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. - © ABSTRACT

The settlement ano'eurQiVa} of'plenktonic marine
invertebrate larvae is often greatly influenced by the breSence
of coospecific‘adglts. To date, field observations oo the
influence of'eduft geodgcke on conepecific settlement and
survival have yielded conflicting results. The main purpose of
this research was to assess the growth and dispersion of
geoducks which were associated with‘conspecifics‘to varying
degrees:xAll research was conducted at a depth of 13m, using
SCUBA. Selection of the study site was based on relative
homogeneity of environmental parameters which may iofluence an
organlsm S growth and dlsper51on. Sedlment comp051tlon was
analysed for particle size and organ1c content. Fine sand
containing little organic matter, dominated the area.
; i - The detectability of geoducks throughout the year, was
ﬁonitored for a 22-month period. An iofbtive period whenr
, apprOX1mately half of the populatlon {ad thelr siphons
retracted occurreo between November and mid-February. More than
90% of the population ‘was active during the rest of the year.
These values are considerably greater than has been previously
reported and indicate that a sample of geoducks taken during the
active period, would beurepreSentative of the whole population.
The onset ot inactivity coincided with decreasing water -
temperature and decreasing food availability, but siphon

re-extention occurred in mid-winter, when both temperature and

food abundance were low,

iii
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Geoduék‘shell‘size was not correlated with observed
populat{on density (4'0-7 7 geoducks/m?). Geodueks firom an
1ntermed1ate den51ty plot had the smallest shells. Th1s was even
apparent in the youngest age class (4 years), by compar1s0n w1th
tﬂé;ﬁean~shell size of 4 year olds frém other plots. An 1ndex ef
shell thickness was positively cotrrelated with geoduck;age, |
exhibiting a#log-leg relatienship.v

Distribution at the site was clumped, but intraclump-
_dispersion was either random or uniform. When dlspersion N

patterns were ‘examined in a time-series manner, they tended

L

toward uniformity, but during years of highly successful
. \1 «
recruitment, dispersion became non-uniform. The nearest

neighbour of a youhg geoduck was always an adﬁlt,rbut size of

the young was directly correlated with distance from that

nearest neighbour. The size of recruits and their location

~ %
-

-relatlve to that of nearest neighbours, appears to be influenced

by adult 51phon act1v1ty

| -
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QUOTE

"The geoduck is distinguished from other clams by its meaty

yellow siphon, a thick Hbsf—like appendage that droops out of

its shell in a dejected, phallic manner.

W

K. Freeman 1984.

e

"So thats a geoduck....For géd's sake, don't let the

children seel!"

‘Hilliard 1982.
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The geoduck clam, Panope generosa, is the largest burrowing

Fbivalve in North American waters. In 1967, the WashingténfState:
bepartment of Fisheries began investigation intq Fﬁe poséibility
of a commercial geoduck fishery and papers describing the’ |
species became available shortly afteryard; A sfud§ by‘Yonge'
(1971), describeskfunctional morphology and adaptive radiation
of the superfamily.S§xicavacea, which includes the geoduck and-
Andersen (1971) has déspribed their spawning, growth and spatial
distributien. In light Sf‘éhesé reports, a description of
geoduck biology will not Bé\presented here.

At present, geoduck claﬁg are commercially haé&ésted in the
waters of British Columbia and Washington State and the
management policy of the two areggiis somewhat different
(Goodwin 1973; Cox 4@79). WashingtanKState, with a smaller area
to manage, cpncegtrates the harvest?;iphin w;ll-défined
boundaries. This permits easier évaluation of the impact, while
retaining'a large number of virgin ‘beds for comparative,'as well
as base stock use. In B.C. the fishery is spread over the whole
‘coast, minimizing environmental impact in any given area. A

6{§tudy done in conjunction with B.C. harvesters (Blackman
unpublished), showed that hHarvesting intensity in an area (%

harvested), was inversely proportional to the density of

géoducks.,This would be less likely in the U.S., since

\\\\\j1
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haf¥estable tracts must be leased anhd therefore fishing
inﬁensity would tend to be high, to eﬁsure a good return on the
investment. The relativé'merits of an intensive harvest in
diéérete patches ve}éés a modérate'harveét over large areas, are
- presently Unknown; - | | ’

The high pressure water jet used to harvest geoducks,
appears to be extremely disruptive to the immediate area But
research to daﬁe.hgs been unable to QUantitatively assess the
extent of it's&disgurbance (Goodwin 1978a). It appears however
that once an area is harvested, re;ruitment is significantly
reduced (Goodwin pers. comm.). Very low natural recruitment
rates translate into a low sustainable yield, and thus low
harvest quotési‘Depending on the mgchanism by which the fishery
affects recruitment, different ievels of disruption to
post—har?ést recruitment could resulp ffom differences in
management approach. | |

Studies in Washington State indicate that the harvest
reduces future recruitmeg; into the fishable population by two
means (Shaul and Goéd;in unpublished); The first occurs during a
harvest, as young are accidently uncovered while digging for
adults. These generally go unnoticed and are left to be eaten by
predators. The second is th; épparent redﬁction of settlement
and/or sprvival of juveniles in previously harvested beds. In
one stud; (Goodwin unpublished), an unharvested (control) plot

contained three times as mény>juveniles as an adjacent plot

which had been harvested 43 months earlier. The method by which

1
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the commercial harvest reduces settlement and/or syﬁEiVal is not
known., | Ll
The wa%erljetfhasﬂthe potential to alter sediment
structure, aé gell as the composition:ofrthe infaunal éommﬁﬁity.
Potentially, éﬁé most significant aspect of alferingrthe
infaunal cbmmunity, is the removal of aauit geoducks. Two
studies (Goodwin 1978a; Breen and Shields 1983) have shown that
changes to sediment composition'afé insignificant abéithat
meiofaunal communities are only alteredg%ligﬁtly; fbr what is

likely to be a short period of time. Low recruitment thus

- i

appears to be a respohsé to the removal offgdult geoducks.
Supporting this is a étudy by Goodwin (unpﬁblished), using
hatchery seed. This experiment ran concﬁrrenfly and within ;he
two plots mentioned earlier. Three months prior to the final
harvest, marked seed were scattered in%both plots. More than "
twice as many juveniles were recovered from the control'and most
were found next to adults (<4inches). This study suggests that
young geoducks have an affinity for adults and/or survival\isw
enhanced when they are next to adults. .

Confounding the situation are results of work in an area
that had been severely disturbed by a dredging operation, many
years earlier. Few geoducks survivedq.yet,the—densityfaﬁqwshmif"
of geoducks thé;e is presentlyhéqﬁal to or greate;rfhan-that of
a nearby control plot (Goodwin unpublished). These results

appear to be fairly good evidence for geoduck larval settlement

and/or survival being independent of adults.



At pfesent,rthe cohclusiéns drawn from Ehese two studies
seem to conflict with one another and further work.is required
before the nature of thé relationship between members of the
same geoduck population is clearly understood.

Interaction between individuals of ény population.may take
one of three basic forms: Positive (ie. mutually beﬁeficial),
Negative (ie. mutually detgimehtal) orXnsignificant (ie. no
observed mutual influenceE;‘Furthermé}e, the effects of
Lntraspecific interaction?ﬁay be’density dependant, so that withv
increased numbers, disadv;ntages commonly assoqiated with
competltlon increase'and effectively overshadow any benefits
attalned by association. This sort of stress is often felt most,
by those located closest to one another (Pielou 1962).

The overcrowding of aiy fixed sessile organism can cause
suff1c1ent stress to result in any or all of the follow1ng
"conditions: (1) a reduced growth and development of juveniles
and adults, (2) a relocation of juveniles, (3) the death of
juveniles and/or adults. If.a reduction in gFowth or development
were to continue for a period of sgveral &ears,rmean adult size
may become notably smaller or reproductive output may be
reduced. An indirect measure of such a conspecific influence
might therefore be obtained by comparing relative size
measurements or measures of reproductive fitness such as gonad
indices. The assumption is made Lhat energy reQuirgd for shell
production and gonadal develdpment is relatively constant for

the range of environments in which geoducks are normally found.



Movement or death of any indi%idual directly affects the pattern
in which organisms are dispevggd. Shouid other memBeré of. the:
population be responsible, then dispérsion pattern§>ﬁay also be
used to indicate the degree to which conspecifics are coexisting
(Morisita 1959). In a paper surveying the 1i£efature on
adult-adult and adﬁlt—juvénile interaétf&%s, Woodin (1976) cites
many reports which have shown that increased densifiés of ! T
bivalves can resultlin reduced conspecific growth rate,

increased mortality and/or uniform spatial dispersion.

The aim of this study was to examine the influence of

geoduck clams on conspecifics, with a particular emphasis on f%g:

influence of adults on juveniles. Primary objectives vere: (1)
Study seasonal variation in the ability to detect geoducks, and
thus determine the percentage of the population represented by
further study. (2) Evaluate envirohmental~heterogeneity
throughout the study site,'in particuiar>§edimentharticlersize
and organicrcontent, as such heterogeneity can have a |
significant influence on various éopulation parameters. (Meadows
and Campbell 1972). (3) Observe the effects of density and the
relative position of geoducksion conspecifics,” by measuring
shell production. (4).Determine the'effects of geoduck presence
on the dispersion pattern of conspecifics.

On several occasions it will be necessary to compare
various age groups of geoducks and therefore the meaning of a
few terms as they have been\u;éd here, is given. Andersen (1971)V

estimates age-at-first-spawning to be approximately four years,



e

but growth rate only tapers off at 8—10-years. Geoducks within
vthis 4-10 year age group will be célled 'youhg' or ‘juveﬁile'
geoaucks. The term ;adult' will be used'to indicate any geoduck
>10yr old. 'Recrﬁitment' ﬁill refer to thos?’geoduck larvae
which survived settlement. Since the detection of a 4 year old 
geoduck appears to be no less ef?icieﬁt than ghat of an older
one and since younger geodhcks wéf;'hoéuiocated,lit will be
assumed that 'recruitment into the fishable populétion' occurs
wi&h this age class (or earlier). It will be noted when
'recruit' is used in reference to the fishery.

Since its description in 1850 (Gould), the geoduck has been
. referred torby several scientific names (Andersen 1971), and so
the;small‘amount of information that is published is often

difficult to locate.‘Most recently, Bernard (1983a) claims that

Panope abrupta (Conrad 1849), which was first described from

Japanese waters,‘takes precidence as it is indistinguishable
from the local geoduck. Panopea, is the most frequently ,
encountered alternate generidc spelling (Kozloff 1974; Barnes

1980). Since Panope,generdsé is most commonly employed and in

the absence of clarification by the International Commission on

Zoological Nomenclature, it will be the taxonomic form used

-

here. Coe .



II. The Study Site : ’ .

Several limitations were placed on the selectlon of sample
sites, foremost of wh1ch was the dec151on to conf1nefall
sampling to one study site. Whlleiihls may,ra;se questlons'
concerning ghe apblicability of conclusions from this research
to popﬁlations elsewhere, two major considerations lead to a
study of this type. (1) A heterogeneous enQironment prscludes
any inferénces based on a comparison of dispersion patterns or
relative si?es. By,restrioting ;esearoh totone study site, this
environmental va¥iability was minimized. (2) Little is known of

basic geoduck ecology and population dynamics. It was felt that

an indepth study of one area might reveal features of‘geoduck

populations previously overlooked by studies based on data from

several locations.

Using SCUBA, surveYs were conducted to locate an

w

approprlate study 51te in Clayoquot Sound on the west coast of

Vancouver Island The follow1ng cr1ter1a were considered

essential to a su1table site.. (1) The geoduck populatlonfdensity

" had to be relatively high, to ensure that dispersion patterns

L

were natural, and not the product of a previous harvest. Average

unexploited beds usually contain less than one geoduck per
square meter (Goeodwin 1973). Provided that substrate type and
current velocity do not preclude harvesting, a minimum density

of approximately 0.3-0.5*geoducks per square meter, is required

~



for an economic harvest (Blackman unpublished, Breen and Shields/

1983). Much higher densities are therefore 1nd1cat1ve of a /
/

virgin clam bed, as harvest1ng would likely reduce density to/
the 0.5/m? level or lower. Though repopulatlon by recent :
recruits could raise the density of“geoducks in a harvested bed

to preharvest levels, af/the time ofithis survey the flshery had
ex1sted_1n B.C. for dniy four years, and a ‘population w1th that

~

size and age structure .could not be mistaken for an unharvested

N ~

5
5

vone. (2) Depth had to be relatively uniform- so that'geoducks ﬁ
from all sample sites would have had 51m11ar food availability,
and have been exposed to the same general water temperatures and
regfmes. By avoiding intertidal and shallow subtfdal areas,s &

problems arising from tidal exposure, thermoclines and

freshwater runoff ‘could be av01ded A maximum depth of 12m was

kS T
3

also preferred so that‘the no- decompression time limits
°as§ociated with SCUBA, vould not interfere with the intended

work. (3) Areas with an irregular coastline were avoided-due to
a potentifg for turbulent water flow thus an uneven food supply
and a high turbidity. (4) A homogeneous substrate‘was a
"particuiarly important requirement because -infaunal invertebrate
communities are hlghly influenced by substrate comp051t10n

=

(Meadows and Campbell 1972). f
‘ A site which met most of these required criteria was found
at the north-west end of Meares Island (Fig. 1), The shoreline

west.of Ritchie Bay, forms the shaliéw'bay where all work wa§7

done- and as it is presently unnamed, it shall herein be referred
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to as Ritchie Bay. Upon request, the Department of Fisheijes and
Oceans closed Ritchie Bay to the commercial geoduck fi;hery, to
permit this research. .
A small stréam empties into Ritchie Bay from Meares Island
but it does not appear capable of influencing salinity at the
. depth in which this study was conducted. Though some old'woéd
chips which.prgsumably,éame from this stream‘were scattgred»on
'Eie bottom, reséarch diving was conducted in a wide rangevof
weather conditions and a halocline, indicative of significant
runoffl was never visibly detected. ;
The bottom of Ritchie Bay is flat, except for a small rock
island which rises steeply from its middle. Research was carried
out on either side of this island. Underwater, a distinct
boundary‘was noted which marked Ebg start of the incline toward
shoré. The area between this boUnd;ry and the shore was
characterised by a steadily decreasing depth and a sediment
which was visibly more coarse than the fine sand which wa§
typical of the rest of the study area. The bay was 13m deep
beyond the‘sand/gravel boundary, where this research was
conducted.

Overall geoduck densitygappearedqto be high and as is often

the case in geoduck beds (Goodwin 1973), the bright orange

seapen, Ptilosarcus gurneyi, was common. Tresus capax, the horse

clam (gaper clam), was also present in small numbers throughout.
Between the study area and the shore, it was abundant and

geoduck density was low.

—
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Figure 1, Location of the study site at the north-west end of
Meares Island. Inset shows the location of Meares Island in
relation to Vancouver.Island, British Columbia.
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Bothlwater depth and sediment composition in that region were . .,
morelcharédteristic of typféai horse clam beds (Bourne and Smith -

1972). One other bivalve which was readily visible in the study

»

area- was Pahoﬁya ampla,’ though it’regularly occurred at low

.

~densities. . .
. - 7

Geoducks are found in substrate’ranging from soft mud to a.

