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.ABSTRACT 

The Westshore Terminal coal port facility, situated on 

Roberts Bank in the Fraser River estuary, is presently under­

going the first stage of a two year expansion project which will 

increase the'total size of the port approximately four times. 

The dredging and landfill operations associated with this devel­

opment will ultimately increase the area of the rip-rap shore 

habitat, and in so doing, provide substrate for colonization by 

new algal and invertebrate residents. 

The present study examined the marine biotic community at 

three intertidal stations on the coal port's shores in August 

1981, prior to the initiation of the dredging operations. The 

information gathered in that examination was used to estimate 

the standing crop values of the algae and invertebrate communities 

which may be expected to establish themselves in the rip-rap 

habitat of the post-expansion shore. The nature and duration 

of this colonization process were monitored on a cleared site 

in the intertidal rip-rap zone, for a period of six months. 

The standing crop value was estimated using two methods, 

based 6n an increased coal port shore-line distance 6f 8.36 

kilometres and a total area of 182, 666 meters 2 • The first 

method resulted in a predicted invertebrate standing crop value 

of 7, 109 kilograms ash free dry weight and an algal standing crop 

value of 13,400 kilograms dry weight. 

The second method resulted in a predicted invertebrate 

standing crop value of 3,904 kilograms ash free dry weight and 

an algal standing crop value of 7,359 kilograms dry weight. 

By monitoring the intertidal recolonization process at a 

site on the coal port's south-west shore, from July to December, 

1981, it was possible to conclude that colonization of the new 

rip-rap surfaces could be expected to occur within six to eight 

months, depending on the season in which the new substrates became 

available and on the ability of nearby populations to supply algal 

and invertebrate recruits. It may take much longer, perhaps two 
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to three years, for these new populations to stabilize. 

A certain amount of the sand/mud habitat will be destroyed 

through dredging during the expansion. The eelgrass beds located 

in the intercauseway area between the coal port and the Tsawwassen 

ferry terminal have been exposed to erosion and sedimentation. 

Accordingly, samples of the sand/mud invertebrate community and 

of the eelgrass (Zostera marina ~- and ~- americana den Hartog) 

were examined in the present study in order to pr.ovide information 

related to the process of habitat compensation in these two areas. 

The results are part of an ongoing study of the effects of the 

prolonged dredging of the sand/mud sampling procedure and will be 

reported at a later date. Certain eelgrass epifaunal organisms 

are important constituents of the marine food chain and for this 

reason the relationship between eelgrass shoot density and epifaunal 

density was examined in the present study. Since epifaunal density 

appears to be greatest in areas of mid to high shoot densities, it 

is recommended that eelgrass plants be transplanted at shoot 

densities of at least 100 shoots/meter2 • Although Z .• americana 

supported far fewer epifaunal organisms than did the dominant ~­

marina, this eelgrass species is an important and productive con­

stituent of the high intertidal zone and should be included in all 

transplantation projects. 
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INTRODUCTTON 

ROBERTS BANK DEVELOPMENT 

HABTTAT ·coMP:ENSATION, · ·1:9:a.i. 

The Westshore Terminal coal port facility is situated at 

Roberts Bank, one of the largest foreshore areas of the Fraser 

River estuary (Roberts Bank Environmental Assessment Report, 

1979). Represented within the vicinity of the coal port facili­

ty are four habitats: sand/mud flats, rock/gravel shores, eel­

grass beds and marsh (Fraser River Estuary Study, 1978) Dredging 

and landfill operations associated with the current port expan­

sion project will ultimately increase the area of the rock/gravel 

shore habitat and, in· doing so, provide substrate for coloniza­

tion by new algal and invertebrate residents. 

The purpo,se of the present study is five-fold: 

a) to determine algal and invertebrate standing crop values 

for the subtidal and intertidal rocky shore. 

b) to usathe above values in predicting potential standing 

crop values for the post-expansion rocky shore. 

c) to monitor recolonization of a rocky shore site in 

order to estimate the time required for a new rip-rap 

shore to become productive. 

d) to explore possible relationships between eelgrass 

· (zo·ste:ra: amer:i:ca:na den Hartog and ·z·oste:ra rn:a:rina L .) 

shoot density and epifaunal density with respect to 

future transplantation projects. 

e) to sample ·invertebrates fromth-e. sand/mud habitat adjacent 

to the coal port for a separate ongoing study of 

dredging effects. 



FIGURE 1. 

- 2 -

MAP OF THE ROBERTS BANK COAL PORT 
AND THE INTERCAUSEWAY AREA WITH 
BORROW PIT. 

Map drafted from 19 aerial photograph 
of the Roberts Bank coal port. 

Intertidal and subtidal transects 
sampled August 4 - 31, 1981. 

Eelgrass quadrats sampled July 
28 - 31, 1981. • 

Sand/mud 'grabs' sampled August 24th 
o (depth in fathoms) 

and September 31, 1981. 
• (depth in fathoms) 
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METHODS AND MATERIALS 

A. Rocky Shore Inte·rti·da1· ·an:d S .. u:btidaT .Transects 

i} Site Descriptions 

Station 1 49° 00.85'N. Latitude 
J.23. O. ·0·9·. so·• W. · Long·itude 

This sampling station was located on the sheltered 

northeast shore of the Roberts Bank Coal Port, east of the 

causeway, between a samll boat launch ramp and the north end of 

the dock face ("Herring Point"}. The beach sloped shallowly 

(8:1) down to the waterline from the foot of a raised embank-

ment, that ran along the top of the shore. The substrate con­

sisted of cobble on a sand and gravel base. 

The beach appeared to be relatively uniform in terms 

of stratification and topography within intertidal zones, along 

its length. The transect site was well drained. 

A single transect line was laid out along the 

shore, perpendicular to the low water line and a reference line 

which was situated at the base of the raised embankment. A sys­

tematic method of sampling was adopted and a total of seven -

0.2Sm2 quadrats were sampled at four meter intervals along the 

transect line from the reference point to low water (l.6m a.d.; 

August 4, 198.l). 

The width of the beach from the reference point to low 

water was measured, and the tidal height of the reference point 

was determined with the aid of a handheld surveyor's level and 

a tidal gauge situated just offshore. (See Table i: ~idal 

Elevation of Sampling Stations~) The reference point at this 

station was 4.25m a.d. and width of the beach, from this point 

to datum was approximately 35 meters. 

* All tidal elevations in this report are given with respect to 

chart datum (a.d. =above datum). 
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The station was visited and sampled on a single day 

(August 4, 1981) on which the weather was sunny with a mid-
. 2 0 afternoon temperature of 5 c. 

Station 2 00.70' N. Latitude 
·09·.70·•· w.· Longitude 

This sampling station was located on the southwest 

(seaward) shore of the Roberts Bank Coal Port. This shore slopes 

steeply (2~:1) beneath large rip-rap boulders which extend 

approximately 3 meters beyond datum. It is exposed to heavy wave 

action during moderate to strong north-west through southeast 

wind storms. 

One intertidal and two subtidal transects were located 

:ffiidway along this shore in August. A reference point was located 

at the same level as the railway ~racks and its elevation was 

determined, by comparing the corresponding height of the tracks 

on Swan Wooster/Westshore Terminal blueprint drawings, to be 

7.20 meters a.d. The width of the shore at the intertidal tran­

sect position was approximately 18 meters, from the reference 

point to datum. 

A total of five - 0.25m2 quadrats were positioned at 

intervals which ranged from one to four meters, depending on 

stratification and tidal elevation, along the center of the 

intertidal transect line. (See Table l~ An attempt was made 

to sample on as many flat boulder surfaces as possible, within 

the transect, in order to avoid the obvious problem of sampling 

beneath and between the large rip-rap. This method also elimina­

ted most of the problems of total surface area var~ability among 

quadrats (Littler, 1980; Gonor ·et ·al., 1978). This meant that 

certain species of highly mobile organisms, including· Hemi·grapsus 

nu:dus and H. ·oregonensis, crevice dwellers and organisms present 

in the substrate beneath the boulders were n.ot sampled at this 
station. Although a large population of· H.· ·n·u:dus was observed 

it was difficult to capture or even make accurate counts of these 

animals for use in biomass determinations. 
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The intertidal transect was visited over a one week period 

from August 10 - 15, 1981 when the weather remained sunny and 

warm ( 25°C) • 

The two subtidal transects were sampled at this station 

on August 31, 1981. The first subtidal transect was located 

immediately below the marked intertidal transect and consisted 

of ten.- 0.25m2 quadrats randomly placed within the two vegetation 

zones described by the contracted divers, which existed along: 

the transect line. (See Appendix 1). This transect extended 

approximately 26.5 meters beyond the position of the fifth inter­

tidal quadrat, to a depth of approximately 3.5 meters below datum. 

