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ABSTRACT

Yildish, D. J. (Ed.). 1884. Biology of the sediment-water interface: Report of the 5t. Andrews Biclogical
Station's 75th Anniversary Benthilc Workshop. Can. Tech. Rep. Fisgh. Aguat. Sci. 1263: iv + 38 p.

This report contains summaries of work presented by nine speakers at the St. Andrews Biological Station's
75th Aaniversary Workshop held on December 8, 1983. Also included are précis of questions addressed to each
peaker and thelr answers which were tape-recorded during the meeting. Over 45 persons attended the workshop

and the addresses of this "invisible benthic college (N.E. American Chapter)” are included for reference.

rEsumb

Wildish, D. J. (Ed.). 1984. Bilology of the sediment-water interface: Report of the St. Andrews Biclogical
Station's 75th Anniversary Benthic Workshop. Can. Tech. Rep. Fish. Aquat. Seci. 1263: iv + 38 p.

Le présent rapport contient les rvésumés des travaux présentés par neuf chercheurs, lors du cercle d'étude
tenu & 1'occasion due 75% anniversaive de la station de blologie de S8t. Andrews, le B décembre 1983. On v
trouve Egalement les résumés des questious adressées A chacun des orateurs et de leurs v@ponses qui ont &té
enregistrdes au cours de la vBunion. Plus de 45 personnes ont assist 3 ce cercle d'&tude et les adresses des
membres de ce groupe peu connu & intéressant au milleu benthique {Chapitre de 1'est de 1'AmBrigque du Hord)

sont incluses 3 titre de référence.



WELCOMING ADDRESS BY DR. R. H. COOK

it is my pleasure, as Director of the Biological Station, to welcome
you to the 75th Anniversary Benthic Workshop.

The Biologlcal Station was established in 3t. Andrews 1n 1208 and was
the first marine fisherles veseavrch station in eastern Canada. The original
wooden laboratory was destroyed by fire in 1932 and replaced by a brick
building the following year. HNumercus additions since that date have
produced the mlx of modern and traditional bulldings we now occupy.
Currently, plans are under way for a new amulti-story brick building to
replace many of the older wooden buildings on our campus. We look forward
to these developments.

From the earllest times, the Bilological Station has maintained close
collaborative links with the University community. In our earlier years,
all the scientific staff were universlty professors. In 1970, the Huntsman
Marine Laberatory, an educational and research instlitute comprising a
consortium of Eastern Canadian Unilversities, was sstablished on properties
adjacent to the Bioleogical Station. We wish o take this opportusity to
thank the HML Diyector, Dr. Tom Moon, for help in providing accommodarion
for some of the workshop participants. We hope your stay at Aanderscn House
is a pleasant one.

One important feature of the research conducted at the Biological
Station is concerned with the interaction between the fisherles resource and
the agquatic environment. 1In many ways, studies on benthlc biology manage to
improve our understanding of this interaction. Benthic organisms are the
prineipal food of groundfish, such as cod and haddock, and are also
recognized to be good indicators of eavironmental disturbance, benthic
organisms not being able to move awey from the polluting source. Ressarch
on fish habitat, the biologlcal effects of toxic chemicals, and fisheries
ecology are topics of importance at the Blological Station.

The opportunity to organize this workshop is therefore most relevant to
our research interests and, I hope, the opportunity for participants to meet
and discuss the biology of the sediment-water interface during this workshop
will be productive.

I would particularly like to greet out guests who have traveled far to
be here tfoday. 1 note that we have vistors from Yale University, University
nf Maryland, Guelph University, Dalbousie Uuniwversity, University of New
Brunswick, and the Marine Ecology Laboratory, Bedford Imstitute of
Oceanography. Visitors from Université Laval and Universit® de Montréal
were prevented from attending by & snowstorm.

Without further ado, ma

v 1 wish you success in your workshop efforts
and hope that the presentations pr

prove to be stimulating to all.






INTRODUCTION

by

D. J. Wiidish



By way of introducing this workshep 1 will
attempt to define the sediment-water interface and
also provide a framework which may help to orient
the reader to the abstracts and discussions which
follow.

The marine environment has many zones of sharp
physical discontinuity, for example, between the sea
and alr or between zones of differing salinity,
referred to as the pycnocline. A charactevistic

iscontinuity occurs on the sea bottom between
sediment or bedrock and the sea water lmmediately
above it.

The water—column limit of the sediment-water
interface of the Continental Shelf is bounded by the
apper limit from which beanthic organisms can obtaln
food, respire, excrete, and/or voild biogenic
materials. 1In the majority of cases this will
coincide with the upper limit of the turbulent,
benthic boundary layer (Fig. 1). Within the

oxidation, resulting in oxygen depletion and
mortallty of aerobic organisms. Occasionally there
may be no tidal but considevable wave energy, in
which case the wave pulse near the bottom oscillates
water particles backwards and forwards with a slight
movement in the direction of wave propagation. Wave
motion near the bottom depends on the depth of the
water column; it is civecular at the surface, then
eiliprical and finally flat in deeper water

The sediment limit of the sediment-water
interface 1s bounded simply by the penetratioa of
macrofauna into the sediment. This way range from a
few millimeters to over 3 m depth in the sediment.
Macrofanna may burrow deeper than the redox
digcontinuity laver, where pumpling activities
maintain an aerobic microniche.

The sediment-water Iinterface is known 1o be

important for chemical fluxes and where physical
energy, in the form of tidal currents and waves, is
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boundary layer, the drag effects of currents passing
over the rough sediment surface produce turbulent
mixing which results in a well-mixed layer often of
several meters thickness. The exact thickness of
the well-mixed boundary laver will depend on the
degree of sediment surface roughness and the tidal
curreat velocity.

Because it 1s probably unusual to find a smooth
natural sediment surface, laminar flow conditions
will usually be absent and thus need aot complicate
ocur definition. Occasionally sea water above the
sediment may lack any tidal current or wave energy
and here anoxic conditions will be present, as in
some deep fiords. In such conditions the redox
discontinuity layer migrates above the sediment
surface due to seasonal pulses of organic matter
from natural or anthropogenic sources. This is
followed by aerobic catabolism and chemical
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of the sediment-water interface.

dissipated. It is also a zone of importance in
primary and/or secondary production of the marine

ecosysiem and, for this reason, it 1is appropriate to
define the sediment—water interface in terms of
bicological as well as physical factors involved in
shaping the biology of the organisms that live
there.