*a

'sand-gravelfmixture, but. are most common in sand or’'a mud/sand

bottom, They are also most abundant at depths ranging from 1

to 20m but can be found as deep as 50m (Goodwin 1973). The;siy_;°
¥ . ‘ . ‘ e .

site in Ritchie Bay is therefore thought to represént a typical .«

geoduck habitat.
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III. The. Show Factor

Thé locati&ﬁ of a géoduck is determined by visuai;detection
of its.Siphon, termed a 'show'. Thérsiphonitip normélly
prdtrudes from the sedimént to permit feeding and respiration.
As with other clams (Flowers 1973), the geoduck siphon need.not
always 'show'. When the geoduck siphon remains retracted for any:
period of time, the hole that it created when extended, fills in
with Sedimeﬁt, leaving the clam uﬁdetéctable; This presents a
poteﬁtial problem for the visual assessmeanof geoduck_density;
and dispersion,

Methods of quantifying popblation dispersion pat%efns are 
bas¢d on the assumption that all organisms are available for |
inclusion in a céﬂsus. While‘analyses uSualiy only require a
random sample 6flthe population, all members must be equally
available for the sample to be truely random. In addition;
Nearest Neighbour Ana}yéis, the methodléhébh was éﬁployed here
to describe dispersion patterns, feéﬁires data on the trué
population density. Substituting a mean.densify estimate for '
this value can result in a loss ofﬁrigor in the associated tests
of significénce (Clarkrand Evans 1954),

The 'show factor', a percent value which attempts to relate’
observed density to actual density, was first discussed with
reference to geoducks, by Goodwin (1973). In 1977 .(Goodwin), the

show factor was refined to account for seasonal variability,

-

12



~

which was reported to range from a low of 5% visidle in Januéry,
to a high of 60% of the siphons showing in May. 3§§Eideration of
Goodwin's show factor has since become standard for all geoduck
density and»dispersfon estimates (Goodwin 1978a,1978b; Goodwin
and Shaul 1979; Cox and Charman 1980; Breen and Shields 1983).

IﬂglUSion of a show factof‘g;éatly alters ééhsity estimates
and most likely invalidates dispersion analyses which were not
designed to take into account the fact that large numbers” of the
population may be excluded. If for example, a survey conducted
in May reported 60 geoducks showing, the population would be
estimated at 100 geodUCk;, since only 60% of the population is
believed to be' visible then. To obtain density estimates from
sufveys taken at other ‘times of the year, observed numbers would
be inflated further. Dispersion pattern analyses which are‘based
on only those members of thi population which are showing, a~
value_which?is :eportedkte never exceed 60% of the total, would»
refiect only the dispersion.patterns of visible geoducks. This
may have little bearing on how the populatﬁbn as a whole is
dispersed. |

The duration of the period when geoducks are not showing is
also of great importance to visual assessment (ie. if a 30 déy
'show' period follows twé days of siphon retraction, within a
few days, all members of a population cbuld be located).
Inactivity (not showing) for long periods would make it

: g -

extremely difficult to locate all individuals. Do the

‘established monthly show factors apply to most geoduck

13
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populations? How long do periods of inactivity last? How

frequent are such periods? Tf based on visual in situ

assessments, can reliable inferences ever be made regarding the
entire population? e |

Before study on geoduck density, dispersion patterns or
conspecific interaction could be initiated,'it was necessary to
obtain an estimate of the percentage of the population which
would be visible and to determine if this percentage would ber
different at different times of the year. The following work was

Ed

designed to obtain such an estimate.

Method of Assessing Shows

In June of 1980, a 1m x 10m plot was established in the
wes;;FQQend of Ritchie Bay (49°13'3g",125°55'5") to observe -
'shows'. The location of each geod;{k was identified by a ,
numbered flag, which was inserted:into’the sediment 5cm-10cm
from the siphon tip, on its shoreward side. Each flag consisted
of a numbered strip of Xgllow surveyors fape, fied to a piete of
PVC tubing (6mm dia. x 306m long). This means of identification
ensured that all geoducks were accounted for, permitted the

observation of particular gédaucks, and facilitated locating all
A

EA

members at later dates.
! }
For the duration of the summer, the plot was observed
periodically, at intervals not exceeding two weeks. For every

observation period, the number of each non-visible sSiphon was

14



recorded. Dislodged flaés were frequently found in or near the
plot but determining which geoduck they corresponded to, was not
always possible, Any numbered flag which was found uprpotéd, and
did not clearly belong to a particulay'individual, was
'retired'. Geoducks subsequently found without an -identifying
flag were reassigned a newly numbered flag. In August, as a
corrective measure, the location of each numberéd géoduck was
mapped?

In October 1980, the original flags were replaced by longer '
ones (50cm) which could be embedded deeper, thus reducing the
time required to replace dislodgéd flags. Also at this point,
the data collection method was altered. Recording only the
numbers of the non-visible siphons did not permit distinguishing
between geoducks which might be accidently overlooked, and those
which were not showing. All subsequent surveys included noting
whether or not each individual was showing.

,Obse;yationE continued throughout the winter-months but
were less frequent. The length to which a siphon was extended,
was much reduced during this period. Often the tip was flush
with the sediment surface or slightly below it and covered by a
thin.sediment layer. Certain ideéntification of these siphons
reqﬁired probing the boftom ith a finger, in the depressions orv
'dimples' (Cox 1979) which they created. Disturbance of the =
'béttom in their vicinity, usually resuifed in a partial
retraction of the siphon, leaving a characteristic hole.,Thése
geoducks were considered to be 'showing', as contact with the

15 N



surface was cléarly being maintained. If a siphon could notfbe
detected within a few centimeters of the sediment surface at the
location indica#ed by its flag, and a hole from that retracted
tsiphon was not visible, that geoduck was recorded as 'not
showing'. Non-showing geoducks had thérefore been retracted for
at least as long as it took for several centimeters of sediment
to fill in their siphon holes. ’

Observation and recording continued.with greater frequency
from May 1981 until mid<April 1982, when the study ended. In
June 1981, due to a gradually evolved increase in surveying
efficiency and a desire to increase sample size, the plot was
extended 5m in length. |

As the effects of temperature on geoduck shows was to be
observed, a Peabody-Ryan model J, conséant temperature recorder
monitored ambient water temperature for 15 months of the.-study.

A rough estimate of turbidity in fhe ambient water was
obtained on several surveys, by notiné the hqrizéntal distance
at which a fixed object (yellow temperature reéorder)
disappeared from sight. Relative turbidity was considered to.be
in@ersely proportional torgégs df?%ance. This method was used:to
permit relative comparisons and was not intended to be-
quantitative.'The measurement i; essentially a modification of
the Secchi disc method of determining vertical water
transparency (Tyler 1968), a method whiéh has become standard

practice but which is still subject to quantitative modification

(Walker 1980); despite having been described as early as 1866.

- T
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Results

. Repeated observation of the same population‘révealed that
geoduck siphons tended to extend further above the sediment
surface when Ehégéhwas a current. The siphons, which often
extended several centimeters into the watér column‘during the .
summer months, were more typically flush with the surface during
the fall and spring. Du}ing the winter, siphons which were not
ébmpletely retracted were often covered by a thin sediment
layer. ,

Data on geoduck siphon 'shows' throughout the 22-month
period, are summarized in Table 3.1. These data are also /’
illﬁstrated in Figure 2, which includes water temperature and
turbidity information. Temperatgré was not recorded for the

period from December 1981 to .mid-February 1982. ‘
| Twenty-seven geoducks ceased showing at various times since
their initial observation and had failed to reappear by the end

4

of this study. All such flagged positions were monitored. for the
duration of the study and only then was the assumption mad: that
these geoducks had died, shortly éfter their last appearance.
These nﬁmbers Qére therefore not included in the calculation of
'Percent Showing’ values,\%or,any given date. In Table 3.1, the
"Number Taggd&d (adj.)' is thus an adjusted value, which reflects
the number of geoducks which had been identified by flags and

are believed to have been alive on that date. ‘

17
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° Table 3.1 Summary of Geoduck 'Show' Observations

Date Number Number Percent Comments
Starting - Visible Tagged Showing ’
in 1980 (adj.)
June 22 44 47 94 -plot partially labelled
26 70 70 100 )
July 1 68 68 100 -3 died;1 found ;
11 73 73 100 -5 found S
15 71 72 99 -2 died;1 found
17 70 71 99 -1 died
25 74 74 100 -1 died;7 found;3 flags lost
29 72 74 - 97 ‘
30 72 72 100 . :
Aug. 5 67 67 100 -5 flags lost ~
7 69 69 - 100 -3 found;1 flag lost
8 68 68 100 -plot mapped;1 flag lost
19 66 68 97 -1 flag lost
Oct. 4 65 68 - 96 -long flags;note each clam
5 55 67 82 -1 died ‘ '
Nov. 13 25 62 40 -5 died
Jan. 28 50 62 82 -1 died;1 found
31 49 61 82 -1 died
May 9 54 . 60 92 -1. died
18 61 62 98 -1 died;3 found
June 10 61 62 98
26 62 62 100. -1 died;1 found
29 62 62 100 -plot exended
July 9 93 95 98 :
14 92 94 98 -1 died
Aug. 8 91 94 97
14 93 94 99
21 87 91 96 -3 overlooked
Oct. 2 83 90 92 ~2 died;2 overlooked
3 86 92 93 .
30 88 92 96 ~ -
Nov. 1 77 88 88 -4 died .
Dec. 4 43 67 64 -partial survey
5 55 86 64 -1 died;1 overlooked
Jan., 20 84 88 95 -1 juvenile found
21 55 77 71 ~1 died;partial survey
Feb. 19 87 88 99 -1 juvenile found
20 64 65 98 -partial survey
Mar. 20 88 88 100
21 88 88 100
Apr. 16 86 86 100 -2 overlooked
17

74 74 100 -partial survey

18



Figure 2. Summary of geodUck show observations (jagged solid
line)7as recorded.in Table 3.1, with . water temperature’ (smooth
solid line - °C), and v151b111ty measurements (dots), from July
1980 until April 1982. Water temperature was not recorded
_between Dec. 4 1981 and Jan. 21 1982. Pairs of show observations
labelled A, B and C represent an initial survey during which the
sediment was frequently probed to detect siphons, and a ,
subsequent survey, 1-2 days later, during which shows were
markedly reduced.

19a



-

- (w) AppgisiA

N O ©O © % o
- -
Vo 1 T T L L
[-) . .
°o 0 ®0 ° °Nn

s ryrvryviyrvyrvyriyriyrnvauyirnrg
e

4

1982

<«

J F M A

|

1981

J AS OND|JFMAMYJY J A S OND

1980 -

rd 3 4§ | 1

/ o o o
e 2 © < &
- ~

Buimoys Jjuedied

19b



- ‘ o -~

2 <

The ﬁumber of geodu%gs that died since the,preQiops;
observation is indicated under the heading, 'Comments', as is
nthq uprooting of flags, which in the first few months of the
study resulted in relocating and renumbering the_geoaﬁcks
involved. The latte; accounts for theflarge number of unmarked
geoducks which were still being found, several months into the
study. Also indicated aéé the dates when the plot was only

partialiy surveyed, due to the time constraints fmposéd by the .

- ~

no-decompression time Nmits associated with SCUBA. To minimize

any sampling bias which may have occurred as the resy1t<6f a
partial survey of tgé,defi ed population, surveys always
commenced from the same end of the plot. Occésioqally, one or
two geoducks were accidently overlooked in a survey and for the

calculation of a 'Percent Showing' value, these individuals were

T,
omitted. v
The thre? regions labelled 'A','B', and 'C' in Figure 2,
represent three pairs of survey data poihts. The two éurveys
which form each pair, were conducted 1-2 days aéart. Survey
pairs A, and B occurred at the Béginning of two inactive periods
and the surveys represented by C, occurred at the end of an
inactive period. A fourth pairrof survey dates (unlabelled)

occurred during the middle of the inactive. period, on Decembeq\4

and 5, 1981,

20



Discussion

.

Mortality

- ~
~An uneipécted feature of thisrstudy waS'thG*lafge number of

geoducks ﬁhjch apparently died over the 22 mbﬁih period (n=27).

At present, thg natural mortality rate of geoduéks is estimated
?Vto be very low (Andersen 1971;1Breen and Shields 1983) and |
>;§onstant for é@ults of a}l ages (Shaul and Goodwin unpublished).
® While there is a slight possibility that some geoducks were

faléely assumed to be dead, it is extremely.unlikely that many

would remain retracted for 3 months or more. Alsé, on'ét least 5
’ oécasioné the location where a geoduck was known to have )
“axisted, was covered with a;péfch of white film, similar to

pg}cﬁes (bacteria or fungu;) typically assoéiat d withmdecaydin

aiﬁoist environment, This/;ccdrred,approximételya1 mongh aftér

that clam first retracted gfrmanently. The presence of these
Ja patches was not always recorded and so they may have éccompanied
the 'permanent digappéérance' of all geoduck siphons. The
submeigeé portion of a flag of at least one such geoduck was
notably biackened and smelled of hydrogen sulphide (produced
under conditions. of anaerobic decomposition). These observations
strongly support the aséhmptioq that these geoducks died and
were not merely retracted.

Regardless of the exact number of geoducks that died, a

significant proportion of the population was affected. The first

21



possibhlity to cohsider is that this morﬁa;ity was induced by
‘the study itself. These geeducks experienced only two conditions
which would not otherwise be enqoun;ered.'(i) Mahy geoducks in
the study plot were regularly 'boked‘vduring the winter, to
determine their position (showing vs. retracted). It is unlikely .
however that this disturbance could reSult in death, since
gebducké elsewhere are oftentmissing pieces of their siphon tips.
(predators?f andzare in various stages of healing (Ande;sen v
1971; personal observations). (2).All members o% the study
population had their locations marked byAéﬁgumbé?gd flag. The;e
are several ways iq_which thiejpay have affectedrtﬂe study
population but none appears likely to have resulted in the
obsegyed high mortality rate. For example, potential geoduck .
pfeEatdrs were attracted to the flags (dieguesed below) but
there was nbkevideece to indicate that such‘;ttacks occurred on-ﬂ
the geoducks themselves, other than the‘occgsiqpel, siiqhtly
damaged siphon tip. Also, the flags may haQe d;sturbed,waterv
currents and thue feeding, but as these flags ;ere placed
neither directly ﬁpstream nor di;ectly downstream of each

siphqpﬁ such effects were probably minimal. Andersen (1971)
suggests that anvaccumulatio of vegetation may kil{héeoducks

but he relates this to the anaerobic conditiens of algal decay
occurring intertidally.'Though kelp became entangled in the
flags, being constantly subtidal it was always loosely packed
~and presumably wasn't acqompanied by a significant drop in

oxygen content of the ambient water. The possibility that

/ -
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geoducks were fatally woun@ed due to puncturing by the flag 0
staff was considered,  but also appears to be remote. Dﬁring this-
research'élmosp 300 geoducks were similarly identifiea with

flags and later harvested.kNone bore marks of such daﬁage. One

geoduck which was pierced by a plot-boundary stake appeéred tor

be filtering normally several days léter, when the plot was

harvested.

Geoduck mortality appeared unrelated to the conduct of this

study and' the observed death rate is not considered to be

representétive of normal yeariy mortality, since it greatly
exceeds the rate of recruitment (inferred from populatipn age
structure data). There was also no indicatioﬁ that an
environmental anomaly was pespopsible and the‘possibility of
human influence 1is unlikelji as the study site was far from the
nearest viflage. The observed mortality appears to have been '

natural and likely to have only exi§EE3 for a short\Feriod. If

. this high mortality rate occurs regularly in geoduck

populations, even if onl¥ infrgqugntly and for pefiods of short
duration, this phenomenon could severely alter present estimates

of geoduck population stability and fisheries' estimates of

Sustainable yield.

uFlag Loss -

There ‘were at least two separate factors thought to be

responsible for dislodging the identification fFags. Large



bl

. encountered during surveys an

. Siphon Detectability

pieces of the kelp, Macrocystis 1nteg;1folla and -Desmarestia

1gulata were frequently observed drlgting across the substrate,*

foey
partlcular}y during the late'summer_andfﬁall. When these became

- [

caught on the flags, they may have'qreated sufficieﬁt drag.to*

uproot- them. Also, the tubing of several of the loose flags. was -

misshapen and crushed in.several places. While the PVC‘fubing'
used was fairly resistant to such damadg, the red rock crab,

Cancer productus, which was quite abundant throughout the study

area, was«égpnd to be capable of prodﬁcing sfﬁilar results with
its claws. Some mark{ngs_on the tubing however, did not appear
to have been made by crabs. The séiny dogfish, Squalus
acanthias, whlch was partlcularly common durlng the fall, may
have been attracted by the brlght yellow Surveyers tape and
attacked some of the flags. This would account for those flags
which were dislodged and od&i%;::nglea; Lone dogfish were often

uld usually circle for 10

minutes or more, ﬁoll wing any changes in diver position dUring

responsible for dlslodglng flags, no such attacks were evér

observed. ' . .

