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ABSTRACT 

Levings, c. D., R. Armour, and N. G. McDaniel. 1978. A trench through mudflat 
communities of macroinvertebrates on Roberts Bank, Fraser River delta, 
B.C. Fish. Mar. Serv. MS Rep. 1501: 51 p. 

This report deals with ecological aspects of macroinvertebrate 
communities and their response to construction of a ditch to bury an electric 
cable across Roberts Bank on the Fraser River delta. Data were obtained in 
monthly sampling over the period June 1975 to April 1976, and more frequently 
when ditching was occurring. Number of individuals and number of species 
showed peaks over the period November to February. Decreases in abundance of 
crustacea (e.g. Corophium spp. (Amphipoda) and Tanais stanfordi 
(Tanaidacea) were documented for autumn months. Concentration of algal pigments 
in sediments (chlorophyll a) reached a peak in November - December. Organisms 
were most abundant in the upper 5 em of cores. A hydraulic jetting device 
was used for trenching in the sand portion of the Banks and a backhoe mounted 
on pads was used through mud. Where.hydraulic ditching was used, numerical 
abundance of macroinvertebrates was depressed for a relatively short distance 
(approximately 10 to 20 m) on the north side of the ditch. Backhoe operations 
resulted in more disruption of habitat and effects were more persistent. 
Biological data, together with visual observations of modified sediment 
distributions, suggest that prevailing tidal currents moved displaced sediment 
north over this portion of Roberts Bank. The construction of the trench 
created microhabitats for invertebrates utilizing algae and vascular plant 
(Zostera marina, Carex Zyngbyei) debris. 

Key Words: mud, benthos, food organisms, sediment transport, tidal currents, 
intertidal environment. 

RESUME 

Levings, C.D., R. Armour, and N. G. McDaniel. 1978. A trench through mudflat 
communities of macroinvertebrates on Roberts Bank, Fraser River delta, 
B. C. Fish. Mar. Serv. MS Rep. 1501: 51 p. 

Le present rapport traite de l'ecologie des communautes de macro
invertebres et des effets qu'a sur ces dernieres le creusage d'une tranchee 
destinee a enfouir un cable electrique dans le bane Roberts, dans le delta 
du Fraser. Les donnees utilisees proviennent d'echantillonnages mensuels, 
de juin 1975 a avril 1976, et plus frequents pendant le creusage. Les 
nombres de sujets et d'especes releves montrent des maximums entre novembre 
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et fevrier. On remarque aussi une diminution du nombre de crustaces (par 
exemple, Corophium spp. (Amphipoda) et Tanais stanfordi (Tanaidacea)) en 
automne. La teneur en pigments d'algues des sediments (chlorophylle a) 
a atteint un maximum en novembre et decembre. Les organismes etaient-plus 
abondants dans les 5 premiers em des carottes. Le creusage des trachees 
s'est fait a l'aide d'un jet d'eau dans les parties sablesuses et a l'aide 
d'une pelle retro montee sur des coussinets speciaux dans les parties 
boneuses. Le creusage au jet d'eau a reduit le nombre de macroinvertebres 
dans un corridor relativement etroit (10 a 20 m) du cote nord de la tranchee. 
Les perturbations de !'habitat causees par la pelle retro ont ete plus graves 
et plus durables. Les donnees biologiques et l'examen des modifications 
apportees a la distribution des sediments portent a croire que les courants 
dominants de maree ont entraine les sediments remanies vers le nord, sur 
cette partie du bank Roberts. Le creusage de la tranchee a cree des micro
habitats propices aux invertebres qui se nourrissent de debris d'algues et 
de plantes vasculaires (Zostera marina, Carex lyngbyei). 

Mots cles: boue, benthos, proies, transport des sediments, courants de 
maree, environnement intertidal. 



INTRODUCTION 

Since intertidal benthic organisms on the Fraser delta feature in food 
webs leading to organisms of commercial and aesthetic significance (fish, birds) 
(Goodman 1975; Vermeer and Levings 1977), information on the effects of 
disruption on these organisms is of considerable interest. 

The present report describes the results of observations made before, 
during and after ditching to bury an electric cable across Roberts Banks on the 
Fraser River delta in southwestern B.C. (Fig. 1). A hydraulic jetting apparatus 
was used to dig through sand on the lower portions of the beach, and a mechanical 
backhoe was used through mud in the upper tidal flats. Biological observations were 
focussed on three major topics: (1) impact of the ditching on habitats (2) an 
investigation of temporal change in the mud flat assemblages (3) a description of 
"small scale" differences in distribution and zonation. The influence of hydraulic 
apparatus used for excavation of commercial clams in Puget Sound was investigated 
by Tarr (1977), and an extensive review of dredging for shell has been provided by 
Bouma (1976). However, no studies have been reported from mudflat habitats in 
British Columbia or on community effects. Basic data on temporal changes in benthic 
communities at the Fraser estuary have not been obtained. 

STUDY SITE 

The study area was located on the north portion of Roberts Bank, near the 
south end of 34th Street in Delta (Fig. 1). Three different sampling patterns 
were utilized: (1) "regular' stations (prefix A and B); (2) "zone" stations 
(prefix Z); and (3) "post-ditching" transects (prefix P, Q, X AND Y). Stations 
labelled A, B, P, Q and Z were all located in muddy substrates about 3.2 mover 
chart datum (O.D.). Transects X andY were at a lower elevation (approximately 
2.0 m) in sand. 

REGULAR SAMPLING 

"Regular" stations A and B were sampled on approximately a monthly 
basis from June 1975 to April 1976 inclusive to determine the composition and 
numerical abundance of the macro-invertebrate fauna with time at an "experimental" 
(A) and "control" site (B). Station A was located in the vicinity of the 
proposed ditch while B was about 100 m to the south. Five replicate samples 
were collected at each station using a metal hand-corer (25 em diameter) forced 
20 em into the substrate (volume 9817 cm3). Samples were obtained within an 
area of about 10 m diameter. Samples were placed in plastic bags for transport 
to the lab. Replicate samples for sediment grain size analyses (250 mL) and 
sediment chlorophyl (5 mL) were also taken using plastic coring devices. 

Several other sampling methods were also employed on an infrequent 
basis at Stations A and B. In June and July 1975, quadrat samples (0.06 m2 x 
2 em deep) were taken (AQ 1-5, BQ 1-5). In August 1975 sampling was carried 
out using the 25 em diameter core where only the top 3 em were retained for 
analysis (AT 1-5, BT 1-5). In September 1975 the 24 em diameter core was 
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used to obtain 20 em deep cores which were divided into four fractions 
(0-5 em, 5-10 em, 10-15 em and 15-20 em layers), analyzed separately. 

ZONE STATIONS 

To examine the vertical distribution of the fauna within the sediment 
column and to determine the differences in the fauna (composition~ abundance) 
of the sediments in channels, on ridges, and on algae-covered ridges of the 
sediment waves, three zone stations (Z) were established. Channel (C), 
ridge (R), and algae-covered ridge (A) were sampled using the 25 em diameter 
core in October 1975. Two· replicates were obtained at each station, these 
were subdivided into depth fractions: 0-5 em, 5-10 em, 10-15 em and 15-20 em 
layers. Samples for sediment grain size analyses and sediment chlorophyll were 
also collected for each zone. 

POST-DITCHING SAMPLES 

To assess the impact of hydraulic ditching on the fauna of the 
sandy sediments at lower tidal elevations, two transects (X andY) were 
established perpendicular to the ditch, 700 and 1200 m respectively from the 
dyke (see Fig. 1). Six samples about 10m apart were taken with a small core 
(8.5 em diameter) forced 5 em into the substrate, on each transect. This 
sampling was carried out in January and in February 1976. Sediment samples 
for grain size analyses and sediment chlorophyllwere also obtained. 

To assess the impact of backhoe operations on the fauna of the muddy 
sediments at higher tidal elevations, two transects (P and Q) were established 
perpendicular to the ditching zone, roughly 500 m and 250 m distant from 
the dyke respectively. Six samples were taken about 20 m apart using the 
small core (8.5 em diameter) forced 5 em into the substrate. Sediment 
samples for grain size analyses and for sediment chlorophyll were collected. 

Access to the sampling area was by means of the road atop the dyke. 
Supplementary qualitative observations were made and photographs taken during 
several phases of the survey. 

LABORATORY METHODS 

BIOLOGICAL SAMPLES 

Core and quadrat samples for macro-invertebrate species composition 
and abundance analyses were returned to the lab and held at 5°C until initial 
sieving could be done (no later than 24 h after collection). Organisms 
were separated from the muddy or sandy sediments by washing the samples 
through a 500 ~ mesh sieve until the fauna and larger bits cf organic debris 
were concentrated. Samples were than fixed in 10% formalin in preparation 
for analysis. 

Since most samples contained very large numbers of only a few species 
(as many as 4 x 104 in a 25 em diameter core, 20 em deep), subsampling by wet 
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weight was necessary in all cases. After subsampling, organisms were 
concentrated whenever possible by elutriation and stained with Rose Bengal for 
a minimum of 24 hours (this stain worked well for all fauna except those with 
relatively impermeable exoskeletons, such as tanaids, cumuceans, and certain 
insect larvae). Initial sorting was carried out using 12X magnification. 
Individual taxa were enumerated, tentatively identified and stored in 50% 
propanol. Identifications were later confirmed using available taxonomic 
literature, although for some groups (Oligochaeta, Copepoda) no attempt was 
made to identify specimens to the species level. 

CHLOROPHYLL .AND PHAEO-PIGMENTS 

Sediment samples for chlorophyll a and phaeo-pigment analyses were 
treated using a photometric technique (modified from Strickland and Parsons, 
1972). Samples were thawed, placed in plastic centrifuge tubes, and stirred 
and ground with 20 ml of 90% acetone for 5 minutes. Samples were then 
allowed to stand for 12 hours at 5°C before centrifuging for 10 minutes at 
7500 rpm. Extinction of the supernatant was then measured before and after 
acidification at 665 nm and 750 nm, using a Carey recording spectrophotometer. 
The centrifuged sediments were wet weighed, so that results could be normalized 
and expressed for 20 grams wet weight sediment for all samples. 

