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ABSTRACT

Hargrave, B.T. (Ed.) 1978. Geochemical and Biological Observations
in Intertidal Sediments from Cobequid Bay, Bay of Fundy,
Nova Scotia. Fish. Mar. Serv. Tech. Rep. 782: 43 pp.

Physical-chemical properties, plant pigments, macrofauna
biomass and elemental flux were measured in sediments collected on
one occasion along an intertidal transect in Minas Basin, Bay of
Fundy. The data permit comparison of structural and process-related
features which are seldom observed simultaneously in benthic
ecological studies. These features may be quantitatively in dnter-
related and reflect effects of water motion at different levels of
the intertidal zone.

SOMMAIRE

Hargrave, B.T. (Ed.) 1978. Geochemical and Biological Observations
in Intertidal Sediments from Cobequid Bay, Bay of Fundy,
Nova Scotia. Fish. Mar. Serv. Tech. Rep. 782: 43 pp.

On a mesuré les propriétés physico-chimiques, les pigments
végétaux, 1a biomasse de 1a macrofaune et le flux élémentaire de
sédiments préléves en une seule fois 1e long d'un transect intertidal
du bassin des Mines (baie de Fundy). Les données recueillies
permettent de comparer des caractéristiques structurales et des
caractéristiques ayant trait a des processus, qu'on retrouve peu
souvent ensemble dans les études de 1'é€écologie du benthos. 11 se
peut qu'il y ait corrélation quantitative entre ces caractéristiques
et qu'elles traduisent des effets du mouvement de 1'eau 3 différents
niveaux de Ta zone intertidale.












predominantly fine sand and mud, although a
compact subsurface layer existed below 4-6
cm. The surface layer of sand, with a high
water content, was even thinner (1-2 cm) at
station 3 which was located parallel to the
end of the wharf. Fine sand predominated
at subsequent stations along the transect
(4-8) with the presence of small ripples
increasing with distance from shore. The
two lowermost stations (9 and 10) consisted
of medium to coarse sand intermixed with
gravel in large (30 cm) sand ripples.

No information concerning ground
water flow through the intertidal area
was obtained, but the nearby exposed
rock outcroppings indicate that the water
table must be near to the surface. Fresh
water from the stream may also flow over
the area following heavy rain. This
runoff would affect the lowermost portion
of the intertidal zone where the stream is
shallow and there is a tendency for delta
formation. The influx of freshwater may
also be increased in this area by ground
water seepage. Considerable variability
of salinity in interstitial water
probably occurs both horizontally and
vertically over the intertidal area.
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METHODS AND OBSERVATIONS

1. PHYSICAL-CHEMICAL PROPERTIES
OF SEDIMENTS
la. Grain Size Analysis (K. Kranck)

Methods

Grain-size analysis was carried out
on inerganic fractions of surface sediment
from eight stations along the transect, an
upper beach station near MHW and suspended
sediment in the creek and in water collected
during the flood tide. These samples of
suspended material were analyzed for
natural (flocculated) as well as inorganic
deflocculated particle size distributions.

A model T Coulter counter was used
for the grain-size analysis using the basic
counting and calibration techniques for the
model B and modified as necessary for use
with the later model (Sheldon and Parson,
1967). Latex beads (3.49 pm) were used
for primary calibration of the small
Coulter counter tubes and pollen grains
and shrimp eggs to cross-calibrate the
larger tubes. The instrument used was
modified to read volume concentrations
directly (Sheldon, 1973).

The suspended particulate matter was
analvzed within 24 hr of collection.
Freshwater from the creek was diluted
with 3% NaCl to make the sample electrically
conductive. Inorganic grains were measured
using the same counting techniques, but
sampies {(from a known volume of water)
were first filtered, then ashed and re-
suspended in saline solution (Kranck, 1975).
Filters were weighed to obtain the dry
weight of total suspended particulate
matter. Size and concentration of particles
between 1 and 100 um were measured and the
results plotted as particle spectra showing
the equivalent spherical diameter of the
particle volume relative to concentration
in parts per million {ppm).