P

‘For reasons to be discussed later (see Shell Size and Agé),

it is believed that the data on siphon detectability represent

r

all geoducks within the plot that were at least 4 years old.
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Desp te_fluctuations in the number of geoducks surveyed

(due to an Igcrease.in plot size, a loss of flays, mortality,
=

~etc. ), a clear seasonal pattern of siphon 'shows', was evident.

More than %h% of the geoduck population could be detected from
mid-February until November ('active period'). During the summer
months detecti@n was even higher, never being less tﬁan 96%.
November -until mid- January was the perlod when the least number
cf geoducks could "be detected ('inactive perlod“), representlng
as little as 40% of the population one year, and 64% the next.

These results differ greatly from those of Goodwin (1977).
He observed-a maximum of 59.8%vahd 5% of the population showing
duringtsugmer and winter respectively. This .discrepency however,
is most likely in. response to difterences in experimental
design, which. reflect the different nature of the questions
asked’by each study Whlle both attempted to correlate the
number of VtSlble 51phons at any given time to actual
populatlon numbers, Goodw1n s study more accurately estimates
the percentage of the populatlon likely to be observed by a
surveyor. Fluctuations in 51phon 'detectability' in this study,
reflect fluctuations in siphon poeitfgﬁfdue to‘geoduck activity.
Here, geoducks with siphons that could be detected, despite not
being readiiy visible, were considered to be 'showing'. The‘term
'show' asfit is ueed in this study, is different froﬁ Goodwin's
*show' and appears to be the basis for Breen and Shields'

recently (1983) proposedf‘correction'factor'.

+

w
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As mentioned earlier, during'the inactive period siphons

, Y ] » ,
were difficult to see and often the sediment had to be probed to

verify the presence of a siphon, beneath a thin layer of °
§Ediment. In both cases A and B (Fig. 2), the number of
d%teetable geoducks was significantly re@uced oh’theAsecond
éurvey day. This youid appear to indicate thé the physical
disturbance due to probiﬁg the sediment, cau;:;:geveral geoducks
to retract and remain that way for a minimum of 24-48 hrs. |

Of the ten 'A' geoducks which were visibple onerday and not -
the next, seven wére still retracted on the followihg survey
date, one month later. Of the nine 'B' geoducks which had

similar such patterns in 1981, six were still retracted the

following montk. In both years, each such geoduck was

subsequently observed on at least one occasion; so failure to

reappear was not due to disturbance-related (poking) mortality.
The effect (retraction) of a physical disturbance at this time
of the year, persisted for a month or more.

On January 20, 1982, 95% of the population was détected,
indicating the end of the igactfve period. Many of these howevef
could only.be detected by probing the sediment. On the following
day, only 71% of the"pbpulatibn'was showing, a dro§ to near \
mid-December- levels. Physiéalkdisturbance was probably |
responsible for this reduction in number of 'shows' ('C' in
Figure 2). Of the 20 geoducks that'reactéd this way, 15 had been
‘not showing' earlier duriﬁg'the inactive period and so all may

have been 'inclined' to retract. All but one of the 20‘were
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showing on the next sampiing dgge one month later. ' T
Despite experiencing a'similar disfurbance on successive
dayé in December 1981, there weée{no fewer geoducks‘shoﬁiaé on
A;he second day. Perhaps this far along into the inactive period,
all those whichvwere going to retract, had already dgne S0.
Analysis of thege data should>then take into acéount ﬁhe
likelihood that the onset of thé\inactive period, as indicated
by points A;and B, occurred earlier than normal, due ﬁo the'
physical disturbance required for geoduck detection. In 1982,
onset of the active~pe§iod may haverbeeq artificially delayed
‘for the same reason. |
The time geodlcks spent in a retracted position varied.
Some were not detectable on only bne occasion during the
inactive period and others remained undetec£ed‘for several
successive surveys. Beéause sampling duringwthe winter months
occurred at monthly intervals, thé;;irmer sﬁtuation could
represent up to 2.months of inactivity and the latter, almost 4
months. In some cases, geoducks which had retracted early in the
inactive period,'could be detected on a couple of subsequent
surveys, and then were retrabted on the néxt survey date. The
lower limit on time spent retracted, appears to vary between
individuals. R T
Since each geoduck was assifned a number for the duration
of the study, siphon retraction of individuals could be compared

in successive years. Excluding instances in which retraction was

only observed on the second day of survey pairs A, B and C, of

;
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the 56 geoducks followed through two inacfive periodshk43%‘spent
some time’retraéted both years, 29% were retracted only_in 1980,
14% retractea'dhly in 1981 and 14% showed: throughout both '
winters. While a large majority of the study popUlatiQn spent a
portion of at‘least'one winter retracted, over h#lf.of them did
not au%omatically retract with the onset of winter condiﬁions.
Also, a large portion of the population which retracted in 1980,
failed to do so in 1981, despite'another 14% 'not %howiﬁg' for
some time that year, after showing constantly duriﬁg the
previous one. i |

As Bernard (1983) points out, bivéi@es are not automata and
some individuals may_behave éontrary to the rest oflthe‘
population. Newell (1966) reported that despite expériencing na
externél disturbance, pxygen‘uptake of the cockle, Cérdium
edule, was not constant over time, noting that indiv%dgals
alternated between active pumping ahd quiescence. Geoducks
apparently have similar such individual tendencies wi£h regard
to showing during the winter months. .

Almost 70% of‘the study population was 'not showing' on at
least one occasion duriag the iné&tive period of 1980; and in
1981 thig-value was approximately 55%. If 'not showing' was a
completely random event with respect to behavipor of the previous
year, roughly 39% (0.70 x 0.55) would be expgj:ed to be
retracted on at least one occasion both years. Since 43% of the

geoducks were, there was no reason to suspect that some were

more likely to retract than others, based on the previous year's
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record. Also by random chance, almost 14% of the population
(0.30 x 0.45) would be expected to show(throughout both, inactive
periods. This is the value tﬁat was observed and so the |
probability of a geoduck showing throughout 1980 had no bearing

on its record in 1981,

///

An Explanation for Siphon Retraction

Figure 2 illustrates how ambient water temperature varied
while siphon 'shows' were monitored. In 1981, water temperature
peakedrlete in August and began dropping in September. While 4%
of the population was not showing on August 21, significant
numbers of geoducks only retracted their siphons much later. For
7reasons discussed earliér, the distinct decrease in the number
of detectable siphons, between October 30 and November 1 (1988
was Probably artificially induced, so the actual onset of the
~inactive period likely occurred later in November. Seasonal
siphon retraction appears to coincide with a decrease in
temperature, »

Oxygen c®nsumption and ventilation rates have been measured
for nine species.  of Northeastern Pacific bivalves (Bernard
1983). When exposed to temperatures below a 'lower thermal
threshold', shell valves closed and metabolic'acFivity was
reduced to a level sufficient only for fﬁe maintenance of vital
functions. This shift to low respiratory levels occurs naturaliy“

in response to, "...prevailing [environmental] conditions,

-
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matching ventilation (and therefore,browsing rate) to food
~ supply, or decreasing energy loss during periods of low
temperature or starvation.” -Bernardi1983.

Geoduck retraction from November to mid-February may be the-
result of functioning at this low level offmetabolic activity. |
Though a 'lower thermal threshold' has not been determined for

geoducks, that of the horseclam, Tresus capax, which of all

species tested most approximates the general body structure and

habit of Panope generosa, was 6°C. Winter temperatures in

Ritchie~Bay approach this, and could cause such a shift in

metabolic activity, particularly if an adequate food supply is
lacﬁing. For a number of reasons, this is thought to have been
the CESe. 6

In 1981, furbidity began to drop (visibility rose) in
Novémber (Fig. 2) and continued to do so ﬁntil April of 1982,
Since this corresponds to a decrease in water temperature,
{;creased visibility is thought to have been caused by
decreasing phytoplankton abundance, and not by reduced amounts
of silt or suspended detritus.

In a brief sté?y in 1980, Cotter (unpublished) found that
the mean volume of geoduck stomachs and digestive diverticula
combined, decreased significantly from October 10 to Novémber
21, indicative of reduced feeding. He also noted that the
material contained in these organs, which is normally dark green

during the sumier (personal observations), changed from a

'dark'-'medium' green in October, to a predominantly 'light'
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color by the end of the study, with none of the samples
exhibiting the 'dark' green condition. Digéstion.appears to have
occurred With‘little ingestion of new food.

In a-conéurrent study, Starcevich (unpublished) found that
the crystaline style of geoducks‘weighed significantly less,
after 3 days in a food-free énvironment, than those of a control
. population and after six days, styles were not present in the |
test clams. In some bivalves, the style dissolves when food is
absent and .is reformed when food becomes available. The
crystaline st&les of geoducks harvested on November 5 weighed
less than those of geoducks harvested on October 1.

The findings of these two studies, in addition to observed
trends in turbidity (a functionibf phytoplanktoﬁ abundance),
support the contention that food.avaﬁlability-and the amount
that geoducks consume, afe)drastically reduced during the fall
and winter. This, in conjunctipn with low water teqperatu:es,
may result in a 'maintenance level' of geoduck metabolic
activity. Other clams,resgbnd by closing their valves (qprﬁard
1983). Since geqducks are unable to do so, siphon retraction is
proposed as an analogous response. This position may be
benefidiél to the geoduék, which otherwise.may be forced to
retract every time an animal attempts to feed on its siphon tip.

Unfortunately, several weeks of temperature data are
lacking.during the period when siphons began to extend. The data

wh&ch are available however, for the winters of 1980-81 and

1981-82, clearly show that extension of the siphons preceeded
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the yearly rise in water temperature and thus was notgiipsed by
it. Possibly the shut-down of feeding and/or respiration may
only be able ;o continue for a limited time and may theregore
force geoducks to 'show' as early as tﬁey do, when water o
temperatures are at their coldest and phytoplankton den51t1es

appear to be at thelr lowest.

Conclusions

1) The'large geoduck mortality which occurred during this
study, did not appear to be due to either design problems or any
ofher huﬁa\ influence. Should such mortality periodically occur
in all geoéuck populations, population stability may be greatly
overestimated.

2) Periods of inactivity, during which many geoducks cannot
be detected, occur seaspnally between November and mid-February.
'Approximately half of the population becomes inactive each |
winter and individual geoducks vary greatly in the duration of
retraction. For the rest of the year, more than 90% of the
population is activé; In June, July and August, this vaf¥i~was
greater than 95%. '

3) The discrepency between these results and Goodwin's
(1977), are likely due to the inclusion here ¢of geoducks which,
while not readily visible, were detected by closer obsérvation

and probing of the substrate.



4) Géoducks appearlto be particularly sensitive to probing
just prior to and just after the inactive period. In the case of
the former, the resultant retraction frequently persisted fot
more than one month. In January when disturbance resulted in
retraction, only one of 20vgeoducks was still not showing by the
same date in February. Fifteen of these 20 had been 'not
sﬂowing' on at least one survef date during that winter prior to
the January survey and so in any one year, certainkindividuals
may be more likely to retract in adverse‘conditiohs. Geoducks
similarly disturbed midway thfcdugh the iﬁactive‘period did not
respond by retractiéz-for extended periods (24hr+).

- 5) There was no evidence’éo indicate that geoducks which
did or did not show in 1980, were likely to do the same or the
opposite in 1981,

6) Decreasing water temperéture énd food availability .
coincide with and may cause geoducks to retract their siphons
seasonally. At that time, the food {Eigﬁg of fhbse‘which show,
was markedly reduced. The periodﬂgg—inactiyity ehded well before
temperatures began to rise and phytoplankton bloomed. Some other
factor, possibly a time-limited ability to remain inactive, was
responsible for geoduck siphons re-emerging.

7) Based on fhesé reéults, I concluded that density and
dispersion analyses of:surface—detectable geoducks would bé
representative of the whole population, provided that all such

~ -

work be carried out between mid-February and November.
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IV. Sediment Heterogeneity and Geoduck Distribution

&

-~

Community structure of sedentary marine organisms is known

¥

to Be influenced by environmental heterogeneity, particularly
with respect to substrate particle size aﬁd'compositjon.
ACcording to Stickney and<Stringér_(1957), sugstrate composition
may ﬁe the single most important factor in the organization of a
bottom community. Supporting this view are studies which’
conclude that pérticle size appears to be one of the most
important sefttlement-inducing factors (Crisp51974),rand that the
rate of recolonization depends to a large extent, on particle
size (Boadew 1962). Swedmark (1964) concluded that the space
between sand grainé’(a function of particle size), was the most
important determinant of types and numbers of infaunal
inhabitants. .

The terms 'distribution' and 'dispersion' have often been
used interchangably but there are two distinct levels at which
spatial configuration can be described and I will use one term
for each. 'Distribution':will.be'used to describe relative
densities while 'dispefsiqn' will refer to the position of

individuals relative to each other,.
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" To determine vafigbility in geoduck density and sdbsfratg
composition, and asséés the rélationshibﬁbetween the two over a
large portion of Ritchie Bay, a combination of systematié and
random sampling was carried out east of fhe rock island _
(49°13'33",125°54'56"), with é portable 1m x 1m quadrat. Three
parallel transect lines were set at“§5mvintervals; in a .

Eporth—south direction, roughly perpendiculaf to shore (Fig. 3).
Lines 1 and 2 were eaéh 100m long. Due to a small rock reef |
which pr;jected from shore, liAe 3 was only 80m long. Total area
represented by this sampling was the;efére slightly less than
7000 sduare meters. Each.iine was¥divided-into five 20m segments
or strata, labelled A-E, as is iliustréted for line 2. Five

numbers from 1 to 20 were randomly selected for each stratum, to

correspond to the:five im lengths along that line-segment, where

-sampling was‘to occur (inset i). The portable guadrat was placed'

over a designatéd portion of the line, so as/torbe bisected'by
it (inseg ii) +All geoducks within the guadrat were then counted
and this number fecorded. Adaitionally, for lines 1 and 3, two
sedimeﬁt cores (}Ocm deep x 3.8cm dia;jﬂwere coliééféévfrom each
guadrat, one from either side of the transect.line (identified
by X in inset ii). These were immediately combined to form one
substrate sémple, representing that 1m? area. Thus %he number of

~geoducks per square meter was recorded for 70 quadrats and

sediment samples were collected for 45 of these.

- /.
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Figure 3. Portion of Ritchie Bay, east of the rock island. The \; -
location of plots I-VI and transect lines 1-3 are indicated.
Labelling of transect line segments appears on line 2. Inset 'i
shows ehlargement of 1m intervals in segment 1E, with gquadrat in
place. Inset 'ii' indicates the location from which sediment
core samples were collected within a quadrat. ’
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Sediment samples were preserved by freezing and later dried
in an oven at 50°C. Dried samples weredweighed'on a Sauter _

balance and each was mechagically'shaken for 10 minutes in.a;
F1sher—Wﬁeeler Sieve Shaker. The following six size fractions
vere obtalned for each sample: >1000u,>500u,>250u,>125u,>63u.»
<63u. These divisions represent the standardized size fractions

-

of theIWentworth'Size;Classification foriSediments (Thomas

4

11973). . s

A sub-sample of 2.0-2.5q9 of each size fraction was weighed

on a Mettler P160 balance and was combusted for 4-5 hours at

. 475°C, in a type 2000, Thermolyne muffle furnace. Loss of welght

of marine sediments,’after combustion by this method, accounts

for 100% of the total organic matter present (Byers et al.