The subject matter covered by the nine workshop
speakers falls into one of the following categories.
Trophic pathways leading to macrobenthos, including
sedimentation of planktonic ocrganisms, lateral
transport of organic matter by bedload tramsport,
and erosion/redeposition processes. Experiments
with suspension~feeding animals include field and
laboratory approaches. The last theme, the
provision of novel methods for the study of macro-
benthos, is of criticel importance 1f benthic
biology 1s to develop as 2 meaningful subdiscipline
of mariae blology.



ENTHIC COUPLING IN THE MARINE ENVIRONMENT

by

J. €. Roff



Present estimates of the proporiion and compo— {(iv)
nent types of primary productisn exported from the
pelagic to the benthic realm vary substantially and
ars subject to several blases. In a compilation of
data consisting wostly of observations at lower {v)
latitudes, Suess {1980} indicated that only 10-257
of annual primary productlon is exported below a
pycnocline. However, if the production is
grazed by one trophic level of consumers at &UZ
assimilation effici t £ fhe base of the
suphotic zone shoul of the annual

primary production. F atal aerate wa
grazing rvate estimates vary from about 5 Lo 90% of
production, with an annual n around 30 zp 504
{copepods only). Calculations based on energy
density measure s from Bmerald Bank dais supggest
by copepods 1s about 50% but, on the Suess,
1 production and requirements, the

704 of

community may graze =

production.

When annual
aodulated
closely

§r‘vary product
grazing
track”

ion is seasonally
zooplankton community
production, and much

ungrazed algal metevial can escape rectly to the RHOADS
benthos. Thus, at des in continental
shelf ecosystems, e £ pelagle
compunity may lai
obgarved larls
ROFF
ems where the pelagle
bon (POC) containg detrital
it is useful o
tic, microbial
components.
using an image analysis
ed phase contirast
and monlior, aund sonic
to an LBM-~ computer. Volumes
carbon contents RECADE
and
B Barrsw stfﬁit
{@L&s f Ze} are ROFF
contributions of
L to downward flux
way be
Devices sample swmall
parti setil ed material also
oCCurs, ifiable as 2 ratio of fecal
without perifrophic membranes.
~benthic coupling among
ctic ecosvstems are not
certaln genervalizaltlons may WILDISH
(i) Both cellular and f POC fluxes may be
highly variable seasonally, Cell flux
domina times of high primary
production., At times of heavy grazing the
fecal component dominates. ROTF
(ii) Coprophagy 1is probably an exteansive and HEWELL

important process.

;@

fferences
componenis o
marine

E.
the oceans;
utilization.

Loss of nannoplankton to sedimentation is 5
probably negligible due to negligible
sinking rates.

Community ve

at elevated

spiratory losses may be high
temperatures.

REFERENCES

G. irtis. 1980,
k’ow through major
temperate and tropical

Bana 1: 53-64.

u
shelf scosystems.

1980. Particulate organic carbon flux in

surface preductivity and oxygen
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Do you find amorphous aggregates formed

from disselved organic matter (DOM) 3 la
Riley and vascular plant debris among the

partilculate organic matter?

I have found amorphous aggregates, bubt not

vascular plant debris. The reason for this
that

es have been from
. 1 am suvre if 1 looked
a areas, where intertidal orv
bridal macrophyte production was high,

my s

in

I would find wvescular plant debris. -
her POM species evident in amy samples

coplankion fecal pellets. You can
distinguish them even sfter the
trophic membrane has been ruptured.

nature of
interest as

POM.

there

Yes,
waters:
amounts up to ~5 mg/L at the

are fwo categories from coastal
lablle and phenslic DOM with

time of

mg/L at other times

spring bloom, and 1-3

of the year. Very little is known of the
interactions of the two chemical pools or
of the DOM o POM transition. A further

mystery 1is that POM from the 4

estimated by 14? dating to be
old as the ocean from which t
ware taken.

eep sea is
twice as
e

he samples

the Arctic
where g

in situation you

.ngle sedimen

degoribe,
tation pulse of ice

algae occurs, isn't this a good
opportunity to relate the vate of benthic-

pelagic coupling {(l.e. pr
carbon by fauns)?

ocessing of

Yes.

Do you think that the pulse of phyto~

plankton cells which are deposited in the

autumn of temperate climates is actually

avallable for benthic consumers or are the

cells encysted and therefors, indigestible

to them? .



ROFYF Dinoflagellates and chytrids are certainl)
encysting at that time and I would ;asp act
that a proportion of them would be pellet up in the water columa 1f all the
unavailable to consumers. The majority of otozoa were swimming. In femperate
the cells appear healthy vwhereas an emply >limates during fall the tintinonilds encyst
frustule or part of a frustule is easily wirthin the e and stop swimming,

he loricul
recognized. Alan, can encysted dinoflag- which tends 2o make them sink. The carbon
ellates pass through invertebrate guts

calculatrions presented were made oun the
without being digested? basis that if a lorica was found the cyst
was also present even though It was not

"‘K.

BOFF Yes, and I have tried to caleulate how
»
many cells it would take to keep a fecal

WHITE There 1s no definitive evidence o this counted.
point, although I would suspect
could. SCHWINGHAMER In the istertidal sediments of the Bay
of Fundy live non-encysted tintinnids are
NEWELL it would be useful to test the digesti- found, but as you go further intc the
bility of phytoplankton which are consumed

subtidal the sediments contain only

by representative lnvertebrate consumers. encysted cells or loricules without the

cyst.
ROFF Yes, but the probabllity is that most
phytoplankton species can be digested by ROFF In the near subtidal, many clliates wmay
at least one of the consumer species. Igo becons appad in beathlc material.
GRANT Are Protozoa attracted to fecal pellets GRANT Are there many Protozoa among the

because they graze on attached bacterial
vicroflora or because they use the pellet

- 7 . P 3 AT - N
as a solid substrate? ROFF incredible awmcunts in some places, for

example, 1n an apontic community I have

ce algae?

ROFF re is argument at present as o wWhether studied, oligotrich and hypotrich ciliates
the peritrophic membrane of fecal pellets are active at ~2°C in lavge numbers.
roken from the inside out or from the There

are no grazing estimates forv these

tside in, and hence it is unclear as io animals and 1 am convinced that productilon
the origin of the microflora and estimastes made for the apontic community
microfauna which rapidly colonize the ara roo low.
fecal pellet. In 100-200 w of wabter 2
fecal pellet sediments in less than 2 4.

Do mob protozoans attached to the fecal

pellet slow down its rate of
sedimentation?