It was discontinued at this point due to the presence of a sand 

substrate and the consequent lack of vegetation. 

The second subtidal transect, consisting of nine randomly 

placed 0.25m2 quadrats within three vegetation zones, was located 

approximately 50 meters east of the marked intertidal transect. 

It extended down the shore approximately 40 meters.beyond datum 

and to a tidal depth below datum of 2.8 meters. The transect 

was discontinued at this point due to the presence of sand and 

the consequent lack of vegetation. (See· Appendix 1) • 

Station 3 00.85' N. Latitude 
·o-o·. 70· w. · ·Longitude 

This sampling station was located on the northwest shore 

of the Roberts Bank Coal Port, facing the mouth of the Fraser 

River. The beach sloped shallowly (8~:1) down to the water 

line from the foot of a raised embankment that ran along the top 

of the shore for the length of the beach. There were three main 

substrate types present at this site. In the low to mid inter­

tidal zones (0 to l.8m above datum) the substrate consisted of 

cobble on a sand and· broken shell base; in the mid intertidal 

zone (1.8 to 2.75m a.d.) there was a rock crest which ran along 
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the length of the shore and consisted of a single layer of large 

rip-rap boulders on a sand, gravel and broken shell base; in the 

high intertidal zone (2.7S to 6.Sm a.d.) the substrate consisted 

of cobble on a sand and gravel base. There were also many large 

boulders scattered in this zone. 

The transect line was positioned perpendicular to a 

reference line which ran parallel to the water line, fourteen 

meters from the top of the shore. The reference point was located 

at the top of the shore, at the base of the raised embankment. 

A total of ten - 0.2Sm2 quadrats were positioned along the center 

of the transect line at four meter intervals. However, only nine 

quadrats were finally sampled because the area described by the 

third quadrat consisted of a bulldozed ridge of small rip-rap 

within which no living organisms were found. The remaining quadrat 

locations were representative of th.e surrounding beach as the 

strata zones described above were continuous for the length of 

the shore. The beach was uniformly well-drained and exposed to 

heavy wave action only during strong north-westerly wind storms. 

On several occasions a stream of water approximately 

ten meters wide, carrying a dense concentration of coal particles, 

was observed to be flowing from the holding ponds beside the 

coal train unloading site, down through the beach to the water, 

approximately fifty meters north of the transect site. ~lthough 

wave action may have been expected to wash these coal particles 

back up on to the nearshore area, no depositions of coal dust 

were observed in the iromediate vicinity of the study transect. 

There were very large deposits of coal throughout the stream­

washed area however, and no living organisms were. observed there. 

The width of the beach from the reference point to 

datum, :measured on August 26, 1981, was approximately SS meters. 

The reference point was located at a tidal elevation of 6.S6 

meters above datum. (See Table 1). 



This station was visited over a period of one week 

(August 25 - 3l, l98l) in which the weather ranged from sunny 

and warm (20°c) to cool arid overcast with rain (l4°c). 

Quadrats (0.2Sm2 ) were systematically positioned along 

the center of the transect line located at each of the three 

intertidal stations. Subtidal samples w~re collected in 0.2Sm
2 

quadrats located randomly within vegetation zones along the two 

subtidal transects at Station 2. In order to minimize error an 

effort was made to collect all of the organisms present in each 

quadrat. However, due to time constraints and tidal movements 

it was necessary to collect subsamples in some cases. Prior to 

taking the subsample the percent cover of the algal species and 

the encrusting invertebrates (for example, barnacles) was assessed 

using the grid method. A photographic record of the subsample 

location within the intertidal quadrats was made; no photographic 

record of subtidal quadrats was kept due to underwater camera 

problems. 

The collected organisms from each quadrat were roughly 

sorted in the field and placed in labelled plastic bags. Barnacles, 

mussels and limpets were gently scraped from cobble and rip-rap 

surfaces with scapel blades. A sarµple of the top two centimeters 

of sediment was collected from each quadrat at Station 1 and 

Station 3 and placed in a s~parate bag~ The collected organisms 

were stored at o° C for a period of one day to two weeks while 

the process of collection and.biomass determination contined. 

Cold storage was considered preferable to both f_reezing and 

storage in preservative solutions. Freezing and then thawing 

causes alterations in morphology which would have made species 

identification very difficult. Formalin and alcohol solutions 

both significantly affect the determination of dry weights of 

organisms because they cause soluble materials such as lipids 

to leach out of the organisms into the solution (Goner et al., 

"l978). 
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Prior to microscopic examination, each sample, including 

each of the sediment samples, was washed gently through two 

nested sieves with ;iOOA1ffi and 250~m pore diameters. -The sieve 

contents were sorted and the organisms present were identified, 

counted and either preserved or dried for use in the biomass 

determinations. Species which occurred infrequently or which 

were very small (<5rnm) were not considered important to the 

overall biomass and were preserved. 

The organisms which were dried were placed in labelled 

aluminum or enamel trays and left in a drying oven at a temperature 

of 100° C for 24 to 96 hours. According to Winberg (1971) the 

weight of .organisms dried.at temperatures below 105° C does not 

change over time once a constant weight has been reached. 

With the exception of limpets, the shells of snails, 

bivalves and barnacles were not removed prior to ashing. In 

order to determine whet..'!::ier or not ashing this material for four 
0 0 hours at temperatures of between 500 C and 550 C affected the 

ash free weight determinations, the dry tissue weights of a sub­

sample of littorines and barnacles were calculated using an al­

ternate method (Holmes· ·et ·aL,1971). These animals were dried, 

weighed and then placed in a caustic solution of KOH until all 

traces of tissue were removed. They were then dried and reweighed. 

A second subsample from the same population were dried, weighed, 

ashed and reweighed. Using this information we found that it 

was necessary to use a correction factor of 4.93% to _recalculate, 

upwards, the dry tissue weights of· B·a:i-anus: ·gTan:dula. 

A shell length/dry tissue weight equation (See Appendix 

2) was calculated using a subsample of· MytiTus: ·e·duTis collected 

intertidally at Roberts Bank on October 9, 1981 and this in­

formation was used to determine dry tissue weights of the mussels 

collected in the transect at Station. 3. Seed mussels (<.Sro.m long) 

were counted but were not considered in biomass determinations. 
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Macrophytic algae were not ashed; the biomass of ail 

vegetation was calculated using the dry weight values. 

The material collected in the nineteen subtidal quadrats 

was placed in gunny sacks as it was collected, and stored at 0° C 

overnight. The next morning the sacks were suspended in tanks 

of cold circulating sea water and stored for a period of one to 

eleven days. The contents of each sack were sorted in a box 

screen with a 250~JU pore diameter. Small, unidentified organisms 

were placed in collection jars and stored at o° C for up to two 

weeks. Macroinvertebrates and all algae were washed, identified 

and placed in a drying oven at 100° C immediately. These organisms 

were dried for 24 to 96 hours, to a constant weight. The organisms 

stored in the collection jars at o0 c were sorted. to species and 

dried only if it was felt that they contributed significantly 

to the overall biomass. Most of these animals and algal fragments 

were preserved in labelled specimen vials in 50% isopropanol. 

The dry and ash free weights of subsampled organisms 

were multiplied by a factor which represented either the total 

sample size for evenly distributed organisms or percent cover 

for unevenly distributed species. 
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TABLE 1 

TIDAL ELEVATIONS* OF SAMPLING STATIONS 

Quadrat No. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

Slope of 
Shore: 

Reference 
Point 
Height: 

1 

3.75 

3.26 

2.77 

2.29 

1.80 

1.31 

0.94 

8:1 

4.25m 

* (Meters above tidal datum) 

s t a· t .i 0 n 

2 

5.58 

3.95 

3.14 

2.30 

1.92 

7.20m 

3 

5.08 

4.61 

3.66 

3.19 

2.71 

2.24 

1.76 

1.29 

1.02 

8~:1 

6.56m 
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i) S:ite ue·scripti·on 

The recolonization site was located approximately fifteen 

meters west of the marked intertidal transect at Station 2 on 

the south-west shore of the Roberts Bank Coal Port. A l.Om
2 

area 

on the surface of a large, seaward sloping (5:1) rip-rap boulder, 

located l.42m a.d. was cleared on July 22, 1981. 