1978)
The first 7- 10m of transect 1A~and 3- 4m of transect 3B,
"both extended into the c0arse,gravel substrate, ment1oned

earlier. Four sediment and density samples were collected from

“ this area. As substrate type and vary1ng bottom depth associated

"with .this-region vere so’ obviously different from the rest of

the site, density and substrate data for this small area were

not included in calculations. ' =T
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Results and Discussion

Density and Overall Distribution

Geoduck density per quadrat ranged from 0 to 13 /m? (Figqg.
4), with a mean of 4.86/m? (02=6.73; n=66). This is considerably
greater than the aver;ge density of 2.5 geoducks/m?, that
Goodwin (1973) found in his high abundance areas. Thogéh
_extremely high density patches may ‘occasionally be foﬁnd in
Puget Sound and in the 'waters off the B.C. coast, rarely do
geoducks occur in such densities over a large area (Goodwin
1978b; Cox and Charman 1980). The high density population in
RitchieiBay suggests that thié-ba§ had never been commercially

harvested.

Uﬁingrthe x?~test (Elliott 1977), the populatiqn‘
distribution was found to deviate significantly (p<0.05) from
that of éﬁPoisson series (random). g&nce sample variance
exceeded the mean, I concluded that the geoduck population in
the sample area was distributed in é'clumped manner.

-

For some time it has been known that the use of quadrats to

dasggss distribution patterns has several inherent problems
5jif§;eig-§mith‘1952; Morisita 1958), a majog one being that
gquadrat size greatly affects the outcome of such analyses.
Furthermore, the spatial relationship of high and low density

- guadrats is often ignored (Pielou 1977).
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Figure 4. Geoduck densities at 5 randomly selected locations
within each line segment, for transect lines 1, 2, and 3.
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The clumped distribution of geoducks in Ritchie Bay‘cou}d
be préduced by one of several patterns; Ciumpsjmay be numerous
and small, rouggly equal to- quadrat size. Alternately, geoducks
may occur in relat1vely few, large clumps or a grade of
densities across the sample area is equally possible,
representlng the edge of one large clump. To determine where ;'
along this continuum, geoduck distribution in Ritchie Bay lay,
quadratiqensity data was subdivided in several ways. In addition

to clarifying the spatial relationship between the highest and
/

lowest density quadrats found the error associated with using a
51ngle quadrat size (Grelg Smith 1952), was s;us also reduged.
To compare densities in the quadrats located;closest~to/
shore (inshore) with those set furthest away from the shore
(offshore), data-from all transect lines were combihed.;To form
the 'inshore'’ sample, ‘densities from stratum. B and stratum C of
‘each of the three lines were podled. Data from strata D and E
formed the 'offshore' sampling. A transformation (log(x+1)) was
performed on these Aata to permit the use of a Student's-T test
(Elliott 1977). No significant‘difference (p=0.734; n=5§):was
found between inshore and offshore geoduck densities. "
Densities from transect lines 1, 2 and 3 were not
signifieantly different from one another (ANOVA; p=0.689; n=59),
Geoduck density data were\then combined by stratum and an

ANOVA was used to test for differences in densities between

strata. No significant difference was found (p=0.229; n=59). /////

s

3
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When stating the distribution of any population, it is
important to specify the scale on which this distribution is
found. On a very large scale, geoduck distribution can be

thought of as being clumped, in that the species Panope génerosa

occurs only in the north Pacific (Young 1971). Clumping is also
observed on a smaller scale, with high and low density regions
occurring in close proximity tdrone énother (Goodwin and Shaul»
1979)1 This is the case here, with geoducks cle ly more
‘abundant in Ritchie Bay than iﬁ some areas near (personal
observations). Geoducks within the study area were also
distributed in a clumped manner. Subdivision of the area (ie.
inshore/offshore, line 1/2/3 etc.), and comparison of these
densities failed to reveal any explanation for this clumping.
‘Geoduck densit& 'iﬁshore' was no different thanwthat 'offshore'.
Density along all three transect lines Qas similar and wheh the -
densities of all strata were ggmpared, none were significantly
different from the rest. Since tﬂe x?-test on individual samples
indicated aggregation and testing with larger groups failed to
detect this, clumps are likely to be considezgg}j smaller in
size than the length of a single stratum (20m). This conclusion .
is supported by data in Figure 4, which shows the relative

location of each guadrat and the number of geoducks located

there.
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Sediment Composition

The decision to take sediment cores -to-a depth of 10cm was
based on the depth distribution of recently settled geoducks.
Geoducks spawn in the spring (Andersen 1971, éoodwin 1976), and
at 14°c, larvél metamorphosis and settlement occurs 40-50 déis
later (Goodwin et al. 1979). For the first 2-3 years of life,
growth rate is about 30 mm/year (Goodwin 1973, 1976) and by the

time that shell formation ceases for the winter (Shaul and

.- Goodwin 1982), recruits-of-the-year are probably 20mm or less in

length. Extrapolation of Andersen's (1971) data places geoducks

of this size range at a depth of 10cm or less.

Mortali%y}atfth_ time of settling is generallylbelieved to

be very high‘fo ~all larvae (Crisp 1974) and the first winter
probably repqﬁé&:ts another major period of regular recruit
loss. If sediment quality in any wajfaffects recruitment, its
surface layer likely plays a part in determining settling
success, while the top 10cm influences abilityvto survive the
first winter. Since mortality rate of the sessile form is
probably greatest iﬁ this zone,ﬂsediment samples were collected
to a depth of 10c$. 1t should be noted that some effects of
surface seaiment composition on settling success and thus

distribution, may have been masked by taking sediment cores to

this depth.
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Results of sediment size fractionihg and éombustion are
summarized in Table 4.1, as mean values for all samples. Figure
5 contains a histogram of these data with the standard deviation
indicated for each sizg ffaction.

Relative size fraction abundance'cqmparisons were made
based on dry weights. For all samples (n=41Y{ the 125-249u size
fraction was dominant, repfesenting'55%-70% of each sample. The
63-124uAsiée fraction, was second largest for aIlAEamples. Wheﬂ
combined, these two fractions accounted for more than 75% of
e$;h sample. Sediment in this size range is describeé as fine to
very fine sand. Particles <63u are considered to be silt or

clay. Each size fnactibn other than the two most abundant,

averaged less than 5% of the total sample.

Table 4.1 Sediment Composition by Size Fraction (n=41)

Size ) % of % Organic g Organic
Fraction Sample Content per 100g
(microns) (s.D.) (s.D.) Sediment

>1000 2.9 (2.1) 15.2*%(7.5) 0.0041%
> 500 2.4 (1.2) 13.9 (6.8) 0.0034

> 250 4.1 (1.4) 8.5 (4.0) *0.0034

> 125 63.1 (4.1) 1.3 (0.3) 0.0080

> 63 24,7 (2.7) 1.3 (0.3) 0.0031

< 63 2:8 (0.6) 4.4 (1.3) 0.0013

* n=40

Percent organic content was inversely related to the
abundance of each size fraction. The organic portion of the
63-124u and 125-249u size fractions averaged 1.3% each, with

upper and lower values of 2.3% and 0.9%.
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Figure 5. Sediment composition of Ritchie Bay, by size fraction.
Bars indicate one standard deviation, for the total dry weight
of each size fraction. :
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The two-lérgeét-particle size fractions éonsisted of an_gverége
of 15% organic matter. However e&en/whéhrcombingd, for aﬁyho'new
sample these two si;e fractions accounted for no moge;thaq 15%
of the total weight énd éo contfibuted little £;~the overall
fo:ganic“content;. T

When the relative weiéhts of,each'éize fraction #ére taken.\
into account, the greatest amount of organic matteﬁ was in.the
;125-249u size fraction (0.0080g per 100g sediment). TheA0-62u
size fraction contained the least organic mattef (0.0013g per
100g sediment). - ‘ '_  ;

The consistency of sample make-up, with fespect to the
relative‘weigﬁt of each Eiie f;actioﬁ ;hd’its respective organic
confenf{fsuppo;ts the initial observation tha; sediment particle
size fhroughout the study area was génerallyiVerybémall and well
sorted. ‘ - |

“The extent to which bivalves are able;poAdetect minute
aifferenceswbethqen habitqts is uncertain.and consequeﬁtly the
influence of sucﬁ differences is unknown. To.more clearly define
any substrate heterogeneiéy which may‘exist at the site éhd thﬁs<
better assess the probabilify of it influencing distribution,
 further analysis of the availéble sediment data wés unéeréaken
on the basis of individual sediment size fractions.,

As is required‘for parametric testing of data expressed.as

percentage values, arcsine transformations were carried out on

square roots of the raw data (Sokal and Rohlf 1969). All further

statistical analyses dealing with sediment composition were |
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performed on transformed data. In a mahner similar to that used

» e

with geoduck density, data were pooled for inshoreé/offshore

sediment composition analysis. With'Student's-T tests, both

locations were compared on the basis of abundance of each size
f;action.'The sediment in these two areas was simiiar with
respect to siée, for all but the >63u size fraction, which was
significantly more abundant inshore (p=0;014). Since the
probability of this difference occurfing by chance is relatively.
-low, and this diffgrence‘occurred ih one of the most ahundant

”
T

size fractions, the difference is likely rea}; though the:reason

»

‘iorwthis§was not apparent. Despite transformation of the data,

when inshore/offshore samples were analysed for organic content,
» -
the assumption of homoscedasticity of variance was in some

cases, not valid. Differences for éhesg.particular size
_‘fractions, were then tested for by the Mananhitﬁey U test,‘
which does not require such an assumption. The >1000u and >500u
size fractions contained significantly more organic‘méterial
(p<Q.001‘and p=0,60§) in .the inshore sémpies than in the
6Ef§50re;§§mp1es. This was probably due to the éresence of»the
woodchips, which were mentidnéiieérlier. Wheh the relative |
abundance of each size fraction was taken into account however,
inshore/offshore differences were not significant.
Sediment'from ffansect line 1 was compareq/(étudent's—T)
with that collected from aloﬁd line 3. The abuﬁéance of all
sediment sizeifractionéjexcept qu, were similar (p>0.05). A-
sigﬁificantly greater (p=0.021) amount of the >250u size

' ,

/-
/
-
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fraction occurred in samples from line 3, however this“s}ze
ffaétion‘averaged only 4% of‘the sediment in all samples.
Organic content of the <65u fraction was signifigantly greater
frog‘sampleg collected aloné line 3 but,aigo when the abundance
of this 5izé fraction was taken intd acéount, seaiment fromv
either line did‘ggl differ with reép;ct'to organic”content.

An ahalysis'of variance by liné.stratum, was performed on
the relative dr& weights of eachfsizeffréction; For each
fraction, differences were signifiéant (p<6.05), particularly
for the most abundant fractions'(>125u and 563u), for which
differénces were highly significant (p<b&001). Similar analyses .
were performed on the totai organic component:by size fraction.
Differences'wefe sigéifjcant,for all but onevsize’fraction
(>1254% p=0.076). |

. These analyses of the data revealed that inshore samplesgk\élkg
had moiélsediment in the 63-124u siée range than offshore
samples and that samples collected aloﬁg transect linev3 had a
greater abundance of .the 250f49§u/size fraction than samples
from line 1. Ad@itional%y,'significant heterogé;éity of both
particle size aﬁa orgéaic content existed between liﬁe segments.

 7To aetermine-the effect of this s1ight sediment
hetefogeneity on geoduck density and thus'ovérall distribﬁtion,
' relation analyses were performed between geoduck density and
all sediment size and organicrcontent variables, for each ;ine

segment. While some significant correlations were indicated,

they varied from line-segment to?line—ségment and were therefore
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concluded to be an artifact of the large number of correlatlons
attempted. Over small areas, geoduck density was not correlated
with measured sediment parameters.:

All sediment and den51ty data fromjthe site were compiled,
:aqd the only srgn;flcant correlation was betweei geoduck,den51ty
and abundance of the >500u_size'traction (p<0.02)., Thus slight.
inshore/offshore, line {/line 3 sediment differences observed,.
do not appear to have influenced den51ty or distrieution.

" On average the 500 999u fractlon made up only 2.4% of each
sediment sample, with a standard dev1at10n of 1.2 (ie. abundance
of this narrow size range of particles is small, with little
overall variance in this abundance). The significant correlation
" above, can be interpreted in tw0‘ways.“Either geoducks are
sensitive to thesedhinute_variatrons-or a type I error was made
by setting the critical alpha level too low, at a=0.05. In other
words, .a trueinu;l hypothesis may have eeen mistakenly rejected.
As the relatdve cost ofgtype I error appears in retrospect to be
considerably greater than that of a type II error, a more »
stringent standard for avoiding the former should have been
adopted, by setting_the’critical level at 0.01 (See Toft aad
Shea 1983, for a discussion on deer analysis and statistical
inference).

Given-however that the original criterion for acceptance
was;met, gepduek density appears slightly, positively correlated
with abundaqce of the >500u sediment size fraction.:Since no
such relationship exists_within line-segments fsee Fig..6), it \ ,//

¢
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Figure 6. Abundance (%) of fheVSSOOu sediment size fraction in
relation to geoduck density (/m?), for transect lines 1 and 3.
Each symbol repreSents values W1th1n a part1cular line segment
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was concluded that the relative abundance of this size fraction
may predispose an area for a certain geoduck density, but thgre

is a high degree of variance in the actual density that occufs

there.
Summary

1) To minimize environmental differences between sample
areas, all sampling was confined to one, relatively homogeneous .
study site. Parameters such as water velocity, temperature,
depth, salinity and food content were taken into account when
choo;ihg thg site. The high potential for sediﬁént composition
t5 influence distribution lead to extensive analysis of this
parameter to quantify its heterogeneity. »

2?'Geoducké within the study area in Ritchie Bay were
distributed ih clumps which appeared to be larger than 1m across
but much less thén 20m acfoss. Geoduck deﬁsifies did‘not differ

significantly along transect lines and densities inshore were

similar to those offshore.

3} Sediment throughout thetsite appeared_relativelyv
homogeneous. Surface (10cm) sampling revealed that the sediment
consisted largely of small, well-sorted particles. The 125-249%u
size fraction accounted for 63% of each sample on average and
'énother 25% was in the 63-{24u size fange. All other fractions

each averaged less than 5% by weight.
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4) Sediment samples'contained little organic*méterial.
SLfWhen the relative abundance of all size fractions were
"compa;eéféfew differences were observed either between lines or
between inshore/of fshore regions. When line-segments were |
compared on tﬁé baSi§ of abundancé of each size,féagtion and its
organic content, many significant differences were apparent,

6) The only significang COrre{ggigp between geoduck density
and any égdiment parameter occurred wiéh the >500u size .
fraction. This fraction waé the least abundant and the
reliability of the relationship was guestioned. S -

7) Ehvironmental heterogeneity throuéhout the site aﬁ@géfed
to be minimal and for that which Qas observed (abundance of

various sediment size fractions), no clear relationship with

geoduck density could be detected.
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V. The Shell

Shell deposition occurs on the internal surface of the
previous season's growthrand extendé beyond, to. increase shell
size as a clam grows. For geoducks, the rate at which shel%{f
thickness and surféce area increase each year, decreaseﬁ with
age once they reach 3-4 years old. Beyond the agefof'10yr,

‘increase in size is minimal. The rate of this decféa§g~in‘grqw£h
/is not constaqt»But,varies slightly from yéar to year, as local
%environmental conditions fluctuate. Generally, elevated
"tgmperatures enhance shell production, while reduced
téﬁperatures inhibit production (Bourne pers. comm.). éevere
dist%;bance may e?en result in a check of the growing phase
(Goodwin 1976; Shaul and éébdwin 1982), which can often be seen
on the shell surface.rBy comparing bivalve shells ﬁrém different
\1ocatiohs, environmental conditions.%t different sites ¢an be
&nfef;ed (Rhoads and Panellé 1970; Panella and MacClintock
1968). The relationship between relative increment widths and
past climatic conditions was realized priof to‘Lhe turn of the
century, with the-growth rings in trees (Hitch 1982).