Surface sediments (upper 0.5 cm) were
collected by spatula from cores taken at
various stations. Samples were dried at
less than 60°C and ashed in a low
temperature asher {Tracerlab LTAG600)} to
remove organic material without altering
mineral structure. A small subsample of
the ashed sample was weighed in a beaker.
About 10 mil of 35% glycerine-water
solution was added, the suspension ultra-
sonified to break up flocs and aggregates
and then diluted with 2000 ml glycerine
soiution in a large round bottom-beaker.

A modified Coulter counter glassware unit
was used to handle this large volume of
sample suspension in a sufficiently dilute
solution and to keep sand grains suspended.
A large stirrer with an electrically
isolated power supply and a large sample










































the protective cap removed was used to
gently mix water until stabilized measures
of concentration were obtained. Temperature
was also recorded with the YSI meter before
and after incubation.

Water volume contained over sediment
was determined by measuring depth to the
nearest millimeter with a plastic ruler
held against the inside surface of each
core. MWater volume was estimated by
multiplication of this value (in
centimeters) by 25.5 (the cross-
sectional core area). The accuracy of the
method was verified by comparing these
measures with actual volume of water
decanted. Values were never different by
more than 2 ml (a maximum error of 8% for
the minimum volume enclosed in cores,

25.5 m1). Cores were removed by shovel

and placed in individual plastic bags after
water volume had been measured. These were
subsequently sieved (0.5 mm mesh) for
enumeration of macrofauna.

Cores were placed in situ on May 11,
1977 between 1145 and 1230, and removed
between 1400 and 1500 (average of 2.2 hr
incubation). A Belfort pyrheliograph was
used to record incident solar radiation.
The weather was overcast with showers, and
average radiation during the incubation was
0.3 g-cal cm~Z min-! (variable between 0.25
and 0.37 g-cal c¢m-2 min-1). Thus, a total
of 40 g-cal cm-2 was received over the
average incubation time. Total radiation
for the day was approximately 96 g-cal cm-2

Total concentrations of dissolved
oxygen present in water in cylinders before
and after incubation were calculated.
Cganges were expressed on an hourly and per
mé¢ basis to estimate mg Oz m-2hr-1 produced
or consumed. This permitted gross oxygen
production to be calculated as the sum of
net oxygen production (in light cylinders)
and oxygen uptake (in dark cylinders)
{(Hargrave, 1969). The assumption that
processes involved in oxygen uptake
{chemical oxidation and total community
aerobic respiration) proceed at similar
rates in the Tight and dark needs to be
emphasized,

Results and Discussion

Differences existed between the three
stations both in terms of the absolute
amounts of oxygen flux and the relative
importance of production and respiration
(Table 8). Both gross and net primary
production were highest at station 2,
whereas oxygen uptake was greatest at
station 3. Variability was higher among
replicates of cores exposed to the light
than for the dark cores, possibly
indicating patchiness in distribution of
epibenthic algae on the sediment surface.
It is also possible that increased
abundance of macrofauna (or meiofauna
which were not enumerated) in particular

1¢

cores could cause excessive oxygen
consumption, but differences in numbers

of macrofauna between cores were not

clearly related to discrepancies in measures
of net oxygen production (Table 8). Total
numbers and biomass, however, were highest
at station 3. This was the only station
where no net oxygen production was measured
when cores were exposed to the light.
Macrofauna respiration could account for a
significant fraction of oxygen consumption
by sediments at this station., This
contrasts observations that macrofauna
respiratory demands usually contribute
1ittle to total oxygen uptake in undisturbed
sediments (Pamatmat and Banse, 1969}.

Measures of oxygen production and
consumption by sediments were calculated in
terms of carbon to facilitate comparison
with other determinations assuming PQ = 1.0
and RQ = 0.85 (Strickland and Parsons, 1972)
(Table 10). Values of carbon flux calculated
in this way may not be accurate estimates of
true primary productien by epibenthic
algae or total community metabolism, but
the measures are useful indicators for the
amount of organic matter produced or
oxidized in sediments (Parsons et al., 1977).
Cadée and Hegeman (1977) reported rates of
epibenthic primary production {146 method)
between 10 and 60 mg C m-2 hr-1 (assuming
a 12 hr day) on intertidal sandflats in
the Dutch Wadden Sea during May. If higher
levels of light had occurred during the
incubation in the present study, comparable
production rates would probably have heen
measured.