SEDIMENT 

Sediment samples collected for grain size analysis were frozen, 
and have yet to be analyzed. 

RESULTS 

INVERTEBRATES OBSERVED 

A total of 30 invertebrate taxa were detected in the sampling 
(Table 1). Nine taxa (30%) were polychaetes, 6 (20%) were molluscs, and 11 
(36.6%) were crustaceans. In addition, 3 insect taxa (10%, Dolichopodidae, 
Chironomidae, and Tipulidae), a sipunculid (GoZfingia sp.) and a nemertean 
were observed. 

TEMPORAL VARIATION 

·variation in number of individuals at the experimental and "control" 
stations followed similar patterns over the study period. There were no 
station effects as judged by an analysis of variance (F = 0.03; d.f. = 1, 19: 
n.s.). Fluctuations in abundance (log 10) at both stations were statistically 
significant as judged by analysis of variance for temporal effects (Station 
A- F = 8.14; d.f. = 9, 39; p = 0.95; Station B- F = 11,75; d.f. = 10, 43; p = 0.95). 
Peak values (mean of 5 replicates) of approximately 20,000 individuals core- 1 

(equivalent to approximately 407000 m-2 ) were observed in October 1975 and 
February 1976 (Fig. 2). 
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The number of species reached a weakly-defined peak (Fig. 3) in 
winter months, and an analysis of variance for temporal effects was statistically 
significant at both stations (Station A- F = 9.95; d.f. = 9, 40; p = 0.95; 
Station B- F = 7.53; d.f. = 11, 47; p = 0.95). There were no significant 
differences between stations, as judged by analysis of variance (F = 0.07; 
d.f. = 1, 21; p = 0.95). 

Changes in populations of the species composing the assemblages were 
dependent on their life history characteristics, and some inter-station 
differences were evident. At both stations, numbers of Tanais stanfordi, for 
example, reached a peak in August through November (mean values approximately 
2000 core- 1 ) and gradually declined to approximately 500 core- 1 in spring 
(Fig. 4). Manayunkia aestaurina abundance fluctuated in slightly different 
patterns at the two stations. At Station B, two peaks in abundance were 
noted (October, February) whereas a single peak in February was observed at 
Station A (Fig. 5). At both stations, numbers of Corophium spp. reached a 
peak in summer and declined to low levels in winter months (Fig. 6). The 
abundance of Macoma was relatively uniform over the period July to March 
(Fig. 7). 

Temporal differences in concentrations of algal pigments were 
evident at the two stations (Fig. 8). Station B displayed a marked peak in 
November, while maximum values for Station A were observed a month later. 
Another peak in abundance in March was evident at both stations. Trends in 
concentrations of chlorophyll a and phaeopigments were parallel at both 
stations. 

DISTRIBUTION OF ORGANISMS IN CORES 

Organisms were most abundant in the upper 5 em of cores (Fig. 9). 
In samples from the "ridge" zone, abundance decreased in an almost exponential 
manner with depth, whereas in the "channel" and "algae-covered ridge" zones, 
the pattern was less evident. The vertical distribution of Manayunkia 
aestuarina, Tanais stanfordi, Corophium salmonis, Macoma balthica, and 
Oligochaeta showed similar trends in the "channel" and "ridge" zones. On the 
algae-covered ridges, the shifts in abundance with depth were not as clear, 
suggesting that some species burrowed deeper in sediments covered with algae 
compared to "bare" substrate. Abundance data (mean of 2 cores) from the 
replicate samples were subjected to analysis of variance, which showed that 
differences in abundance with depth were statistically significant whereas 
those attributable to "ridge type''' were not (Table 2). 

THE DITCHING OPERATIONS 

In the lower intertidal sector of Roberts Bank, a hydraulic ditching 
apparatus was used to "jet" a trench through the sand sediments characterizing 
this lower zone. This apparatus was floated onto the Banks at high tide, and 
required water depths of approximately 1 m or greater for operation. This 
jetting apparatus worked in our study area (i.e. in the higher elevations of 
the sand zone) during the period January 19 to 23, 1976. 

At sectors that were too high and muddy for operation of the jetting 
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apparatus, a backhoe mounted on pads (Fig. 10) was used to dig the trench. 
The backhoe operation was in progress from approximately March 26 to April 4, 
1976. 

HYDRAULIC DITCHING (Observations on January 24, 26, 1976) 

The ditch created by the jetting operation was approximately 1 m 
deep when freshly dug and the width of the trench was approximately 25 em 
before immersion by the immediately subsequent high tide. Measurements made 
further seaward, where the ditch had been subject to wave action for several 
high tide periods, showed that trench depth decreased to 10 em. The edges of 
the ditch were sharp at the newly dug sector and smooth further seaward, 
indicating that wave action and currents were responsible for re-deposition of 
sand. Reduced (blackened) sediments from below the sediment-water interface 
had been distributed by the jetting activity. At the most recently trenched 
sector, dispersal of blackened sediment had been to the north of the ditch, 
indicating longshore currents were in that direction. A black or grey zone 
about 3 m wide was evident. 

BACKHOE DITCHING {Observations on March 29 [digging in progress]; April 17 
[equipment being removed]) 

The trench dug with the backhoe apparatus was about the same depth 
(1 m) as that dug with jetting but was close to 1 m wide. Sediments were 
disturbed over a wider area, and the total width of the affected zone was 
approximately 25 m. Because these muddy sediments were characterized by 
greater consistency, material dug by the backhoe remained together in large 
"clumps". These cohesive sediments were not as prone to wave erosion compared 
to sand and hence were not re-distributed as rapidly after digging. 

BIOLOGICAL IMPACTS 

HYDRAULIC DITCHING 

The magnitude of decreases in the number of invertebrates at stations 
adjacent to the ditch was different at the X-transect location compared to the 
site of ·the Y stations. At the X-transect, effects were limited to a station 
immediately adjacent (north side) to the ditch, whereas no effects were 
evident at the Y-transect site. 

At the X-transect, mean abundance (4 sampling times) at Station X3 
(within 10m of the ditch) was 746 individuals core-1, compared to 1679 to 
2783 core-1 at the other stations (Fig. 11). A one-way analysis of variance 
for station effects (log10 transformation) verified that differences between 
stations were significant (Table 3). Utilizing the least significant difference 
test (lsd) (Steel and Torrie 1960), the analysis showed that differences 
between Station X3 and stations south of the trench were significantly different 
(95% level). Stations on the north side were not significantly different, 
however. 
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Mean abundance on the Y-transect ranged from 1210 to 2626 individuals 
core- 1 (Fig. 12). There were no inter-station differences as judged by an 
analysis of variance (Table 4). 

BACKHOE OPERATIONS 

Habitat disruption by backhoe ditching affected the abundance of 
invertebrates at both P and Q transects. At both transects, decreases were 
significant at only one station. The stations were on the north side of the 
ditch in both cases. 

At the P-transect (furthest seaward; Fig. 1) numerical abundance of 
invertebrates ranged from 41 (Station P3) to 1834 (Station P4) core- 1 (Fig. 13). 
Differences between stations were significant as judged by an analysis of variance 
(Table 5). Station P3 was the only station where abundance was judged 
significantly different using the lsd test. 

Differences in invertebrate abundance between stations were also 
significant (Table 6) on the Q-transect, the sampling location closest to the 
dyke. Mean abundance of invertebrates ranged from 70 (Station Q5) to 1550 
(Station Q4) core- 1 • Abundance at Station Q5 differed significantly from all 
stations except Q3, as judged by the lsd test. 

IMPACTS COMMON TO BOTH TYPES OF DITCHING 

Hydraulic and backhoe ditching procedures resulted in the exposure of 
large numbers of shells of living and dead bivalve molluscs •. Most were from 
soft-shell clams (Mya arenaria), bent-nose macoma (Macoma nasuta), and small 
macoma (Macoma balthica). 

The depression in the mudflat left after trenching was completed created 
microhabitats for invertebrates utilizing algae and vascular plant debris as 
cover. Observations on several occasions showed that mats of algae (primarily 
Enteromorpha sp.), fronds of eel grass (Zostera spp.), and leaves of sedge (Carex 
Zyngbyei) had accumulated in the trench. This debris provided cover for a 
variety of benthic invertebrates, especially amphipods (Anisogammarus spp.) and 
isopods (Pentidotea sp.). Such aggregations of organisms were most frequently 
observed in the trench dug by jetting. In the sector influenced by the backhoe 
operation, flushing was reduced because of the comparatively high elevation of 
the site. Water standing at low tide was blackened, and appeared to be 
contaminated with sulfides from beneath the sediment. 

DISCUSSION 

TEMPORAL CHANGE 

Temporal changes in abundance at Roberts Bank were moderate compared 
to those reported for North Atlantic mudflats (e.g. Whitlatch 1977) but were 
similar to those observed at San Francisco Bay (northern California) by 
Nichols (1977). Presumably these geographic differences can be related to 
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temperature of the adjacent coastal waters. At Roberts Bank, temperature is 
correlated with day length, salinity, and river freshet, and therefore indexes 
the major driving variables for temporal change. 

Biological factors, especially predation by secondary consumers 
(shorebirds, juvenile fish, and carnivorous invertebrates) are also partially 
responsible for changes. Nichols (1977) speculated that shorebirds (e.g. 
snipe, dunlin) were one of the major sources of biomass loss from a mudflat on 
San Francisco Bay. Since large numbers of these birds also utilize the Fraser 
mudflats, it is likely that a similar situation prevails. Flocks of up to 
20,000 dunlin have been observed on Roberts Bank in early spring (Trethewey, 
personal communication). Juvenile salmonids and other fish utilize prey items 
that become available in the water column when the tidal flats are flooded. 
Coho, chum and chinook are most abundant over Roberts Bank in spring (Goodman 
1975) when high tides flood the mud flats during darkness. Fish activity in 
B.C. estuaries is nocturnal or crepuscular (e.g. Levy and Levings 1978) so that 
invertebrates are being used as fish food during evening or night hours. 