LATERAL FLUX OF ORGANIC MATTER IN THE ESTUARINE ENVIRONMENT



Bedload movement of organic me
been invoked as a wmissing term o exy
budgets of benthic carbon supply
not balance. Despite its apparvﬂ?
wenthic-pelagis ranpi*ug in coa
ecosystems, the m
been measuvred.
sediment transporlh
methodology exi

3 has nevery
ateiogiats have estimated bulk
wrough various means, but no

for the associated WGVQ&QQ% of
depositic

organic material. Geit*C“

cylindrical sed ¢ traps fails to account fovr
lateral transport, wdf{xcu;arly close Lo bed
where benthic organisms are likely to La?,u e
particles. SUP& traps 1

the sedimen

! [
involves s‘;‘néz upper few centi
column.

£3
be
e
;

atr;ctvz s {i

which are buried by migrating ripplaa.

texture, detrital particles

luel mineral grains and be

glven flow iit10981
T

2rritus a:

shape and

means by which d@tfth¢ becomes part of the bed:
mucus binding in exudates produced by microbes and
metazoans, The r of biofilms in stabilizing
sedinents ﬁd& recelved recent attention, but their
abilivy o rticles from the water column
has not been

ected consideration 1n the above
bedform migration is central to
ment of organic matter im non—
Rates of ripple migration have
in flumes, but rarely
espite recent interest in
structure, ripples have been

i except for a few comparisons of
ey abundance between

faunal

ial approach te lateral organic
re recently completed a set of
ened to measure deposition and
resuspensi rganic carbon on sand bottoms.
Trave of ash sand were placed on a sheltered sand
beach in Halifax Harbour, Nova Scotia. Ripples
formed in Lhe Lrays cal to, and
tinuous surrounding sediment.
d sand gained a
organic carbon equal to ome-half of the
standing stock, although the rate of
resuspension was very rapld over the next few days.
Deposition was very much dependent on wind
conditions and the resulting waves. These pulses of
organic matter on short time scales (hours) could be
exploited by anlmals with the ability to faculta-
tively switch feeding modes, i.e. from deposit to
suspensilon feeding.

eXparimen

D

In order to manipulate aspects of ihi
intertidal environment, I will examline the
in a labeoratory flume GY particular
nterest are the ways 1n which biotic factors such

microbial mats (Beggiatoa) affect fluxes between
he sediment and the water column. 1 expect that

&
234

SCE

.
o

this pregram of laboratory and contianuing fleld work

will elucidate the vole of horizontal advection in
coastal ecosystems.

RHOADS

GRANT

RHOADS

GRANT

GRANT

NEWELL

GRANT

GRANT

DISCUSSION

1f you did the same experiment you
described, but in a physically low energy
area, one would ger guite different
results. When infaunal deposit feeders
are present in sediments, there is a
sessonal cycle of change in organic
content. This is due to the pronounced
sumaer activity of macrobenthos such as
head down deposit feeders, e.g. maldanids,
which manage to vecycle the deeper carbon
particles to the surface.

There were few macrefauna in my study
area, although in adjacent high energy
areas Areunlcola, Mya, Gemma and Nereis may
be present.

at is the time scale for utilization of
POM by macrofauna?
I was able to measure the flux of POM into
experimental areas but not its utilization
because of the lack of macrofauna. 1 am
interested in the problem you raise and in
particular the behavioral triggers which
regulate changes to and f{rom suspension
feeding/depoeitr feeding. This transition
is probably facultative in many species.

Is the transfer of bedload material an
indication of how much POM is coming into
your trays?

Yes, but my method does not distinguish
the source of the POM or the distance over
which it has been transported.

The POM which appearved ln your itrayvs was
not necessarily evidence of bedload
transport. For imstance, wave action
could cause considerable winnowing of fine
POM from the sediment and the tramsport
could be in water.

Where there are waves and oscillatory flow
there is recycling of POM already present
at that point. 1t does not matter whether
the material Is tramsported or recycled,
because once it is In the water column It
is available to suspension fsedere
Resuspension may be important for
processing of the POM which in water is
exposed to an oxygen—rich environment
where microbical activity may occur at an
enhanced rate.

The winnowing effect is important because
in the water column PUOM is available as
food tc suspension feeders whereas
material transported as bedload is neot
available to them.

There are incredible amounts of suspended
POM just above the sediment. It would be
useful to measure changes in the organic

carbon content near the sediment during a

5



al cycle, although t wicroscale
sampling required could be & problem.

Resuspension rates are difficult to
quantify In sediment traps near rhe
sediment—water interface. The
collected includes fecal pellets both wit
and without a peritrophic membrane. Hased
on water depth, sinking rate of fecal
pellets, the rate of peritrophic membrane
hreakdown {~ 20 d at 5°C), and the total
ampunt of facal pellets in the sediment,
it should be e to caleulat
i 21

te the
rasuspension rate. Fecal pellets sink at

a rate which allows them to arrive at the
bottom with an intact peritrophic

membrane. Resuspended fecal pellets will

fod ot

include those without membranes. 1f you
know the density and size of resuspended

in the

e possible to
f you know

ecal pellet,

ROFF

That seens like a reasonable idea. The
are DUMETODUS Ways Lo measure resuspension
rate. One I have tried in conjunction
with Barry Hargrave is to emplace “pan's
pipes” which are columns of small sediment
traps, each of different height expecting
different catches and rates of
resuspension sccording to the length of
the cylinder.

What kind of sediment trap did you use?
The absclute size and height to diameter
ratio of the trap would affect your
catches,

This is certainly true for trapping of
suspended particulates. Cleser to the hed
some people have used partially buried
cylindrical sediment traps, but with these
you would expect boundary layer flow
disruption.
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THE IMPORTANCE OF FOOD AVAILABILITY IN REGULATING
REPRODUCTION IN ESTUARINE BIVALVE MOLLUSCS!

1 L . P - . - . . P . ;
“Contribution #1479 from the Center for Estuaripe and Environmental Studies



Many s d that, al physical
environmental factors are important cermining
the overall distributional patierns
invertebrates, most species live weéi ctheir

zone of physiological tolera

Instead, factors such
predation are Ilmportant
growth and fecundity,
measured in the natural

The alm heve is to lndicate the ways in which
food availability interacts with other factors Lo
derermine the ecology of three boveo-iemperale
suspension “epdin" bivalve mol 5, the cockle
Cardium (=Cerastoderma) edule, the blue mussel
Mytilus edulis, and the Amevican oyster (rassostrea
w1 5. Soi of the research outlined below has

mere detall by Hewell and Bayne

et al. {1982). Each of these
aguclgg vy of adaptations, both generic
and non-genetic, which reproductive

coordinate

vents with the environment
reproductive succ v
nily partial
L

to maximlize
b, There is still

unde % inter~
actions beltween
I rature, 2Lc.} {e.g. hormonal

nutrient © etc.) variables
ure synchrony of gameie éevei@pmeﬁt within a
n. This is of prime importance for

species having external fertilization

zed liberation of gameres.

cycle siological fune
metabolic rate, feeding rate, carbohy
and reproductive condlt i
the winter as

5
drate siorage
.cn, with minimum values In

ue

Thers was no fira 4

served seasonal cycles an

thers were sirTong

the veproductive

feeding rates,

ﬁsyPiamUYﬁ and light

itmary production and hence
ilable for gametogenesis and

remain to be elucldated.

