least two months hefore disappearing,
P g

The movement of fish out of an u'n.familiar pool on the first
tide that floods the pool appcars to occur regardless of how long the
fish have been held in captivity, In one of the two experiments
described a}.)ove in which 20 O. maculosus werce transplanted from a
pool 200m from the study area, the fish were held for two weeks

before being relecased.  Siill they left the transplant pool on the
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first tide that flooded i.t‘,‘. Similar results were olsta.ined in another
experiment in\roivii‘mg six tagged fish from a singie pool which had
been held for six months in an aquarium with six tagged fish flTOIn
another part of the study a>rea. At the end of six mo~ths all 12 fish

"were released into the home pool éf the first six, Intensive trapping
a week later showed that all six of the original fish from that pool

were still in the pool, but that none of the other six {fish were.

Tagging of Other Species

The only tidepool cottid besides O. maculosus _that was
frequently tagged was C. globiceps, Tables XII and XIII show the
resﬁlts of home pool and transplanf releases. Like O. maculosus
this species shows fidelity to sprebcific tidepools and will home to
these pools when displaced from them. Table XIII shows that, unlike
the former spccies, there was a greater tendency for transplanted
male C. globiceps to disappear than transplanted females. Table
XIV also indicates that the smallest size groups tﬁat were tagped
show a stronger tendency to home to specific pools than larger size

groups.

A total of 7 €. embryum (4 males and 3 females) were fin
clipped and returned to the pools in which they were taken., After
a period of one month, five of these fish (3 males and 2 females)

were taken in the sarne pools into which they had been released.



TABLE XII

Summeary of four experiments involving home pool releases of C. globiceps.

Number Percent Percent
Number Number recovered in resident of  resident of
tagged recovered home pool recovered tagged
Males 11 11 9 82 82
Females 28 25 25 100 89
Males
& 39 36 34 94 87
Females ' ‘

Ott



TABLE -XIII

Summary of nine experiments involving transplant releases of C. globiceps.

Number Percent Percent
Number Number recovered in homed of homed of
tagged recovered home pool recovered tagged
Males 28 17 16 94 57
Females . 19 15 14 93 74
Mzales .
& 47 3¢ 30 i 94 64

"Females

1Tt
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TABLE XIV

© Summary of nine trairsplant experiments of C, globiceps showing
the homing success of different size groups.

_ Number
Size ' ) recovered Percent
groups Number Number in home homed of
{mm) tagged recovered  pool tagged
50-54 11 9 ' 9 82
55-59 . 6 | 6 . 5 83
60-64 3 2 B2 - X
65-69 3 2 2 67
70-74 4 3 2 50
75-79 4 3 3 75
80-84 5 A 3 3 60

85-90 1 0 0 0
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CACTIVITY STUDIES

Rhythmic locomc;tor activity which persists under ‘constant'
conditions has been investigated in a wide variety of organisms
(see Sollbefgcr, 1§65). Such fhythmic activity has been found to
be in'ph.a.se with solar and lunar (tidal). cycles. The only studics
of activity rhythms under 'constant' conditions in intertidal fish,
however, are the investigations by Gibson (1965b, l.‘)()'a’b)on inter -

tidal fish of the British Isles. He found that Blennius pholis and

Acanthocottus bubalis (=Enophrys bubalis) exhibit rhythmic locomotor

activity when held under 'constant' conditions. Both species show
enhanced locomotor activity for several hours around high tide and

this behavior persists in the laboratory for several days.
The only other tidal rhythms which have been reported in
fishes are tidal rhythms of oxygen consumption. Gompel (1938)

described such a rhythm in Pleuronectes platessa and Schwartz and

Robinson (1963} suggested that a similar rhythm is present in

Opsanus tau,

Despite the current emphasis on rhythm research, very few
studies bave been concerned with the ecological aspects of rhythmic
locomotor activity which pc;rslists under 'constant! co,ndiitions. It is
gencrally ﬁcccptcd thr t a behavior pattern which retainsg its I:)crior.li.icity

in the abscnce of obhvious time cues, i.e., the sun and the moon, is
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adaptive. But it cannot be assumed that the ehyifonméntal factor(s)
with which the rhythm is synchronized is {(are) directly related to the
rhythm's adaptive functions (Cloudsle‘y-Thompson 19‘61). Also it
cann;)t be assumed, as Gibson (1967b)d1d, that the rhythm has sPecial

significance during the normal daily existence of the organism.

The purpose of this aspect of the present study was to
Ainve-stiga-te the activity of O. maculosus under both natural and
controlled conditons. Itwas hoped‘t};at if this Species showed
rhythmic locomotor activity under 'constant' conditions, it would be
possible to relate this activity to its field behavior. By this approach

it was thought that information felating to the adaptive function(s)

of the rhythm might be brought to light.
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Mcthods

Field Observations

In order to make obsecrvations on the behavior and to asscss
the activity of tidepool fishes under natural conditi.c;ns, field
'obse'rv'ati.ons covering all months o'f the yecar were conducted from
October 1965 to March 1967, Observations were made from both
above and below the surface of the ﬂvater, at all times of the day and

night and at all phases of the daily and rhonthly tidal cycle.

f‘or the purpose of making low tide observations from ;Lbovc
the surface of tidepools, several poolé were selected which permitted
the observer to sit almost direétl‘y -above the pool with an unolAastruc‘tcd
view of its interior. Low tide oBservatiOns made from below the
surface of a pool were made with a face mask and snorkel, the
observer lying prone either in or beside the pool. Snorkeling
equipment was used during most of the observatibns made on submerged

pools. On a few occasions SCUBA gear was usecd.

Obsecrvations were made to attempt to determine the influence

of temperature, light, salinity, surf, and inter- and intraspecific

associations on the behavior of O, maculosus.

Activity Apparatusg

In the past, a variety of mcthods have been used to monitor
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- fish activity under laboratory conditions. Following Bohun and Vinn
(1966) such techniciues can be broadly grouped as consisting of:

direct observations; the measurement of a physiological pérameter,
such as oxygen co‘hsumptio:(;; the direct attachment of the fish to a
recorder; the use of a mechanicai device ﬁetween the fish and

recorder; or, the use of electronic sensor devices.