Samples of the invertebrates and algae present prior 

to clearing the recolonization site were collected and preserved. 

The percent cover of algae was also recorded. (See Appendix 5). 

The l.Om2 area was cleared by using wire brushes and 

large scapel blades to scrape the rock surface, and a propane 

torch to burn away all remaining traces of algae and sedentary 

invertebrates. The corners of the cleared area were marked with 

red spray paint to insure relocation of the site on subsequent 

visits. 

The site was visited every two to three weeks for six 

months. The site could only be examined during tides of less 

than 1. 6 meters. During each visit meterological conditions., 

water turbidity, percent algal cover and invertebrate counts were 

noted. As frequently as possible photographs were taken to enable 

a permanent record to be made of the recolonization process. 

Whenever organisms which had not been previous.Ly identified were 

found at the site, samples were collected for examination in the 

lab. The number of barnacles present was determined by counting 
') 

those located in· randomly chosen 0.,. Olm"" quadrats within the site. 

All other organisms were counted as completely as possible during 

each visit. The visits to the site were made during daylight hours 

from July to October. From the middle of October to December noc­

turnal visits were necessary due to the timing of winter low tides. 
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2 On September 24th, a O.Olm quadrat, located in the 

center of the site was scraped clean, and the organisms present 

in that area were collected. These organisms were kept at o0 c 
for 24 hours, then washed, sorted, identified and counted. The 

ash free weights of the dominant algae and invertebrates sampled 

were determined. 

2 On December 10th, four O.Olm quadrats, located randomly 

within the site, were scraped clean and the process of species 

identification and biomass determination was repeated. 

C. The Relationship Between Shoot Density of Zostera marina 
and z. americana and Epifaunal Density at Roberts Bank, 
Jul -1981 

In the intercauseway area of Roberts Bank between the 

coal port and the Tsawwassen ferry terminal, there are extensive 

eelgrass beds. (See figure l.) The dominant eelgrass species 

in the beds is Zostera marina; however ~· americana is also 

present. The borrow pit and its associated tidal channels, created 

by dredging operations during the original construction of the 

coal port, are situated centrally within these beds and contain 

little or no vegetation. 

ii) Sample Collection and Processing 

The eelgrass beds were visited over a four day period in 

July, 1981 (July 28 to 31}, and a total of sixty quadrats of eelgrass 

were harvested. Four of these (0.2Sm2 ) quadrats were sampled in 

the Z. americana zone at the northern-most extent of the beds. A 
- 2 . 2 

total of two (0.25m ) and 54 (0.06m ) quadrats were sampled, at 

varying shoot densities, within the Z. marina growing throughout 

the intercauseway area. (See Figure l.) 
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Samples were collected at random locations by throwing 

the quadrat frames ahead of us as we walked over the beds at 

low tide. When the 0.06m2 frames were us.ea, two frames were 

thrown close together in an effort to make replicate samples. 

This method was used in an effort to sample as wide an area 

as possible during the short time period that the beds were 

exposed at low tide. A photographic record of each quadrat, 

prior to harvest of the eelgrass shoots, was made. 

The eelgrass shoots which_ arose from the sediment within 

each quadrat frame were counted and the above-ground portions 

of each plant were removed by slicing through each shoot at 

sediment level. Large invertebrates such as the isopod, Tdotea 

·resecata, which were observed on the blades were carefully 

collected. The eelgrass shoot counts per quadrat were recorded 

and the shoots were placed in labelled plastic bags. A solution 

of buffered 10% formalin was added to each bag, and the bags were 

then placed in cold storage (0° C) for 3~ months. The plants 

and their epiphytes and epifauna remained in good condition 

throughout this storage period. 

Each quadrat was identified on the basis of shoot 

density. (See Table 2, below.) A random number table was 

subsequently used to select representative quadrats from each 

density for epifaunal examination. 

Table 2. Shoot Density Categories of Quadrats Sampled in 
the Eelgrass Beds of the Roberts Bank Intercauseway 
Area, July, i-9·s-i. 

.. 

Density 
. . 

Numl)er of Shoots/a·. 2-Sm 2 . 

z. marina z. americana - -
.1.. .Low .0:-:2.4. < 176. 

2. Mid 2.5.-.4.8. -

3 .• High >..4.8. .>.1.7.6. 
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The shoots from each sample were rinsed thoroughly in 

running water on two nested sieves, with pore diameters of 500· ,_...rm 

and 1254ffi. The epifauna which remained on the blades after rinsing 

were removed by gently scraping along both surfaces of the blade 

lengths with the blunt edge of a scalpel. This material was also 

washed through the sieves. All material caught in the sieves was 

collected and preserved in labelled jars containing 50% isopropanol 

and the vital stain, Rose Bengal. Each of the preserved samples 

was split into frcctions using a Folsom splitter and the resultant 

subsample was examined under a dis.secting microscope. The organisms 

present were counted within twenty faunal divisions according to 

the classification system described in (Smith ·e.t--al. 1975). (See __ 7 

Appendix 6) • 

The shoot 0£ each ·z·ostera plant was exarained and the 

number of blades per shoot was recorded. The length and width of 

the longest intact blade and the length of the shortest intact 

blade were measured. When the end of the longest lJlad:-f;;f in the 

shoot was broken or decayed, that plant was not considered in the 

blade length determinations. A record of the general condition of 

representative Zostera marina plants taken from each density was 

kept by comparing the number of broken, decayed and intact blades 

per shoot. 

The blade measurements permitted a rough estimate of the 
2 total surface area of plants per 0.25m quadrat to be calculated 

and the nilmber of epifaunal organisms per l.Ocm2 of eelgrass was 

determined. Blade surface area was calculated for the plants in 

each representative. quadrat sample by multiplying the mean length 

of the longest and the shortest intact blades in that quadrat by 

the mean width 0£ the longest intact blade. This value was then 

multiplied by the mean number of blades per shoot, and by the number 

of shoots counted in that quadrat. This value was, in turn, multi­

plied by two to account for both sides of the eelgrass blades. 
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RESULTS-

The three intertidal stations exemplify three different 

types of substrate subject to various degrees of exposure. Not 

all shores are equally suitable to all organisms and variations in 

species diversity and relative abundance were evident amongst these 

three locations. 

On the cobble beach of station 1 the most coITnion species 

include the barnacles· Bal·anus: ·glandu·a and Chthamalus dalli, the 

purple shore crab Herrtigrapsus· ·nu:dus and the checkered peri·winkle 

Li ttorina ·s·cutulata. Both the oyster Crasso·strea gi·gas and a 

small amount of the alga Ulva ·f·en·e·s:tr·ata were present in the lower 

intertidal. A prominent drift zone extended the length of the 

beach approximately 4 meters below the reference point. It consisted 

mainly of ·zo·stera ·marina with some Larrtinaria species, U. ·fenestrata 

and Enterorn:orpha species. 

Virtually all the biomass at station 1 consisted of 

invertebrates with the exception of the SY.tall sample of U. fenestrata 

in quadrat 6 (Figure 2). Quadrats 6 and 7 exhibited the largest 

invertebrate biomass values obtained in this study;these were 

38.6973 gms/0.25m
2 

and 49.555 gms/0.25m2 respectively (Table 3). 

Approximately 80% of the aforementioned values represent just two 

species: B. glandu:la and H. ·nu:dus. 

On the rip-rap shore of Station 2 the green shore crab 

H. o·regonensis · and limpet Acrrtaea pelta were usually found, in 

addition to the common species cited for the previous station. 

Both species of Herrtigrap·sus, al though frequently observed, were 

not included in biomass determinations because of difficulties in 

capturing individuals under and between large rip-rap at this 

station. 



FIGURE 2. 
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BIOMASS OF INVERTEBRATES ~g 
Ash Free Dry Weight/0. 25m ) · 2 
AND ALGAE (g Dry Weight/0.25m ) 
COLLECTED FROH ROBERTS BANK 
INTERTIDAL STATION 1, AUGUST 4 
1981. 
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TABLE 3. 