However,

on food aval

For wmany vears latitudinal differences in water
; been considered £o exert a dominant
i ﬁertebzafe reproductive palierns
{Tﬁ@?s@ﬂ Saed 1??%}4 k@wnv Hewsll =t al.

geparabad
Coast of the
d that a}ffez@wces in the timing
of the gametogenic cycle could not
latitude and hence watey Lemperabure
=4, two populatlons on Long ?siaai}
Brook and Shinnecock) had the ate
tempora in gametogenic cycle wat summer
reproduction maxima separated by a 3-mo interval.
At Stony Brook, food is wmost undant in the late
spring and summer when mussel feeding rates are high
and spawning occurs im April/Hay which is near the

period of maximunm food avaeilability. They can
during

{1982) wor
pc;uiaaiﬁus G
United States fou
of warious p
be linked to

obtain sufficient nutrients from the seston
this post-spawning period to accumulate a food
reserve as is considered typlcal for Lhe species
{Gabbotr 1976). 1In contrast, the Shinpescock
population faces low levels of ensergy In the seston
and unpredictable temporal peaks in energy
availability during the same time of the year. The
maximum seston energy levels were recorded during
the winter when feeding rates are depressed. Thus,
the high degree of synchrony in maximum gamelfogenic
condition {and cyclicity) within the Stony Brook

pot

population reflects the timing and tes
variation in local food availability and the long
peviod during the winter in which gzametogenesis may
proceed. In the Shinnecock population, maximum food
avallability occurs when the animals are not
actively feeding and there is
ient storage cycle. SBubssquently, there is no
pronsunced spawnlng period, but rather z prolonged
period of "dribble spawning” in which gametes are
gradually released between July and October.

no chance o initiate

understand the role of
regulating both fecundity and
of © American oyster, Lrassost
., I have inltiated s field " reh
program, in cooperation with Dr. Tom Jones, in two
adiacent tributaries of the Chesapeake Bay with
similar ambient temperature and salin . Broad
Creek has a high level of recrultment, but adult
growth 1s relatively poor, whereas Tred Avon has
comparatively poor recrultment but good adult
growth. Currently we are studying how differences
in the input of inorganic nutrients into these two
Differences in
the phytoplankton species may alter the blochemical
composition, cell size, and even digestibilicy of
the algse avallable to the suspsnsion feeders.
Differences in lnorganic nutrients or light levels
can alter the blochemical composition of even a
single phytoplaskton species {for review sees Morris
1880). The size of the algal cell can alsc have a
direct influence on the planktotrophic larva which
can only ingest particles smaller than about 10 pm.
It 1s dmperative for thelr survival that thers is a
bloom of nannoplankton cells during the 3-wk period
that the larvae are in the water col

effort Lo
i

systems affect primary production.

In addition to th.
production and the bio
seston, w@e are stgéying aha fﬂg&%tlﬂf d storage of
s materials by the adults. This iavolves
menasuring metabolic and feeding rates, sbsorption
efficlency, nitrogen excretion of the adults, and
the total accumulation of carbohydrates and lipids
undey amblent conditions. These parameters can then

linked to the reproductive cycle, total
wdity, and recruitwent. Preliminary results
iadicate significant differences in the timing of

primary production between these systems but no
differences in the physiology of the adult ovsters.
s epmphasizes the importance of measuring food
avallability when trying to understand the ecology
of bivalve molluscs.

Additienal vesearch still reguired into
basic feeding mechanisms which have evolved to

enable suspension and deposit—~feeding invertebrates

to maximize food intaske from material that contains
large quantities of non—nutritiocus reral particles
(see review in Baleuddin and Wilbur 1983). Recent

work by Kidrboe and Mghlenberg (1981) indicated that
1 specles of suspension-fesding bivalves could
preferentipglly ingest algse from a wmixiuve comtain-
ing inorganic material and veject the inorganic
particles as pseudofeces. HNewell and Jordan (1983)
found that the oyster (rassostrea virginica fed on
natural seston could preferentially ingest organic
particles, especlally the more nutritfious
rich In nigrogen. HNewell and Jordan (1983} explained
how differential sorting of particles firmly bound
WCE \868 Foster—-Bmith 1975) may occcur on the

o

et
o

iablal palps by postulating that mucus viscosity is
reduced by the mechanlcal asction of the cilia. This

explanation still needs further experimental work
including the nature of the chemoreceptors on the
labial palips.



In summary, food avallabilivy is of key
importance in determining the growth, reproduction,
and recrultment of bivalve molluscs. HMore vesearch
is reguired under field conditlions into the
fmportance of nutrition to all stages inm the life
cycle. In addition, laboratory research is reguired
to elucidate the fundamental wmechanlems that enable
molluscs to maximize food intake when the seston
comprises both non-nutritious inorganic particles
and organic particles of differing nutritional
quality.
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RHOADE I understand from your talk thar future

research emphasis will not be on detrital
sources of food for suspension—feeders,
but on phytoplankton and factors
controlling its supply.

NEWELL I have 2 Ph.D. student who is just

starting to investigate the vole of fungi
and bacteria in the detritus cycle and the
importance of detritus o the nutrition of
bivalves.

RHOADS S0 you feel that detritus is important?
MEWELL Yes, 1 feel that detritus as a food supply

for suspension feeders may be almost as
important as phytoplankton. There is a
large allochthonous input into the Tred
Avon. During the summer this input may
not be so lmportani, but during the fall
it is an ilmportant food supplement to
suspension feeders. In the fall these
animals are building up glycogen for the
winter months. Larry Pomeroy has been
suggesting this idea for a number of
years.

The wet oxidation technique doss nob give
an estimate of carbon that is available
and can be digested by macrofauna. Whe
you are comparing deirital based wersus
primary producer based systems, have vou
tried size fractionated ATP messurements?