In the present study activity apparatus was designed of a
mechanical type similar to that used by Harder and Hemple (1954)
to monitor diurnal locomotor rhythms in pleuronectids and later by‘

Kruuk (1963) in a behavioral study of Solea vulgaris. More recently

the .same technique was used by Gibson (1965b~', 1967a) in his st\idies of
tidal rhythms of locomotor activity in blennioid and cottid fish of ‘the
British Isles. The functioning of the apparatus depends upon the
mechanical disturbance of a false aquarium bottom as the fish rises
from the bottom to swim or change' its position. This disturbance is
fhen relayed by mechanical or eliectric',al means to a recording device.
Most 1ittoral fishes are well suited for this type of apparatus because
of their negative buoyancy and demersal habit. Because‘ of this and

its rélative simplicity which makes its use in the field feasible, this

technique was used in the activity chambers designed for this study.

The activity chambers (20cm x 20cm x 25cm) were constructed
of 0. 6cm plexiglass (Fig. 46). Holes of 0. 6cm diameter located in

the sides of the chamber permitted circulation of water through the



Fig.

Activity apparatus: a, recorder; b, plexiglass wall; c. counter-weight;

i

d, clamp used as positive terminal;

i,

balance arm;

g. false bottom,

e.

LT

slide weight for sensitivity adjustment;
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chamber. ™The false bottom of 0, 6cm galvanized wire screen was
attached to a balancec arm by a 1. 0&m diamecter stainless steel rod.
Thve balance arm was counter -weighted at the opposite end, and a
slide weight enabled sensitive adjustment of the system fcr various

sized fish.

‘The recording sysfexn consisted of a two-channel Rustrak
model 91 recorder powered from a 6 volt wet cell. The apparatus
was constructed 50 that any verticai movement of the false bottom
activated the recorder circuit a.nd resulted in a mark on the chart
paper. Chart speeds of 1 in, per 30 min. apd l in. per 10 min. were

used,

All experiments were run at the study site and all fish, except
those which had been held for particular reasons, were placed in
chambers within 5 to 10 minutes after they were taken from the
natural environment. Most of the fish were caught with a small hand
net, both at night and during the day. Some were capturcd by baited
and non-baited minnow traps. Specimens were trans.fez;red from the

pools to the chambers in plastic buckets containing pool water.

The chambers were rinscd and filled with fresh scawater
“before each fish was introduced. Temperature was maintaincd as
ncarly constant as possible by insulating the chambers and watcer

bath. A Ryan continuous rcc'o,rding thermometer in the water bath
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showed a maximun: temperature fluctuation during a run of usually
‘0 r .
less than 1.5 C. The temperature of the water bath was usually
et , o o
kept within a degree or two of the shore water (77 to 11 C), but runs

' o, ..o
were made at temperaturas from 4 to 17 C,

-+ Chambers were operated\.mder three light regimes: natural
light, continucus and complete darkness, and continuous light. No
quantitative orvqualitativve analysis of the continuously light condition
was attempfed. A 60 watt bulb was kept burning 2m abbve the chamber
which was covered by a 3mm sheect of green fibreglass. No attempt
was made to shut out natural light other than to shade the chambers
from direct sunlight., When runs were made under natural light
conditions the chambers were shielded from the light except forr the
green tibreglass éovcr; The chambers were always shaded fx;oynl
direct sun or moonlight, Continuous completce darkness was provided
by placing the chambers and water bath in a light proof 3800 litre

wooden stave tank.

Specimens were taken from pools of differentheights and
exposures. Usually specimens were placed in the chambers at
approximately low tide, but some were placed in the chambers

immediately following high tide and othiers at various intervals

v

between successive high tides., Data were recorded concerning

flooding bistory of the pools from which fish werc taken.
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In many cases a surf sensor located at the pool 71%1'011'1 wliich
the fish was taken, or at a known height in the intertidal zone, was
connected to the same recorder as the activity chamber. In this
way it was possible to directly compare the flooding of the pool, or
a knéyvn vertical height, and the time of high tide with the activity of
the fish, When a surf sensor was not used, tidal periods and heights

were determined from six minute tidal predictions for Port Renfrew.
)¢

Some specimens were run in a chamber for four or five days,
but most specimens were in the chamber for 48 hours or less. None
of the specimens were fed during a run, and each was sexed and

measured on its removal from the chamber.

Eecause tl.le activity studies were conducted at the study site,
the specimens were minimally disturbed as a result of handling.
Also, due to the isolation of the site there were no periodic
disturbances or background noise associated with the experimental

facilities.



Results

Activity Under Natural Conditions

To determ_i.ne the effects of some environmental factors on
the activity 6[ O. imaculosus under. natural conditions, observations
;Vel'e conducted on a serics of tidepoecls at the 8.5 ft. tide level which
consisted of deepi centrzii pools surrounded by shallow water 5 to 10cm
~in depth (Fig. 31). Under favorable conditions O, n'ﬁacglbsus moves
out-of the deeper-parts of these pools to‘feed in the beds of Odonthalia

and Spongomorpha which grow in their shallow parts. During

unfavorable conditions the fish retreat to or remain-in the deeper
watei; where they seek the seclusioﬁ of rocks and other cover.
Throughéut 1966 and parfs of 1965 and 1967 observations wefc made
to try and determine what factors cause the fish to be in the dceper

parts of the pools.
Tempcraﬁ;rc

Temperature was one c_>.'f the factors that was frequently
monitored on a continuous or periodic basis durihg low tide in the
shallow parts of the pools., At the same time that temperature was
being monitorcd ohservations were made at periodic intervals to
determine what percent of the total pool population of O, maculosus

were in the shallow part of the pool.
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Fig. 47 .shows that at tcrﬁpe ratures above approximately 15°C
the fish either retreat to or remain in the decper water. B-ccause the
time of day at which this temperature is reached varics considerably
from day to day, depending on the state of the sea and the \\.'ealher as
well as the tidal cycle, it >can be shown that there are no daily or tidal

rhythmic responses involved.