BIOLOGICAL CONSEQUENCES OF DITCHING 

Habitats and organisms in the direct path of both hydraulic ditching 
and the backhoe operation were totally disrupted, but otherwise effects were 
not widespread. These results support the conclusions reached by Tarr (1977) 
in his study of the impact of hydraulic clam harvesting at similar habitats in 
Puget Sound. He found that disruption, including minor dissolved oxygen 
depletion, increases in dissolved phosphates, and dispersion of silt could be 
detected not more than 50 m from the hydraulic apparatus. 

Data obtained 
the ditching operations 
especially on the north 
and ebb south (Thomson 
to the north. 

in this study show that stations primarily affected by 
were those immediately adjacent to the ditch, 
side. Tidal currents further offshore flood north 
1977) but presumably there is a net movement of material 

Movement of sediment by currents could have led to acute effects on 
invertebrates via burial (Chang and Levings 1978) or poisoning by hydrogen 
sulfide released from the sediments. Compared to the compact mud on Roberts 
Bank, sand is easily redistributed by currents, so burial effects might have 
been most significant on the X and Y transects. McCauley et al. (1976) 
suggested that decreases in polychaete populations (especially PoZydora Zigni) 
adjacent to a dredge spoil area in an Oregon estuary were due to dilution by 
burial. Returns to normal abundance levels were achieved by worms migrating 
through sediments. Heteromastus sp., the most abundant polychaete at our 
study area, apparently did not exhibit this behaviour. Mortality at the P and 
Q transects, characterized by mud and silt, may have been primarily due to 
direct toxicity of water-borne hydrogen sulfide. Based on laboratory 
experiments, Caldwell (1975) concluded that several species encountered on 
Roberts Bank (Gnorimosphaeroma oregonensis, Anisogammarus confervicoZus, 
Corophium saZmonis, and Macoma baZthica) were sensitive to this toxicant, 
even though field measurements have shown high concentrations in undisturbed 
environments (e.g. Bella et al. 1972). 
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VERTICAL DISTRIBUTION 

As observed by many other workers on muddy shores (summarized by 
Eltringham 1971) the distribution of organisms within the sediment at Roberts 
Bank varied with organism size. Macrofauna (animals retained by a 500 ~m 
screen) (Holmes and Mcintyre 1971) are somewhat independent of the vertical 
distribution of properties within the sediment (e.g. dissolved oxygen, 
salinity), and tend to be uniformly distributed through the sediment column. 
These animals can either move through the sediment column (e.g. Corophium) 
or can use siphons to pump water and food from overlying water when the tide 
is in (e.g. Macoma baZthica). The complex burrow structures of the ghost 
shrimp Ca.ZZianassa californiensis, which occurs in the vicinity of our X and 
Y stations (Swinbanks and Murray 1976) are respiration and feeding adaptations 
of this species. Microfauna or meiofauna (animals passing through a 500 ~m) 
are generally restricted to the upper 1 em of the substrate, especially in 
soft sediments such as mud at our stations. Oxygen limitations are generally 
acknowledged to be a barrier for vertical distribution of these smaller 
organisms. 

Although there were no apparent differences in total abundance of 
organisms on algal-covered ridges compared to algae-free features, it is 
possible that more detailed analysis of the data might reveal species-specific 
patterns. Woodin (1974) reported no correlation, negative or positive, with 
algal cover and abundance of four species of polychaetes on a mud-sand beach 
in Puget Sound. The algal ridges, which consist of mud bound with the 
mucilaginous algae, may impart stability to the sediment ecosystem, however. 
Ridges without algae may be destroyed by wave action, whereas those colonized 
might withstand physical destruction. More complete and detailed seasonal 
data are needed to test this hypothesis. 

ACKNOWLEDGEMENTS 

Partial financial support for this work was provided by R.C. Hydro, 
and we would like to thank Dr. Bob Ferguson of that Company for arranging 
this help. 



- 9 -

REFERENCES 

Bella, D. A., A. E. Ramm, and P. E. Peterson. 1972. Effects of tidal flats on 
estuarine water quality. J. Water Poll. Con. Fed. 44: 541-556. 

Bouma, A. H. (Ed.). 1976. Shell dredging and its influence on Gulf Coast 
environments. Gulf Publishing Division, Houston, Texas. 454 p. 

Caldwell, R. S. 1975. Hydrogen sulfide effects on selected larval and adult 
marine invertebrates. Publication WRRl-31. Water Resources Research 
Institute, Oregon State University, Corvallis, Oregon. 22 p. 

Chang, B. D. and C. D. Levings. 1978. Effects of burial on the heart cockle 
Clinocardium nuttallii and the Dungeness crab Cancer magister. Estuarine 
Coastal and Marine Science 7: 409-412. 

Eltringham, S. K. 1971. Life in Mud and Sand. English Universities Press. 
218 p. 

Goodman, D. 1975. A synthesis of the impacts of the proposed expansion of the 
Vancouver International Airport and other developments on the fisheries 
resources of the Fraser River estuary. Vol. II. In: Fisheries resources 
and food web components of the Fraser River estuary and an assessment of 
the impacts of proposed expansion of the Vancouver International Airport 
and other developments on these resources. Environment Canada, Fisheries 
and Marine Service, Vancouver, B.C. p. 1-137. 

Holme~,N. A. and A. D. Mcintyre (Ed.). 1971. Methods for the study of Marine 
Benthos, IBP Handbook No. 16. Blackwells, London. 34 p. 

Levy, D. A. and C. D. Levings. 1978. A description of the fish community of 
the Squamish River estuary, British Columbia: relative abundance, seasonal 
changes, and feeding habits of salmonids. Fisheries and Marine Service, 
Manu. Report 1475. 61 p. 

McCauley, J. E., D. R. Hancock, and R. A. Parr. 1976. Maintenance dredging 
and four polychaete worms. p. 673-683 in Krenkel, P. A., J. Harrison 
and J. C. Burdick (Eds.). Proc. Spec. Conf. Dredging and its Environmental 
Effects, Mobile, Alabama, January 1976. American Soc. Civil Engineers, 
New York. 

Nichols, F. H. 1977. Infaunal biomass and production on a mudflat, San 
Francisco Bay, California. p. 339-358 in Coull, B.C. (Ed.). Ecology of 
Marine Benthos. Univ. of South Carolina Press. 467 p. 

Steel, R. G. D. and J. H. Torrie. 1960. 
Statistics, McGraw-Hill, Toronto. 

Principles and Procedures of 
481 p. 

Swinbanks, D. D. and J. W. Murray. 1976. Animal-sediment relationships on 
Boundary Bay and Roberts Bank Tidal Flats, Fraser River delta, Univ. of B.C. 
Vancouver, B.C. (unpublished report for the Geological Survey of Canada). 

Tarr, M. 1977. Some effects of hydraulic clam harvesting on water quality 
in Kilisut Harbor, Port Susan, and Agate Pass, Washington. Washington 
Dept. of Fisheries, Progress Rep. No. 22. Olympia, Wash. 82 p. 



~ 10 -

Thomson, R. E. 1977. The oceanographic setting of the Fraser River delta 
front. Presented at Ann. Meet. Geol. Assoc. Canada, Vancouver, B.C. 
(unpublished MS, Institute of Ocean Sciences, Sidney, B.C.). 

Vermeer, K. and C. D. Levings. 1977. Populations, biomass and food habits of 
ducks on the Fraser delta intertidal area, British Columbia. Wild Fowl 
28: 49-60. 

Whitlatch, R.B. 1977. Seasonal changes in the community structure of the 
macrobenthos inhabiting the intertidal sand and mud flats of Barnstable 
Harbor, Massachusetts. Biol. Bull. 152: 275-294. 

Woodin, S. A. 1974. Polychaete abundance patterns in a marine soft-sediment 
environment: the importance of biological interactions. Ecol. 
Monographs 44: 171-187. 



- 11 -

Table 1. Taxonomic listing of organisms recorded during sample analyses. 
Classification follows that of Kozloff, 1974. 

NEMER TEA 

MOLLUSCA 
GASTROPODA 

BIVALVIA 

ANNELIDA 
OLIGOCHAETA 

POLYCHAETA 

ARTHRODODA 
CRUSTACEA 

COPEDODA 

MALACOSTRACA 

BatiZZaria attramentaria 

MytiZus edulis 
Macoma baZthica 
Mya arenaria 
Venerupis japonica 
Protothaca staminea 

AMPHARETIDAE 
Amphicteis sp. 

CAPITELLIDAE 
Heteromastus sp. 

GONIADIDAE 
GZycinde picta 

NEREIDAE 
Nereis (Neanthes) UnmicoZa 

PHYLLODOCIDAE 
Eteone Zanga 
Eulalia sp. 

SABELLIDAE 
Manayunkia aestaurina 

SPIONIDAE 
Pygospio eZegans 
Po Zydora sp . 

HARPACTICOIDA 

CUMACEA 
Cume Ua vulgaris 

TANAIDACEA 
Tanais stanfordi 

ISOPODA 
Gnorimosphaeroma oregonensis 



Table 1. (cont 'd). 

SIPUNCULA 
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AMPHIPODA 
Anisogammarus confervicolus 
Ampi thoe va lida 
Corophium sabnonis 
C. insidiosum 
C. ascherusicum 
Corophium spp. 

DECAPODA 
Hemigrapsus oregonensis 

INSECTA 
DIPTERA 

Dolichopodidae B 
Chironomidae A 
Tipulidae 

Golfingia sp. 
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Table 2 . Analysis of variance for depth in sediment and 
ridge type using numerical data (log 10 ) from cores. 

Sum of Degrees 
Source Squares of F-ratio 

Freedom 

Depth in sediment 6.8149 3 10.08* 

Ridge type 0.0133 2 0.029 n.s. 

Error 1. 3521 6 

Total 8.1803 11 

n.s. indicates no significant difference (95%) 
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Table 3. Analysis of variance for station effects using 
numerical data (log 10 ) from cores on the X-transect. 
The least significant difference for comparisons 
between mean values per station was 0.4336. 

Sum of 
Degrees Mean Source Squares of Square F-ratio 
Freedom 

Stations 1.3732 5 0.2746 3.22* 

Error 1. 5 34 7 18 0.0852 

Total 2.9079 23 

* indicates significance at the 95% level 

Table 4 . Analysis of variance for station effects using 
numerical data (log 10 ) from cores on theY-transect. 