References

Cadée, G.C. and J. Hegeman. 1977.
Distribution of primary production
of the benthic microflora and
accumulation of organic matter on a
tidal flat area. Balgzand, Dutch
ggdgen Sea. Neth. J. Sea Res. 17:

=47,

Hargrave, B.T. 1969. Epibenthic algal
production and community respiration
in the sediments of Marion Lake. J.
Fish. Res. Bd. Canada 26: 2003-2026.

1975.

Pamatmat, M.M. In situ metabolism

of benthic communities. Cah. Biol.
Mar. 16: 613-633.
Pamatmat, M.M. and K. Banse. 1969.

Oxygen consumption by the seabed.
I[I. In situ measurements to a depth
of 180 m. Limnol. Oceanogr. 14:
250-259.

Parsons, T.R., M, Takahashi and B.T.
1977. Biological Oceanographic
Processes. Pergamon Press, Toronto.

Hargrave.

17
















































on the basis of particle size alone would
be expected from the commonly observed
inverse velation between grain size and
organic content (Longbottom, 1970;
Hargrave, 1972a).

Organic carbon and nitrogen measured
in sediments in the present study are
similar to observations in other inter-
tidal areas for sediments of comparable
particle size (Longbottom, 1970; Cadée
and Hegeman, 1977). Highest concentrations
of organic matter in sediments from station
3, however, were not in sediments
containing the smallest median grain size
and no simple relationship between
inorganic grain size and organic content
existed., Samples with a similar median
grain size contained am order of
magnitude different amounts of organic
carbon, although variation in total
organic matter was less (Table 19). Also,
differences in organic content with depth
in cores were not clearly related to
differences in the relative proportions
of fine and coarse sand (Tables 2 and 4).

Grain size analysis indicated that
all samples contained some fine sediment
(Fig. 25. Thus, comparison of organic
content on the basis of median grain size
alone could be misleading, since organic
matter cculd be present in this fine
fraction as well as in substantial amounts
as detritus and macroscopic debris. Large
decreases in organic carbon without
substantial changes in median grain size,
implies that the distribution of organic
matter in these sediments is not
necessarily dependent on the inorganic
grain size distribution. Sedimentary
organic matter may be present in a
variety of particie types, and not only
?dgggbed to inorganic surfaces (Johnson,

9 :

The distribution and concentration
of major and trace elements in sediments
along the transect, on the other hand,
does reflect the inorganic grain size
distribution (section lc). With
increasing sand and silica content,
aluminum and heavy metal concentrations
decreased (Fig. 5). This would be
expected since trace metals are probably
bound in lattices of aluminosilicate
minerals. Thus, as Si02 (quartz) content
increases, these minerals decrease in
relative proportion.

Physical processes, which control
patterns of inorganic particle
sedimentation thus,.directly control the
distribution of major and trace elements
in these sediments, Biological processes
may also affect inorganic grain size
distribution. Suspended sediment in flood
tide water contained flocculated particles
with similar proportions in all size
categories up to 16 um (Fig. 2). While

these particles were present in all surface
sediment samples, their abundance in
intestinal contents from Mucoma was
approximately double that in surface
sediment (Fig. 3). If grinding in the
stomach increases numbers of small
particles, Macoma feces constitute a supply
of material which is not only copious in
volume (Risk et al., 1977; Yec, 1978) but
also of a size which is easily resuspended
and maintained in suspension by turbulence
(section 1a).

VERTICAL STRATIFICATION AND
SEDIMENT STABILITY

Variations in vertical profiles of
texture in cores from different stations
imply non-homogeneous conditions of
deposition with 1ittle mixing after
settling at stations 1 to 3 ?Table Zz)s
Vertical heterogeneity in particles > 53
diameter is considerable over 1 cm depth
intervals. More uniform profiles at
station 5 imply more extensive mixing of
surface sediment at this station. While
oxidation-reduction potentials cannot be
interpreted unambiguously (section 1b),
profiles of Eh with depth show distinct
gradients (Fig. 4) which imply that if
resuspension and physical reworking does
occur in upper intertidal zone stations, it
must be restricted to surface layers 1 to
2 cm deep.

um

Profiles of dissolved nutrients in
sediment pore water also demonstrate changes
with depth at some stations which imply
that extensive mixing with overlying water
does not occur (Fig. 9). Concentrations of
dissolved phosphorus and silicate at
stations 3 and 5, however, did not change
consistently in the upper 5 cm of sediment
(Table 6). This might be expected in sandy
sediments which are well drained. Vertical
profiles of organic carbon, nitrogen and
plant pigments also showed near-surface
stratification which was reduced at
Station 5 (Fig. 8 and 12).