ELL No, I haven't used ATP assays. In regard

to the wet oxidation technique which is
slmply & chemical oxidation of any organic
material present in the sample, you are
right that it doesn’'t estimste what is
available to the animsl. 1 would stress
that in an invertebrate feeding study vou
should measure energy content 0§ the food
and feces to determine what passes through
undigested. There ig evidence i“ the
literature of enzyme inductlon in the
invertebrate gut which is seascnally
dependent on the kinds of foods avaii ble.
I am currently measuving carbohydrate,
protein, and lipid Lo food and feces.
Probably lipid is the most important
component Lo Beasure.
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THE BERTHIC BOUNDARY LAYER
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Many non-guantitive field observatlions suggest
that suspension—feeding animal growth is a function
of tidal current velocity. HEuperimental attempls to
test this hypothssils in the laboratory are neverthe~
iess rare. Kirby-Smith (1972} attempied a growth
experiment of this kind with the bay scallop,
Argopecten irradians, in a multiple tube apparatus,
but it is believed that 1t did not simulate benthic
boundary laver conditions and had a complex flow
pattern not represented by the bulk flow
measurements made during the experiments.

Because of these difficulties with the Kirby-
Smith growth tubes, 2o attempt was made to design 2
new apparatus sultable for measuring growth of
suspension-feeding animals such as bilvalve molluscs.
The design criteria considered were:

~ the hydrodynamic characteristics within the
appavatus should resewble the benthic
boundary layer as much as is practicable.

~ the experimental animals should be supplied
with a common source of water.

- the only experimental parameter that is
required to be varied is the bulk tidal
welocity over a range of U to 25 cm/sec.

- limitations on size {width) are imposed by
the water pumping requirements of large
faciiitles.

The final design chosen consisted of a flume of
S5-m length, divided lengthwise into four 30-cm wide
channels and fed from a common headbox. A pump of
2.5-HP capacity supplied natural sea water to the
headtank at rates sufficient to induce a flow of 25
cm/sec with two channels blocked off. The apparatus
allows comparatlve experiments at four current
speeds. Direct compavisons befween two consecutive
runs of the experiment are not possible because of
differences in quality and guantity of seston
supplied to the common headbox of the apparatus.
Because guality of seston may be dependent on
species composition, a general measure of seston
uch as ATP content or plant pigment concentration
is not possible.

a

Some limitations of the multi-channel flume in
gimulating the natural besthic bouadary are:

- the flume boundary layer takes a significant
length of the flume to develop whereas
natural boundary layers are well developed,
so that vertical mixing processes are more
limited in the flume than in the benthic
boundary layer.

- gignificant wall effects due to channel walls
are absent in the sea.

REFEREKRCE

Kirby-3mith, W. W. 1972. Growth of the bay
scallop: influence of experimental water

currents. J. Exp. Mar. Biel. Ecol. 8: 7-17.

KRISTMARSON Yes,

DISCUSSION

What exactly 1s a hydrogen bubble probe?
Have vou thought of using a thermistor for
measuring flow?

ERISTHANSON HNo, I haven't used a thermistor, but it
is worth trying. The hydrogen bubble de-
vice is a platinum electrode on a support.
It 1s connected to a D.C. source to make a
circuit. The method 1 used was to tune
the pulse frequency of the bubble sheet so
that its trailing edge just reached s
second wire 4 cm downstream as the next
pulse was initiated. Knowing the pulse
interval and distance between the wires
the hydrogen bubble and therefore curreant
speed could readily be calculated. The
device can be wmowed up and down on its
support so that the current within 1 cm of
the sedimeni-water interface could be
measured.

WILDISH The platinum wire must be very thin to

obtain small hydrogen bubbles which do not

float. A conseguent operational problean
was freguent platinum wire breakage.

KRISTMANSON The difficulty lies fundamentally in
the low electrical resistance of seas
water. The technique was desligned for
fresh water which has a high electrical
resistance.

HEWELL Could you perhaps calibrate the flume with

fresh water and thus get avound the

geawater problem?

that is what we did with the Mark
I flume which I had in wy lab in
Fredericton. The Mark 11 flume has only
been in use since October 1983 and is
probably too large to traasport to
Fredericton.
HWILDISH Another method potentilally wseful in
measuring flow rates in the flume 1s the
one suggested by Drew Carey {Can. J.
Fish. Aguat. Sci. 40 Buppl. 1: 301) which
is based on time-lapse photography of
small, boilled, egg~white particles
introduced to the inlet sea water.
NEWELL Have you tried using dye to visualize the
flow patterns?

FHISTHANSON Yes, in the Mark I flume this was done
in Fredericion. In turbulent flow the dye
will delimit the developing boundary layer
or mixing zone. In the laminar rveglons
above this the dyve shows up as nice
stralight lines. We still have further
flow measurements to make in order to
calibrate the Mark 11 model.

RHOADS Does the presence of animals in the flume

change the flow patterns?

KRIBTMANSON Yes, animals change the roughness and
hence the flow. That is why 1t is
important to make the flow measuresents
with the animals in situ.
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ON GROWTH AND BEHAVIORAL EXPERIMENTS WITH SUSPERSION-FEEDING ANIMALS

by

L. J. Wildish
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A very high current spead of 24.5 cm/sec
{experiment 3) inhibited shell growth and ras s ulted
in negative blomass growth and loss of condition.

SEA SCALLOP BEHAVIOR 1IN
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the sediment and move

sitting on the s t surface move much more

frequently. Sea scalleps in the multiple-channel

flume 1n experiment I are equlvalent Lo the latter

group as they were unable {o settle into the wooden
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his behavior

arc at all current speeds tested. i
aagures that individuals = in the best position to
underiske passive filtering.

- Blue mussel growth is a function of tidal
valoaiyy 5 well as the concentration and
guality of food particles. Experiments at
higher cuvrrent speeds and in a simulated
benthic boundary layer are needed in order to
determine the limlting tidal welocities and
to investigate the nature of the physio-
logical/behavioral mechanism invelved.

A m

- Experiments with ses scallops provide
equivocsal evidence because of problems with

lack of substratum in the apparatus and/or

wice of lnappropriste tidal velocities.

=~ Because the Kirby-Smith growth fubes 4id not

gimulate bDGQd&Z‘ layey conditions, they are
act considered sultable for meassuring tidal
a ow (k]

velocity effects wth of suspension—

som

ar

feeding imals.

— The combination of the wmany channels fed from
a common source idea of Kirby-Smith in
conjunction wi
geometry enabls
natural condibxﬂt
varying tidal

open channels of adequate
i fon of velatively

igorous testing of
up to —~ 25 cm/sec.

-~ Initiation of moveme
lops is a function of ti
ing scallops are chavacteris
£o current direction.
The raadom moven appear to be part of an
integrated behavioral response adaptively

concerned with finding optimum grow
conditions.