Source Sum of Degrees Mean 
Squares of Square Freedom 

Stations 0.4328 5 .0865 

Error 1.5222 18 .0845 

Total 1.9550 

n.s. indicates no significant difference (95% level) 

F-ratio 

1. 02 
n.s. 



Table 5 

Source 

Stations 

Error 

Total 
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Analysis of variance for station effects using 
numerical data (loglo) from cores on the P-transect. 
The least significant difference for comparisons 
between mean values per station was 0.7301. 

Sum of Degrees Mean 
Squares of Square F-ratio 

Freedom 

9.1049 5 1. 8209 7.5372* 

4.3487 18 0.2416 

13.4537 23 

* indicates significance at the 95% level 

Table 6. Analysis of variance for station effects using 
numerical data (log 10 ) from cores on the Q-transect. 
The least significant difference for comparisons 
between mean values per station was 0.7357. 

Sum of Degrees Mean Source Squares of Square F-ratio 
Freedom 

Stations 6.1768 5 1.2353 5.0346* 

Error 4.4167 18 0.2453 

Total 10.5935 23 

* indicates significance at the 95% level 
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Fig. 10. Photograph of the backhoe used for trenching in the upper intertidal 
sectors. Photo obtained March 30, 1976. 
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Appendix Table 1. Sampling for temporal change at Stations A and B. All data 
from entire core samples (9820 cm3), except those labelled AT or BT (15/VIII/75) 
where upper 3 em of cores were examined. 

Sli'ECIES A1 A2 A3 A4 

MACOMA BALTHICA 28 28 16 11 
OL-I<.;OC.HAE'I'A ~-----·--2--2--·- · # · ·· --- --0-
AMPHICTEIS 32 72 16 0 
HETEROMASTUS 0 10 0 0 
MANAYUNKIA 97S 992 d16 1856 
TANAIS 2096 192~ 384 288 
C INSIDIOSUM 192 344 112 128 
G--ASCI:tERU&-ICUM---------~-- 8-- ···-- 0 -------~---
GOLFINGIA 0 0 0 0 

~-- ···- ---- ---- ------. ----

S.FBCIES 81 82 B3 84 

ti'IP.COMA BALTtHCA 25 23 14 23 
NYA 2 1 0 f) 

\t Li\ E.E\l;.l? IS 0 ~) 0 ~' 
OLIGOCriA£'l'A -------- ----· --- -16------ ·-··~- -fj 0-
A!'1PHICTEIS 32 0 32 80 
HANAYUt\JK IA 464 1664 64~ 1216 
TANAIS 1984 2240 1120 552 
ANPITHOE 48 ~ 0 8 
c INS IDIObUl~J 192 608 112 112 
C -ASCH-ERUSU:Ut>~ ~--------- l~--0--- ...... fj ···-··--·--···-0--

GOLFING! A 0 0 32 8 

--·· -----------·- ------
SPECIES A1 A2 A3 A4 

AS 

28 
-· - - ~l-- --

32 
fj 

1744 
1968 

1611 
--0---
80 

8::> 

31 
1 
1 

- t'J.·· 
48 

3360 
1040 

~J 

80 
.. --0---

fl 

AS 

MACOMA BALTtiiCA 3 10 1 10 8 
OLIGOCHAE~A 156 761 44 10 8 
ULIGOCHAETA 156 761 224 806 537 
-AM-PH-~IS- · ·- ----------- ---%------- -i -4J- ··-· ·· 0 - · J-2 

HETEROMAS1US 67 326 96 346 230 
MANAYUNKIA 4640 12288 5600 8896 3776 
PYGOSPI0 0 64 160 448 96 
EULALIA 0 0 0 0 1 
TA~AIS 288 1536 256 1408 416 

18VI75 

18VI75 

8VII7~ 

----- -A-1'4-P-I.!I:.BC-~----- " 192 ----------~-----~-- --. -~-
C INSIDIOSUM 0 128 0 196 128 
GOLFINGIA 0 0 0 0 32 
DOLICHOPODIDAE B 160 0 64 64 0 
1IPULIDAE 32 0 0 0 0 
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Appendix Table (continued 

"'~u:ns t-1 tlL: d b4 l' ''Ill 7 

~lACG!•lA llAL'ldlCA 2~ 29 2~ i3 
~l<UlU'J'IJI\CA l 
uLlCuuJ.~L'lA -,1 () 12t. '; 1~uL j]J 1 i 'J 

t\; I b'ill('l'J:..l :::> b4 llu i.SG t..4 lir 
fi L'l C k0l1A::i'l U ~ JiJ'/ SH< 6'12 134 n 
MA~AxUNKIII b20d -JhG4 1~4cc 11020 74bo 
I'YIJ0SPiu o7o Uo•' 7r.4 Jo4 b4 
'lAl~AIS 3264 3b4d 2624 14Gti 12 e '~ 
M•I'I1'tllll 64 64 .(:56 

c If'li~IDIUuUt•i 364 ll52 Jo4 5 'If, b 4~ 
c.uLFINGIII 1~2 25b fl [: 1" 0 

Sl-LC!LJ /\1 11'2. •\3 A4 t\0 15vlll75 

MAC01•\A bAL'lfl IC•\ > 2J 416 11 23 
~YA 

,, 1 
UL!Cu(•I.~E'lt\ 2374 1232 H•3L 44U "l:c 
~-·~1-HIC'H:IS 384 3o2 19'2. 16" 1~" 
ttE'I t.l-IUI•i/\~'IUJ HlP o2o 441 1~2 JH 
ETECUI;l 64 ~ 64 ; 
l•iAilAYUI<K IA 4o¥>fl 1696 4736 144. 42):£ 
1-'YGUSPIU 44U 3o2 6 4[1 2Sb j~dl 

'lANAIS 2•, 4" 1472 2624 4 4 8 14n 
c 1 Nti I Cl!O~U<~ 12& %~ J~n·~ B96 ioB 
CULFINGlll H 12ti >(· 64 

~l'f:CilS ~1 C2 c3 E~ 1:5 J'ivl!I75 

I•IAllli•IA llAL'J'lllCA 14 2u 3b £1 33 
.'I Y II 1 lJ 

vENEkUPIS 0 tl ,, 1 u 
OLIGOCIIAE:lA ~41 l'/"2 2777 2464 719 
A.~~HICTEI5 224 12B 64 1Y;t 12<1 
t·lL'l'l::l<O"l.~S1lJS 4U3 729 11~~ Hlo6 3l7 
l'tANAYUNiUA 39114 7168 l07o2 1312~J 5376 
PY.:i0<>PI0 416 576 160£ 576 1Y2 
'!'ANAl~ '>28 3320 ol~4 5056 2048 
AMI'I'HIO~ ~ 128 64 ~ 0 
c INSIDIO!:iUt~ ~28 480 7£4 1218 448 
GOLFING! A 32 64 448 128 " 

SPECIES A1'l A'I2 A'l'3 Ar4 A15 151ilii75 

"lAl0.·1.\ 13AL1'HICA 16 £VI Ul 23 lo 
uLlc.vCf'AETA 3237 28'>~ 761 JoeL 45Y2 
~IP!IlC1'Lloi l72o l~2 192 64 1&0 
Hl:.'iEhlh·1A31'US 13il'/ ll)d 327 643 l9bo 
£.1t.UL>!E. [; 64 ~ 0 
MANA 'iUI<l< I A 5&00 7264 1408 4~64 68d0 
PYGOSPIO e 18~6 1344 2304 112~1 

11\NAIS 1586 1632 lkl56 736 2624 
MII'ITHOE 16 f, 32 ll IJ 
( l NSl DIOSU<1 64~ 804 1440 6~8 224 
.:iOLFit.GIA 0 1Y2 64 16f· 

SPECIES ll'll B'f2 u'IJ B'i 4 8'!'5 15VIII75 

1-lY1 I LUS 0 b 1 1 G 
>IACOHA BAL'JHlCA y 17 26 36 27 
ULIGOCIIA~·:·A 649 2061 jj)~ :,~i62 31.>53 
At11'tllC'l'LlS ~6 64 3o2 224 2><> 
li~I'LR011AG'l'US 27o 083 1430 217 ii 1651 
MMiAYUNKIA 348o ll45b 12352 l2d~6 14272 
PYGOSPIO ~>2 ~2ci 2464 2656 2~48 

'lAI'iAIS 416 1632 3424 326~ 4320 
GNDRIMVb~HAEkvMA II 32 " 0 H 
Ai~~ll'dvt. f, 32 32 % 64 
c lN31CIOSUt-l 7U4 ~Y6 1696 111>6 lo&~ 
GOLFING II\ 32 l2ti 2i4 256 608 
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Appendix Table 1 (continued 

SPECIES A1 A2 A3 A4 AS 29IX75 

MACOt~A BALTHICA 20 13 13 10 16 
i'IYA 1 1 0 ~) 0 
f' R0'I'01'HACA 0 0 1 0 0 
OLIGOCHAETA 1882 4973 2240 3853 1658 
M1PB IC'I'EI S 320 128 384 0 64 

- -H~hl.ASXUS--------- --- ----.S-0-6 2131 - 9o~ 165.1 .7-l-0-----
i'·iANAYUNKI A 8192 ti12U 2560 9088 524U 
PYGOSPIO 1024 960 1856 896 576 
1~EREIS 0 0 0 2 ~ 

CUi•!ELLA 0 64 0 0 0 
TANAIS 1408 1024 1280 1600 1856 
AMPI'I'il0C 0.4-------C---- 6.4 -- -- - .6..4 . 6-4. --
c IL~;:JIDIOSU~1 1152 0 1408 192 64 
GOLflNGIA 640 704 7"4 192 6411 

SPECIES 81 B2 83 84 85 29IX75 

MYTILUS 0 0 0 1 0 
MACOMA BALTHICA 16 16 24 31 21 
~l¥A -----------------4-----G---- _ _ -l-- ____ -----~. !------
PROTOTHACA 0 1 0 L 0 
OLIGOCHAETA 2150 3584 3181 2419 3494 
AMPHICTEIS 256 256 384 320 384 
HETEROMASTUS 922 1536 1363 1037 1 1498 
MANAYUNKIA 3712 11520 7552 13120 12416 
.P¥GGSPIG -- -------- --l-l-5-2-----~-- --- -8-9~-----:l-1-Y-2---- ---l-±5-2-----
1ANAIS 960 2880 2176 1664 2944 
C INSIDIOSUM 1344 448 123 1472 512 
GOLBI~GIA 448 320 256 764 448 

SPECIES A1 A2 A3 A4 A5 23X75 

MAC0MA BALTHICA 14 20 25 1 
HYA -- --- ----·---· ---------±----------+---------· -0-

5 
---£< . fj----

0LIGOCtiAETA 918 1702 3091 
AMPHICTEIS 96 160 128 
HETEROMASTUS 394 729 1325 
ETEONE 0 0 0 
MANAYUNKIA 3200 2976 11776 
P¥GGSPI-G · · -- - - - -----l-9-2------5-44-----··l-12-8--
TANAIS 960 1120 2368 
AMPITHOE 0 32 64 
C INSIDIOSUM 480 736 1216 
GOLFINGIA 32 160 768 

4413 
128 

1891 
96 

82Ba 
- -448 
1344 

f\ 
96 

224 

1882 
0 

806 
0 

8896 
3B-4 .. 