Some of the observation pools were situated in such a manner

- that it was possible to siphon water into them from a hi-gher pool. The
pool that was siphoned from was deep enough so that water near its
bottom never reached a temperature much above. that of the surface
sca water, Thus, by siphoning from different depths it was possible

to add water of the same temperature or a lower temperature to the

observation pools.

If the water in the shallow parts of a pool is cooled after it
has warmed to a tempcerature abovc 15-17°C the fish immediately move
out into the cooled part of the pool. This is the samc reaction that
occurs when the tide first floods one o;‘ part of one of these pﬁols.
If, on the other hand, watcr. of the _samc-temperature is added to the
pool, the fish becorne activc for several minutes and make bricf
excursions out of the deeper water, b;,xt they then move back to the

deepcr parts of the pool.
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In the absence of tidal A.floodi.ng the fish will move into the
shallow parts of tlje pool again if convective cooling lowers the
'temperaturc of these parts of the pool below the temperature of the
deeper water.
" In the winter months temiaeratures of less than 5°C appear

also to keep the fish from moving out into the shallow parts of the
pool.

Salinity -

Variations in salinity, at least over a wide range, do not
apparently affect the natural activity of O. maculosus. Following
periods of heavy rainfall it was not uncommon for the shallow parts
of the observation pools to have salinities as low as 10, 00 %a Under

these conditions the fish move into the shallow parts of the pools and

feed as long as the temperature is not too high.

In other tidepools in which the bottom salinitics were as low
as 3.00%. a5 a re‘sult of run off, O. maculosus was observed fceding
on food material that was bei.ng washed into the p(‘;»o].s. When food
material was artificially introduced into these pools, it was caten

readily also.
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Turbulence

The .fact that 0, _gi?x_C_t_l}_@&g_exhibits diffcrent behavior at high
tide depending upon pool exposure and season of the year has been
discusscd in the section on high tide distribution and movements,
‘Those -data indicate that the behavior of this species is modified by
turbulence. In areas where turbulence is usually great me species
is inactive at high tide, whereas in arcas where there is a minimum
of f:urbule.nce thg species is active at high tide. Also, at those times
of the year when average conditions are most turbulent the species
is inactive at high tide rclative to those timps of the year when

average conditions are least turbulent.

bver the spring and summer months fish become conditioned
to the general low level of turbulence to leave the pool as soon as it
begins to flood. The result is that during summer periods when
storms cause t}lrbelellt conditions the fish remain out of the pools
dcrs‘pite the turbulenlce. - During the winter months there are days
when the sea is {lat calm. Obscrvations on tidepools of intcr'mediatc
e:-:posufc during these days show that O. maculosus docs not move
out of the tidepools at these times. As soon as the pool begins to
flood the fish retreat to cover and rc;'nain there until shortly before
the pool becomes isoluted agnin, The response to O. maculosus to
turbulence, thercfore, appcars te be a response conditioned to the
flooding of ﬂlc pool rather than a response induced by the intensity

of the tmmediate turbulence.
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Light

In the description of the methods used in obtaining recovery
data for tagged fish, it \Qas mentioned that it is characteristic of
tidepool cottids at the study site to position themselves in the open
~durin'g‘ the period of darkness while the pool is isolated. Individual
O. maculosus will often’position themsclves in vexact.ly the same
spot in a tidepool cach night the pool is is“olat:ed for weeks and cven
months at a time. The facf that a fish can be seen in cxactly the same
spof from shortly after the pool becomes isolated to just before it
floods again, indicates that there is a-minimum of activity during
this time. In the above mentioned observation pools most of the {ish
remaincd in the deeper parts of the pools when the pools were

isolated at night.

Night observations at high tide show that Q. maculosus has a
distribution similar to that during daylight high tides. At night fish
in sheltered areas, and during summer fish in arecas of intermediate
exposurc, move out of thg hor;w pool at high tide. Stomach ana],y-scs
and the fact that O, maculosus appears to be primarily a sight fecder,

however, indicate that little food is taken in at low light intensities.
Inter - and Intraspecific Incractions

During all the field obscrvations of O. maculosus no aggressive

behavior was ever observed cither towards other species or belween
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individuals of the spccies. Copulation was frequently observed and
“in no instance did males exhibit threat responses to the presence of
other males or females. It was not uncommon to see two males
attempting to copulate shinultaneously with the same female. In such
‘casces the two males take up positions on either side of the female.
If a »fcmal.e is q.rxrc:ceptive to a male, she simply swims away. In no

instance did a female ever exhibit threat responses to a pursuing male.

The introduction of food into a tidepool never leads to threat
displa)}é betwecn individual fish, and there is no indication of any
dominance within tidepool populations. All the fish in a pool converge
on f(;Od that is placed in the pool. If the food is a broken Mytilus,

they:simultaneously attempt to tear away pieces of it,

Activity Under Contrelled Conditions

The Natural Rhythm

Th‘c typical activity rhythm observed when freshly caught
O. maculosus are placed in an activity chamber is shown in Figs. 48
and 49, These Figures show several basic features of the rhythm:
(1) the activity reflects the- period-parametcrs of the concurrent
natural tide cyclc_;. (2) the mid point of the activity period corresponds
to the time of the concurrent high tide; (3) the mid point of the activity

period is also the time of maximum activity; and (4) the activity period
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'Fig. 48, Record of the act1v1ty of a female O maculosus (70mm) from a tldepool at the
7 ft. tide level under conditions of constant temperature (10 C) and natural
The times of lower high water (LHW) and higher high water (HHW) are
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has a duration of 2 to 3 hours.