-~ & recurrent problem in this kind of work is
the measurement of the fosd Qu&lity of seston
for suspension—feeding animals.
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t is also the latter problem which prevents HEWELL
of the turbuleat bound layer model

o be used as a predictor of suspension—

feeding animal density or production.

e
o
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Kirby-Smith, W. ¥W. 1972. Growth of the bay
scallop: iafluence of experimental water
currents. J. Exp. Mar. Biol. Ecol. 8: 7~1i7.
Kristmanson, D., and D. J. Wildish. 1984. A WILDISH
Flume f measuring growth and behavioral
chavacteristics of guspension-feeding animals
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preparat iﬂn)‘
Wildish D. J., and D. D, Kristmanson. 1979. Tidal
energy and sublittoral macrobenthic animals in
egtuaries. .J. Fish. Bes. Board Can. 36:
11971206, RHOADS
rtance to suspension-feeding
nthic boundary layer
NEWELL
DISCUSELI0N
WILDISH
MUSCHENH You called Placopecten a passive
suspension fogder, vet they do produce
currents by cillary actlon on the gills.
Hence they are not solely relying on tidal
current energy. NEWELL
WILDISH 723, but I think passage of seston to sea
ai?sps is dependent on tidal current
exgy as well as on the curreni created
% the ciliary action on the gllls of the
sea scallop.
HNEWELL So are vou saying that there is no WILDISH
requirement for ciliary action in the sea
scallops? That tidal curvents could
supply all the required energy for
filtering, and in & static system that 1r
couldn't feed?
WILDIZH No, ciliary action is needed by scallops
particularly if they must sort the
particles before ingestion, as you GRANT

suggested for other lamellibranchs. I
believe that in a statle system scallops
would feed but not as well as those
exposed to tidal currents, but this
requires an experimental test.

So the scallop feeding process is both an
active and passive process from the point
of view of the animal?

Yes, 1 seem to have used a misleading
categorization for the trophic differences
between umussels and sea scallops. My aim
was to bring out the essential differences
between them. Mussel feeding currents
produce a significant drag on currents and
they can pull in seston from a few centi-
meters away, although within the turbulent
boundary layer. Mussels are densely packed
in suitable places and thelr aonual
population production per unit area is a
function of tidal curveant speed. This
contrasts with scallops in which the
distribution 1s sparse, production does
not appear to be a functicon of curvent
speed, and they cannot pull in seston
passing near them.

I question the whole ldea of mass
transport limitation and depletion for
specles such as oysters and mussels.
Where is the evidence for depletion?

Wildish and Kristmanson have just
completed experiments with blue and horse
mussels which demonstrate that depletion
can occur. Marcel Fréchette was planning
to talk about intertidal blue mussels (see
p. 14). He also observed depletion above
2 natural mussel bed ar certain stages of
the tide.

1t ds clear from the wery Iintensive mussel
raft gulrture at Rias de Galicla, N.YW.
Spain that growth is always greatest on
the up-current side of the rafts.

In this work the densities of mussels ware
very high.

in my experiments too, mussel densities
were high, of the order of 1000-2000/m4.
Although field densities, particularly of
young mussels, could be much higher than
this (~ 10,000 mussels/m?).

Mussels seem to be very poorly adapted, as
far as food competition goes. Because
they can only settle af metamorphosis on
the byssus threads of other wussels, they
practice gregavious setflement. Thix
produces wvery dense beds, which seems to
be counter—adaptive.

©F

To the contrary, 1 believe that the

trophic strategy of wmussels is to lncrease
the turbulent supply of seston to the bed
by increasing bed roughness. Cur
speed also affects turbuien %upply Of

correspondence between condition fact@r
and tidal current speed.

Do you thisok that the hydrodynanmic
advantage of a dense mussel bed outweighs
the disadvantage of depletion and what is
the extent of the advantapge in terms of
anhanced capture of particles?



RHOADS

KRISTMANSON

WILDIsH

24

in a thesis by Jennifer Smith at the
Uniwersity of Georgia, capture gfficiency
increased as the density of mussels
increased. Using fibreglass wmodel mussels
of the same size and rvoughness as the live
she was able to measure the seston
coefficients.

ones,

supply

1f you increase the roughness you should
increase the food supply available to
suspension—feeders. This appears to be
important to mussels; its application to
sea scallops is another matter.

Two interacting factors are lpvolved in
answering .Jon Grant's guestion. One is
the turbulent mixing brought about by
vaelocity and roughness of the sea bottom.
The second Is the relationship between
seston concentration at which the
population can just maintain itself,
e bulk seston concentration. If
atter is 1000 times the former there is
ao mass transfer limitation, but 1f the
difference is small there may be mass
transfer limitation and the rate of supply
of seston can be increaszed by increasing
velocity or roughness.

and

the

£

et

The direction of the regulired changes
appears to be all wrong. BSea scallops
ought to be gregarious and active pumpers.

never form dense beds,
ufilizing roughness as
seston supply.
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of increasing
Because wmussels can draw seston from soums
digstance above the sediment-water
interface, theve Is ap advantage o belng
gregarious whereas scallops which cannot
pump in this way face a lower food
supply.

iispute your first poini: the mussel

d
pulation creates & rough bottom fo
wrease the depth of the boundary layer;

it all te be utilized. The scallop does
appear to use the same strategy: it
esses into the sedimeant, thus veducing
g, 1t must use a different, but
nt wnknown strategy.

STUART

WILDISH

pi

VOLCKAERT

WILDIEZH

NEWELL

WI1LDISH

In the case of wmussels isn’'t predation
important?
The aim of my work was to evaluate tidal

current speed as one factor controlling
growth and production of mussels, but
there are certainly a number of factors
involved {(see Wildish 1977, Helg. wiss.
Meeresunters. 30: 445).

Is there any field evidence of a
relationship between current speed and
suspension-feaeding animal density?

Yes, for example Cooper and Marshall
(1963). Chesapeake Seci. 4: 126, showed
that in the bay scallop density was higher
where curvents were higher. The Ilncreased
density was correlated with a lower con~
dition factor, suggesting the possibility
of food limitation. Our data {¥Wildish and
Peer 1983. Can. J. Fish. Aquat. Sci. 40:
309) from the Bay of Fundy for horse
mussels also shows 2 positive relation
between current speed and production or
density.

There might be corvelation between current
speed and suspension—feeder density but is
it due toé food avallability or because the
sediment type is unsuitable in that area?
L did try to bring this out
that there are some areas

predict miissels

in my talk
where 1 would
would be present in large
numbers, but in fact aren't, due to excess
erosion at high current speeds and excess
deposition at low curreant speeds.
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A MODEL OF FACULTATIVE SUSPENSLON-FEEDING BY SPIONLD POLYCHAETES

D. K. Musgchenhein
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Humerous deposit~ infaunae are
facultative suspension feeders under certal
conditions of ti@w and pa
Studies of spion and terebellid polychaetes have
confirmed the lmportance Of suspended mattier
concentrations in the feeding of these anin
There is litile k

ticle concent

own, however, about th

scale dynaml of particle motion, in
relation to the types of particles under
different flow regimes, as well as potential

food quality.