2112 
D 

384 
512 
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Appendix Table 1 (continued) 

SPJ:.:CIES B1 82 L3 E4 85 23X75 

OLIGOCHAETA --l--6~-----4~~--- 4-J-~6. . &-76~ 4 4&0- -
AMPHICTEIS 0 256 128 192 e 
llt.TEkOriAS'l'US 7H) 1997 1786 8~64 1920 
ETE0WE 0 0 0 96 kJ 
MANAYUNKIA 4544 14726 11520 18720 12096 
PYGOSPIO 320 1536 448 768 64 
PGL-¥00!{A- - --- ---~------G.--- - ·--~ --- ~ -~--

HAHPAC~ICOIDA 0 0 128 0 0 
CU~LLLA 64 0 0 0 0 
TAN~IS 384 768 448 3744 32r;0 
AMPI1UCE 0 64 64 192 64 
C I~SlDIO~UM 192 0 256 192 256 

- G.OLFING.lA---- --------------1~ 51~ . -l-9-2 ------ ~- -- .. --- --0--- -

A2 

l11ACOi1A BAL'I'HICA 0 32 64 0 0 
'i) 

OLIGOCHAE'l'A 2432 1536 2048 4288 3712 
AMPHICTEIS 256 32kJ 384 480 32 
tiE T E R Of•1AS 'I' US 1056 672 864 1856 160 ~) 
£~ililiE- -- . -- ------~ -- ------- -~- ~---.{}. ___ - 3-2---- - -- 0--- 64-
NANAYUN.KIA 11488 3808 6496 12704 1C784 
PYGOSPIO 576 48fl 864 640 512 
POLY DORA 32 32 128 256 96 
CUNELLA 32 64 0 0 32 
'l'ANAIS 2112 832 1728 2656 2912 
AMPITHOE ···- -- -0------~ -0 --- ··-- -0- ~--

c INSIDIOSUi"l 288 608 1312 416 224 
GOLFINGIA 192 608 416 128 288 

S.l:'t.CIES 61 B2 83 84 135 

hACOt·1A BAL'l'H ICA 
iJLIGGCflAE l'A 

-f..•~r:· ·, .i. L':f-f,J~ -
. I L ~ ! ( ~--. 1 ·~·..) '1' Ll :.. 

<·LZ\.NAYUNKIA 
.PJ:'GUS.PIO 
POLY DORA 
.cwu::LLA .. 
TANAIS 
AC1.PITHOE 
C I NSIDIUSU!1l 
i...OLFil~GIA 

0 
2688 

1 L,~, 
c 

4672 
640 

96 

32 
4726 

~~ (; 4 '~ 
32 

5248 
736 
128 

-----·--··-- -- 3 2-------~-- . --
384 1344 

0 f:) 

2as 4lfl 
16~) 64 

0 
lo24 

('• (','' 

0 
6683 

672 
288 

6-4-
1760 

64 
608 
288 

0 
1952 

;3 J :") 
32 

8032 
6 4 ~j 
128 

. ---- " 1024 
32 

416 
S+6 

96 

... 1 ~ . 
' 

0 
df' 32 

352 
96 
32 

172& 
32 

544 
160 

-

2\:JXI75 
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Appendix Table 1 (continued) 

SPECIES A1 A2 A3 A4 A5 18XII75 

-NACOMA-~1'#1-C-A -----------}-2-- ---lg~- -~- -------J2 ----- --3-2---
0LIGO(riAETA 1344 736 576 512 1216 
AM..t.:uiCTEIS 256 288 112 32 64 
HETFFOMASTUS 576 352 240 224 480 
ET~O~E 64 32 16 0 0 
MANAYUNKIA 4192 2464 2912 2592 5440 

- .. P-~I-0---- ---------------4-16 480 ------In-- ---·-0---- --~--
POLYDORA 192 160 0 0 0 
TANAIS 832 384 400 512 1152 
AMPI1HOE 0 0 0 32 0 
C INSIDIOSUM 160 128 48 160 64 
GULFINGIA 32 64 80 0 96 

.. ---- ------------- -------

SPECIES 81 82 83 34 

MACOMA BALTHICA 0 32 0 0 
OLIGOCHAETA 1440 1120 864 1440 
AMPHICTEIS 96 L28 32 32 
HETEROMASTUS 480 224 448 480 
MANAYUNKIA 3520 5280 2720 5184 
PYGOSPIO ------ ---2-24--------l-6.0---- 1-6{;. 256 

85 

32 
571 

32 
245 

3568 
272 

POLYDORA 0 64 0 64 0 
NEREIS 0 0 1 0 0 
TANAIS 1088 1344 512 384 1264 
AMPITd0E 0 32 0 0 16 
C lNSIDIOSUM 128 96 0 64 48 
-~-INGlA ---- ------------ .e-4-------0----- 94---- ---k}----- -4-8 --
CHIRO~O~IDAE A 0 0 0 32 

18XII75 

·- . --·-------· ----------- --- ---·----·-- ---··-- ------ --·--·-- ·-- -----------·-· 
SPECIES A1 A2 A3 A4 AS 13I76 

MACOMA BAL'l'HICA 41 26 26 0 29 
OLIGOCHAE'IA 1685 1482 2 2 \,. 1 600 1205 
AMPH IC'r E IS 493 26 236 6 ~~ 118 
-H-&-TE-R-0~-Y-S 6Y9 . -- ~---l-15-3---· - -3-9-0- 5~--
ETEONE 41 0 0 30 29 
l"lANAYUNKIA 7645 4056 11213 4080 4851 
.PYGOSPIO 945 312 131 3fHJ 59 
NEREIS 164 52 157 0 176 
'I'ANAIS 2384 676 6bl 906 323 

-AN-I-&eG-AM-M-A-fHJ& - - - -- 41 e - -0- .. ------& e 
ANPITHOE 0 0 0 0 29 
c I NSI DIOSUt1 0 26 26 60 29 
GOLFING! A e 52 26 60 " 
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Appendix Table 1 (continued) 

SPF'CIES 

l"lACUt•1A BAL'i'HICA 
OLIGOCH-AE'l'A 
AMPHIC'TEIS 
HETEROMASTUS 
E'I'EObJ E 
l'lANAYONKIA 
PYGOSPIO 

- -- - flGfrYOOAA 
'I'ANAIS 
ANISOGAMtVJAROS 
c INSIOIOSUl'·1 
GOLFir~GIA 

SPECILS 

. --MACONA -BAL'I'~HCA 
t~iYA 

Vt:tiERUPIS 
OL I GOCUl\E 'I' A 
AJ'!Pi!ICTEIS 
Hf:/1' EHOMfl STUS 

81 82 B3 

25 3{l 31 
·· -·-2-2: e r------x 0-5 4 113-b 

74 90 62 
942 452 491 

50 30 31 
14458 9391 8535 

546 331 338 
99 ·---9-er- .. 1-2-3 

2455 1385 737 
25 e (\ 

50 0 31 
149 3fJ ~:; 

---- - - -· --- -------~-

Al A2 l\3 

..... 2_g --- --14-- - 2 4 
3 0 0 
0 0 1 

896 1030 3763 
192 64 192 
384 442 d06 

... L.'l'EDUE .. -· ..... - ------------6.4---128---- .0 
L'lANAYUNtdA 
PYGOS.PIO 
'IAN AIS 
AMPI'Il!OE 
C INS IDIOSOI11 

Sf'ECIES 

18880 20480 13760 
512 448 128 

1024 2240 1280 
0 128 0 

384 128 0 

81 82 83 
-- _, ___ - ·----·---------------- ·----

:'lACOtvtA BAL'I'HICA 7 26 15 
NYA 0 0 1 
OLIGOCtiAETA 1613 1344 2957 
At-lf>HICTEIS 0 192 0 
HE'l'Eti.OHAS'l'US 691 576 1267 
~£ONE--· ·- ------ - ------ -~---- -----0-- --- ··~ 

MANAYIJNKIA 8320 18944 25152 
PYGOSPIO 384 256 512 
'l'ANAIS 896 2304 1728 
c INSIDIOSUt-1 256 0 0 
GOLFINGIA 0 128 128 

----,·--~-----·--·---------~-----

84 B5 13176 

35 ~j 

<c3-7 2 - 28-4&--
70 128 

1027 1216 
7 ~j 32 

10089 6880 
283 448 

···-l~ ·-9-6·---
1274 1888 

0 32 
70 32 
35 96 

A4 AS 6II76 

- -2-1 30 . 
1 1 
(1 1 

269 1 7W)2 
64 12d 

115 730 
__ a _ ... _ _ .tL ... 