The rhythmn L.suallly remains overt for oply 24 to 48 hours,
In a few specimens, 'h(.‘\vever, the rhythm has remainced overt for 72
to 96‘ hours., Analysis ol the activity of those specimens which have
‘ retaine.d overt rhythmic activity for this length of time shows that
under constant conditions the acfivi,ty periods lose ph:_,15¢ with the

concurrent tide cycle. -
Influence of the tide

>The fact that O, maculogg_s__inhabvits tidepools throughqut tl;c
intertidal zone means that it is possible on a gi\}cn day to take
‘specimens from tidepeols which have had very different flo}:‘c-ling
histories. Thus, paired experiments can be run in which onc fish is
fr‘om a low pool which floods twice in each lunar day and the othcr
fish is from a high pool which may be flooding only once or not at
all in each lunar day.. Whereas specimens from the formcr.t‘idepools
always show two periods of locomotor activity per lunar day, specimens
from the latter tidepools mayﬁ show only one or no periods of activity.
Usual]y if a tidepool has not flooded during a particular high tid;;
(HHW or LHW) for two successive tide cycles specimens frorﬁ that
tidepool will not c:x.h‘lbi.t an activity pcﬁod during that high tide. Under
natural conditions, thercfore, the rhythm is damped as rapidly as it

is under constant controlled conditions,
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Specimens taken from tidepools which have not been isolatcd-from
the sea for at least four days sh.ow :the sa.mev rhythmic activity typical of
specimens taken from tidepools which arc isolated and f.loédcd twice per

lunar day.
- Entrainment under natural conditions

Once a specixncﬁ ‘no longer shows rhythmic activity under
controlled conditions, it is possible to entrain a'rhythnj\ to the tide
cycle by placing a specimen back into the tidepool environment. The
fact the;t O. maculosus inhabits home pools means that after a
specimen has been run in an activity chamber it can be released into
the natural environment and then be recaptured after it has been

exposed to a specified number of high tides.

The following prpcedure was used to .eétablish how many tide
cycles a specimen must be exposed to before the overt rhythm is
re-established., Six specimens were trapped from a pool and held in
aquaria until they no lo'ngcr s(_howcd rhythmic activity. Aftczr they ﬁad
not sh.o.wu rhythmic locomotor activity for two day, four of then? were
released i‘nto t‘he hovmc pool. The pool was then trapped on a daily
basAisA and one of the mar:ked fish was removed from the pool each day
and run in an activity chamber with a specimen which had been in the
- pbol until that day. The two control fish which were not replaced in

the tidepool were run in an activity chamber after a returned fish
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showed overt rhythmic activity., - In no instance did they show overt

rhythmic activity,

Two of these serics were run and in cach case specimens
which had been helc.l in captivity did not show an overi tidal rhythm of
'lc_>comotor activity until they had been re-exposed to at least two HHW
tides. When specimens which exhibited no rhythinic activity were
placed in tidepools which were flooded only once per lunar day, it
was possible to gstablish a rhythm which showed only one pcak per

lunar day.

It is possible to duplicate fhes‘e situations under completely
'natu‘.ra.l conditions. Specimens can be taken from pools which have
not flooAdc:d for three consecutive lunar days or three consccutive HHW
tides, and then they can be compared with fish from the samec pools run
in the activity chamber, one, two and threce days after the pool has
started to flood again'. When this was done the samec results were
obtained. Fish had to be exposed.to at least two flooding tides before

they showed rhythmic activity.
The natural light cycle
Each high tide moves through the solar day at an average rate

of about 40 min, pcr day. Thus HHW tides and LHW tides both occur

during variously illuminated parts of the solar day (Figs. 8 and 9).

is any difference in the lengths of the activity periods which normally
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occ"\lr during daylight periods as opposed to those which occur during

periods of darkness.
Constant conditions

Regardless of t};e Jight re,ginle (constant light, constant
darkn‘esvs or natural light) under which specimens are run in an
-a‘ctivity chamber the rhythnm maintains synchronization with the
concurrent tide cycle over 24 to 36 hours.r Becausc the rhythm is
dampad so quickly at this pbint, it has not been possible to determine
if photoperiod or light intensity do affect period length or the level of
activity.

Temperature

Specimens were run in activity chambers at scveral tempera-
tures primarily to determine if rhythmic activity would be exhibited
. at different temperature extremes. No rhythmic activity was
o o
observed at temperatures below 4 C or above 17 C, Between

10-13°C the rhythmic activity appears to be unaffected by temperature.
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DISCUSSION AND CONCLUSIONS

Distribution

Local distribution

Rasm;,xssen (1965) summa rized the previous studies of the
»eﬁfects‘ 6f increased expés ure on the distribution of benthic intertidal
| organisms. In genecral, the presence or absence of some species and
“changes, usually upward shifts, in the vertical distrﬂaution of other
species are asso>c'ivated with the degree of exposure of an intertidal
transect. Several investigators have attempted with only limited
success to devise relationships includihg such factors as wihd, fetch,
bottom topography, etc., which couid be used to quantify the exposure
of intertidal transects, i.e. Moofc (1935) and Guiler (1950). The
biological exposure scale devised by BEL]A],aI.ltine (1961) for the compara-
tive description of rocky shorcs was developed from the point of view
that the organisms. themselves are the best indicators of the exposure
of a given shore. Thi:; scale is not quantitative and is unworkable at
'sites far afield from the 1'egion“ on which it is based. It has been
possiblc in the preéent study to quantify by direct measurements ;')f
submergence and emergence with an automatic recording device
(Green and Druchl, in prepzﬁ.r;xtion) the exposure of intertidal transects
and tidepools., It is concluded from data obtained from these measw e~

ments at Botanical Beach that the exposurc of a given transcct is the
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only environmental factor strongly correlated with the intertidal

distribution of O. ma-ulosus,

According to Rasmussecn (1965) exposure is more often asso-
ciated with the absence of species than with their presence. Green’
and Dr'gehl (in preparation) found this to be true at Dotanical Beach.
In cox'ﬁparing th.g attached biota of transects of different exposure they
found that mwore intertidal species were J.ost than were gained in moving
from more sixcltcrccl to more exposcd conditions. Ecoiogically there
arc two important aspects of exposure. These can be referred to as
(1) the durational (time) aspect, and (2) the intensity aspect. With
‘reference to the durational aspect, as exposurc increases the emergence
curve (Fig. 14) for a particular transect is pushcd upwards, and actual
or "effective' tide levels become increasingly different from theoretical
tid.e levels. The result, as far as physical and chemical conditions
arc concerned (i.e., tempcravturc, salinity, oxygen), is less variable
tidepool conditions at higher tide levels in exposcd tidef)oo].s than in
sheltered tidepools. With respect to the intensity aspect, the more
exposed a vertical level is, the greafcr is the intensity with which