Comparison of concentration and
composition of particulate organic matter
also implies that mixing between surface
layers of upper intertidal zone sediment
and material suspended in water in
Cobequid Bay occurs (Table 20). Although
concentrations of carbon, nitrogen and
plant pigments in surface sediments at
stations 1 to 3 were the highest observed
along the transect, values are approximately
50% of those in suspended material. The
nature of the organic matter is similar,
however, with comparable carbon:nitrogen
and carbon:chlorophyll ¢ ratios. Since
higher values of the ratios occur in
subsurface sediments at these stations,
but comparable or lower values were present
in surface sediments from the lower
intertidal zone (Fig. 7 and 11), it may be
inferred that particulate organic matter in
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Despite these methodological problems,
comparison of average oxygen production and
consumption rates show that net oxygen
production exceeds consumption on an hourly
basis at stations 1 and 2 but not at station
3 (Table B). This reflects high rates of
oxygen uptake at station 3. Numbers and
biomass of Macoma and Nereis in cores from
this station were also maximum (Table 9)}.

If carbon flux is calculated on the basis
of these measurements of oxygen exchange,
respiratory demands by macrofauna and
other organisms at this intertidal station
exceed the carbon supply by epibenthic
primary production (Table 10). The
imbalance occurs at stations 1 and 2 as
well when it 15 realized that primary
production can only occur during daylight -
hours while respiration continues during
both the day and night.

Measurements of production and
community respiration carried out over
short periods during a full 24 hr are
required to quantify relationships over
time (Hargrave, 1969). However, if diel
periodicity is similar at different
intertidal levels, the assumption that
rates of respiration observed are constant
over 24 hr allows comparison with measured
rates of primary production. If day length
is taken as 10 nr, daily gross epibenthic
primary production and community respiration
on the sampling date are approximately
balanced at stations 1 and 2 while
respiration exceeds production by an order
of magnitude at station 3 (Table 10). Higher
levels of solar radiation than occurred on
May 11th would have increased epibenthic
primary production. Thus, time-averaged
production and respiration at station 3
could also be balanced,

Organic content and plant pigment
concentrations in surface sediments from
the three stations, which were not
significantly different (Tables 4 and 13),
give no indication of the relative
importance of supply of organic matter
from epibenthic primary production and
other sources (dissolved and particulate
debris). The similarity in concentrations,
however, might be expected if the rate of
utilization (by aerobic and anaerobic
metabolism) was adjusted to the rate of
supply. This seems to be a feature of many
benthic communities where oxygen supply
and periodic physical mixing ensure
efficient degradation of organic matter
(Parsons et al., 1977). The low carbon-
specific rates of biological respiration in
sediments from the upper intertidal zone at
Anthony Park (Table 11) further illustrate
2 rapid turnover with little accumulation
of metabolically labile organic material.
The refractory nature of the organic matter
would also explain the lack of significant
changes in organic carbon or nitrogen
content in sediment held in the laboratory
for 13 days (Table 7).

The net flux of dissolved inorganic
nutrients between sediments and overlying
water may be either as an uptake or
release., Both the direction and magnitude
of these rates indicate the degree to
which sediments serve as sources or sinks
for nutrients. In a steady-state
condition, rates of regeneration,
utilization, diffusion and mass transport
of dissolved nutrients across a sediment-
water interface are balanced with no net
flux. This appears to be the case for the
transfer of soluble reactive phosphorus
between sediments and overlying water at
stations 1 to 3 at Anthony Park (section
3d). Significant depth-related increases
in dissolved phosphorus concentration
existed at all stations (Fig. 9) yet no
measurable release occurred. Uptake of
phosphorus by actively growing epibenthic
algae in surface layers of the sediment
could prevent release due to upward
diffusion.