4 simple numerical model has been constructed
igate potential enhancement of near—bed
particle concentyations due tfo localized hydro-
dynanic effects of polychaet . Upstream
concentrat Lon adients of wvavrious particle types
i quatlion are introduced lnto a
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-dimensional model of the JO“ED{K&“% flum field.
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ct and optical sampling techniques will
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be measured by a heated

Particie type and bulk

controlled by recirculation to

model and its aﬁﬁk”pti@ﬂﬁ a flume
c

lent

Addirional experimenis ocug on splonid

i under conditions of scent versus rapid
and the quality (C:H ratio) of food ingested
se different vegimes. The aim i3 to
produce an opiimization wmodel for the "swi*ﬁhing”
behavior between deposit— and suspension—feeding
modes. Presumably this is a function of the zmount
of easily resuspended detvitus with high organic
contant fto the amount of suspended inovganlc and
refractory material. Such a “wheat-to-chaff” ratio
may well be optimized at some intermediate flow
velocity. The point {or range) in the tidal cycle
wheve this parameter is optimigzed has imporfant
implications for the timing of feeding of many

bent ganisms, as well as theilr demersal fish
predators,

<

WILDIRH Do you kuow what causes s yens ion-
feeders to swltch Lo deposit feedir

MUSCHENHEIM Taghon and
splonids the switch was in response 1o a
changed concentration of particles rather
than current speed. 1 observed

umars found that in

spionids deposit feed BELm
responsive to the guality "Ttiv?e%
available. Thus, as the sad nt around

their tube becomes depleted KQM they
withdraw into it and await something
better. 1If a pulse of detritus reaches
them they respond by resuming feeding. 1
suspect that thelr vesponse is triggered
by a chemosensory cue. My alm is to
develop an optimization wodel for

predicting feeding behavior as a
of the quality of food. 1 assume that

the lower density POM is wmore easily
resuspended and laterally transported
than inorganic sediment paviicles. Then
at some point on the tidal curreant curwve
the splonild will decide whether the wheat
{=POM) to chaff ratio is satisfactory for
suspension feeding.

WILDISH Presumably the switcbing point is related
to the energetic benefits of filter
feeding versus deposit feeading?

CHENHEIM Jumars and his group at Washingbon have
been looking into the energetics of
deposit feeding.

RHOADS Tour model is based on the splonid tube
as a roughness element. What happens if
you have a much more densely packsed tube
bed, so that vou ancountered tubes every

Z2 or 3 diameters?

25:.

TUSCHENHEIM My model holds only for tube densities
of less than 1/12 of the plan area. The
hydrodynamic situation is one of 2 smooth

flow with isolated roughness elements

RHOADS Maybe there are different adaptive
strategies for low density and high

a3
density tube fields.

GRANT

Many people consider that the selection
of food particles im sus; ; i
tube-living polyvchaetes fo 3@ dependen
on the properties of the par i

you think that particle se
a function of the hydrodyn
of the tube?

.




MUSCHENHEIM Adjustment of the height of the tube
could have something to do with that.

GRANT Can tube height be adjusted by the worm?

MUSCHENHEIM Most polychates permanantly adjust the
helght of their tube depending on the
local flow regime. The height achieved
is a compromise between the advantage of
protruding high into the boundary layer

27

where seston supply is richer wersus the
possibility of the tube being eroded by
the current.

Another polychaete has a collapsible
mucus/sand grain tube held in place by
the turgor of the worm’s body when it is
feeding. At rest the tube becomes
collapsed on the sediment.
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DEDUCING DYNAMICS FROM STRUCTURE USING IN SITU REMOTE IMAGING
(rEMors™ gysrimn!

by

D. C. Rhoads

1a complete account of this work has been published in Mar. Hcol. Prog.

Ser. §: 115-128.
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A benthic successional model allows Interpre- WILDISH
ration structures oaserveé in sediment profile
images. From these siructures, Lempor and spatial
changes can be deduced in both benthic habitat and
its associated fauna. The instrument used for RHOADS
in situ remobe wmonitoring is the Rhoads~Cande
bwalie photographic camera or its updated version
the video REMOTS {Remote Ecological Monitoring Of

The Seafloor) system.
been used
gradient in derzdgan%
monitor
dynamics ix
The abilit
patterns of

faunal

system

activicies
detecting
of outer

ROFF

ROFY

RHOADS

change
the Thimble 1
1 discuss the

Sediment profile lmaging has
2rize an estusrine pollation
£ Bay, Rhode Island, and to
t’ on benthic faunal

to characte WILDISH

er
EfE
i

the "August Effec
n New H&ven iarboer, Connecticut (USA}.
of the fiie camera to rapldly map

ceailnor disturbance and subsequent

is Gesgribed for a 1.5 mi” aves near
slaaﬁs, Long Island Sound, Connecticutb.
po
i

ential application of the REMOTS

for eff L' nt monitori dredge—gpoll RHOADS
and as a reconnalssa mapping tool for
change benthic habitats in the region
continer ielf driiling flelds.
DISCUBELION
WILDISH

of evidence do you have for the
of macrofaunally induced
gardens and what advantage does

sver surface decomposition?

ave used a

tubes contal

: wvad in a tiwe

learn about microbial

rates. The numbers of bacterial

produced per unit time are greater

biloturbated sediment than ip

] 211 the macrofauna RUOADS

are present th& n cw millimeters of

sediment surface. Enhanced bacterial

-over rates in ELNER
diments have also been

y ATP, dehydrogenase, and

casurements., The

labile components of the organic

etabolized rapidly at

surface. The reason that

depth is to metabolize,

icroblal enzymes, the

zotory organic matter. Some of

le matter remaing and becomes

2,  What iz of interest fo the
eclogist is the evolution of these

“faqu} 8Y & s because they did aot

:xist before the Silurian when vascular
plants first appeared and refractory
—aavular plaat detritus entered the

shore marine enviropment for the first

pime. ELNER

coloni~

1y

RHOADS

r input

ELNER

RHOADS

near

With marine macrophytes you would expect
to find phenols and polyphenols.

Yes, but the influence of these compounds
on detritus feeders has not been
determined wet. This work is just gettiog
under way and one of the first things to
do is to search for some morphologicsal
evidence of vascular plant detritus in
feeding pockets {i.e. rejecta) using
scanning electron microscopy.

RHOADS

Is there any experimental evidence that
capitellid polychaetes are attracted to =
anoxic sediments?