TAXA 

Paranemertes 
12ere2rina* 

BIOMASS OF INVERTEBRATE (g Ash Free Dry Weight/0.25m2) AND ALGAE (g Dry Weight/0.25m2) 
COLLECTED FROM ROBERTS BANK COAL PORT INTERTIDAL STATION 1, AUGUST 4, 1981 (7 Quadrats) 

! 

! 
\ QUAD RAT # 

l 2 3 4 5 6 
-

• Biomass" • Biomass • Biomass • Biomass • Biomass • Biomass 
I 

0 0 0 0 l 0.0527 .0 

Armandia brevis* 0 0 0 0 0 0 

Nereis 
vexillosa* 0 0 0 0 2 0.2685 0 

Balanus 
21andula 0 28 0.1885 3 0.0054 187 0.9302 787 2.3271 7550 19.3490 

Chthamalus 
dall1 0 0 0 2 0.0004 2 0.0019 80 0.0700 

Hemi<i{rapsus 
nudus o· 0 2 0.0422 4 0.4424 33 3.0696 40 ll.2300 

Pagurus 
hirsutiusculus 0 0 0 0 0 20 0.0530 

Protothaca 
stam1nea 0 0 0 0 0 0 

Crassostrea 
~ 0 0 0 0 0 l l.1753 

Mytilus edulis 0 0 0 0 2 o .• 0976 100 3.9590 

Collisella 
12e1ta 0 0 0 0 0 260 0.7900 

Littorina 
scutulata 0 0 8 0.1403 204 0.6546 253 0.4888 1410 l. 9850 

' 

7 • Biomass 

~o 

:..1 0.1920 

,0 

1465 11.4990 

91 0.7450 

l 3.3040 

' 
4 0.0530 

l 0.1010 

0 

5 0.9030 

25 l. 2660 

60 l.1880 



TABLE 3. continued, •• , •• 

TAXA QUAD RAT # -
1 2 3 4 5 6 7 

j Biomass # Biomass f Biomass # Biomass # Biomass f Biomass f Biomai:i$. 
Notoacmaea I 

persona 0 0 0 0 l 3 0.0161 10 0.0860 9 0.3040 

Ulva 
-renestrata 0.1570 

·--· .. --• ··--· -- ..... . . 
TOTAL BIOMASS - o.1a·05 0.1879 2.0276 7.0980 38.6973 49.5550 

(*Biomass in g Dry Weight/0.25m2). 
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Algal diversity and abundance were greater at station 2 

than at either of the other stations, with Gi·gartina· papilTata 

and G. coryrob.ifera,· ·odontha:l·ia ·f1·o·cco·sa; FU:cus· ·gardn·eri and Entero­

riiorpha spp. occuring most frequently (Figure 3). · PetrocoeTis* 

was also common but difficult to sample accurately because it 

encrusts not only the rock surf ace but the shells of barnacles and 

limpets. Only those organisms free of this algal growth were used 

to determine biomass directly. Those species encrusted by the alga 

were used in population estimates and these estimates were used, 

in turn, to calculate total biomass. The biomass totals for the 

algae are larger, by a factor of 2, than the total invertebrate biomass 

for this station (Tables 4 & 5). 

The gastropod NuceTla ·iaJ:iie:1:i-o:s·a, the common blue mussel 

:M.ytilus edulis, the hermit crab p·ag·urus· hi·r:s·utiuscul11s and the 

limpet Notoacmea pe·rs·ona were frequently observed on the small 

boulder/gravel substrate of station 3. Comrnon species of station 

1 and 2 were also present and together accounted for large diversity 

of invertebrates at this location. G. p·apillata, E"ntero:m:orpha spp. 

and Ulva fenestra:ta were present, although sparse in comparison 

to the previous transect. Total invertebrate biomass was 4 times 

greater than the algae. A wide band of drift material composed, 

primarily of .Z,. marina and wood fragments, was located approximately 

five meters above datum. 

If the total biomass values for invertebrate and algal 

species of all three stations are combined to give an overall 

biomass value, it is possible to examine how the biomass of the 

coal port intertidal community is distributed. Barnacle species 

account for 35.23% followed by H.· midus 11.47%, M. e·dul·is 7.54% 

and L. s·cutu1·ata 4.01%, and these invertebrate species represent 

58. 25% of the total biomass. Of the algal species ~· ·flocco·sa 

accounted for 7. 9% followed by F •· ·gardn·e·ri 5. 35%, U. fen:estrata 

4.1.7% and ~.· "lit1z.a,· with these four algal species accounting for 

20.36% of the total biomass. 

* Fetrocoelis.. represents a sporangial phase in the life cycle of 

some species of Gigartina (Abbott et al., 1976). 



' FIGURE' . 3 • · 

- 20 -

BIOMASS OF INVERTEBRA2ES (g Ash 
Free Dry Weight/0.2~m ) AND ALGAE 
(g Dry Weight/0.25m·) COLLECTED 

FROM ROBERTS BANK INTERTIDAL STATION 
2, AUGUST 10 - 15, 1981. 
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TABLE 4. BIOMASS OF ALGAE lg Dry Weight/0. 25m2l COLLECTED FROM ROBERTS BANK COAL PORT INTERTIDAL 
STATION 2, AUGUST 10 - 15, 1981 (5 Quadrats) 

SPECIES QUAD RAT # 

1 2 3 4 5 

Biomass Biomass Biomass Biomass Biomass ' 

Enteromortha 
intestina is - - 4.1475 - - I 

' 
EnteromorEha i 

spp. - - - 0.1538 - I 
I 
I 

Ulva ! 
fenestrata - - 0.0889 0.5996 2.6369 I 

Fucus 
sardneri - - - 17.2093 1.2639 

cryatosiehonia 
woo II - - - 0.1935 -
Gisartina 
corymb:i.fera - - 2.0909 0.1730 -
G. eaEillata - 0.4350 8.3269 9.5451 2.9288 

r 

Iridaea 
cordata - - - - 8.9539 

.!.· heterocaq~a - - - 3,1022 1.4466 

Odonthalia 
fioccosa - - - 0.5801 26.7396 

Porehyra 
eerforata - - 0.1099 0.4140 -
P. smith.ii. - - 0.0094 - 0.2509 

PorEhyra sp. - - 0.0051 - 0.2702 
-· ~ ·-· ... ·- . ... ·-· .. .. .. -· -· .. ·-····· ·- - _,:___.L. 

TOTAL BIOMASS - Q l\~!fo 1~. l-"'t<a-,. 1>\ .<.\1-o(o 41-\· Ui°IOS 



TABLE 5, 

TAXA 

Bal anus 
cariosus 

~· glandula 

Chthamalus 
dalll. 

Barnacle spp. 

Pa gurus 
h:l.rsut:l.usculus 

Idotea 
wosnesenskii 

Collisella 
O:Isiital:l.s. 

£• pelta 

Lacuna spp •. 

Littorina 
scutulata 

Notoacmaea 
persona 

N. scutum 

M::r::tilus edulis 

TOTAL BIOMASS 

BIOMASS OF INVERTEBRATES (.g Ash Free Dry Weight/0.25m2) COLLECTED FROM THE ROBERTS 
BANK COAL PORT INTERTIDAL STATION 2, AUGUST 10 - 15, 1981. (5 Quadrats) 

QUADRAT i 

1 2 3 4 5 

i Biomass i Biomass t Biomass f Biomass t Biomass 

0 0 0 10 0.0170 40 . 0.1170 

0 14.58 2040 0.6690 480 0.2220 170 1.228 

0 3.9735 2390 3.1450 2070 2.0300 560 0.7340 

0 0 0 355 10.1700 560 3.7670 

0 0 0 1 0 .0071 2 0.0146 

0 0 2 0.0209 0 1 0.0171 

0 10: 0.2450 0 0 0 

0 5 0.0390 77 0.3473 240 0.4283 37 0.1100 

0 0 12 0.0408 27 0.0918 175 0.5950 

0 1500 1.544 349 0.6363 55 0.0483 38 0.3020 

0 0 0 1 0.0013 0 

0 0 0 1 o. 0011 0 

0 60 0.2330 19 0.0642 0 300 3.2100 

- 20.6145 4.9236 13.0169 10.0947 

N 
N 
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BIOMASS OF INVERTEBRA2ES (g Ash 
Free Dry Weight/0.2~m ) AND ALGAE 
(g Dry Weight/0.25m ) COLLECTED 

FROM ROBERTS BANK INTERTIDAL 
STATION 3, AUGUST 25-31, 1981. 
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TABLE 6. BIOMASS OF ALGAE tg Dry Weight/0.25m2) COLLECTED FROM ROBERTS BANK COAL PORT INTERTIDAL 
STATION 3, AUGUST 25 - 31 1 1981. (9 Quadrats) 

SPECIES QUAD RAT # 

5 8 9 10 

Biomass Biomass Biomass Biomass 
- .. ··- . . 