Minima14heterogeneity of all environmental variables
between sample sites was sought to observe‘ény possible effect
of aeoduck deﬁ§ity on shell production. shell length, height,

weight and planar surface area were used as measures of this

production.
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Many bivalves are known to lay down inﬁernal bands which
correspond ﬁo yearly growth (Rhoads and Panella 1970;}Jone$ et
al. 1978; Turekian 1978; MacDonald and Thomas 1980; Thompson et f
al. 1980);vDistinct daily and even tidal gro%th ind;ements have
been reported for some speciesk(Panella and MacClintock 1968{ B
Richardson et gl; 1979). The reason for this regular change in
shell déposition is not clear (Jones 1983) and EB: some species;
these repeating pétterns may noﬁ-eQen ;epresent distinct time
intervals (Jones 1981).'Hu§ﬁes ahd’Clauéen (1980) also féport
that increment patterns in shellsvfrbm the same éréa and even
patterns'within‘the same shell are not alwayé consistant, though
increment width ‘trendé' appear to exigt.

ﬁ Geoduck embryos begin pfoducing a thin protective shell :
within hours of fe;tilizafion (Goodwin 1979). The distinct \
banding within a geodpck shell corresponds to yearly growth
increments‘(Shaul and Goodwin 1983). While the technique .used
for aging (cellulose acetate peels) appears reliable and can be
accomﬁlished in a fraction of the time requiredq.réviously to
hand grind thin sections, éeterminingkpopulation'age'structure
by thiésmethod ig still quite labor intensive and requires
considerable miéroécoby, garticularly for such a long-lived
species. In addition to a comparison of shell sizes at different
populatiQh densities, a relationship between age and shell size

was sought, to determine if the potential exists for relatively

quick, rough estimates of individual ages.
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‘Methods

Toxdetermine size and age structure for the study’
\

population, three 51tes were chosen from which to obtain

_representat1ve samples. To assess the effects of density on
shell size, the hlghest and lowest den51ty regions encountered
were chosen, with the a1d of the transect density data.

A 4m x 4m plot was establlshed at each of three locations
(labelled I I1 and vV, in Fig 3) to isolate areas from which
all geoducks were to be removed The selection of geoducks to be
harvested was done in this manner tQ‘mlnlmlze the possibiiity of
any size or age bias. Each of the threetplots was divided into a
grid of 16, 1m x 1m squares and all geoéﬁcks‘were located and |
their positions identified by marker flags. Flags were used to
ensure the 10catipn'and collection of all individuals, as the
disturbance due to harvesting greatly decreases:vgsibility and
also causes geoducks in the vicinity to retract their siphons
(Cox 1979). All geoducks in each plot were then remosed,
Variance in the number of clams/m? was used to statistieagly
compare plot densities. | | \

‘ The eguipment and method of collecting geoducks were
similar to those of the commercialyharvest (Cox 1979), and will
only Eeysummarized here. At the surface a 5 H. P gasoline |
powered motor was used to dr1vi a water pump, wh1ch in turn
prov1ded a steady flow of wateé to a SCUBA diver, by means of a

canvas hose. This end was attached to a piece of steel pipe,



outfitted with an on/off valve. The whole set-up is commonly
referred to as a 'stinger'. The stinger was held in one hand and
turned on, while directed at the base of a Siphoh. Sedimént was
blown away while contact with the retfacting siphon was °
maintained with the other hand. If the siphon‘is not exfended /
perfectly perpendicularito the sediment surface, and‘c0ntact
with it is lost, recovery of the geoduck can be qﬁitelaifficult.
The clam cah only be removed after the body is reéched\and
dislodged.. The whole géoduck was then handed to a diving
assistant, along with the corresponding numbered flag. This
number was subsequenfly inscribed in pencil, at least onée on
the surface of each valve. Harvesting of the entire plot
proceedednin this manner;

As these sites were also to be used for nearést neighbour
analysis (discussed later), Qhen a geoduck outside any plot was
poﬁentially the nearest'neighbour of any one withih that plot,
it too was collected. é;total of 269 geoduck5r;€re removed from
these three plots. ;

’Equality in sizeyand shape of the left and right valves is
a basic morphological characte: used in keys for the .
identification of blvalve spec1es (Quayle 1960 Kozloff 1974)
Measurements for left (n 68) and right (n=65) valves of the
geoducks from plot V were:compared. Length and height were
measured to the nearest;lmm using Verﬁfer calipers. Valve? were
washed and allowed several days to air dry. Hinge ligamenfs were

then removed and weights were meaéured to the nearest 0.1gm on a
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To best describe the valve size of iﬁdi?idual géoducks, g,
length’ and héight measurements were combined for eaéh, giving a
measuréaof surface area. Due to the irregular shape of geoduck
valves (Fig. 7a), the product of length and height does not
adequately represent valve surfacé.area. The shape of a typical
valve was broken doyg into five component_areas,‘each of simple
geometric shape (Fig. 75). Ten geoduck valves were then randomly
selected from those obtained from plot V, and the relative
dimensions of each subarea were calculated as percentages of
length and height measurementsé;Nex;, percentages were averagéd

for the 10 values of each measufément and the following equation

was derived to yield a predicted surface area (A,):

'A1'=F1/2 (7 x H2) + (0.534 x L x H)

+ 1/4 (# x ¥Y?) + 2/3 (Hx ¥ - ¥?)

where L and H refer to valve length and height respectively, ﬁ.
is the:constant 3.1416, and Y is a value related to both (see
Fig. 7b). A labor intensive but likely more accurate estimate of
planar surface area was determined for these 10 valves by the
paper-weight method. This consisted of obtaining a ;stahdard
weight' for a known area of paper and weighing a traced, cﬁt—ouf
of the valve, from ar’similar piece of paper. Area of the cut-out

"was then calculated using the cut-out/standard weight, ratio.



- ®
Figure 7a. Shape of typical geoduck valve (actual size).

Figure 7b. Geometric representation of shell above based on
length (L) and height (H) measurements. 'Y' is a dimension with
a value related to length and height as indicated.

-
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Y=L-(.5H+.534L)



This was termed the 'actual area’ (a;). When predicted area was
regressed against actual area, the following relationship was
cbtained: |

A, = (a, - 11.r8)‘/ 0.9565 r=0.9078

5

A measure of planar surface afea was calculated for all valves,
using .these two eqaacions;\\ e

Tﬁe cellulose peel techniquefhas been used in~
paleontologlcal work for years (Stewart and Taylor 1965) but has
only recently been used to observe the internal growth
increments of bivalves (Richardson et al. 1979;‘ThompsonAg£ al.
'1980)._Peels"can be made using either liquid plastic or
vcellulosé acetate. The latter methcd,was.amployed in this study
because of .its acparent eascﬁcf applicatioa and the fact that |
its product can more easily be worked with and stored.

Since the hinge plat€ is internal on a live geoduck/and
thus experiénces little abrasion,'ic is the best: area in'Which
to Sbserve Ebe»gcowth rings of a shell.iRight valves werF‘Sent
to ailapidary, where they were cut ventrally through the amﬁone.‘
The c;osa—sectional a}ea of the hinge plate from the anterior
portlon ‘of each valve, was then hlghly‘pollshed\and the valves
were brought back to the iab These portlons ‘were washed to
remove any remalnlng gr1t and then set in a modelling clay base
to -dry. Nexc) hydrochioric acid (1.5%) was dropped continuoualy
oﬁ,the polishéa'surface for 35-45 seconds, to 'etch' it by .

“~dissolving away the calcium. To stop the etching process, the
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sample was submerged in a bowl of fresh water., Eacnﬂwalve§Was

allowed to air-dry for a minimum of 20 min. Acetone was then

13

"~ gently dropped'on the treated surface until the surface was

. geoducks was such that a reliable age estlmate could not be

entirely covered. Using forceps, a smalf{;iece (1cm X’1cmfiof
cellulose acetate (p.OOS inp% thickness) was immediately lowered
into the acetone;‘Acetone partiallyldissolﬁes cellulose acetate
and with evaporation of the former, the‘organic matrix of the
valve becomes embedded in the molten acetate. Arter a minimum ef
20 min, the film was peeled from the surface to which it had
become attached. This nas usually done within 24 hours because
if left for extended periods, the ﬁeel became difficult to:

remove and resulted .in a poor specimen. Occasionally surfaces

.were treated a second time to.obtain another peel if the fgrst

was inadequate. With the organic side downward}/individﬁal peels
were placed on a mrcroseope slide, covered with a coversiip and
taped in place. This inhibited deformation of the peel, which
occurred after?short exposure to the Heat from'the’microscopefs
light source. Growth increment rings were counted at 404490xf \
magnification. | (&', . .

The varlance 1n dlfferent size measurements between*\ T
[y ' “

ek

made based only on a single size measurement. Shell thlckness

'however is a dimension which 1ncreases each- year, 51nce shell

‘layers are added for the duratlon of a clam’ s llfe. . v

[

The inner surface of geoduck vaIves is often grltty and

direct measurement of valve th1ckness would llﬁely be more a

¢ -
R
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‘reflection. of this chafacteristic,kthan age. Rathef\than attempe

“to locate a'ﬁarticular region of the ;hellkthat'had a thicknese
which wae best corfelated yith age, valve welght was eivldeé by
total yalve area, to give an average 'weigﬁt per unit area’

This value shopld bera-function’of shell thiekness.‘The index

(of ;alge tﬂfekness) was obtained by multiplying th{s'wt./area o

value by a factor of 10, to ptevent the f%g}of the index'from‘ ?;f
| be1ng a'negat1ve value. To ut111ze the dataérax1mally, when both .

valves were avallable an average index was calculated

Results and Discussion

lf’

Shell Morphometrics

R,

VShell morphometric data often were not normally dxstr1buted
‘(Pié.,BaQE) necess1tat1ng the use of non- parametrlc stat1st1cal
lgnalyses: There was no significant difference in mean length

E (p=0.7085), height.(p=0.2706)‘or weight (péo 6608) between”leftv‘
" -and right’valges (Maan—Whitney U-Test). Left’ and right valve *
,n;measurements were h1ghly correlated in all three'd1men51ons )
yﬁi ',;(Spearman s rho; p<0.0001; n= 65) As a standardization, all

iiother stat1st1cs were performed on left valve measurements when

f;they were ava1lable. Though a b1vaLye shell cons1sts of a left T

“’qigwﬂriandﬂamrxght valvev the—tefm— shell »wrll be~used*1nterchangeanly 'V‘Q‘V

'34.;-”:w1th valve unless otherw1se spec1f1ed . ’ ’ . &y
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showed that plot \'4 valves were 51gn1f1cantly 1arger M”ﬁﬁﬁ_”,dw,jtgf

. .
* .
- \

Plot I contained the highestmdenéity'ofwéééahéié”’vi";”W”f” S

Mann-Wh1tney U-tests 1ndlcated that the density of plot I was

51gn1f1cant1y greater than that of plot II (mean=5 13/m2--

p=0—0255) but plot II did not dlffer 51gn1f1cantly from plot V

»(p-d 2606) A comparlson of plot density and shell dimensions
"%fox the bhreg plots appears in Table 5 1. Flgure ?(a-c) contains

hlstograms of shell length he1ght and weight, for each-plot.

\e -
.. . . AP "
F. N

Table 5.1 .. Plot Dengity and.Shell Measurements

& . jn;Deereasdng,Order of Size.
Variable Plot4¥ -~ Signif. . Plot# ' signif. Plot#’
Density 1 0.026(*) 11 . 0.261 v . - .
Weight 11~ - 0.759 . F " 0.189 - v oo, }
Length "V -0.012(%) 1 0.000(*¥*)  1II -

~Height ' 0.219 - I 0.033(*)" . I1. = . ¢
Area v I ‘

. 0.103 0.000€***)* 11 ~

o

If geoducks do exert a dens1ty dependant 1nfluence on the

shell productlon of nearby conspecifics, then there are several

o

ways in which thlS may be manlfest--Comparlson of valves was

[

a

based on: several dlmensxon measurements. Total. shell produced.h T w

ie. valve welght 1ndlcated no 51gn1f1cant dlfference betweenff

4plots'(Kruska1-Wallls- p=0. 4117) ‘Total energy ‘spent on shell,‘

production was theretore concluded to be,51m11ar foregeodUCkseifieetA
A . X

from all three den51t1es. ) _" S _‘ e, L S

~

' Plot comparlsons (Mann—Whltney u) u51ng sheil length : u{_

j;7- 61
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';~__? (mean=143,0mm; p=0.0122) than those in plot.I (mean=l36.8mm) ahd
geoducks from the latter plot were significantly larger
5(p=0'0000) than those from plot II (mean=12779mm) The null
hypothes1s, that ﬁeoducks from each plot do not differ in size
. as determ1ned by length measurements, was rejected
R Shell he1ghts were 'similarly compared and the same&order of
relat1ve helghts was found plot V (mean 88 Smm) > plot 1
(mean—86 4mm) >-plot 11 (mean 83.6mm). The difference between
plots v and 1 however, was not s1gn1f1cant (p=0.2189).
EE The three plots were then tested for differences in valve
size measured~as planar surface area. Geoducks from plot V were
not s1gn1f1cantly larger than ‘those from plot I (p=0.1029) but
‘both plot \Y and plot I contained larger g%oducks than did plot R
11 (p<0 00Q1 and p-0 0001). As length and height were both used
A to calculate thlS var1able, area was probably a better measure
- of shell 51ze than length or he1ght separately |
A potentlal source of error lay in the assumptlon that the
observed relatlve densltles of\ these plots had remained the.same
for several years; Should thlS have not been the case, observed
(present) den51ty would llkely have llttle bearing on shell ‘
\ d1mens1ons, partlcularly 51ncermost growth occurs within the
@?fl _7,7 flrst 8 to 10 years. The'meanfage of each plot was conslderably
| :t; 3greater~than~th1s‘and S0 most.growth gad‘occurred many years
.?ﬂearller. To best observe relative growth over thegmost recent

past a thus more d1rectly evaluate the p0551b111ty of a
relat onshlp existlng betwean shell Size and present- den51ty,

-
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Flgure 8a-c. Histograms representing for each plot: ‘length,
height and welght

i
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»meanASizes,ofikhe youngest age-class (4 years) vere compared;'fr
ifable 5.2).7 he m;an valve surface area was éiso,émélle%t for‘
the youngjge ducks,ffom plot Ii and largest for,those from piot
V. Due to t sm?ll‘sample sizes (n=3-5), two-sample statistical .
7 analyses could not be performed but the multisample
Kruskal-Wallis test indicated that a significant differéncé
existed between the samples considered (péd.0483). Separately,
length and height diménsions{of youngvgeoducks‘exhibited the
same relative size relationship between plots, és'did the
dimensions.of whole plots, but only differences in height were

‘staiistically significant (p=0.0232).

Table 5.2 A Comparison of the Mean Size Measurements of 4 Year
Olds From Plots I, II and V (Kruskal-Wallis Tests).