It is unclear, however, why a similar

tack of release of dissolved silicate did
not occur. Vertical gradients of
increasing silicate concentration,with
depth in the upper 2 cm of sediment, were
?reater than those of reactive phosphorus

Fig. 9). Also, oxidation-reduction
potentials may have less effect on the
solubility and distribution of dissolved
silicate 1n interstitial water than is the
case for phosphorus (Mortimer, 1942; Khalid
et al., 1978). The diffusive flux of
phosphorus through an aerobic/anaercbic
interface within sediments can be prevented
by the presence of an oxidized surface
layer (Hayes, 1964), while dissolved
silicate remains in solution. Unlike
siiicate, uniform concentrations of
reactive phosphorus occurred in the upper
2 cm of cores (Fig. 9) where redox
potentials were always above +350 mv

{(Fig. 4). Thus, both stratification of
surface oxidized sediments and utilization
by epibenthic algae may determine the
concentration of dissolved phosphorus
released from these sediments.

RELATIVE AMOUNTS OF ORGANIC MATTER IN
EPIBENTHIC ALGAE, BENTHIC MACROFAUNA
AND SEDIMENTS

The horizontal distributions of
organic carbon, nitrogen and plant pigments
across the intertidal zone at Anthony Park
show similar trends for all measures.
Maximum values occurred at stations 2 and
3, where carbon:nitrogen ratios were also
the highest and the proportion of plant
pigments as chlorophyll g the least (Figs.
7 and 11). The maximum abundance of
Macoma in these upper intertidal zone
sediments (section 4c¢c) implies that
sediment stability, organic supply and
turnover through Macoma feeding are
closely inter-related and associated with
accumulation of organic matter in the
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sediments of the upper intertidal area.

Comparison of the distribution of
organic matter in sediments and organisms
might further differentiate zonation,
which occurs across the intertidal area.
Macroscopic invertebrates are generally
not included when sediment samples are
analyzed for organic matter. Thus, it is
usually not possible to compare the
relative amounts of organic matter in
sediments (adsorbed to inorganic surfaces,
as particulate detrital debris, micro-
organisms and meiofauna) with that in
macrofauna. Observations from Anthony
Park permit such a comparison.
Measurements of chlorophyll a were
converted to organic carbon (assuming a
carbon:chlorophyll ratio) to estimate
organic carbon present in microalgae.
Calculations of absolute organic carbon
content in microalgae, macrofauna and
sediments were based on a core 25.5 cm
in area and 5 cm deep (an average depth
to which Mgeoma occurs). Sediments differ
in water content across the intertidal
transect and with depth (Yeo, 1978).
Values from 70% to 25% occur in sediments
at Anthony Park and a mean water content
of 50% has been assumed as a general
value applicable te the upper 5 cm layer
at all stations.

Organic carbon in sediments
accounted for 80 to 95 percent of the
total present in sediments, microalgae
and macrofauna (Table 21). Organic carbon
in macrofauna comprised a maximum of 6.6%
of the total at station 3 while the
percent present in microalgae was highest
{(17.7%) at station 8. With the exception
of this station, less than 10% of the
organic carbon was present in the form of
macrofauna and microalgae. Despite the
somewhat arbitrary choice of a constant
C:chlorophyll a conversion factor, and
the fact that non-pigment containing
microorganisms and meiofauna are included
in estimates of organic carbon in
sediments, the small fraction of the
total present in organisms is consistent
with other observations (Dale, 1974;
Cadée and Hegeman, 1977). The bulk of the
organic matter in these sediments must be
present as particulate detritus in the
form of non-living organic debris.

The total organic carbon present
per core along the transect is reduced
by an order of magnitude between stations
3 and 5 {Table 21). The amount of organic
carbon in macrofauna and microalgae is
similarly decreased but their propertion
of the total does not change systematically
with distance along the transect. The
discontinuity is cleariy seen in decreases
in organic content (section 1d) and it
corresponds to a location with increased
heterogeneity in plant pigments,increasing
proportion of pigment as chlorophyll a,
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a decrease in the carbon:nitrogen ratio
and a reduction in fine sand and mud in
the sediment (Fig. 7 and 11, Table 2).