Enteromorrha 
intestina is - - 0.0932 0.0356 

E. linza - - 4.6378 1.2000 

Ulva 
fenestrata - 0.0420 6. 5142 7.7024 

Gi~artina 
12a12illata 0.1865 0.0270 1.2000 1. 5233 

Iridaea 
cordata - - - 0.5954 

Polisiehonia 
spp. - - - 0.0791 

TOTAL BIOMl\SS 0.1865 0.0690 12.4452 11.1358 



TABLE 7. 

TAXA 

Paranemertes 
12ere9rina iii 

Nereis 
vexiliosa* 

Bal anus 
' glandula 

Chthamalus 
~ 
Hemi9ra12sus 
nudus 

H. ore9onensis 

Pa9urus 
hirsutiusculus 

Gnoris12haeroma 
ore9onensis 

I do tea 
montereyensis 

Collisella 
12elta 

Lacuna spp. 

Littorina 
scutulata 

BIOMASS OF INVERTEBRATES (g Ash Free Dry Weight/0.25m2) COLLECTED FROM ROBERTS BANK COAL 
PORT INTERTIDAL STATION 3, AUGUST 25 - 31, 1981. (9 Quadrats) 

QUAD RAT * 
2 4 5 6 7 8 

# Biomass * Biomass # Biomass j Biomass • Biomass # Biomass 
·-. 

0 0 0 0 1 0.0679 0 

0 0 0 0 5 o·. 3608 6 0.1206 

0 229 1. 0466 11890 16,0795 823 1.1664 430 2,8690 274 1. 3245 

0 I 0.0825 7 0. 297.0 97 0.1611 0 0 

54 2.9331 3.5188 63 3.7737 32 1.2889 4 0.1751 10 0.8353 

9 0.1917 0.0201 2 0.0447 12 0.0353 0 0 

0 0 21 0 .1111 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 1 0.0037 

0 0 0 2 0.0088 0 5 1.4738 

0 0 0 0 0 0 

1 0.0030 228 1.1251 503 2.7432 230 1.1868 73 0.3740 44 0.1344 

N 
Ul 



TABLE 7 continued •••••••• 

TAXA QUAD RAT # 
-- -- 6·---- ~---7---· 2 4 5 ll 

# Biomass # Biomass • Biomass # Biomass I Biomass I Biomass 
-·-- -·--··-···- --··--·. ----- ..... - u _ _., •• - ---~- r-------~ --····-·-~ 

Notoacmaea 
12ersona 0 0 0 0 1 0.0017 1 0.0035 

N. scutum 0 0 0 0 0 0 

Nucella 
Iameliosa 0 0 0 0 0 0 

Protothaca 
staminea 

' 
0 ·O 0 1- 0.0041 0 0 

M:;ttilus edulis l' 0.0278 8 0.2191 448 ·4.1437 105 2.2199 94 1.1618 135 1.8010 
~- ·= ~--=-= , ,..,,=~ ~--

TOTAL BIOMASS 3.1556 6.0122 27.1929 6. 0713 5.0103 5. 7299 

. 
( * Biomass in g Dry Weight/0. 2.5m2.} 



TABLE 7. continued •••••••• 

TAXA QUADRAT # 

9 

f Biomass # 

Paranemertes 
12eregrina * 0 0 

Nereis 
vexiIIosa * l4 0,6804 2 

Bal anus 
glandula 6380 l0,8331 5450 

Chthamalus 
dalli 0 4 

Hemigra12sus 
nudus 32 2. 0328 4 

H. oregonensis 14 0.6012 10 

Pagurus 
hirsut:l.usculus 52 0.1648 4 

Gnorii:il,!haeroma 
oregonensis 6 0.0144 10 

Idotea 
montere;i:ensis 0 20 

Collisella 
pelta 116 0.4262 66 

Lacuna spp. 0 158 

Littorina 
scutulata 12 o. 0110 24 

lO 

Biomass 

0.0972 

7.3544 

0.0092 

0.8842 

o.7446 

0.0118 

0.0356 

0.0466 

0.3058 

0.1882 

0.1452 

N 
-....]· 



TABLE 7. continued ••••••• 

TAXA QUADRAT # 

9 10 

i Biomass t Biomass 

Notoacmaea 
persona 2 0.1982 0 

N. scutum 6 0.0100 2 0.0166 

Nucella 
Iamellosa 0 8 10.0254 

Protothaca 
staminea 0 0 

Mytilus edulis 2460 4.4092 47 3.5952 

TOTAL BIOMASS 19.3813 23.4600 

(* Biqmass in g Dry Weight/0.2Sm2). 

N 
00 
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BIO:MASS OF INVERTEBHATES ~g 
Ash Free Dry vTeight/O. 25m ) 2 AND ALGAE (g Dry Weight/0.25m ) 
COLLECTED FRON ROBERTS BANK 
SUBTIDAL TR.Af.JSECT #1, AUGUST 
31, 1981. 
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TABLE 8. 

I 

SPECIES 

Enteromoriha 
Intest:l.na :l.s 

!· ~ 
Ulva 
fenestrata 

Fucus 
gardneri 

Laminaria 
saccharina 

Nereocystis 
leutkeana 

Callo12hyllis 
flabeliulata 

Cerami um 
caIIfornicum 

Constaninea 
subuiifera 

crn~tosi12honia 
woodH 

Farl~ mollis 

Gigartina 
corymb:l.f era 

Q· 12a12illata 

BIOMASS OF ALGAE (g Dry Weight/0.25m2) COLLECTED FROM ROBERTS BANK COAL PORT SUBTIDAL 
TRANSECT # l, AUGUST 31 1981 (10 Quadrats) , . --· -·- -- ···-

QUAD RAT # 
.. --

l 2 3 4 5 6 

Biomass Biomass Biomass Biomass Biomass Biomass 
--·--··-· ~ -..... ··-

- - - - - -
- 0.0062 0.0047 - - -

26.0680 4.0990 l. 228 1.8810 0.2130 20.6840 
-

- - - - - -

- 0.8430 - - 12.4950 -

- - - - 138.0680 -

- - l. 0650 0.9900 3.6910 0.0676 

- - - - - -

- o. 0719 42.6150 76.5820 61. 8550 -

0.6970 0.2060 - - - -

- - ·- - - -

- - 0.9430 9.4350 11. 3128 l. 0573 

50.9040 13.7490 - - - -

.. --
I 

i 
I 

; 

I 

·---- ·- - ---
·--~--

- -

.I 

w 
0 



TABLE 8. continued ••••••• 
·--

SPECIES QUAD RAT i 

l 2 3 4 5 6 

Biomass Biomass Biomass Biomass Biomass Biomass 

Gracilaria 
,,.......,... __ ........., __ . 

verrucosa 0.1030 - - - 0.1801 1.7000 

Grateloutia 
californ ca - 0.2300 - - - -
Iridaea 
cordata 0.9300 20.4420 60.1960 12.2920 17.6700 0.3130 

Microcladia 
coulteri 0.0864 3.8420 0.5690 0. 7100 0.2470 0.0189 

Odonthalia 
lloccosa 0.2540 30.5790 - 0.8950 0.2550 -
Pol:i'.neura 
Iatissima 0.2670 0.0810 19.1300 ·0,5100 0.8170 0.1340 

Polysi12honia sp. - 0,0684 - - - -
Rhodog:lossum 
affine 0.3420 - - - - -
Rhodymenia 
pert us a 0.1880 0.0422 0.1354 - l. 5340 -
Smithora 
naiad um - - 0.0068 - - -
Stenog:ramme 
interru12ta - - - - - -