Plot # 1 II \' Significdnce

Area (cm?) = 51.9 40.3 64.0  p=0.0483

Length (mm) 103.8* 94,0 113.0 p=0.0610

Height (mm) 63.0 59.6 72.3 < p=0.0232

Weight (gm) 16.9. 12.5 22.2 p=0.0537

N | 3 Sk 4

* n=4 . .
-

In summéry, when all members from the three plots were
considered, geoducks did not differ in mean shell weight. When
valve sizes were compaféd on the basis of surface area, geod%ck
shells from plots I and V did not differ (p=0.1029), even though
these plots represented extremes in geoduck density (overrthé"

range observed). Shells from plot 1I, which representéd an

by

64



Va

intermediate'density, werevsmaller than‘those of the other'tgo5~
plots and the d1fference was always hlghly 51gn1f1cant |
regardless of how size was measured When young geoducks were
isolated from each plot-and similar analysesvperformed, the samec
size differential was observed, iﬂdicatinglthat Whatever stuhted
the growth of geoducksdfrom plct II, 30-40 years ago,'it was
still'presknt, and its effects became apparent in juveniles, by
~the age of 4yr. Population density and geoduck size do hot
appear:to be.related in any way.

Jn the following chapter on populatlon dlsper51on,
conspec1f1cs are shown to have had some 1nfluence on shell size

but the relationship is not a simple function of density.

"Shell Size and Age -

Population age structure data, as determined by the
cellulose acetate peel technique, appears in Figure 9. Ages ;
"could not be determined for seven geoducks from plot I andifor
one‘from each of the other plots. The age group into which each
geoduck was placed was‘based on the age of that clam in 1981. No
geodﬁcks <4yr old were found. : » 7 /

It should be noted that an individual with for example, 10
growth bands, correspondlng to 10 grow1ng seasons, was |
classified as-a 10yr old Some authors prefer to label such

individuals as 9yr olds, assigning those vith onevbandﬁto a ‘0+'

catagory.:



* . ) : o 4 - ~. b

e

Figure 9. Population age structure of plots. I, II, and V. Each
unit represents one individual of a given age. Changes in
population dispersion patterns are indicated by labelled bars
above €ach histogram, and are discussed in Chapter VI. ° ’
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Cé%tgin years do not appear to haveshad any recruitment at - =
. &

all, however there are 1nsuff1c1ent‘data to be certain of this.

Wendell et. al, (1956),noteo that certain‘age—classes’ofu

—

horseclams Tresus capax were abundant at e location and
o :

negligable only 300‘?away A 51milar situat on is noted when

cogparing the 20-25yr old geoducks in each of the three plots.

The 35-45yr age-classes however “appear very strong in all three

plots. The extremely,small number of young geoducks present ati

the time of this harvest wouh@ not be able to’ produce this

4
population age structure, which 1nd1cates that recru1tment as

not consistant from year to year.and that recently, it had been

. . - ;
extremely low in this area.

The relationship between length and age, for plots I, hI
and v, appears-in Figure'}é(a-c). Correlation hetween-the two'is
highly significant (Spearman's rho=0.4178; p<0.0001). Height and
age are 51m11ar1y correlated (rho=0.4865; p<0 0001), as aré
surface area and age (rho=0.4769; p<0.0001). ThlS however, only :
confirmed that young geoducks were small and old geoducks were
large. From Figure 10 it can be seen that an eStimate of‘agef
based on valve'length, would be imprecise. Heiahtemeasur;§ents
are‘equally poor ifi this respect. -

S

Beyond 8 to 10 years, increase in size is mfnimal and may

-

stop altogether when clams get older..As Andersen (1971)
) »

observed, the body cavity formed by the valves was often smaller

in older geoducks. Abrasfon of the unmaintained valve edges

(termed recession), can result in the oldest geoducks being

’ . | . -

%
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Figure 10a-c. Relatlonshlp betwaen geoduck
length, for plots I, II1,’and V.
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smaller than th\se of an intermediate age. The recently
developed abilit)

to agé geoducks with greater accuracy, had-—
proven that earl1rr est1‘ates of - mean age were much too low and
so Andersen s estr

te ©
(20yr),

-

the age at onset of shell recession
is underst

;ndably low. The data in Flgure 10 do not
clearly 1nd1cate tﬁat shell rece551on 1s occurr1ng at all, and

sed1ment part1cles are larger and‘more abrasive.

Geoduck age an the established index of shell th1ckness
vere related in a! n&

n—}lnear manner. Qaga transformatlons which
| S
are commonly applaed 5

W regre551on analyses, were used to
simplify and permat g els

ription Ofathls curvilinear relat1onsh1p
(Sokal and Rohlf 1969§~

Regre551on analyses were performed onx:
pairs of data express%d in the follow1qg manner:
o / ; ag% vs. index

G

log(age) VS. log(1ndex) ’
- o . log(age) vs. index . A -
age vs% log(index)

4 |
age vs) index? + index

o | fiw

As data which were ‘log-log transformed fit a linear relatlonshlp

better (highest correlation coeffldﬁent) tna; any of the other

forms in Whlch ‘the data was expressed the age/1ndex

relatlonsh1p could be best descrlbed by the formula'

(loga +E(B X logx)) e
re0

which is commonly‘known as the%allometrlc growth curve..

» ?
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Substltutlng age and 1ndex for Y and X respectively:
(logA + (B x log(index)))
age = 10 .~ ’

Correlation coefficients (r) for log(age) with log(index) were

found to be: 0.871, 0;919; and 0.911, for plots I II and V “?‘ﬂk

{ -

respectively. Correspond1ng coeff1c1ents of determ1nat1on (r’) o

fEBa

were: 0.758, 0.844, and 0.829, thus 76%-84% of the varlablllty‘“f'

in log(age) could be accounted for by the follow1ng linear

relations with log(index), as determined by régression analysis:

Plot I: log(age) = (-0.1408) + 1.8295 x log(index)
Plot II: log(age) = (-0.2007) + 1.7257 x log(index)

Plot V: log(age) = (-0.4840) + 2.3329 x log(index)

A strong relationship exists bg}ween geoduck shell
cgimensions and age. To obtain a &;géﬁre of the.universalify of
these relationships, the three regression equations were
comparéd by a one-way analysis of covariance. These equatidns
were dissimilar, due to highly significant differences in their
slopes (p=0.0006).
Differences in shell thickness féévgeOduckS‘of-a given age

from different parts of the same bay, are suffiéiently léfgé to

age estlmates can be made with confldence.
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While y-intercepts are included in all,th;gg_gggg;igg§l¥hﬂmnf
that of the.fi;st is not significantly different from zero. In
theory none should be different from zero since at age .'0', the
index of shell thidkness'shouid also be zero. The cause ogrthi;i
ldi§crepency is apparent in Figure 10. Bésed on the qvailablé'
data points, a regression equation relating length andAégév 7
would not be expected to pass through the origin due to the lack
of small individuals. Since the index of thickness is partiélly
derived frém thesé data, it also suffers from this problem. An {‘gfﬂ‘
qquation relating log(age) and log(indef) was then calculated
such thatvit'passed through the origin. This proceedure is
| frequénziy employéd with growth curves, whére the size of a.
structure is effectively zero at age zero (Sokal and ﬁohlf
1969). The féllowing'équatiohs were derived és modiﬁicationé to

those listed above:

>

o
@

PR
;
§

Plot I: log(age) = 1.6820 x log(index)
Plot II: log(age) = 1.5237 x log(index)
Plot V: log(age) = 1.7873 x 1og(index)

Eguations of this'form may have better potential for usé in
predicting rough estimates of a g uck's age, based on a few |
shell parameters. The nature of regression -analysis is such that'
confidence limits form a 'biconcave belt' around the regression
line. This is due to both uncertainty aﬁbut the true.slope of
the regression line and the ;gqgirgment ?f fegrgssion analysis
R ’ f
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that the line pass through mean X and Y Vaiues (Soial and'Rohlf'
. 1969). Consequently, strength of these relationshfbs can not be
expressed as a brédicted age, plus or mihus a constaﬁt number of
‘_yéarsi. ' | |
To demonstrate ghe applf&ability'éf this shell size/age

relationship, 5nd.provide some indication of its reliability in
years, the data were treated in the following manner, for each
plot. Thirty geoducks wvere randomiy chosen from a plot and a
log(age)/log(index) relationship was developéd through
regresSion analysis. A second equation was then derived for that
plot, with the stipulation that the line pass through the
origin. Each of the two equagions was used to predict the ag; of
those 30 geoducks. A regression analysis was performed to assess
_which best predicted age. Only for plot II did regression
fhrough the origin yield a better agewprédiction;‘Twen;y-othér
geoducks were then randomly selected from among those remaining
from each plpt.'The equation which was previously derived for
that plot was then used to preéiét the age of each of these 20
geoducks. Correlation coefficients for predicted and aétual
ages, for plots I, II, and V were 0.8791, 0.7741, and 0.,7141
respectively. These relationships appear in Figure 11. One or
two points considered for plots 11 and V appear to be

!

respohsible for greatly lowering the correlation coefficients
for these plots. .
Knowledge of the age and shell dimensions of as few as 30

geoducks from a particular area could therefore be used to
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Figure 11. Relationship between predicted and actual age of 20
randomly chosen geoducks from each of plots I, II and V.
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predict the ages of others in that area, provided that this —
level of confidence was acceptable. Increasing the number of
geoducks for which.age and shell dimensions are known would

likely increase edictlive ability. By increasing the number of

geoducks’ for whi age is predicted, the influence of 'outliers'
would be redﬁced, thus increasing the correlation coefficients

obtained.

g



VI. Population Dispersion | ‘ - - .

Throughout the study area in Ritchie Bay, environmental
gonditions were relatively homogéneous and geoducks appeared'to
be the most abundant macroinvertebrate present. Pielou (1960)

—

states that in a habitat which is otherwise relatively

' ~homogeneous, most environmental variability may be due to the

obvious heterogéneity caused by conspecifics. This location was
therefore considered appropriate for studying the influence of
geoducks on the dispersion of‘conépecifics.

Disperéion patterns are usually placed into one of three
general catagories. Inference based on these batterns will be
confined toaihat'of,broadcast spawners, in a relatively
homogeneous environment. The catagories are as follows: (1)
Clumping’(aggregation), by far the‘most common pattern type
(Pieloﬁ 1960), indicates ,an overall positive association. One of
two géneral processes can bring about a ciﬁmped dispersion: (a)
~active attraction to otheré, which requires the ability to
recognize either conspecifics (Knight—Jonés t951; Hidu 1969;
Bayne 1969) or associatea micro-organisimé (Woodin 1976) or, (b)
'enhénced survival of individualé occurring in clogg proximity’
(Highsmith 1982). (2) Random dispersion, which is'relatiQely
‘rare, is by definition, one inAthch the location of each

individual has no influence on the location of any other. (3) 4

Uniform (regular) dispersion is extremely rare (Pielou 1960) and
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'iS‘eviaenée of a negative association, often present as stress
due to severe competition or antagonism (Greig—Smith 1964). Inra
manner similar to the mechanism which creates clumping, uniform

“dispersion can result from either of thé following (Williams
1980) (a) active avoidance of others (Knight—Jénes 1951), or (b)
reduced.surviyal of conspecifics in close proximity (Woodin
1976) . ’

Given the-above conditions, a population of gregarious-
organisms which had existed at a low density without being
disturbed for a pério@ of time, would be expected to exhibit an
aggregated dispersibﬁ patterh. Furthermore, if the organism was
sessile and incapable of horizontal movement, several years of
highly successfﬁl settlement (strong year class reprgsehtation)
‘may result in a dense population with ihtense’intréspec fic
cbmpétit}on,ﬁan@ this would be apt to produce a uniform
dispersion pattern. Since the change fromlén aggregated pattern

"to a uniform one occurs as a transition, at sbme point the
establishment of recfuits in a pniformmpattéfn will likely
create a dispersionjwhich appears random. In fact however, it
wodgd actually consist of juveniles which are uniformly
dispersed and adults which remain aggregated, since the‘ériginal
‘members are assumed to be incapable of movement.'Dispérsipn
“analysis attempted during this transition, which may exist over
‘awperiod of several years, would indicate a high density
:population exhibitinébrandom diqu(siont It is only with

continued recruitment in a regular pattern, that the overall
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pattern would evenfually bgcome uniform. Conversely,iérhigh 7
density, uniformly diépersed popuiatidn may uhdérgo a périod of
substantial mortality, which is random with respect to
indiviaual positioning. This would leave the popuiation/
uniformly dispersed, but with a relatively loﬁ densify.

In either of these situations,'the S£andard use of
‘dispersibn patterns to make inferences reéarding,conspéciféc
intqraction, would be inéppropriate;ﬁTﬁe oély individuals to»be
dispersed relative to each other aﬁafthus reflect the present
leQei of~competition or antagonism, would be' those which had
entered the population sihbe any such changes in gopulation
structure occurred. J

With this in mind, a daspersion index for adult geoducks.
alone was calculated and compared with that 6f the total
population in that{plotl permitting an indirect assessment of
juvenile daspersion. Seﬁsitivity to recent changes in dispefsion
pattern wasbthUS increased. Carrying this one step further, éﬁ
inde# of dispersion was calculated several times for all three
plots, each time omitting increasingly larger (older) gfoups,of
- the youngest individuals. In this manner, a time-series of
dispersion indices was created for eéch plot. Previous such use
of dispersion/indices does not, to my knowledge, appear in the
literature and is being’probésed here as a method,fgfutilizingl
field-collected data to see (1) if an.influence by ébnspeéifiés:'
on recruit location can be detected and (2) how tﬁis influence

.

is manifest,.
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Should mortality rates be relatrve&' ¥ high, “then these =~
indices may have llttle bear1ng on past dlsgerslon patterns and

-

Vthus prov1de little 1nformat10n on conspec1f1c influence.

« o

- Mortality however, is estlmated to be qu1te low (0.01-0.05) and
s{;1lar for all ages (Goodwin unpubllshed) except possibly the
f1rst year classes (Breen and Sh1elds 1983) The hlgh mortallty
rate noted while monltorlng 51phon sholys occurfed in the other
~end of the bay and did not appear related to position. If a
 similer level of nbﬁ—position—re}eted gortality also occurred
where dispersion analyeis was conducted, its only likely effect
would be fé increase overall randomness and thereby decrease the
probability of detecting,signifiéant deviations from random
»dispersion. For this wogk,'little emphasis was placed on precise

identification of the extent to which dispersion deviated from

-randomness.
Methods ! , . , 1

The three established 4m x 4m plots used in morphometr1c

Ky

studies were’ also used to observe geoduck dispersion patterns.
Transect survey data was utilized to select the best potential
location.for'three additiohal,4m x 4m plots. Extremes in geoduck
density were required=§o best observe any effect that deﬁsity
may -have oa dispeésieﬂ.'The'fela$ive location of all plots

appears in Figure 3.
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Prior to, harvesilng (plots I,II & VJ, eadh of the 51x plots:’
was overlald by a° égxd which divided 1t into 16, im x im.
squares, labelled A- -p (Flg <12\ All squares were carefully
examlned for geoducks and when found _each~was'tagged in the
manner prev1ously described. U51ng a portable 1m x 1m quadrat .
which was subdivided 1nto four quadrants, the location of the .

center of each siphon was then measured to the nearest 1. Ocm.

."‘
§

Analysis of Dispersion Patterns

Usually, dlstlngulshlng between the dlsper51on catagorles
of clumping, randomness and un1form1ty 1s not p0551b1e by
observatlon alone. Many statistical*methods exist to analyse
dispersion'patterns_andxassignﬂthen(to one of these three

catagories, Such tests generally provide a basis for deciding

-

whether or not an_observed pattern differs sufficiently from a
o - : N ]

=

random distribution, to assume some type of interactive effect.

Obtaining a's&gnificant*differenceJdoes'nbt however prove

f‘interaction.'Feller'(1943), concluded that clumping or contagion

. . .
attempt to incorporate this time aspect into analysis of

lobserved geoduckvdispersion patterns'will be discussed later.

could nét be “determined by dispersion alone, but that it was

also necessary'to consider how dispersion changed with time. An

Pielou (1977) separates the dispersion analysis of sessile, .
sedentar§ organisms into three, "..wholly different set-ups..".