breaking waves strike the substratum,

Except in the casce of delicate specics which are obviously not
able to withstand the abrasive action and stress imposed by breaking
waves, it is difficult to determine if it is the duration or intensity

agpect of exposure, or a combination of both, which is causally
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related to. the distxibution of a particular species, The results of the
present study sugpest that the dominant charactevistic of the inter-
tidal dis_tribﬁtion of O. maculosus can be most satiafactorily explained
aé an interactive effcct of both aspects of e#posure opgral:ing'through
.the bc;:havior of the species. The explanation which the data support
is that turbulence from breaking waves causes anunfavorable condition
whic',h, if persisting [or mord than a critical duration, prevents the
species from performing necessary functions such as feeding,
coéulation and séawning. O. maculosus is adapted for relatively non -
turbulent conditions and conseq.uently such conditions must be of a

minimum duration for O. maculosus to inhabit a specific intertidal

environment.

The behavioral observations show that O. maculosus rec;xcts
negatively to turbulence by retreating to cover and remaining inactive
until conditions become calm again. This response is not scasonal as
it is in evidence at 2ll times of the 9ea1' in those specimens inhabiting
exposed tidepools. In the autumn the change from being active to
inactive at high tide occurs first in thosc individuals inhabiting the
more exposed of two otherwise sin.xilar-tidepools, sho'wing that their
change in activity is directly associated with the degree of turbulence.

In the most cxposcd transects at the study site O, maculosus is

present at all times of the year in tidepools in the upper intertidal zonc.
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The intensity with which waves break on a part:tcular tidepool is nqt,
thercefore, in itself the reason for the absence oﬂt_(_)_. ma.cul.os'if_ from
lower less cxposed or equally exposed tidepools. Rather, the int-':'nsi.ty

aspect of exposurc is rclated to the distribution of O, maculesus

-through its direct effect upon the level of turbulence.

If turbulence has a marked negative effect upon the activity and
behavior of _Q_;Lnaéu1l.osg§, it would be expected that a decreased rate
of growth and increased mortality would correspond wi‘l:h times of
average high turbulence. At the study site both decreased rate of
growth and increased mortality do occur during the months when
average conditions in the intertidal zone are most turbulent. Nakamura
(pers. comm.) in a study to determine if competition for food exists

between O, maculosus and O. snyderi, concluded that such competition

does not exist and that organisms comprising the food of both species
are abundant and available throughout the year. A decrcased amount
of time for feeding due primarily to increased tuvrbu].cnce, and
secondarily to decreased light, rather than a decreased amount of
available food, would appear to be the most important facter for the
scasonal growth characteristics of' the species. A general decrease
in the condition of individuals would contribute to incrcta_sed mortality

during times of continued high turbulence,
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The above reference toa 'c riticai' duration of calm conditions
for 9_ maculosus to be able to inhabit a given tidepool does not imply
that its distribution can be defined in terms cf the tide-factor hypothesis
described by Doty (I‘M'()). It ié not known in the casc of _O__ maéulésus
-what the characteristic of the time factor might be. The critical value
. could depend upon accun_mlated time within a certain, critical, longer
period (e.g. a total of five active hours per weg:k), or a maximum single
period within a critical, longer period (e.g. at least one activity period
per week \Vﬁh a minimum length of one hour) or some other relation-
ship between what happens during every tidal cycle and what happens
at sozﬁe longer interval. It seems unlikely &o determine the nature of
the characteristics of tlnxe time factor until it is possible to measure
and evaluate turbulence in the intertidal environment in terms relating

directly to the fish,
Geographical distribution

The local distribution of O. maculosus at first appearance would

not scem to support Morris' conclusion ‘that its southward latitudina]‘
distribution is related to the l()OC_isotherm (Morris, 1960), The
species regularly inhabits tidepools which consistently have
ternperaturcs well above 16°C for mc;st of the day during summecr
rnonths. Some of the tidr‘:ples inhabited by this species have

: | o ‘
temperatures higher than 16 °C for scveral consccutive days.
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Dbservations on the effect of temperature on the behavior of

O. maculosus do, however, give support to Morris' conclusion. The

inflection in the terﬁpera‘.ture-sali‘nityn tolerance line at épproximately
16°C (Morria‘-, 1960) corresponds to the temperature at which, in the .
present study, O. maculosus was ob‘served to cease normal feeding‘ |
activity. Unless the species exhibits latitudinal temperature
acclimatization, which Morrié (1962) indicates it doés not, the direct

ecological significan_ce of this temperature can be seen readily.
Other species

The upper vertical limits of the local distribution of the other
tidepool cottids at Botanical Beach were not found to be correlated
with a single environmental factor to the exclusion of other factors.

5

Only Clinocottus globiceps, C. embryum and C. acuticeps have

distribution patterns which suggest that biotic factors may be more
important than physical or chemical factors in determining their
distribution in some vertical transects. Within its vertical range

the distribution of O. snyderi does appear to be related to the

distribution of Phyllospadix scholeri.

Further conclusions concerning the local distributions of
tidepool cottids at Botanical Beach will have to await more field
and laboratory studies of their physiology, behavior and ecblogy.