·- ~ . ...........-.. ...... -.-.. ~----· .. ·-~- - ·-

TOTAL BIOMASS 79.8394 74.2597 125.8900 103.3600 248.3379 23.9748 



TABLE 8, continued ••••.•• 

SPECIES 

7 
Biomass 

·-
Enteromortha 
intestina is -
§. ~ -
Ulva 
fenestrata 1.0060 

Fucus 
gardneri -
Laminaria 
saccharina -
Nereocistis 
Ieutkeana 1.4020 

CalloEhlllis 
fiabellulata -
Cerami um 
calHornicum -
Constaninea 
subulifera -
criEtosiEhonia 
wood ii -
Farlowia mollis -
Gigartina 
corimbifera 0.6740 

G. paEillata --

QUAD RAT 
-· 

8 9 

Biomass Biomass 
,__ 

0.2210 0.0434 

- -

1.0090 0.8160 

I 
\ - -
' 
I 
I - - I: 

- -

' 0.5390 0.1739 
I 
I - - I 
i 

- 0.1320 

- 0.2470 

- l.1630 

11.1380 l. 2330 

0.3060 -
'-

# 

10 
Biomass 

-
-

-
-

-
-
-
-
-

-
-

-
-

-

-

w 
N 



TABLE 8. continued •••••••• 
·-··------·---------··-··- ... -.. ··-.... ·--·-·····-···---

SPECIES QUAD RAT # 

7 8 \ 9 10 

' Biomass Biomass Biomass Biomass 
·---......------- ,.........__,_.,....._ .. 

Gracilaria 
verrucosa 4.2590 0.4210 0.03140 0.2330 

Gratelouria 
caiiforn ca - - - -
Iridaea 
cordata - 7.3400 4.2880 -

- I 
Microcladia l couiteri - - 0.0194 -

! 
Odonthalia : l 
fioccosa 0.0700 - 0.9260 i -I 
Pol~neura j 

latissima - - - i -
Pol:i::si12honia sp - - - I -
Rhodo9:lossum lj 
affine 0.0360 ' - - i -

~ 

Rhod:i::menia i 
12ertusa - 1. 0400 ! 0.4810 ( -

! 

l Smithora 
naiad um - - 0.0300 -

' 
I 

Steno9:ranune ' 
Interru12ta - 0.0242 - 1 -J 

I 
TOTAL BIOMASS 7.4470 22.0382 9.5841 I 0.2330 

I 

..__,...,.,_,, •• ,,., •••.•••••.••••••••• a _., ......... . ··--·-··-- _____ J ····-----



TABLE 9. BIOMASS OF INVERTEBRATES (g Ash Free Dry Weights/0.25m2) COLLECTED FROM THE ROBERTS BANK COAL 

PORT SUBTIDAL TRANSECT # 1, AUGUST 31, 1981. (10 Quadrats) 
.................. -·-···· -~- ...... ,. __ . -··· ··- -·-·- --·-·-·-- .. -.--·•· ........... _ ......... ·------- .......... _______ ..... -· ._ ...... , ... __ .. __________ . "•--·--------~-----··--···-----~--~~~------·-- ... --- ..... ______ .. 

TAXA 

Platynereis 
bicanalicula ta~ 

Bal anus 
crenatus 

Pugettia 
gracilis 

Arnphissa 
columbiana 

Lacuna spp. 

Margarites 
lirulatus 

Mitrella 
tuberosa 

Notoacmaea 
scutum 

·~·~····· 

• 
0 

1 

Biomass 

52 0.1564 

0 

0 

444 0.1404 

6 0.0264 

0 

0 

# 

0 

2 

Biomass 

99 0.2646 

0 

0 
: 
1 302 0.1320 

i 
i 7 0.0203 

0 

0 

3 

Biomas.s 

1 0.0001 

9 0,1349 

1 0.0176 

0 

264 

67 

0 

0,2164 

0.4589 

1 0.0021 

QUADRAT f 
........ ,. •~· ·•••••- ••••"·n-•••••<·---••••• .--~-- ___ .,_.,,...,., __ _ 

4 5 

• Biomass Biomass 

o.' 

0 0 

0 0 

6 0.0506 6 0.0132 

99 0.0422 17 0,0149 

42 o. 2675 10 0 .1411 

3 0,0204 0 

0 

0 

0 

0 

0 

8 

3 

0 

6 

Biomass 

0.0043 

0.0057 

Mytilus edulis '388 0,0938 300 '0.00590 
! 

0 

2 0.0061 

9 0.0111 0 

l 0,0029 

0 

Katharina 
tunicata 

Tonicella 
lineata 

Cucumaria 
miniata 

0 

0 

0 

0 ! 0 

0 0 

0 0 

0 0 0 

1 0.0386 1 0.0161 1 0.0042 

0 3 35,2254 0 

i 



TABLE 9. continued .•••.• ; 

'l'AXA 

Eueentacta 
guinguesemita 

Evasterias 
troscneIH 

Pisaster 
ochraceous 

So laster 
dawsoni 

0 

0 

0 

0 

l 
Biomass 

i--------.J------1----·---.. ----·---· -···· 

TOTAL BIOMASS I0.3232 

0 

0 

2 
Biomass 

3 64.3800 

0 

64.7969 ______ .___..,.. ...... _,...,..-,_..., ·~·-·---- ._,...,._ ... :-. _........._ ............ ___ ,. 

0 

QUADRAT f 

3 
Biomass f 

0 

l 

0 

0 

4 
Biomass 

3,3607 

·-· ·-. - -- - -·-· 
3.7861 

0 

5 
Biomass 

6 
f !Biomass 

0 

w 
U1 



TABLE 9. continued.,,,,,, 

TAXA 

i I B~omass 
~ 

Plat;'inereis l 6.1.canaliculata* 0 

Balanus l 
crenatus 0 ' l 
Pugettia 

1··••14 gracilis 1 

Amphissa 
columb:l.ana 0 I· 

I 

Lacuna spp. 14 :0.0476 

Mar9:arites 
i 
i 

Iirulatus 0 
I 

Mitrella I ' 
tuberosa 0 I 

! 
Notoacmaea 
s~ 0 ; 

I 
M;'ltilus edulis ' 0 I 

I 
I 
I 

Katharina i tunlcata 0 I 
I 

' Tonicella 
lineata 0 I 

Cucumaria ; 

miniata 0 
I 

i 
i 

QUAD RAT # 

8 

It Biomass It 
.. ~ . . -··-

0 0 

0 0 

0 0 

4 0.0191 2 

23 0.0782 8 

1 0.0031 2 

0 0 

0 0 

0 0 

0 0 

Q 1 

0 0 

9 

Biomass i 
. .. 

0 

0 

0 

0.0035 0 

0.0108 5 

0.0041 0 

. 
1 

0 

0 

0 

0.0093 0 

0 

10 

Biomass 

0,0016 

0.0055 

w 
0\ 

I I 
. l 
l 



TABLE 9. continued ••••.•. 
.. 

TAXA QUADRAT # 

7 8 9 10 

' Biomass ll Biomass j Biomass i Biomass 

Eu~entacta 
g:uinguesemita 1 0.0085 ·o 0 0 .. 
Evasterias 
troschelii 0 0 0 0 

Pisaster 
ochraceous 0 0 0 0 

So laster 
dawsoni 1 0.0515 0 0 0 

TOTAL BIOMASS 0.0575 0,1004 o. 0277 0. 0071 

(* Biomass in g Dry Weight/0.25m2). 
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FTGURE .. 6 BIOMASS OF INVERTEBRATES ~g 
Ash Free Dry Weight/0.25m ) 2 
AND ALGAE (g Dry Weight/0.25m } 
COLLECTED FROH ROBERTS BANK 
SUBTIDAL TRANSECT # 2, AUGUST 
31, 1981. 



300 
80 I Algae 

60 .. 