11008 17280 
256 512 

1408 2304 
0 0 

64 256 

84 85 6II76 

25 34 
~ 0 

3584 1568 
64 0 

1536 672 
.-- - -6-4 6-7-2. 
26944 33'j2 

256 256 
1600 1536 

256 64 
128 0 
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Appendix Table 1 (continued) 

SPECIES A1 A2 A3 A4 AS 4III76 
- ·------- -·- -- ------------------------- -~---·--· -~-----------

l•IACOt•1A BAL'I'HICA 16 12 29 14 27 
HYA 0 0 1 0 0 
OLIGOCBAETA 347 123 246 213 78 
AMPHIC'I'EIS 80 16 96 128 32 
HETERO!•lASTUS 149 53 106 91 34 

. ..E.TI".WE-- --··- --··-··- ----- - -·-·---····----16 6 - --32.------ -4a-- . -- ---·6-4---
nANAYUNKIA 3264 3736 9856 6144 2880 
PYGOSPIO 0 16 0 32 0 
'I' ANA IS 608 200 1728 736 272 
Alt'i.l?ITHOE 0 0 0 32 0 
c I NSIDIOSUl•l 16 16 32 0 48 

-GOLE' 1-NG-lA- ------------ 0 0 - __n ___ --l{)_ ------ -- --C--. 

- - S-PEC.l£S -- - ----- .Bl 13:2 -----aJ-. . ------E4-----~------4-I--H-7G ---------------

. 
F1ACOMA BALTHI~A 16 17 32 16 20 
NYA 0 0 0 0 1 
Pi~O'l'ul'dACA 0 0 0 0 1 
OLIGOCHJIETA 403 179 515 616 336 

-- ~IC'I'EIS -----· ----%- 11:6 ---l~-- ---~-0--------~--·-
ti E'r E.kO!'iASTU S 173 79 221 264 144 
E1'EOL~E 32 16 48 32 64 
tV!ANAYUNKIA 7296 3392 6032 5136 11264 
.f.·YGOSPIU 0 0 32 16 e 
CUMCLLA 32 32 46 0 32 
TANAlS -- -- . --- ---- ... --------~2-- 398 --- 7-8--- ---~- -- -- 8--%----
c INS I DIOSUivl 0 208 64 32 124 
GOLr'INGIA 0 0 0 32 0 

----- ----------------- ---------------·--

SPECIES 81 82 B3 

MAC0;1A 8AL'l'HICA 0 0 8 
OLIGOCHAE'.i'A 136 12 118 
Ai>lPH lC'I'-E-I-S - ------ .. -0--- . -----0--- 16 
H 8'I'ER0t•1AS'l'US 16 0 40 
ETl:;Oti/E 8 0 e 
l~lANAYUNKIA l~d0 488 1456 
PYGOSPIO 24 0 64 
TANAIS 56 16 48 
CORO-PUJ-IJM--- :;A.Lf4 - -·--·-· --··---~---- -----~ --~- 16-
c I N.:J lDIOSUt•l 16 0 16 

84 

0 
16H 

a 
24 

2032 
e 

72 
--~ 

0 

14IV76 
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Appendix Table 2. Results of post-ditching sampling at transects X and Y 
(hydraulic ditching). Data are number of individuals per small core (1134 cm3) 

2(1 I/(, 
Sf-LCICG XL~ X2A X Jl\ X~A X'J~ Y6t\ 

~IACUI·IA CAL'IriiCA 3 (; 2 (l 2 <: 
GL I GvCIJA£ I A % 11 35 2 {) ~~ 14L ld5 
Ai'IPd ICTI:.IS 1;o (l 1<! 80 4L d 

liE.T£ROf1AS1'US 38 7 15 120 6(1 }~ 

•'IANAYUl'l.t<IA ~')2 64 214 20[; (; 1til (j 24 I( 
PY-..;OSPIC 52 16 122 192 % 12(: 

CU!•>I:.LLA 4 IJ il 0 

~·· 
f. 

'lANAIS 116 fl 2i %4 J~2 256 
c ll<5ICIOSUM 4 4 16 , .. d S6 
GvLI-INGIA f) 4 6 I; 32 56 
C tJ I f<Ut•Ufll l!A L A f; L (j G ,., 

0 

UI'ii' 
SPECIL6 l'lA Y2fl y 3!\ i:4A YS.h Y61\ 

~lACOHA JAL'l'HICA 1 I; 2 1 12 3 
OLlGUlnAE'Ifo. 26 16 62 32 11t! 73 
MH'!l I C'I E'I S 6 3 0 4 4 32 
tlLTFF:Ot•lASTU:; 12 7 16 14 Sfj 31 
L'I L0t<L 4 6 6 4 12 32 
t•JANAl:UN.t\IA 6~2 637 1~10 5411 71ll' 9e4 
.t-YGOSPIO ~1:1 l4 b 3~ 7F H•4 
t·,£!1£. IS [1 1 () " f; (• 

TANAIS 16 29 6 LL 24 76 
c I t•SI UIOciUM 18 ,; 6 0 I<: 2o 
-..;QLF'lNl>IA 6 ~ 0 f' C' 

5II 76 l ' 

3t'ECIES X1A X2A X31\ X4A XSA X6A 

MACO<•lA 3AL1HIC!I 2 () 5 5 2 
f- !W'l'U'l'HAC A 1 fJ I) (1 c: 8 
uLIGOCllAE'lA 240 4~ Ldl 173 2H5 129 
AMJ,>HIC'lt:Il; 16 B 16 16 24 4& 
HETER0f1AS'I'US HJ3 1~ 52 75 123 55 
E'I'EUtH: 1:) (j ~ () 16 tl 
fiANAYUNKIA ~~32 1544 !jo4 1\l d 4 2<10 tJ l 'i <Oil 
l'YGuSPIU H 24 Hl8 44 1l2 % 
HARPACTICOILJA [) ~ ~) 0 ll (:! 

TA!JAIS 112 128 72 440 16l 72 
AMl-l'l'tlu£ b ') 0 ' v, f] 
c H~srrro:,uc•l 8 ~ 0 4 (' i:) 

~l)LF'INGIA 0 b 12 ~ '~ l 

SPECIES YlA Y2A y 3,0_ S~£16 y 5!\ YH 

11AC0.1A i;AL'•·HICA (, 5 G 2 
~LIGuCiiAE'IA 123 1 ~I " 2S 252 ~ 

' A:-if-HICTEIS 4l; ,, 0 t! tl l• 
Htltt<Ot,L\S'I'US 53 6"1 fl 11 1 ~I iJ 31 
E:'I.I:.tJi'E 1-J b (; 4 >) [, 

t-IANAYUNKIA 20'.i6 76(1 1<:th; 4lH· 2':11:.0 264C 
PYGUSPIO 1<:J t! b 24 24 64 
TANAIS 24 56 kl 20 152 ~6 
c I !J;jl DIOSUi1 0 f) [, 

"' 
u lG 

CHIROI\0iHDAE A 0 0 ,, 
0 .., 
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Appendix Table 2 (continued) 

51-t.CH:S X1A X2A 
l l 1 I, 
X3A X4A X5A Xt>l\ 

•''lACO~lA BALI'tiiCA 2 2 3 1 3 6 
0LI(;C~ui\E'l'A 64 16 16 (1 3fi4 lbe 
AMPtil(.'l'i:,IS 32 0 0 11 0 ;j 

HE'l'ElWI•lAS'l'US 0 0 fj 0 48 11 
E.TE.CN E 8 z 6 0 (J z, 
1'1Al'<A Y UNt< II\ 2336 3776 420 23:14 21611 2736 
HAkPAC'IICOIOA f 16 0 0 (4 0 
TAN IUS 32 96 8 Hl2 480 256 
c lNSiuiOSlM fj 0 4 

,, fj V; 

.SPECIES X1B X2G ~%I7o X4b X 58 X6E 

;'IAC0/1A l.lAL'ltHCA 0 1 0 1 2 3 
OLIGOCHAE'l A 64 4 12 32 208 24l! 
Ai'IPHIC'H.I:> 0 .. OJ 0 0 16 
HE TEROl·!AS'lUS n ~ 4 11 16 32 
1-iAl~AYUNKIA 3104 772 396 2736 1520 3392 
tJARPAC'IICOIDA 0 4 l' 0 l:i 0 
l'A~JAIS ts(1 44 16 112 112 1/1 

c INSIDIOGUN () 0 0 0 0 32 

131176 
6PE.C l£.S Y1A Y2A Y3A Y4A Y5A Yo A 

i"lACO/'IA BAL'l'HICA 8 0 0 3 " IJ 
OLIGOCHAE'IA tl8 IJ 6 384 8 0 
Al'lPHIC'rEIS 0 ~) 4 8 ll 0 
HETEROl•iAS'l'US " 0 128 12 32 0 
E'IEOI-IE 8 fj e 16 0 0 
i-!AtJAYUNKIA Hl24 u 300 3312 1192 5HJ4 
NEHEIS (J 0 1 () f) l1 
HARPAC'ri COl C. A 0 " 0 8 0. 0 
'lANAIS 8 () 2 16 24 24 
COROPBIUM SAL~! fj ~I 0 0 tl I) 

c INSICIOSUM 0 0 (J 0 4 0 
COf<uPiHU~I 5PP a 0 0 ltJ tJ li 

18II7C 

SPECILS l'lB i'2B l:3B HB YSB Y6B 

MAC011A BAL'l'HICA 6 [) 0 6 1 3 
OLIGOCilAE'l'A 60 24 2 24 32 16fi 
HE'l'i:."'H1AS'IUS 24 16 0 0 b 4e 
l:'l'l:.ut~f 8 8 ll & " " MANAYUN~IA !H2 HB4 3tJ6 92& 3776 3712 
t<El\I::l:, 4 (j 0 [) iJ I) 

I'ANAIS 4 72 2 16 32 48 
COkOPHIUM :o;ALM 4 0 4 0 0 0 
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Appendix Table 2 (continued) 

1 l l I t:Y 

SPECIES XlA X2A X3A X4A X5l\ X6A 

11ACOMA BAL'lHICA 1 2 7 5 4 19 
OLIGOCHAE'I'A 128 1':12 51 12d 224 HfJ 
A.'ll:'lJ IC'I'LIS HJ4 32 6 48 16 24 
Hl:,'l ERmlAS'~'US 56 112 6 3<: 144 32 
ETEOt~E 16 0 "' 0 16 {! 