Two differ, based on whether habitable sites are discrete or
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continuous. The thi a ig,gsed,whenﬁindiuidualfmembe£s—eféthe/—f—%il*
populatioﬁ are not clearly delimited;,The use of quadrats which

are scattered raedomly, is.the most commonly emplofed]metheq_dfe?
asseseing distribution in a continuum, as was the case-here.
fQuadrats were employed earlier, iﬁ conjunction wieh traﬁsect

lines, to obSefye overali geodﬁck distribﬂtioh in the 5tudy E

area. In discussing.those datq two major -flaws aSSociated #ithi
quadrats,were noted, as were the attempts which were made to
minimize their effects. While the method lende i{?elf well to an
overall'ahalysis, it was considered to be inappropriate fef°the
detail of pattern analysis sought here.

’ There are two distinct“aspeets'te a pattern, whieh are
referred to as 'intensity' and 'grain’ (Pielou 1977).,Intensity
refefs to the extent to which density varies from place to -

place. The gra1n of a pattern 1s a. functlon of the 51ze of the

areas occupled by dlfferent den51t1es. Graln and 1nten51ty are
independant of one another. Measur;ng distribution with’ a. single
quadrat size proJides oniy information oh’intensity,‘A series of
quadrat sizes are required to assess grain. | )
"Distance or-plotless sampling consists of several differe;t
methods,of analysis which avoid §6me.of‘the problems associated:
with quadrats. Random-point to nearest- individual measurements
are influenced by both 1nten51ty and graln (Pielou: 1959} yf'*ﬂf"f”
considered the NeaIe§£wEQL94DQQ£wmetthﬂLClankeandevansfi9544—¥—f;jf

most appropriate for this analysis of geoduck dispérsion_

patterns as it measures only the'intensity of a pattern and is . *f
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consideredfthesbest index %er‘intra-elump‘disperSipn (Pielou ——
1959,i1977). The two major draw-baeks of this method-are the

very troublesome field-work involved in selecting individuals at

“ random, and the inherent errors that arise from estimating

dens1ty. By record1ng the locat1on ot all 1nd1v1duals w1th1n

LB

pre defined plots, both problems were. av01q§d : ’_l ‘ ;;1
"§The index obtained (R) 1s a rat1o of the observed mean
near! ‘t ne1ghbour d1sgagce to the expected mean nearest

ne1ghbour distance fornrandomly d1str1buted p01nts. The error~:

’ 1nherent in using randomly d1str1buted po1nts rather than

c1rcles of a definite diameter was recogn1zed by the or1g1nal

authors but only recently has a correct1on method been suggestedn

—,(S1mberloﬁf 1979). For many populations, the relatlve area

occupied by individuals is so small that they can be treated as

p01nts, but th1s 1s not the case for geoducks.

El

The d1spers1on index used here, cons;ders the mean expected
distance for randomly distributed circles of a diameter equal to

the mean siphon- diameter. The most appropriate diameter mayawell

be larger and related to either cross-sectional body size'or the -

area influenced by siphonal Water cutrrents. Iacking suth , -

B

information the smallest d1mens1on that should be used to

modify class1cal nearestane1ghbour analys1s should be mean_

siphon diameter. This corrected index will be labelled 'RA'.

. As was recommended by Clark and Evans (1954), if the -~ ————

nearest neighbour of a giveh'individual lay outgide the_plot,

its position was also recorded and used in calculations.

N b
LS e
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\Gne mlnor problem assoc1ated w1th employlng a'plotless
technlque to a pre -defined plot, is that}geme 1nd1v1duals may
lie w1th their centers exacely on a boundary’llne. As .a
standardlzatlon, prior to. analy51s 1t waé dec1ded that all
‘geoducks 1y1ng on the P-M- D boundary (Flg. 12) would ‘be -
gon51dered W th1n the- plot, whlle those on the P- A- ‘D boupdary
would be consi ered out51de\the plot. '
- \
Results
The deﬁsity and associatedAindex_of dispersion” (Rd) for
- each plot appears in Figure513VlTable'6.1 cghtains“this'data‘as~
well as R-values, to allow comparlson of thejtwo. The general
ty;e of dlsper51on pattern, as determined by R- values (p<0 05),
is also noted R-values of 0, 1 and 2.15 represent maximum
aggregation, randomness and maximum unlfo;mlty, respectlvely
(Clark and Evans 1954); As suggested, the significahce of |
departure from the expected mean;nearest neighbout dietancelyas
calbulatea by the following equation: )
c = (r; —ry) / Vo

‘where r, 'and r, are reSpectiveiy;the actual and expected mean
nearest neighbour distances, o, is the standard error of r;
(=0.26136 / V(N - p)), N is the number of distancéﬂmeasuremehts
made . and p is the populatlon den51ty. Values of +1.96 and +2.58

for c,rrepresent the 5% and 1% levels of 51gn1f1cance,

respectively. It should be noted that when Simberloff's (1979)
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—ﬁﬁk&%ﬁcation‘is'used (Fig. 13), the overall dlsper51on of plot I

%iro‘longer significantly unlformly dlspersed (p>0.05).

e

.aez,i, As previously discussed,

the influence of conspecifics on

recruit location and the relationship betweenea particular

density and an observed dispersion pattern can be morevclosely

examlned by observ1ng how the young are p051t10ned relatlve to

the rest of the populatlon. In Figure 14

1nd1ces of dlsper51on

(RA) appear fq;aseveral age .groups, allow1ng observatlon of the

similarities/betﬁeen plots at Qifferenf times in the past. These

graphic representations have ‘been separated vertically in Figure

15 to illustrate differences which are unigque to each plot.

Table 6.1 - " Indices of Dispersion for Plots I - VI
Plot No. Geoduck  Mean Index Pattern Index
No. of Density  N.N. R (based Rd-
Clams (/m?) Dist. . on R)
I 123 7.69 ° 18.8 1.1002 Uniform 1.0560
II 82 5.13 22.8 1.0303 Random 1.0016
III 75 4.69 24.5 1.0394 Random 1.0163
v 86 .5.38 23.8 - 1.,1048 Random 1.0727
v T 64 4.00 25.6 1.0231 Random 1.0004
VI 89 21.6 0.9862

5.56

.0168 Random

No geoducks younger than four years old were found,

therefore all geoducks for which age was determined, were

included in the ’44' age catagory. Since ages could not be,_e

exist between indices for the '4+ yr'

years' age group (index for total population).

83
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" Figure 12. Labelling of plots.

X

W

Figure 13. Geoduck density vs. corrected indices of dispersion
(Rd), for plots I-VI., In a random dispersion Rd=1. Values above
or below this indicate more uniformity or more aggregation,
respectively. The dashed line represents the 95% confidence
level for uniform dispersion over a range of densities.
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Figure 14, Dlsper51on 1nd1ces (R@) for plots| I I and V,

expressed in a t1me series manner, showing si 1lar1t1es between
plots. .

\‘— R | - : .

N ok

85a‘



(SHV3IA) dnOYD 3oy ™

+0S

T T T

A 101d we—i-—-u

it 107d w———

Ty VI —
3 1 .

!

[

¢t

Ajlwiojiuf) == = uoijebHoaibby

85b



‘Figure 15. Previous time-series data. separated vertically, -
showing trends which are unique to each plot. Labelled regiens
are for comparison with Figure 9 (See text for discussion).
Indices which represent significantly uniform dispersion
(p<0.05) appear within a diamond-shap&d symbol.
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¢ |
A follow- up survey of plot I, 24 months later, failed to

locate any new r rults, indicating that the lack of 3 year olds

during the harvest was mo 11kely due to their absence than to
an 1nab111ty to detect them Th1s also conf1rmed that all four
'year olds had 11kely been ‘ cated when the plot was initially
ltagged tqo years . earl1er.

ﬂge)groups shown in Flgures 14 and 15 were subjectlvely
selected, ch0051ng,smaller age group, intervals when dispersion
“indices~Changed markedly over short perioés of time.

As indices are calculated for increasingly oléer age
groupe, the reliability of these values decreases, due E%)a’
decrease in the number of nearest-neighbouf pairs'upon which
these calculations'were Based. Though severai individUals-exceed
50 years of age (Figf 9)§ and an index of dispension can-be
calculated for subs;mples of these older clams, they werevnot
abundant and the inclusion of each addltlonal individual can
.cause severe fluctuations in the calculated t1me series of
dispersion indices. Such indices are therefore of limited value
and so the\oldes;rgreup considered was 50+ yeags, for which )
indices were based on no fewer thanr9-individuals per plot.

Table 6.2 contains datakon the age difference between
recruits of the last 10 years and‘their nearest neighbours
ip;esent at'the time of settlement. In tno instances, the neaéest '
neighbour of one of‘these'recruifs was younger than the reCEuit,
and thus was not present*nhen'it seteled:'rn bcth”c35637*1ﬂir"’*

©

‘next nearest individual was then considered.
: o A R
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Table 6.2 Age Differences Between Recruits of the Last
: 10 Years and Their‘Nearest Neighbours,

. Age of Age of / . Age

Geoduck Nearest: Difference- -
Neighbour ’
4 44" 40
5 25 20
4 37 33
4 46 42
4 unknown --
4 - 25 21
4 97 , 93
4 42 38
4 38 34
4 20 16
4 31 27
5 31 26
9 40 31
4 24 - 20
4 9 5
4 42 38

Whereas shell size did not appear to be”related to
population density, even when only the young were .considered, a
single density value is a geheralization and can not express any
‘lnﬁlhence of conspecifics on the shell size of specific
individuals. The 4 year age class was largest of all young
geoducks, and s1nce a 51ngle age class contalns 1ndlv1duals
having all had 51m11ar time in which to grow, statistics on
these geodUcks,were pooled for all plots and observed for
correlation with distance to nearest neighbours. Valve area was -
s1gn1f1cantly correlated with dlstance to nearest nelghbour o
(n=11; p<0.03). Valve length was similarly so correlated (n=12;

p<0.02), however coefficients were not significant for either
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vaive,height (n=11; p?.OG) or weight (n=11; p<0.06). The
te ] ‘e 3 , ’ o o ] o L
attained levels of significance suggest however, that even here

a relationship may exist.

AN

Discussion .

e

Predation and;Dispersion Patterns A
Though population dispersion patterns may'permit inference‘
regarding how an organism-is.influenced by nearby conspecifics,'
this is only valid if mortality is relativﬁly low and occurs at
random Wlth respect to the location of indiViduals. A moderate
level of such mortality is onlylitely to result in a
conseryative»estimate of the effects~of-conspecifics'on

dispersion and-therefore may be acceptable in some

Circumstances. Mortality due to predation is 1ike1y to be
A

4

non- random since mobile predators may travel in distinct groups
or as well-spaced lone predators. Predation may thereby alter
natural dispersion by oreatly under-emphasizing or
over—emphasizing the apparent conspecific_influence or predation
may even make the relationship appear to be opposite to what,it"'
is. The.possibilityrofVsignificant predator-related mortalityv”
-should theretore be given particular consideration when making

inferences of this nature. - S I

*

Predation, an obvious cause of position-related mortality

for some species, has rarely been discussed in the literature in
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reference to éeoducks. Andersen‘(1971) concluded that predators
had an insignificant‘effect on adult geoduck mortality. More
recently, Sloan and Robinson (1983) suggest that predation by

the asteroids Pisaster brevispinus and Pycnopodia helianthoides;‘f e

-

could contribute 51gn1f1cantly to geoduck mortality 1f the
latter was prevented from burrowlng deeper than ‘40cm, An
1mpenetrable matrlx layer sf cobbles, shells and sand is the
exanple given of such-an ohstructdbn.TWhjl%Athis type of
Lsubstrate}circumvents'the geoduckzs primaryrdefence meChanismﬁ
(burrow«depth), the proportlon of geoducks occurrlng in such a
habitat is probably qu1te small In add1t10n P. brev1sp1nus has

£
prev1ously been estlmated to feed on prey not much deeper than

15cm in the substrate (Van Veldhu1zen and Phillips 1978) Since
their specImens.were on average half the size of those studied
by_sloan and-Robinson, and burrow depth is roughly equal to ‘the
seastar's radius, a depth of 40cm probably’represents an upper
limit to the depth‘attainable by only the largest of the

'species. Sloan and Robinson also state that P. brevispinus is an

opportunistic feeder, preferriné prey items fpr which excavation
time is reduced. It hasrbeéﬁ reported that a depth of 60cm can -
.. be reached by geoducks less than 2 years old (Goodwin 1973), and
'thatladults are usually found 60~100cm deep (Cox 19f9,7persqnal
Vobser§a€ion), therefore the time required to excavate these
,<bival§es is probably substantial (see belo#ﬁ.'Given_that P.’

s

helianthoides is also known to steal food from g;ubrevdspinus,

where both species are present, it is unlikely that the latter
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preys on‘geoducks regularly, despite being capable ofirelatiwelw R

ST a

deep excavation.
b

S -

Predation.on Panope generosa by the spiny.seastar,'g;

1' '

brev1sp;nus has however been observed on two occa51ons, dur1ng

-

the course of th1s research During the fall of 1980, severdl 2;

brev:sp1nus were seen to feed almost exclus1vely on geoduck

(pers.,obs ) in the dense bed (Breen and Shlelds 1983) off [ - .-
7Brady s Beach near the Bamf1eld Mar;ne Statlon on therwesﬁvggf ' jg
coast of Vancouver Island. Durlng thls feedlng per1od at least #
one” seastar remalned on the same geoduck for more than one week

at wh1ch point, the cleaned, uprooted shell was found 1ntact -
sitting in a.star-shaped excavat1on plt. Return tr1ps;to thxs-r

site were made in the fall of 1981, and the spring and summer of
1982, as well as the spring of 1983 and 7984 Such predation was

not observed aga1n at this site. In the spr1ng of 1984, the same

?

Islets, also near the marlne station. Though the seastar was
_common on earlie dives at this site, geodncks were never noted
to be among its Zood items. Both of these locations are more
than 40 m;les from the study site where the body of thls |
research was carried out.

During the spring'of 1982, large spawning aggregations of

=

the squld Loligo opalescens were observed in and around

‘Bamf1eld Inlet and extensive masses of spawn vere reported in

the waters off nearby Brady's Beach’TShlméﬁ'gt al. in press).

—

Geoduck siphons often extended é0-30 cm beyond the sediment
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: L .'5; ) ' B . . ) ) ro .
surface (pers. obs.), to maintain 'the tips above the egg mass or

<

‘beyond its perimeter. A similar _response was'earlier reported by

Ty

Andersen (1971) when decay1ng vegetatlon was allowed to
accumulate over a bed. He also found one such geoduck completely
uprooted, and concluded that_1t had surfaced to avoid be1ng\
smothered.tObservations at Brady's Beach are conslStent with
this, since«such siphon extention -is probaBly not possible for %
adult geoducks wh1ch occur at normal burrow. depth The site was
also later observed in August of that year. Stakes used to mark.
a part1cularly large squid egg mass were still present though
11ttle remalned of tne mass. 1tself The area contained numerous‘

¥

sunflower seastars, P. hellanth01des, many of- wh1ch were in the

process of eat;ng uprooted geoducks. The shells of,twenty-seven_u

freshly eaten geoducks (ie. both valves were present some with .

meat and/or 51phonal periostracum attached and few with any

barnacle set), were also found w1tQ1n the area. There was little

evidence of digging on the part of the seastar, further
suggesting that the geoducks which_were once buried by a

s}bstantial squid egg mass, had surfaced and only then'become"

accessable prey for P. helianthoides.

Over the course of this study, P. brevispinus was only"aygﬂhw

’

rarely»observed in"Ritchie Bay and feeding on geoducks was nét

s

_observed. The seastars, P. helianthoides, Crossaster papossus

~and Dermasterias imbricata were all fairly common but only the

: >
.latter was ever observed feeding, and this was'’always oh .the

se?pen, Ptilosarcus gurneyi.