What has been learned about the distribution of,;(l maculosus should
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ca,ﬁtion against concluding too much from laboratory studies -which
are not suppofted by fiel‘d ihyésti_gations. For e‘xarhple, 0. maculosﬁ‘s
inhabits tidepools in which the temperature is regularly Well above its
physiological optimum and ce rtainly above the termpe raturé thzit it
would prefer if it could mbvle toa lower. tempera‘-turfe». The fact théﬁ
a species inhabits only tidepools below a certain tide level may h;avé.
little to do with the conditions in the pools above this level othe_‘ri than
éhe fact that the species must experignce flooding once or twice per
lunar day. The wide occurrence of tidal rhythms among intertidal
organisms makes this an intriguing and plausible pos siﬁility. Ideally,
then, physiological and behavioral experimehtal situations which are
being related to the distribution of an intertidal organism silould have

tidal fluctuations incorporated into them.

Movements and Homing

That O. maculosus shAows fidelity to spe.cific tidepools and vs./ill
home to, or attempt to héme to these pools when they é.re displaced
from them, is conciuded from the present study. It is also covncluded
that the high fide movements of this species are dependent upon
quantitative characteristics of the eprsure of the home pool. The
latter factor may vary seasonally aﬁd when it doeé theré is an
ac;ompanying change in the high tide movements of individuals inhabiting

the pool. This feature of the movementsat high tide of an .infertida_l '
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fish has not been described, and possibly not considered, in previous
investigations of movements and homing behavior (c.g. Williams, 1957

‘and Gibson, 1967b),

The conscquence of restricted movements of a tidepool fish a§
“the re_'sult‘ of specific exposure éharactcristics of the home pool raises.
doubts about the validity of attributing homing behavior to a species
only on the basis of the presence of the same fish in a pool on
consccutive low.'tides, e.spécially when the effects of e:‘(posurc on the

species have been evaluated. Although concluding the Clinocottus analis

homes on the basis of marked fish released into their home pool,
Williams (1957) showcd that this species will not return to the home
pool when displaced to pools a maximum of two meters away. He
L
attributed this to the fact that disturbance of the fish during capture
and marking causes a considerable portion to abandon their home
pool, and that their bottom-dwelling habits provide a limited view of
the surrouﬁding areas. How this latter statement is reconciled with
the conclusion that the spccies home§ as a result of familiarity wifh
geographical cues outside the pool is not clear. Disturbance during

capture and tagging of O. maculosus does not appear to affect homing

behavior or the fidelity of an individuzl to the home pool. O. maculosus
is also a bottom-dwelling species but will return to the home pool over

considerable distances,
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In his invesrigations of the rcturn to the home pool of displaced

Blennius pholis and nophrys bubalis, Gibson(1967b) concluded that

"results of the displacement experviments do not give eyidenc:e for the
prec sence of a directed movement back to the criginal pool...".. He.
Afurther stated that "until more evidence is available on this point‘,‘
the best working hypothesis that can be put forward to explain the
rct@rn of displaced fish is that dlthough n’xovemc:ntsAmay. be random

within the limited area of the horme range, the fish are-able to recognize

their home pool when they come across it by chance."

The present evidence indicates _thét f‘)_ maculosus docs exhibit
directed movements back to the horne pool. The mechanism by which
these movements are made is not known, but ce rtainly homing is
dependent upon a precise behavior mechanism inherent in the f{ish,

It appears also that this mechanism does not necessitate a spatial
familiarity with the area covcred during homing. In some areas

O. maculosus exhibits regular movements away {rom the home pool,

but even these movements arc restricted when compared with the
distance over which the species will home., If individuals can
recognize geographical features beyond the range of their daily

movements they must have obtained thie information at an age and

sizc when they do not show strong fidelity to specific pools.
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O. maculosus has been shown to home to and to show fidelity to
specific pools after being held in an .unnatural environment for periods
as long a¢ six months, Thi§ inaicates that an image of the .home pool
is retained over long periods, and suggests that at some stage in the .
: devéloprhent of individual fish some specific characteristic(s) of a
v pool is(are) imprinted on the fish. Unless inforfn.ation felatihg to the
.geographical features of the surrounding érea is similarly 'rememﬁered'
it is difficult to avoid the conclusion that this species has-bicoordinate
navigational ability. Orientation toward the home pobl from an
unfamiliar location would imply that the fish can perform the equivalent
of fixing its present position on a grid bf two coordinates, calculating
the course to swim in order to regain the coordinates characteristic
of the home pool and steering the course (Hinde, 1966): Whether
O. maculosus does orientate more or less directly toward th.e horﬁe
pool is not known. The tranéplant expe riments indicate that it at least
orientates in the proper direction relative to the position of the
shore. Once an individual is swimming in the proper direction parallel
to the shore, orientation to a specific depth of water or famiiiarity
with a transect perpendicular to the shore would then provide the cues

which would enable the individual to home,

Various species of littoral crustaceans have been shown to

possess the ability to orientate themselves by the sun (see Pardi, 1960).
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In these specics this abi.lity enables individuals to return to the water
along a direct course perpendicular to the shore. Whether any such
ability exists in 9_;}}121('.010.‘5\15 remains to be le:arncd; Hopefully,
answers to some of the specific que stions concerning vrientation in
.this species will result from thr;:- current studies being conducted at

Botanical Beach by Khoo (pers. comm.).
Ecological significance

Acc-ording'to Williams (1957) homingbeh;avi‘or in intertidal fish
is "a mechanism by which shallow water fishes of rocky shore areas
avoi,fl being left by the tide in unfavoré.ble s{tllzlil:ﬁ@xls, such- as pools
that disappcar through subsurface drainage.'" I there is a danger of
O. maculosus being left in unfavorable situaﬁiomsa at low tide, the
noming instinct would be a mcchanism of survival to the species. One
is left with the question whether or not such dangers were the primary
cause for the development of homing and whether this is the primary
function it now serves. It would appear, for example, that
familiarization with the biotic features charactevistic of tidepcols,
which retain water at low tide, would prevent the fish from being
stranded in a non-tidepool location, é:nd would met necessitate the
fish sceking out the home pool vwhen (;l'islulzxcéd frem it. -Uncl(-..r

conditions of high turbulence, the apparently inflexible homing behavior
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The hypothesis which is sixgge.stcd lle}‘e is that homing behavior
territoriality serves in other species. | Gerking (1959) states that
"te rritoi‘iality is a stabilizing influence bccausé it separates individ\.lals
from one another in a regular and orde rly fashion in addition to making
the fish intimately awarc of its surroundings." Territo'riality depends
upon aggrescive interaction among individuals in a population. As
there is no aggrgssive interaction among individuals of;_Q_. maculosus,

territoriality in the above sense does not exist in this specics.