Yes, Capitella capitata larvae are
attracted by sulfides as shown in recent
21

work by Carme Cuomo {submitted to J.
Bicgeochen. )
The kinds of climax, macrofaunal associas—

energy environments
undy are guite differeant

tion found
like the

from bioturbating ones of
Low nts that you describe.

1 would e rhis would lead 1o
different resulis with the sediment-water
interface photograph

When you move fram one
provines to ano
hydrodynamic regi

differences and the
technique has Lo be 1
truthed in the G

refore the REMOTS
nltially ground-

5

The tidally impoverished macrofaunal

saociation recently described {(Wildish

and Kristmanson 1979, J. Fish. Res. Board

Can. 36: 1197, and Wafﬂ ck and Uncles

1980, Mar. Becol. Prog. Ser. 3: 9) is

characterized by a few hardy deposit-

feeders such as the sand dollar, .
Echinarchnius parms, whilch is

mor?hoiﬁgi“ ly adapted to resist

erosion.

There seemad to be a stage 1 successicn on
the most polluted dredge spoil material.
Did that surprise you?

Lt pleasantly
Corps of

Engloeers.

looked at

Have vy
colonization of

Yes, in clean sedim ary material the
redox poteniial discontinuity
depressed by bloturbational pumplng at a

te of 300 pm/d compared to 200 pm/d in
the most polluted ‘dblack mayonnaise’
spoil.

%0 the clean sand was colonized by
macrofauna?

The pioneering polychaete which appeared
on the sand spoil was of the family
Oweniidas where yonnaize’
colonizer was of the Capirellidae.

1 have followed a small experimental dump
of 100 m3 of silt/clay spoil in Halifax
Harbour for o r now., The spoil
seems o be very poorly colonized by
macrofauna, certalnly not by the dramatic
community changes that you described.

One needs a 300-um sieve in order to
collect piloneers. They have been missed
in many studies which used a 0.5~ or
1.0-mm sieve wmesh.



NEWELL

RHGADS

Do you have any recommendatlons about how RHOADS
to go about dumping to minimize

environmental disturbance?

I have written some recommendations

(Rhoads et al. 1978, Disturbance and

Production of the estuarine seafloor. Am.

Sci. 656: 5773 on this subject. 1 suggest

capping contaminated spoil with clean sand

and avoid disturbing with another disposal
operation for at least 1 yr, because with
this distrvubance fregquency a pioneer
macrofauna will attain peak production.

1f vou dump at a freguency much less than
1 yr there will be a time delay before It
reaches its maximum production vate agaln.
This view utilizes Ddunm’s concept of a
pulse stability.

You would presumably have preferr
the dumping occur on the sandy ar
Long Island Sound?

ed to

The spoll matecial went to two sites; one
uncapped, which is the story I presented

in my talk, and the other to an area where

it was capped. 1n the latter case, which
I did not mention, the contaminated 'black

mayonnaise’ spoil was covered with
cm of sand very successfully. Two
disposal strategies can be used:
containment within a capped mound, which
is what has been done since 1973 in Long
island Sound, or dispersion which involves
placing the spoil on a net erosional
botiom and from where it is washed away
and dispersed. The cholce in a particular
case may be dictated by the gquality of the
spoil material. Relatively clean material
may be appropriate for dispersal over an
extended period of tiume.

up Lo 5
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QUANTLTATIVE PHOTOGRAPHY 1IN BENTHIC STUDIES ~ TIME-SERIES
AND STEREOGHAPHIC TECHNIQUES

by

U. Lobsiger



Benthic investi fhe
common applications of underwater photogr:
Cameras mounted on sleds, suspended from
or attached to rigidly moorad structures
vigually document life on the ocean f{loor. Photo-
graphs can used for descriptive Ilnterpreration
or, if a number of physelical constrainis are itaken
into account, they allow a guantitatlve Image
evaluation.

gaiions are among

vxdrowires,
to

s

are use

he

The tranpsmission of light in sea water is

influenced by attenuatlon, due to abseorption and
scattering. In
illumination,
gquallty.
ob*ect and
ilm ivPa de

S8

the oz of artificial object

these processes diminish the picture

The geom ¢ arrangement between camera,
flash, aud the choice of flash output and

termine the image clarity. Optimal

for specific waters yleld minimal

coulbts worsening and contour spreading. The

efract ffects associated with the transfev of
light frowm the objiect space in water to the lmapge
space in air {the film plane in the camera, enclosed
in a pressure housing), can be compensated for by a
number of measures. We are now testing fully

water~corrected optics (90
angle BLCAN C 24U, by
evaluate their suitability
applications.

degrees diagonal wide—
Ernst Leltz Canada}, to
for photogrammetric

lens

T ime—
to hours ¥
benthic anip

t

images with intervals from seconds
nformat ion about the behavior of
in & gualitative sense, about

and,

productivity and energy relationships. During a
winter survey of an Arctic inlet, considerable
lateral and vertical wmovement of brittlestars has
been documented. During a wmove recent investigation
of epibenthos in the Browns Bank area, sediment
ransport of a sandy substrate was observed within

of a few minutes.

a
12 span

i
rh

de of stereographic photography of

are largely derived from aerial
chniges. The theoretical background
ctohed and examples of the evaiuation
features are presented. A proposed
quantitative sterophotography with
capabliliicies and versatile
discussed.

for
long-term deployment
electronic contvol options ls

MUSCHENH

MUSCHENHEIM

LUBSIGER

WILDISH

LOBSIGER

BIM

DISCUSSION
Is the amount of resoluticn limited by
the amount »f overlap present in serial

photogrammetry?

Yes, and thls Is dependent the
specific lenses and the stereccomparator
or digitizer system that is used. For
the Leitz lenses and digitizer system I
am using the basal height ratio is 0.6.
The vertical resclution at 60 cm above
the sediment and with a field of view of
0.6 x 0.45 should be 1-3 mm.

i1

Is lateral resolution independent of
separation?
The lateral resolution depends on the

leng properiies. lenses 1 am using
were designed by Leltz for the U.5. Havy
to reduce aberration In sea water
particularly the edge distortion present
in deep-sea photographs. My company is
the first to use these commercially a
we have lens series numbers 49 and 50.

So you think that the system you are
designing will provide useful blological
information for, say, a tube-living
amphipod of 8-mm length?

Yes, that Is within the capability of
this system. However, the practical
results depend on a number of factors in
addition to those mentloned above, for
example, film type; it may not be
possible to use color film; and leas
type; it may be cessary to use a
macro-type lens only available in 70 nm
size, for the closeup work. All of the
factors must be just right together to
produce high quality cLa&e&p photographs

of use in beunthis bi

BESE



Speakers at the 5t. Andrews Biological Station's 75th Anniversary Beanthic Workshop. From left
r
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