S
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‘uponlfhe space available and the resultant size range is very

“ v 7
N - : B -
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e

I balieve that the mortality of geoducks due to predation

.

is likely‘to have had a minimal effect on population dispersion

patterns in this béy. As mentioned eaflier, the high mortality

“rafe_noted while monitoring siphon shows did not- appear, to be

'position-felated_and is therefore also unlikely to have

influenced dispersion patterns.

Density and Dispersion

-

It hHas been noted that if an organism's size isndepeddant

large, then dispersion analysis may indicate any one of these

patterns, despite an actual random positioning (Piélou 1960).

This isrnotibelievgd to be the case hqré however as size range
is reiétively smaﬁl. Pielduv(}960) thed that-régulaf dispefsion
will only‘be‘detecféd if sizé range‘is small or density is low,
and in this study uniform dispefsion was only detected (uéihg R)

in the highest density plot.

~‘While the correlation coefficients obtained for R and Rd , 221

were positive (0.59 and:0:46) when tested for correlation with

K"‘@

density, neither of these values was found to be statistically
)

IR

significanf (Kendall's tau-B; p>0.05). The, data as-presented iﬂ}

Figure 13 however, suggest that the ﬁauéity of such data and

thus the;necessaff high correlation required for detection, may
be partially respbnsible for this lack of significance. Another

factor which méy contribute to this lack of significant.
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correlation is the apparent bimodality of the dispersion —
indices. Whiie four values lie between 0.98 and i.02, therevare‘
none between 1.02 and 1.05 and then there are two within 0.016
of each other. It is possible that a critical density may exist,
beyond which all settlement is uniform. This however ma§ also be
an artifact of the low number of plots considered. o »

Reducing a dispersion pattern_to a single value is often
extremely useful but considerable information may be lost. For
three (I1,11I,V) of the six plots, additional iuformation was
‘availaﬁle in the form of age data (Fig. 9). This was used with
d1spers1on indices™in an attempt to see more clearly how »
conspec1f1cs mﬁ% influence geoduck dispersion., To utilize these
data optimally, it was assumed that relative survivorship
(population age structure) was related to recruit (year class)
strength. The results observed indicate that this was a ’
reasonable assumption. |

igure 14 shows indices of dispersion (Rd)‘ekpressed as a

time-series for plots I, 11 and V..When all members are
-considered, the most densely populated plot (1) is most
uniformly dispersed and the least pepulated plot (V), has the
-lowest dispersion index. In the lower density plots, recent
recruit positioning is clearly random. These density/dispersion
relationships appear relatively consistent for all recruitment
in the last 20 Years, despite approximately 15% of the presentr

- population having settled during these years.
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When the data are presented as a time-series, two
chronological trends appear for ail three plots: (1) Dispersioh
patterns 437years ago appear more uniformly dispersed than'they
were 50 years ago, as is evidenced by a few years of ¢
increasingly h{gher indices. (2).Beginning 41-39 years ago,
yearly recruitment appears to have been consistantly more
'non-uniform' for a 3-5 year pgriod. Dispersion indicgsrused’in
the manner described, do not ‘distinguish between random and
clumped recruitment on a yearly basis, as either is capable of
‘decreasiﬁg the overall uniformity of the population. The
existance of these trends in dispersion patterns indicates that

recruit dispersion was influenced By the position of adults.

While recruit dispersion 35-40 years ago appears to have

! [

’,changed markedly prT preceeding years, recruitmggt during that
period (as inferred from population age’étructuré)‘also peaked.
Since age étructure and dispersion were determined
independantly, changes in dispersion 1nd1ces should only be
‘reflected in the data on, yearly recruitment if (a) dlsper51on
patterns were 1nf1uenced by conspec1f1cs, and (b) th1s series of
dispersion indices is a valid representatlon of the past, and
(c) the effects of mortallty on dlsper51on were small. As
mentioned earlier, calculated 1nd1ces of dlsper51on for these
age groups were baSed\on only those recruits that survived until
this study was conducted. As indices are calcqlated for éider
age groups, it is increasingly likely that natural mortality may

have obscured the original dispersion pattern.

o
o



Figure 9 cpntains population age str0cture:data. Two major
féatures vathe data appear in all three plots. (1) A distinct
period of successful recfuitmeﬁt, lasting several years, began
almost 50 years ago, wifh peak'recrujtment preceeded by several
'years!of increasingly high reCruitment.'Récruitment was
'successful' in the sense that the settled individuals survived
in considerable numbers. (2) This period of high recruitment
peaked 41-39 years ago. These features coincide with periods of’

. change prgdicted by the time-series dispetsion indices,
indicating that conditions (a)=(c) have to some extent been met;

The extent to which dispersion patterns are ihfluenced by
conspecifics, was more closely observed by a comparison of

“.changes ih dispersion which are unique to each plot, with the
Qépopulétion age structure of that plot. Indices for plot I (Fig.
15) rise, drop, then rise again, as indicated by (a), (b) aha
(c) respectively. In Figure 9; the line which corresponds to
‘these years appears abové“thevhistogram for plot I. It can be
seen. that the po;itionrof this line coincides with the higﬁ

recruitment pbrgiém of the histogram, The line is divided into-

the three sectionéﬁthat appear ip Figure 15, which represeat

uniformity,'non—unformity and uniformity,'andnis labelled the
s;me as these time-frames in Figure 15. Over the beginning of
the period of good recruitment, the indices inaicate that
dispersion tended toward uniformity.'This shifted to
non—uniformigy'as recruitment increaéed, peaked and began to

L3

decline. Thirty eight year%&ago, though recruitment was still
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high, it drobped off markedly from’the-previous year. Indices at
this pdint indicate a reversél toward uniform dispersion. |
Recruitment 20-30 years ago was slight but consistent (Figq. 9)
and the corresponding indices inéicéte uniformity (Fig. 15).
&%Eis relatioﬁshi? between recruit intensity and the
d{éﬁérsion pattern oflrecruifé, is repeated in both plots.II and
V. Indices of dispersion fgf plot II show one large drop
(non-uniformity) 41-39 years ago.(b) followed by two small ’
drops, 31‘(e) and 23 (h) years ago. Each time, these were
preceeded and followed to some extent, by higher index vaiues.
In Figure 9, these three periods of nén—ﬁniformvsettling are
seen to correspond to peaks in three periods of high recruitment
(b,e,h). Periods of more uniform dispersion correspond to
recruitment prior to and following these péak recruitment years.
| Indices of-diSpersibn fof p%o£ V indicate non;Uniformity
for periodé 41 years ago (b) andJ39—35 yeafs ago (d). The first
year in whicﬂ this is observed, coincides with the year of most
successfulwrecruitment (b in Fig. 9). Uniform dispersion is
first indicated during the years that recrhﬂ%ment increases (a)
and then later when it deq;gases (c). The 5 Year interval,
during which time recruifment was increasingly less uniform (d4d),
occurs’at the end of tﬁe period of high recruitment. In holding
with the line of réasoning developed thus far; this would be
expected only if a second peak in recruitment Qccurred at this
time. Though thié is notggieafly d;monstrated, the data are not

inconsistent with this possibility. The age structure of plot V
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also shows that recruitment 3% years ago might have been
sl1ghtly better than average (e in Figq. 9). Dlspers1on indices
1nd1cate a slight tenégncy toward non-uniform dispersion at that

ti"ﬁ//;,> - :,;‘ | . - }

A characteristic of all three plots is that recruit

dispersion from year to year occurred in a manner which was

usually either similar to, or more uniform than, others within

that plot. During years of exceptionally high recruit success,

-recruits of the year settled either-randomly or gregariously.

Recruit dispersion appears Lo be related to the level of recruit

success in any particularzyeaf.
izg/determine whether recrait positioning was rTelated to the

locatien of adults or to that of other recent recruits, the age

dlfference between each geoduck <10 years old and 1{5 nearest

nelghbour, was calculatediand appears in Table 6.2. It can be

— T

seen that the/nearest neighbours of successful recruits are
— .

usua;ly/full grown adults. Though recruit dispersion is

_influenced by recruit success of that year, their nearest

neighbours “are not likely to/ée other recent recruits.

Over the range of pearest neighbour distances encountered
among 4 year eld geoducks (4-41cm),,the closer a 4 year old was
to its nearest neighbour, the smaller was that geoduck. If young:
geoducks do obtain some benefit from associetion with adults, it
is not appafent in their growth rates. Adults appear to have

inhibited the growth of those in their immediate vicinity.
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Though recruit dispersion appears to be associated with
adult.positioning énd the success of recfuitméﬁt that yéar, the
mgchanism by which this occurs is not readily appareht.
Adult/adult'and adult/jﬁvenile interactions may take the form of
competition for SpaCe,.cémpetition for food and interfefence‘Via
sedimentgdesfabilizationf resulting in uniform distribution,

zfgauced growth, and increased mortality (Woodin 1976). The

latter two would be predicted by the trophic amensalism

///1v4’”’ﬁypothesis (one group mgkes its environment less suitable for a

—_—

potential competitor). Though no information was obtained

regardinﬁ”the density-related mortality of geoducks, increased
density did not bring about reduced growth. An alternate

' hypothesis suggested by Woodin is that discrete assemblageé or
pafches can result from inter;ctions occurring Between
established‘individuals and settling or newly settled larvae,
such that they are excluded from the immediate vié}nity. The
éffects of these interactions have a more limited impact on‘
individuals: in a sparsely popdlated area,'but just what

_constitutes'a;dg€§é assemblage varies with individual

)

characteristics such-as size, and level of activity (Woodin.

1976).

For some time it has been believed that ingestion bf
suspension feeders contributes signiﬁicantlyrpo.the mortality of
settling larvae (Korringa 1941)., The extremely strong water
‘cufrents generated by geoduck filtering may influence the

particulate content of the water for a considerable distance in
4
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the yiqinity of the siphon tip. In calm yater, the exhalent
current carriee suspended particles 20cm or more away from the
siphon (personal observations). With a foreeief this magnitude, ’
the area (horizontal plane) fnfluenced'by a filtering individual
\rsal;kely to be cons1derably éreater than that of the 51phon
tip. This could greatly 11m1t the\area in whlch a larva may
descend, for the purpose of settling. Woodin/ suggests that in
’aense,pepulations of suspension feeders, Settiement maj be
completei}tpreyented, and cites studies in which discrete
aSsemblages*bi Eivalves are both persistant and age-class

dominated, as evidence of this;:In field studies with the manila

clam, Tapes japonica, settling success was markedly reduced when
adults were abundant, but settling was never completely
prevented, dispite man1pulat10n of adult densities to tw1ce that
which was observed in the area (W1111ams 1980). ‘

The observatfdns\that geoduck recruit location was related
to the position of adults aﬁd that the ngture of this
relationship was dependant upon the‘sett ing  success of that
year, are consistent with Woodin's (1976) hypothesis, provided
that williame' (1980) f1nd1ngs are also cons1dered -

“Higher densities do not appear to ‘have resulted in greater
competition between aeults, since’growth was not reduced in
thsé popalations. Geoauck density has been ahown'to display
some of the patchiness that Woodin diecussee, with intrapatch

dispersion ranging between randomness and uniformity. Though

- when all six plots were considered, dispersion was not clearly
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related to density, this is thought to have been due to too few

sample plots.” Of the three plots which were studied in detail,
the one with the highest dénsié} had the most uniform‘
dispersion, while the other fyoof’iower densities, had more
randomly dispersed geoducks. | |

Highly significant is the fact that despite this,
recruitment ihto each plot for the last 20 years has been in a

%manner which is virtually identi;alvio that of the adult

pébulation. A larva;_geoduck‘Which‘égSceﬁds to settle in the
immediate vicinity of an adult,.wguid be either resuspended -by
the exhalent cufrent or is captured by ghe‘inhaient currént,ftb
be ingested or wrapped in mucus and‘ejected as pseudofeceé,

which is also usually fatal (Williams 1980). Successful

settlement could only be accomplished outside the adults 'sphere’

of influence'. In a population of randomly distfibuted geoducks,’

Woodin's hypothesis predicts that settling position relative to
adults, would be :andom. This is consistent with'what;yas
observed. With a sufficiehtly high density, Woodin's prediction
of total exclusion may occur but this situation was not observed
here. In a relatively high density population of uniformly
dispersed individuals, the areas availag?e for settlemeng would
be similarly dispersed. Pielou (1977; p143 Fig. 9.1)
demonstrates this with patches, by artificially creating a
‘pattern, and then visualizihg it in reverse (individuals
‘positioned in interclump spaces). By créafing these

settlement-free zones around themselves, adult geoducks'coq;dh

s
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either maintain population dispersion at the,samé level of

randomness or cause it to be slightly more uniform. In years of

high settlement success, the number of larvae to escape

" inhalation and land within the same inter-adult spacewas:othef,

larvae is likely 'to be greater and thus _would bring about the -

‘ more random dispersion which was noted:in all populations,

during such years. Despite successfully settling within these
zones around adults, competition;for food with a larger adult

siphon would account for the smaller size of juveniles located

’

very close to adults.
While this mechanism appears to account for the observed
relationShips between adult and recruit dispersion patterns, it

is proposed as the major structuring force and not as the sole °

one. For example, the ability of larval marine orgéhismsmto

detect conspecifics with well developed chemosensory structures,

éndfthen disperse relative to,tﬁem, has beeh studied in detail
and in‘maﬁy cases the specific chemical is either known,'or its
physical properties are well discribed (Bayne 1969; Crisp
1967,1974; Highsmith 1982). Though the location 5f geoduck
settlement appears to be largely dictated by»inter—a%plt space,
for a short period after settling, movementwin relation to
adults may be possible. Also, while mortality of adult ‘geoducks
due to predation is believed-to be minimal, juveniles of the
spe;ies may experience greéter predatory pressurés. Only:éAféw
baper; on juvenile bivalve pfedatoré have been publfébed

(Loosanoff 1959; Breese and Phibbs 1972), but predation is
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considered by some researchers to be the dominant cause of
mortality of young bivalves (Muus 1973).,§he or both of these
‘mechanisms may slightly modify the finallpattern.of geoduck

recruit dispersion,

Summary o ' _
— _ 5

X . N ~

1. Though the dispersion'pattern of géoducks may be
modified by predator-induced mortality, thebinfluen;eOOfﬂ. o
predators‘in Ritehie Bay appears to have been margiﬁal.

2. Indices of.dispéréién were not significantly»cérfeléted
with plot density (p>0.05), but small- sample size is believed to
have been in part reaponsible; |

3. A time-series of.diSpersion indices was created by .. -
incorporating geoduck age into the dispersion analysis of three

"plots. Similar trends in dispersidh\qygr.timg, were seen in‘ail

plots. '

4. Since dispersion indices and recruitment were determined
independanply’and the associaﬁion between the two is strohg,‘
this representation of past dispérsion/fé/fg;ught to-bé valié;

Recruit dispersion inxgﬁgivéﬁ/year was related to the level of

recruit'succegﬁ/fégtuyear; When recruitment was low, the.
dispersion of'recfuifs'either did not alter oVefaIl dispersion
or it eaused dverall dispersion to be mo%¢~uniformu When- - -
recruitment was high, recruit poSitioniné was either random or
aggregated. Slight dissimilérities-between the time-series

N .
-
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created for each plot corfespond'to slightly»different leveie;oé
recruit success in each. A' - |

5. Recruitment does not occur ih discrete éafcﬁes.xln 14 of‘“
15 cése;, the‘heérest'neighbour of a young geoduck (SiOXF) was |
216yr older than that young geoduck. ;

6. At these densities, in these environmental conditions,
geoducks. have a negatlve influence - on, the. growth of nelghbourlng
conspec1f1cs. The size of 4’5 olds (largest age class of young
geodﬁcks) was positively correlated with distance from their‘
nearest neighbour (n=11; p<0.03). |

7. A mechanism is sdggested by which siphonal current -may

account for observed trends in dispersion and shell size.
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