It would scem, however, that in a species like O. maculosus

which inhabits an extremely variable and rigorous environment, a
strong mechanism by which the species rernains dispersed and
stabilized would be of special importance and adaptivencss., In the
a.bAscnce of such a mecchanisim the species would tend to aggregate in
bnly the most favorable habitatsfthe tidepools--within its rangc of
distribution. Aggregated in this way the species as a whole would be
more su_sceptil‘)le to the unpredictability of environmental con(.]itions
typical of an exposed coast. ’l‘}m‘i»mprinting of visual cuces of thc’l
tidepool on an individual at an-age whc:n the juvenile population is
relatively \»»;ell distributed throughoufthe rzmge.of. the species, coupled
with homing bchavior is visualized as scrving thif} stabilizing function

in O, maculosus.
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Tidal Rhythm

The variations in tidal amplitude {Fig. 8) an tidal pericds
(Fig. 12) at Botanical Beach aré not directly correlated with periodi-
citics in lunar zenith and nadir. Undcr these cenditions a biological
-rhythm' cannot be well correlated contim;lously with both moon and
tides (Eﬁright, 1963)., The tidal rhythm of locomotér activity in

O, maculosus not only follows the period parameters of the concurrent

tide accurately, but also 1'e§poncls direc.(;ly to the flooding history of
the pool'fron'x which the fish is taken. It is concluded, thercfore,
that the rhythinic tidal activity of O. maculosus is entrained in the
fi.eld..‘.by the direct influence of the tide rathcr than by geophysical

variables,

It has not been possible in the present study to experimentally
establish what parameter associated with the tide operates as a
synchrenizer. The results strongly indicate though that none of the
physical and chemical changes, i.e. temperature and salinity,

" associated with the initial floo;ling of individual tidepools, function as
synchrorglize rs. Such synchronizers would be very unreliable as a
result of the direct irxﬂ.tlcrrxcc of the state of the sea and weather
~conditions on the tirne when individual pools flood, aﬁd on the time
when variations in these propertics occur. Specimens taken from

high pools exhibit the same rhythmic locomotor activity as fish taken
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from low tidepools as long as> the higher pools are completely floodéd
during each hiéh tide. The rhythm is the same d?éspitc the fact that
the low.er pool may flcod four hours before the higher pool. Also,
the rhythm remains entrained in fish inhabiting low pools which are
Ain cpgﬁant contact with the sca for several consecutive days. - 'I"hat
féctors such as tempe rqturé and salinity do not operatc as synchronizers
is‘furthcr indicated by the fact that in those situations where a pool is
flooded enough Fo completely cllaxnge its physical and chemical
coxéditions, but r;ot enough to bring the pool into completé contﬁ.ct with

the sca, the rhythm is not entrained.

- Two other possible synchronizers would appear to be turbulence

and hydrostatic pressure. Enright (1965) showed that the tidal rhythm

of locomotor activity in the sand beach isopod, Excirolana chiltoni, can’

be entrained in the laboratory by a device designed to simulate wave
action on a becach. The results suggest that mechanical stimuli arising
from wave action on a beach may be the normal synchronizing factor

for Excirolana and perhaps other similar organisms.

With respect to the tidepool babitat, turbulence would appc;".xr to
be as unreliable a synchronizer as changes in factors such as
temperature or salinity. Maximum turbulence is not a].w;tys well
corrclated with the time of high tide. Also, the tirne at which therc

is a significant change in turbulence--the time at which the tidepool

beging to flood--has the sarme limitations as a reliable synchronizer



148

as mentioned above for temperature or salinity,

Hydrostatic pressure would theoretically meet the requircnl'\ents
of a reliable synchronizer. It reaches an average maximum value,
taking ipto consideration Qa:riations due to waves, at the time of high
tide for any location on the flooded portion of the intertidal zone. The
p'roblem in postulating that pressure functions as the synchronizer for

the tidal rhythm of O. maculosus is to show the mechanism by which

pressurc cures are perceived. The swimbladder is known to function
as a pressurc receptor (Jones and Marshall, 1953), but O, maculosus
like other cottids does not have a swimbladder or other gas-filled

structure.

Morris and Kittleman (1967) rccently reported that twe species
of fish they investigated have otoliths which are piezoclectric. They
suggest that this constitutes a mechanism for depth perception. If it
can be demonstrated experimentally that pressuré functicns as the

synchronizer of the tidal rhythm in O. maculosus, perhaps a similar

or equally subtle pressure receptor will be involved,
Number of oscillators

" Evidence for the existence of daily (circadian) and tidal
components in the persistant rhythmic activity of intertidal organisms

has been presented by various investigators (sce Palmer, 1967).
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Neither Enright (1963) nor Gibson (196'7) found evidence of other than
tidal rhythms of locomotor activity in sand beach amphipods and inter- '
tidal fish. In the preseat study no evidence for rhythmic activity other

than that associated with tidal cycles was found in O. maculosus.

. Enright (1963) discussed the possibility of two separate
oscillators within the individual beirg responsible for the tidal rhythm

in Synchelidium. Apparently his conclusion was that the results did not

sxipport the concs:pt of a two-oscillator system any moré strongly than
they supported a single-oscillator system. Results of the present study
do appcar to support the concept of a two-oscillator interpretation of
the rhythm in O. maculosus. The fact that a specimen can be 'egtrai‘ned
in the field to exhibit a single activity period each lunar day which is
not different fromv the activity periods in fish which are entrained to
exhibit two activity periods per lunar day, is not in agreement with
what would be expected with a single-oscillator system. Also, when the
rhythm is being cntraine.d in the ficld. under conditions of two tidal
floodings pcr day, a specimen-will only show onc activity period if it

is removed {rom the pool between the fifth ‘and sixth floodix.lgs which,

again,sugpests that the two oscillations are independent of one another.
From the point of view of synchronization and timing, the
advantages of a two-oscillator systermn over a single-oscillator system

as far as being better adapted to the variations in the lengths of the
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tidal periods are clearly apparent. The tidal day periods {c.g. HHW -
HHW) at Botanical Beach Vary by a co;lsidcrably smaller time interval
from day to day, and have a much smaller total variation than do the
semi-daily periods (e.g. HHW - LHW) as is shown in Fig. 12, Two

- oscillations éach with a period of approximately 25 hé)urS \‘vould have
to u'n‘de rgo only slight rephasing to remain in phase with the natural
tide cycle.