Physical scouring by tidal action
and horizontal currents must increase with
distance down the intertidal zore to
prevent the accumulation of particles
< 53 um (Table 2). Resuspension and mixing
could prevent the formation of
structured epibenthic aligal population
within surface sediments and colonization
by macrofauna. While vertical
stratification of plant pigments occurred
at station 5, gradients were an order of
magnitude lower than those observed in
sediments from the upper intertidal zone
(Fig. 12). However, the small amounts of
organic matter present were enriched with
chlorophyll a (Fig. 11) and had a high
carbon-specific rate of biological
respiration (Table 11). Resuspension of
sediments and epibenthic algae in the
upper intertidal zone could provide a
source of particulate organic matter to the
lower intertidal zone. The concentrations
of particulate organic carbon, nitrogen
and plant pigments suspended in water over
the intertidal zone (Table 7) imply that
such a downslope transport could occur.
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Windowpane
Striped bass
Butterfish

Sea raven

Grubby
Shorthorn sculpin
Lumpfish

Atlantic seasnail
Ocean pout
Rock gunnel

Northern sand lance

Monkfish

BENTHIC INVERTEBRATES Noel Bay, Maitland,

~ iNeSs
1960)

Nereis virens Sars

Balanus balagnoides

Balanus improvisus
Darwin

Neomysis americana
Smith

Jaera marina (Fabr.)

Idothea phosphorea
Harger

Chirodotea eageca (Say)

Chirodotea tuftsi
(Stimps)

Tmetonyx nobilise
(Stimps)

{intertidal) (Bousfield and Leim,

Clam (sand) worm
Rock barnacle
Little ivory barnacle

Mysiid

Isopod
Isopod

Isopod
Isopod

Amphipod

Bathyporeia
quoddyensis
Shoemaker

Calliopus
laeviuasculus kr.

Gammarus oceanicus
Segerstrale

Gammarwus lawrencianusg
Bousfield

Hyale nilssoni

Orchestia grillus
Bosc.

Talorchestia
longicornis (Say)

Corophium volutator
(Phalias)

Corophium tuberculatum
Shoemaker

Unicola irrorata

Crago septemspinosus
(Say)

Pagurus longicarpus
Say

Cancer irroratus Say

Carcinides maenas(L.)

Libinia emarginata
Leach

Aemaea testudinalis

(L)

Littorina

Littorina
0livi

Littorina obtusata L.

Crepidula fornicata L.

Lunatia hercas (Say)

Lunatia triseriata
(Say)

Urosalpinx einereag

Say§

Thtas lapilius L.

Mitrella lunata (Say)

Nagssarius trivittatus
(say)

Ngssarius obaoletus
(Say)

Odostomia trifida
(Totten)

Odogtomia bisutaralis
(say)

littorea L.
saxatilis

Amphipod

Amphipod
Amphipod
Amphipod

Amphipod
Salt marsh hopper

Sandhopper
Amphipod
Amphipod

Amphipod
Sand shrimp

Decopod

Rock crab
Green crab
Decopod

Tortise-shell limpet

Common periwinkle
Rough periwinkle

Smooth periwinkie

Common slipper Timpet

Common moon snail

Three-1lined moon
snail

Oyster drill

Common dogwinkle

Mollusc

Channelled basket
shell

Mud snail

Mollusc

Mollusc

Petricola pholadiformis Rock boring mollusc

Lamarck
Macoma balthieca (L.)
Ensie directus
(Conrad)
Mya arenaria L.
Barnea truneata Say
Teredo navalie L.
Lyonsia hyalina
(Conrad %
Pagndora gouldiana
Dall

Mollusc
Atlantic razor clam

Soft-shell clam
Rock boring mollusc
Mollusc

Mollusc

Mollusc

PELAGIC INVERTEBRATES Cobequid Bay (Huntsman

Leim 1960)

Loligo pealei LeSueur
Acartia tonsa Dana
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ermolajev 1958; Bousfield and

Squid
Copepod