40 ~·Animal 

20 
C\J 

2 200 
l.() 
N 80 . 
0 
........... 
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~ 
CJ w 

40 l.O 

Cf) 
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<:t: 
·~ 

·100 o· -co 80 

60 

40 
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'::'ABLE 10. BIOMASS OF ALGAE (g Ory Weight/0,25m2) COLLECTED FROM THE ROBERTS BANK COAL PORT 
SUBTIDAL TRANSECT # 2, AUGUST 31, 1981. l9 Quadratsl 

~-------·--··-·-· -
SPECIES QUAD RA'!' # 

1 2 3 4 5 6 

Biomass Biomass Biomass Biomass Biomass Biomass 

- - . ·-·--· ·---··-·-··-· 
Enteromor12ha ----. T •. ·-·- -· -- ----·--- ------

I 
intestinal is - - - - 0.0041 -
E. ~ 0,0455 I 

I - 0.0969 - - -
Ulva 
fenestrata 0.3230 0,2750 0.9869 0.2690 0.1810 3.6650 

I 
~ gardneri 4.9310 I - - - - -

i 
Laminaria 
sacchar1na - 2,9040 - - - 273.8000 

CalloEh;tllis 
flabeliuiata - - - 1. 2180 0.0521 -
Cerami um 
californicum - 0.0148 - - - -
Constaninea 
subuiifera - I 61,2960 24.0000 24.9500 - -
Gisartina 
cor~bif era - - 16.8500 9.8790 5.8940 0,8590 

Q. 12apillata 19. 5720 - - - - -
Gracilaria 1: 

verrucosa 11.7670 9.6790 12.6200 I 2.2960 2.2870 1. 8420 

i 
1: 

Grateloutia ' 
caIHorn ca - - - 1: - - -

i I ·-··-··-



TABLE 10. continued ••••••• 
-- -- ·-

SPECIES QUAD RAT # 

1 2 3 4 5 6 

Biomass Biomass Biomass Biomass Biomass Biomass 

·- -·-- --- - ---- -- ---~----··- ---------·---- ---------~--- --- ·- '---· --------.. 
Microcladia 
coulter1 - 2. 7240 0.2350 0.0874 0.0037 -

Odonthalia 
fioccosa 11. 2780 35.2080 o. 3770 0.1200 - -
Pol:i::neura 
Iat1ssima 1.1740 9.9270 - 0.2580 0.0891 -
Pollsi12honia sp. - - 0.0281 - - -
Rhodo9lossum 
affine - - - - - -
Rhodymenia 
12ertusa - - 0.0789 0.7420 - -
Smithora 
naiad um 0.0029 0.0095 0.0018 - - -

Steno9ramme 
interru12ta - - 0.0412 - - -

-· . . -.,~., . ·····-··-· 
...,.. __ 

·-·-· -···- - ·-··-·····--· ·- -· ···-··· --··---- ··-----~· 

TOTAL BIOMASS 49. 0934 122.0400 57.6119 41.3474 12. 9120 280.4100 



TABLE 10. continued ••••••• 

SPECIES QUAD RAT # 

7 8 9 

Biomass Biomass Biomass 
- -~·-· - ... ... .. --···-··- . ··- - -··· - ·-···-···· ····-···-·--------·-·- ··--··-----··--· --- .. ---·-·· ~-~·----·· -·. .. - -· 

Enteromortha 
intestina is - - -
E. .li.!!!! - - -
Ulva 
fenestrata - - 0.6830 

~ 2ardneri - - -
Laminaria 
saccfiarina - - -
Calloth:tllis 
flabe Iuiata - - 0.3190 

Cerami um 
californicum - - -
Constaninea 
subuI.:l.f era - - -

Gi2artina 
corimbHera - - 1. 9220 

Q. E_apillata 0.1200 - -

Gracilaria 
verrucosa 0.1080 4.7930 5. 8540 

Gratelou~ia 
californica - - -

··- ..... 



TABLE 10. continued ••••••• 

SPECIES QUAD RAT # 

7 8 9 

Biomass Biomass Biomass 
- ---·- ---------

Microcladia - --- ·--- -- .. --· -·- ·- . .. -· 

coulterI - - -
Odonthalia i 
rloccosa - - -

I Pol:t:neura 
Iatissima - - -
Polisiehonia sp. - - -
Rhodoglossum .i::. 
affine - - 0.0950 w 

I 

Rhodymenia 
i 

Eertusa - - -
Smithora 
naiad um- - - -
Stenogramme ; 

.:l.nterrueta - - 0,1600 

; 

TOTAL BIOMASS 0.2280 4,793 8.7459 ' 
; 



TABLE 11. BIOMASS OF INVERTEBRATES (g Ash Free Dry Weight/0.25m2) COLLECTED FROM THE ROBERTS BANK 
COAL PORT SUBTIDAL TRANSECT # 2 AUGUST 31 1981 (9·-ouadrats) I ! . 

'rAXA QUADRAT i 

11 12 13 14 15 16 

j Biomass # Biomass # Biomass j Biomass j Biomass j Biomass 
-.. -·- -· - . ···- --·-·---·· .. - ···-·-- ----- -~--··-·--·-· .. .. . . ···--·- ·--- -· ··-· ... ·--·---·---· ·--···-----; 

Bal anus 
crenatus 0 '2.- 0.0259 0.0890 0 0 0 

Pa gurus 
fiirsut:l.usculus 0 l 0.0028 0 0 0 0 

Pugettia 
9racilis 0 l 0.0438 0 0 0 0 

Amlhissa 
co-umbiana 0 l 0.0194 0 l 0.0050 0 0 

Collisella 
ochracea 0 0 1 0.0032 0 0 0 

Lacuna spp. 115 0.3910 322 0.1606 41 0.0189 30 0.0173 56 0.0804 18 0.3050 

Mar~arites 
liruiatus 2 0.0014 23 0.1560 1 0.0009 21 0.0676 8 0.0481 7 0.0557 

Mitrella 
tuberosa 0 0 0.0139 3 0.0163 2 0.0248 2 0.0085 

Notoacmaea 
scutum 1 0.0035 0 0 0 0 0 

Katharina 
tunicata 1 0.0459 0 0 0 0 0 

Tonicella 
Iineata 1 0.0051 2 0.0975 0 0 0 0 

i 

.. 



TABLE l~. continued ••••••• 
--~~ -----... .. ·---

TAXA QUAD RAT # 

11 12 13 
·, 

14 15 /6 

# Biomass # Biomass # Biomass # Biomass # Biomass # Biomass 
----------··---···----·-· ···-···--· ... - ···- ·---:-f 

... -·----
~ -·· -- --·· --· --- . ~·-

...__. 

Eueentacta 
9uin9uesemita l 0.0048 l 0,0048 0 0 3 0.0065 0 

' 

Stron2:t:locen-
trot us 
aroebachiensis 0 0 0 0 0 l 0.0073 

I 
! 

-·-· - ·-·· - . . ... _., ~ .. ····-·· ·-·- - ... .. 

TOTAL BIOMASS 0.4517 0,5108 0.1259 0.1062 0.1598 0.3765 

. -- '--·-··-·---·· '--- -·-···----· 



TABLE 11. continued ••••••• 
-

--

TAXA QUAD RAT # 

17 IB 19 I 
I Biomass # Biomass # Biomass 

I ----------! 

--- -·- ·-·--- ··- -· ···-· . ··-· .. . ---·--· . -·-· ., ... 
··-·------------------- ·---------------·· 

Balanus 
crenatus 0 0 0 

Pa gurus 
hirsutiusculus 0 0 0 

Pu9ettia 
9racilis 0 0 0 

Amthissa 
co-umbiana 0 2 0.0529 3 0.0241 

Collisella 
ochracea 0 0 0 

Lacuna spp. 22 0,0060 33 0.0561 B 0.0077 

Mar9arites 
IIruiatus 0 4 0,0243 0 

Mitrella 
tuberosa 0 2 0.0237 0 

Notoacmaea 
scutum 0 0 0 

Katharina 
tunicata 0 0 0 

Tonicella 
lineata 1 0.1164 0 0 

! 

1. 
: 



TABLE 11. continued. , , , , , , 

TAXA QUAD RAT # 

\7 18 

I Biomass # Biomass 
~·· ... . - -···-·-

Eueentacta. 
guinsuesemita 0 0 

Stron2:r:locen-
trot us 
aroebachiensis 0 0 

TOTAL BIOMASS 0.1224 0.1570 
: 

19 

# Biomass 
······-- .. 

' ... 