.'iANAYUt-.KIA 1656 1712 57r: 2fJ64 20iH' 1(' 16 
CU1'1ELLA 0 16 k) 16 0 ~} 

'l'ANAIS 136 4lHl % 3H4 224 8tj 
COROPHIUcl SAL!-! 0 () 6 0 0 0 
c IN.SIDI0Sul1 e IJ (., 64 16 16 

4III76 
.Sl'ECHS J{1B X2B X38 X4!J XSD X6l' 

t'IACGt•lA dALTHICA 17 L 3 ~ 2 2 
uLIGuCrlAETA 112 4d 64 224 324 146 
AMPHICTbiS 8{; 16 8 80 88 H4 
HETEROtMSTUS 48 48 32 4tl 256 167 
J::TEONE ll () 0 16 k! (0 

NAHAYUNKIA 1H2 204H 676 2032 4l!:J6 2656 
CU!"'ELLA 0 0 ~} ~j e 21 
TANAIS 384 304 H8 240 39o 251 
GO-KOP!il~M .SAU4 0 0 3 0 60 ;;: 
c INSIDIO::.Ut'l 0 II 5 32 15 (i 

4III76 

SPECILS YlA Y2A Y3A Y4A YSA Y6A 

MACOllA BALl'tliCA 0 9 I) 5 1 7 
OLIGOCHAETA 6 18 0 47 8 151 
AMPHICTEIS I) 0 0 16 0 l: 
tiE TERO.M.AST US a 0 20 47 IJ 151 
E'I·EONE 0 ki 0 tl 0 (:j 

MANAYUNKIA 4397 2568 12Y4 1253 2172 2767 
CUMELLA ll 0 0 8 0 13 
TA!I.AI.S 13 13 7 24 45 277 
CORUPHIUN SAL1•1 e 0 e: 8 0 13 

4III76 

SPECIES YlB Y2D Y3G Y4!3 YSD Y6B 

MACOHA BALT!HCA 0 0 ~j ':l !1 0 
OLIGOCHAETA 8 " ~ 120 0 51 
Al1lPIJICTCIS 0 e 0 3<l " i; 

HCTERO~!ASTUS e 0 f; 3 7 23 Hi 
ETEONE 0 ~ fl 15 17. [) 

""lAllA :i UJ.\l.K l A 229~ 3415 334 7 8wl2 326/ £ 
CUHELLA lj 0 0 7 [; vi 
TA:lAIS 24 8 If, 52 5B 3fj 
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Appendix Table 3. Results of post-ditching sampling at transects P and Q 
{backhoe operation). Data are ~~mber_of individuals per small core {1134 cm3) 

________________ ·------·---------- ----------------------2-';.Ll....LLi.:;;.... .. _______ ··-------------·-

SPECIES P1A 

NACOt,lA l3AL'l'HICA 1 
OLIGOCHAE'I'A 165 
A~P-HI C'I'-L.I~ ·~--·····----- ------ JJ 
H £'lEi~1..MAS'I US 0 
L'l'E.Ul~E 0 
MANAYUNKIA 1134 
FYGOS1-'IG 0 
CUMELLA 0 

- 'I'AUAIS- -- - -- - !Hi 
COl<OPH I UCVI SAL£.1 0 
c INS I CIOSUlvl 16 

SPLCIES P1B 

MACOl•lA BALTH ICA 2 

P2A P3A P4A 

0 0 1 
149 1 361 
--4-2-------·- -#----- ---~4-
9~ 

0 
1219 

0 
7 

11 
0 
0 

P2B 

0 79 
0 2 
4 1556 
0 22 
0 0 

---l- --- --1-l-G-
0 
0 

291II76 
P3B 

1 

0 
0 

P4B 

3 

P5A P6A 

~J 0 
17 23 
--~-- ~-

14 16 
2 1 

72 218 
0 0 
0 0 

--------14 -- 1-1-. 
0 15 
0 2 

P513 P6B 

0 0 
OLIGOCHAETA 66 24 0 181 3 13 

--- ----At4-f44 I-G~l~ I-&- --. -------------~S-- 1 4 ----+-- -------59--- --- - -;:0'!---·· Hi-- -
HETEROMASTUS 85 16 0 54 0 4 
ETEONE 0 ·0 0 ~ 0 1 
MANAYUNKIA 1590 319 4 805 31 168 
PYGOSPIO Y 0 0 0 0 16 
CUMELLA 0 2 1 0 0 0 
-'I' AN AI S - -- · -- - ----- ------ -16bi6r------z-a----------- -0 ---- --B------ ··· -- -2----· 2-4-· -
COROPHIUM SALM 0 0 0 10 H 1 
C ASCH8RUSICUM 0 0 0 20 0 8 

2 9 IYr-:.·n;-----· -·--- -- --- --- --- __ .. - ·--- ·-

SPECIES 01A 02A Q3A Q4A QSA Q6A 

:"'Y'TILUS 1 0 0 0 0 
~ACOMA BAL~HICA 1 0 0 8 0 

0 
0 

--7-2 
24 
20 

OLIG0CHA-£'l'A -- ------- -----27----24-1------- -4 .. _g(}.- 2S 
Ai"'PU ICTEI S 
HETERUl1AS'I'US 
ETEONE 
NANAYUl\IKIA 
f-YGOSPIO 
G-~UA---···
TANAIS 
ANISOGAHMARUS 
C INSIOIOSUM 
COROPHIU!'-1 SPP 

23 271 0 16 0 
0 58 0 32 0 
1 0 1 0 0 8 

76 2285 9 1088 84 364 
0 24 0 56 4 24 

------ -----------l----~----------1- --- -----G---------··¥f----~-
23 222 3 16 20 

1 0 0 0 0 
13 8 0 0 0 

0 0 1 0 ~ 

~) 

2 
0 
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Appendix Table 3 {continued) 

~~. 'l j -i_ 76 

SPECIES Q1B Q2B Q3B Q4D Q5B 068 

0 h--I -GOC rl--A-E-'-fA-- --9--8- ':/6 ----- -----0----- --±--U------ - --6------9-6- ---
AMPH IC'l'EI S 72 36 0 32 2 4i!l 
bJ:.:'l'f:.HOMASTUS g 12 fJ 0 

"' 
40 

ETEONE 0 4 0 24 0 8 
L~lA!\4AYUt'lt\1A 220 544 16 HJ32 34 552 
PYGCJS.l-'Iu 8 44 0 24 (J 88 
PO-LY Bvfi:A - - ---0 ----0---- -- - -0 ----------- ---0-- 3-lf - 88 
TANAIS 40 28 g 88 4 32 
COR0f'H I UtvJ SAL,'·1 12 0 0 a 0 8 
c INSIDIOSUt-1 0 4 0 0 0 0 

14IV76 
SPECIES P1A P2A PJA P4A P5A P6A 

OLIGOCHAETA 56 8 32 128 260 184 
A-MAAI-G'l E-I-.S ---- --4-#--~ --4 -- ---+-2 ---- ~-------J~-
HETEROMASTUS 0 24 0 56 HH) 40 
ETEONE 8 0 u 0 0 8 
MANAYUNKIA 432 200 56 204e1 3600 416 
PYGOSPIO B 0 0 8 0 24 
TANAIS 72 8 VJ 32 20 120 
~HlU-14 SALi>l - ------------$-----~-- -- #-- - ----~--- ----W ----- - Q. -

C INSIDIOSU~ 32 0 0 0 0 0 

14IV76 

.31-ECI£0 P1B P2B PJB P4B PSB P6B 

NACOt'IA BALTHICA 0 0 0 0 0 4 
OLIGOCHAETA 168 224 4 136 164 148 
MlPHICTEIS 48 96 12 16 36 32 

-· ~--- "" - --- HE~\ E ROM n.S'I'-US- 8 4S -----~)---------'~------- ~----~----- ----S--------l--6--- - --------
ETf.ONE 0 0 0 0 8 0 
l•IANAY UL\lKIA 576 240 48 1504 508 384 
PYGOSPIO 4~ f.; 0 0 4 36 
POLY DORA (J 0 0 0 0 8 
CUNELLA 0 0 0 0 0 4 

- ------ - ____ 1:AN.AI__S_ _________ 56 0 --·HJL _ a _________ JL_ __ u __ 
c INSIDIOSUN 0 0 0 0 0 12 
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Appendix Table 3 (continu~d) 

:l4IV76 

SPLCIES QlA Q2A 03A Q4A 05A 06A 

OLIGOCiiAE'lA 
AMPHICTEIS 

60 40 112 8 f) 28 

H ETEROi-IASTUS 
NAliAY WUlA ... 
t'Y.:.;OSPIO 
l'Ai~A IS 

4 8 16 8 
8 4 48 g 

---- ---- -----+-71 ... 2"-----M- -- --- 6-BlL- -----l-0.72 - -
0 4 0 
4 20 16 160 
0 0 0 

0 28 
0 ~) 

-l2-- _lk).6iJ__ 

f) 4 
20 Y6 

4 9 (, 

14IV76 
:)lB ·····<)28 

l J {', 
A•;-l;'t-i-I~-J.,;;.J..s ------ -- ----------- -b---------%--
HLTERO~ASTUS 4 4~ 

NANA~UNKIA 812 960 
PYGOSPIO 0 16 
C~MELLA 0 0 
TANAIS 0 48 
<.:- I~Sl-J.J.l-0$-UM-- __ d ____ --- ----0- 16 
CHIRO~OMIDAE A 4 0 
OOLICHOPODIDAE B 4 0 

·: ' ,;_: ( ;,, 1 b 
--G -- . -- - ------G ------ -· ___ ... ___Ji;.'. -- ----1--

6 'J 8 
0 
0 

40 
·--·--- -0--- --

0 
f) 

16 ll ~~ 

1304 16 620 
0 0 0 
8 0 k'i 

48 12 64 
-----0-- ... --------C.----· -----------0--- --

0 0 0 
0 ~ 0 
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Appendix Table 4. Results of sampling to investigate vertical distribution 
of organisms in sediments. Samples were obtained at Station A and B then 
fractioned2horizontally at 5 em intervals. The surface area of the ~ove 
was 491 em . 