Ecological Significance

The -acttivity of O. maculosus in its natural habitat is dircctly
dependent upon such factors as turbulence, t‘em‘pgg:rature and light.

The tidal rhythm of locomotor ~acti'vity which this species exhibits

under controlled conditions, often is not associated with the time

during the day when this species is active under matural conditions.

It would appcar, therefore, that the rhythm represents the functioﬁing
of a biological clock which is linked to an avoidamce or escape response,
Coupled with the homing behavior and an escape response to an un-
familiar habitat, such a clock would be of survival value td the

species.,

Were a fish displaced by on-c means or amother to a different
tide level, or different location of the.same level, such an internal
clock and associated gswimmming a.ctivity would emable the {ish to home,
or attempt to heme, at the time of highest water., The fact that
displaced f‘ﬁ.f:i}'n .’;L[”)IZ;ZL).'(;nt.l,y remain in the pool inte ‘N.hi(:}‘l they are

transplanted at least until 1 to 2 hours before the time of high tide
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regardless of when the transplant pool floods, supports this conclusion.
It is clearly not valid to make inferences concerning thc»natu‘ra.l activity
patterns ov behavior of this species solely on the basis of a tidal rhythm
of locorﬁoizor activity exhibited under constant qoxmt'litions. Perhaps such
.errorls.in the ecologica_l interpretations of rhythmic behavior are

commonly made.
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SUMMARY

1. On the basis of tidepool collections made on the west coast

of Vancouver Island, B.C., five species of {ish (Qligocottﬁ

maculosus, O. remensis, Clinocottus acuticeps, C, embryum and

C. _globiceps) arve referred to as primary tidepool cottids. They have

vertical distributions centered in the intertidal zone. O. maculosus

is the most abundant and widely distributed in the intertidal zone of

these species.

2, Seven species of fish (Hemilepidotus hemilepidotus, Artedius

lateralis, A. fenestralis, Asceclichthys rhodorus, Enophrys bison,

Leptocottus armatus and O. snyderi) are referrced to as secondary

tidepodl cottids.. They inhabit tidepools but are most abundant in the

subtidal zonc.

- 3. Evaluation of environmental factors show that the distribution

of O. maculosus is correlated with exposure to wave action. In
exposed transccts this species is restricted to the upper intertidal

zone, while in sheltered transects it inhabits tidepools throughout

the intertidal zone. C. embryum and C. globiceps have wider vertical

distributions in morce exposed than in more sheltered transcets, C.

acuticeps is restricted to sheltered tidepools in the upper intertidal

zone, while O, remensis inhabits intermediately exposed tidepools in

the lower intertidal zone.
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4. The upper vertical distributions of the secondary tidepool cottids

are not correlated with a single environmental factor to the exclusion

~of other factors. None of them regularly inhabit pools above LLHW

(lowest lower high water), Within its vertical range the distribution

cof O. snyderi appears to be related to the distribution of Phyllospadix

scholeri.

5. Behavioral observations show that O. maculosus responds to

watcer turbulence by retreating to cover. Dgpending upbn the exposure.
of the ti__dcpéol, this response is always exhibited, or is exhibitcd only
during the turbulent parts of the year. Dc‘cxtea_se_d rate of growth and
increased mortality are associated with that time of the year when .
conditions in the intertidal zone are most turbulent. It is conc}udcd
that in order to inhabit a given tidepool, O. ma_culosus must haye a
minimum duration of low turbulent conditions. O. maculosus has

'capitalized' on the tidepool habitat to invadce the open coast

environment,

6. "O. rnaculosus shows fidelity to particular tidepools and will

return to these pools when displace from them. Homing success does
not appecar to be related to time of year, sex or size above 55mm,.
Homing occurs regardless of the direction from the home pool that

fish arec released.
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7. Individuals successfully homed from locations 102m {rom the
home pool, Observations in the tidepool area where homing experi-

ments were conducted show that O, maculosus moves a maximum of

I5m from the home pool at high tide. This indicates that O. maculosus
may have navigational ability not dependent solely upon familiarity

with particular geographical features of the intertidal zone. It is
suggested that homing behavior functions as a mechanism stabilizing
the. spatial distribution of this species.

8. C. embryum and C. globiceps also show lidelity to particular
tidepools. C. globiceps was shown to home to the tidepocls in which
they were captured. No tagged C. embryum were transplanted.

9. In the natural habitat activity such as fceding and spawning in

O. maculosus is dependent primarily upon turbulence, temperature

anci light. In relation to ternperature, natural feedihg activity ceases
when the water temperature rises above 15—1600. This ficld
obscervation supports Morris' (1960) conclusion, drawn from his

~ physiological studies, that approximately the_l.(;OC isotherm is the
limiting environmental factor in the southward distribution of this
species,

10,  Under constanﬁ condition Q. rmaculosus exbibits a tidal rhythra

during which locomator activity is enhanced for 2-3 hours at the time

of high tide. The characteristics of the rhythra indicate that it is
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entrained directly oy the influence of the high tide, and that the system
consists of two indepndent oscillators, ' Hydrostatic pressure could

be the synchronizer.

11, The rhythm is not directly related to the field activity of

a

O, maculosus. It is concluded that it represents the coupling of an

avoidance or escape response to an unfamiliar habitat, to a biological
clock. Such a mechanism would function with, and be partially

responsible for, the homing bchavior.
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