St-CCIL::, Al ( 5) A.t. ( 'J) ,, ..) ( :>) 1\ ~ (:,) ~.5 ( 5) 3Uh 

l·tACCk~rt 9!1l.'l'fl I CA 1 i 5 1 >J l<l 11 
uLl~.>vCf1.ll F'l <\ 262:2 3 7lt 17~:i J5<l4 2374 
AAPBIC'I'LI..> 12o 192 2')6 256 &4 
tJ CT LhGt·lAS l'US 1209 15':14 7C':3 LSJ(, 1010 
i·1A!I.A1 Lil•l.\lA 780b 13~52 67Es4 b':ll2 67:n., 
i'YGOSPiu ':160 ll'J2 Hl24 1344 7 ,,IJ 
'lANAIS rnc 236b 1344 r112 1P24 
MlPI'l"tJOE [, 12il " 1 ~{) IJ 
c INSlD!G.:)UI'l 7iJ4 192 12b 17H 64 
GOLFit'-luiA 3b'l 3 2 () 25(, 57G 2 :)(, 

St-'ECICS A1 ( lL) A2(H) A3 (H) A4(ll) ,;:, ( lf)) 3IX75 

.'lACOl•IA i3AL'l'tJICA 1 [; ., 
3 fj ... 

OLIGOCti.l•E'i:A v; <: ~·) 64 ~" 

IIE'l'ERmlASTUS 0 f) ~' 11 r, 
bT£01<11> f• •• 1 ~; •• 
~JA!-JAYUt~KIA 32 32 224 256 32 
PYGl.ISPH.J 0 32 % c u 
l'EREIS ~ t:·'J 1 (~ f) 

GLYCit,DE 0 ~) 1 0 {) 

IANAIS 64 64 2c.ib 32 32 
c INSI0lv~UM 0 kJ 64 32 32 
GuLl- it>iGlA 32 64 64 32 ~ 

;:it-'E.CHS A1(15) AL.(lS) A3 ( 15) A4(15) AS ( 15) 3IX75 

t<IACOHA BAL'l'HICA tl (I fj ~ 32 
OLIGOCtiAE'lA 45 22 22 ,] ~I 

HETE::ROHASTUS l':i U1 lC~ ,; 
" t-IANA¥UNKIA 28~ 32 352 64 1u[• 

Pi'GOSPIO r fj Ub 0 '' TAN AIS 0 32 32 32 32 
c IN.SIOhi:OUM 0 32 32 64 32 

SPeCIES Jq (2t') f\2 ( 2t!) 113 (L v.) A4 (LI,,) A5(2rJ) 3IX7'> 

MYA 3 ~ '~ ~ ~ 
OLIGOCtiAE'.i'A 45 112 45 112 L2 
AMPHICTE.IS i: 0 (: 32 ~l 

tiETE!<O~lAS'l'U:l 1~ 4tJ ~ 4t' 111 
t•1ANAYUl-li<lA 256 44tl H 736 64 
t-YGv.:.t'llJ ~) li 64 16 
~·ru;AIS n L24 64 •:, 4 512 
c IN~IDIV::.U"' ij 32 0 32 32 
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Appendix Table 4 (cor.tinucrl) 

SPL.CIES bl ( 5) 82(5) F3 ( 5) ::., 11 ( s) B5(j) 3IX7S 

;vJACO!'lA BAL'l'HICA 21 21 21 3(1 2 
OLIG0CHAE'I'/\ 3136 2195 ]~1 r! 2 672 269 
.1\:'1 Ptll C'I'C IS 64 384 128 256 b 
d E'l'E hOt'll\S'l'US 1344 Y41 12dt; 28t:! 115 
llA.NA YUNi( I A 67tl4 48kH; 32 3 52,) 9 6 vi 
PYG0Jf'I0 832 2176 1536 64(1 44t: 
LULl\LIA C: 0 0 c 64 
lAN/\IS 1216 2 3 ~)4 1ess 384 l c.,, 

~ ,(. 

A:·lf' I'l'bv.t; ~I I·) u u 64 
c ltJS l OI0GL.Jt•1 128 44d l 22, 1152 324 
GOLFH~GIA 192 64 192 10bd 12d 

SPECii;;b Bl (1£J) B2 (Hi) D3(10) 134(1(;) ~5 (1 (J) 3IJCi ::> 

tiACvi'!A PJILTdiCA () 0 b ] u 
OL ICC;C U/\E '1'/\ 134 0 134 403 f1 
u l:.'lr. hUl'JA:)TUS 5B 0 10 172 G 
hAtJAY UW\ I A 160 96 32 192 [i 

f'YGOSPIO 3 ,, 
L ~) c ~_j vl 

TAN AIS 1GO 32 64 32 64 
c INSIIJIOSU,·1 ') (J !: 96 32 

SPLCIE.S 81 (15) B2 (15) L3 (l S) B4 (15) U5(15) 3IX75 

OLIGOCHAE'iA 32 32 32 32 0 
:•iAIJA Y UdK I A 64 96 256 224 32 
PYG0SPI0 ~L ______ 32 f1 32 G 
'l'ANAIS Ll 64 32 220 (i 

c H~SIDIOSUi'1 32 32 0 22.4 c 

SPECIES b1 (2ti) 82(20) 83 (20) D4 (2C) 25(20) 3IX75 

1'·11\CG.JA 8JIL'1HICA 0 (; 2 4 b 
i'li.A 0 1 1 ~; 0 
OLIGCCiiAC'l'A 4~ 32 0 112 vi 
t1 £ 'i ll<vl'!A::i 'l' US 19 0 r; 48 ~~ ... 
,JAhAiUi.-.1:\lA 352 16 1:'1 256 192 96 
TANAIS 160 32 64 96 0 
c I r~ S I 0 I 0 S U i"i 0 (,, IJ 32 32 u 

GOLFit1GI.I\ [; ~I 32 64 32 
'l'0F 
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Appendix Table 5. Results of investigations to determine differences in 
abundance between channels (prefix C), algae-covered ridges (prefix A), 
and algae-free ridges (prefix R). Samples were obtained with a small 
core (surface area= 57 cm2), and horizontal fractions obtained at 5 em 
intervals. 

SPECIES ZCl ( 5) ZA1 ( '}) Zi'l(5) 1 sx 7'J 

~,l,CuHA oAL'l'HICA 23 ~·, 32 
ULIGuCtlAE'l'A 56oJ 5622 5()45 
M1PHIC'i'LIS 192 n fJ 
!He 1' E f<OI'IAS 'T US 240 24Ft 2419 
i1At<AYUL•H<IA '!bioi 16256 2432f; 
l'YGOSPIO 44H 12tl ~5 
HA.KPACTICOI DA 32 32 u 
TAl>aAIS b4 1~2 352 
Ai"lPI'l'HCJE ,. 

' l•t 1'12 
c INSIDIOSUM 704 (1 % 
GOLFING! A 16~ '!6 12d 

SPECIC::. ZCl/Hi ZI\.1/H Ztd/h l') X75 

OLIGuCHAETA 168 5 17 
HE'rEROHA5£US 72 3 7 
&'!At-IA1Ul~J.\IA 144 h 20d 
NLhE.I::, f) l 11 
GLYCINDE l6 ~~ I' 
TANAIS 4b V• 72 
AMPI'I'HuE vl L 16 
c Il><SlOIO£Ul>l 4ci 24 48 
G0LFINGIA 32 J b 

SPECIES ZC1/15 z,'\1/l:) Hl/15 1S X75 

uLIGOCHAE'I'A •J 17 tl 
JI.MPHIC'l'EIS 5 ~ b 
HE'I'EROt~ASTUS 0 7 5 
NEJ:<-EIS 0 1 1 
'lANAIS 4li d 24 
c INS I DIOSUt'l 5 ~') 0 
GOLF'INGIA 5 IJ 8 

SPFCIL3 ZC1/21<1 ZA1/21J Z.Hl/2fl 15 X75 

OLIGvCHAE'l'A (.J 7b 11 
AMPHICTEIS H 16 rl 
HET'E.RONASTUS 0 34 c 
MANAYUNKIA 16 424 56 
PYGOSPIC v 16 0 
TANAIS 16 56 24 
ANPITHOf:. b (j 0 
c INSIOIOSUM rt 112 B 
GOLFit~GIA ll 48 16 
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Appendix Table 5. (continued) 

SPLCICS ZC2(5) ZA2(5) z t<2 ( ~) 15 X75 

:1AC0r-JA bALltliCA 17 32 14 
OLIGQ(dAE'lA 1389 34~4 2352 
Mti-H lC'l ns 4bfl ·" 192 " ll L'l C:HUI•lA&'I'Ut:> 595 1496 HHHl 
:·lANAYUNKIA 3534 H144 5664 
I-YGOSPIO 1760 0 864 
T . .";NAIS 352 448 1792 
?.i·l PI l uvE tl u lid 
L l,<SiriOSU:-1 2~H6 kJ 224 
GOU INCIA 320 32 2'>b 

SPECIES ZC2/Ht ZA2/HJ ZR2/H< 1~ X75 

~1ACQ•\1A UAL'IHICA 16 1 9 
OLIGOCB.n.E'IA 168 c 280 
A:>ll:'tllCTEIS 16 0 4o 
HE:'l'Et<OI•!AS'IUS 72 0 LU; 
.'!ANAYUI~KIA 2'ld 32 l!>~ 

l?YC.OSJOIO 46 n 112 
'lANAIS 16 0 80 
c H;SIDIOSUt'l u 16 ~Hi 

GOLFING IA lb fJ ll 

Sf'.E.CIE:S ZC2/15 ZA2/15 ZR2/15 15 X75 

OLIGQCtiAJ.::i.A 2i:l 16k:J 22 
AI~ l' ,Jl C'l'E IS b 0 ~) 

Ht.TI:.KOM.IISTUS 12 0 10 
E:TEONE c 8 l:l 
l•lMJAl:UL<hiA 24 52t. 176 
'lANAI::, u 80 ae 
AMPI'l'HOt:. 0 8 0 
c INSHH05Ut>1 e <1 8 
GULFINGIA ~~ 8 !.J 

Sl'E.CIE5 ZC2/20 ZA2/21:l ZH2/21c 15 X75 

CJLil.>vCfiAETA Sf: 39 28 
tlt;'l'E.ROMASTUS 14 17 12 
li.'l'E.OI.\IE ii 0 8 
:-!ANAYUNKIA 11124 2f.II:J 80 
CU!•lELLA 0 0 8 
'l'ANAI:> 32 24 32 
c H!SIDIOSUM d d 16 
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