2 . 0.0137 

0 i 

0,1129 

.. --·-------·- -··-·--· ··--·-··-·----·- -·-·- ····-··- -- - ... ··-·--...-··---- -----
-· --·- -·----··-·---·-·-·•··----·--------··. •-:- ~-----··-·· ------·-·---·---·--···-- •• ' . I 

I 
i 
I 

··--···--_J 



The two subtidal transects were basically uniform relative 

to species diversity and abundance (Tables 8 - ll). Common algae 

included Gi'ga:rtina spp. ,· TYidea: ·co·rdata,· ·Gr·aciTar·ia: vetr-ucosa and 

U. fene·strata. Quadrats 5 an 16 contained large brown algae 

Ne·reocystis leutkea:na and ·La:ro.ina·ria sa:cchar·i·na respectively (Figures 

5 % 6). An inventory of the N.· Teu:tkeana bed from the subtidal 

transects indicated a mean de~sity of 0.17 ± 0.08 plants/m
2 

(See 

Appendix 1). Algal growth was dense and approximately 12 times 

greater than the invertebrate biomass; consequently the invertebrate 

contribution appeared insignificant. 

The snail La:c·u:na sp. was the most ubiquitous invertebrate 

in the subtidal followed by lia:r-ga:r·ites ·1iru:1·a:tus, Am:phi·ssa columbia:na 

and the chi ton, Tonic·el'la: Tin:e·a:ta. Large invertebrate biomass 

values for quadrats 2 and 5 are due to the numerically small 

presence of two species of echinoderms, the purple seastar Fisaster 

orchraceous and the burrowing sea cucumber, Cuctmia·r·ia: rn:iniata. 

All the intertidal and subtidal species identified are 

recorded in Appendices 3 and 4. Tables 3 to ll deal with the 

biomass data of individual species. Figures 2 to 6 compare 

invertebrate/algal biomass amongst quadrats, by station. 
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B. Recolonizati·on 

After all organisms were removed from the study site 

on July 22, a log of 9 visits made over a 144 day period was 

maintained (see Appendix 5). Few new residents were observed 

after the first nine days but over the following ten day period 

a dense Ente·romorpha ·1·in·za/~.· ·in:te·sti·n:alis mat rapidly grew to 

cover 60% of the site. The percentage cover of the mat continued 

to increase over 32 days until September 24, at which time it began 

to recede (Table 12~ Limpets were observed within nine 

days of clearing and were ~resumed to have been recruited from 

the sides of the recolonization rock where large populations were 

evident. The number of limpets increased over the 144 day period 

while the number of littorines remained relatively constant from 

September to December. Estimates of barnacle populations and 

biomass determinations were made at various times in the study 

(Table 12, 13 and 14). The number of barnacle species and associated 

biomass increased over the study period. Eh·te·romorpha species 

percentage cover and biomass, as of December 10th had dramatically 

declined from its earlier dense cover of the rock surface. A 

complete list of species observed and identified from the recoloni­

zation site is included in Appendix 2. 

C. The Relationship Between Shoot Density of ·z·oster a marina 
and b ·am:er-icati:a to Epi·f"a--u:n·a1· Den·s:ity ·at "Roberts: BAnk, July 19.81. 

Zostera americana was found growing in relatively dense 
2 assemblages (usually more than 200 shoots/0.25m ) along the northern 

and western perimeters of the eelgrass beds in the Roberts Bank 

intercauseway area. These plants are restricted to higher tidal 

elevations than the dominant ~·· mari:na plants which were found 

throughout the intercauseway area at mid to low tidal elevations. 

A large zone of exposed sand/mud substrate and sparse algal growth 

was observed in a central area north of the heads of the tidal 

channels which run through the eelgrass beds and empty into the 

large borrow pit. No eelgrass was observed in this zone or in 

the beds of any of the large tidal channels. 



TABLE 12. 

·- ....... -·-

DATE EXAMINED 

July 22 

July 31 

Aug, 10 

Aug. 13 

Sept. 11 

Sept. 24 

Oct. 21 

Nov. 3 

Nov. 19 

Dec. 10 

TOTAL COUNTS OF FOUR INVERTEBRATE SPECIES AND PERCENT COVER OF ENTEROMORPHA SPECIES/METER2 
RECORDED ON THE RECOLONIZATION SITE, JULY 22 TO DECEMBER 10, 1981. 

---- ---
NO. OF INDIVIDUALS/M2 % COVER 

.. LIMPET SPE_CI•ES LITTORINA SCUTULATA BALA NUS GLANDULA CHTHAMALUS DALLI ENTEROMORPHA SPP, 
- ··--·----~-· ·-· ·- .. - ··~ ..... .. .. . .... 

0 I 0 0 0 0 

3 
I 

3 0 0 0 

not counted I not counted 0 0 60% 

not counted I not counted 0 0 not observed 
(Tide too high) 

; 

103 I 25 1500 250 90% 
I 

113 50 (9000) (1800) 75% 

148 i not counted 3200 1000 60% 

160 20 not counted not counted 50% 

98 20 not counted not counted 45% 

156 
i 

25 7600 260Q 25% 

·-····-·· 

--·--

--~-

U1 
0 



TABLE 13. 

SPECIES 

Enteromoq~ha 
linza 

EnteromorEha 
spp. 

Balanus 
glandula 

Chthamalus 
dalli 

·-

BIOMASS OF INVERTEBRATES (g Ash Free Dry Weight and Dry Weight) AND ALGAE (g Dry Weight) 
COLLECTED FROM A O.OlM2 QUADRAT IN THE CENTER OF THE RECOLONIZATION SITE, SEPTEMBER 24,1981, 

-~---·-

i INDIVIDUALS/0,01M2 DRY WEIGHT ASH FREE DRY WEIGHT BIOMASS 

-··------------~ ·1 

. ··~--
g/0.25m2 g/1.om2 

0.6280 - 9.42 37.68 

0.5902 - a.es 35.41 

90 0.2403 o. 0118 0.295 1.180 

18 0.0098 0.0001 0.003 0.010 

···-· .J 



TABLE 14. 

SPECIES 

Enteromoq~ha 
linza 

Balanus 
glandula 

Chthamalus 
dalli --

BIOMASS OF INVERTEBRATE~ (g Ash Free Dry Weight and g Dry Weight) AND ALGAE ( g Dry Weight) 
COLLECTED IN FOUR O.OlM · QUADRATS RANDOMLY LOCATED WITHIN THE RECOLONIZATION SITE, 
DECEMBER 10, 1981. 

# INDIVIDUALS/0.01M4 DRY WEIGHT ASH FREE DRY WEIGHT BIOMASS 

g/O. 25m2 g/l.om2 

0.0460 - 0.144 0.575 

x = 76 x = 0.4889 X= 0.0241 0,602 ~.41 

x= 26 x = 0.2193 x = 0.0099 0.250 0.99 

U1 
N 
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The mean shoot density observed in the 56" Z~ ·ma:ri:na quadrats sampled 
2 + -

in this study was 34 shoots /p.25m - 14.7. In an unpublished survey 

carried out on July 29 - 30, 1981 on Robert's Bank7 Gordon also 

found a mean density of 34 shoots /0.25m2 ± 9.1 in the area in which 

our study was made. 

The leaves of the z •· ·am:e:ri·ca·na plants collected in the 

two representative quadrat samples chosen for detailed examination 

in this study had a mean width of 0.18 ± 0.030 cm. and a mean 
+ length of 1.7.2 - 3.49 cm. There was an average of five leaves 

per shoot. (See Table 15). 

The z. ·a:mericana blades appeared to be much freer of 

encrusting epif auna and algal epiphytes than the· Z •· :ma·r·ina blades 

examined in this study. Table 16 shows the relationship between 

the number of taxa, individual organisms and eelgrass shoot density 

of Z. ameri·can:a. Although the nurober of epifaunal taxa described 

was the same for each density category of these plants, it was 

found that the blades of the low density shoots supported more 

than three times the number of epifaunal organisms than did the 

blades from the high density shoots. 

Certain organisms were observed on the Z. · americana 

plants which were not found in the ~.·marina samples. For example, 

the gastropod B"a:ti"l"la:ria ·zona:1·is was found in large nmr.bers in 

most of the· · Z •· -a:me:ri·ca:na quadrats; none were found in the quadrats 

containing ~· ·matina. These gastropods were usually observed at 

the base of the eelgrass plants of just below the substrate surface. 

In addition to the presence of the :§_.· ·z·ona·1·is, a small number of 

tanaid crustaceans were found on the· ~· a:ir;e-ri·cana plants examined 

in this study. (See Table 16.) No tanaids were found in the 

z. :marina samples. 



TABLE 15. 

54 -

AEREAL DIMENSIONS OF EELGRASS 
(Zostera americana) PLANTS IN 
LOW SHOOT DENSITY (4176 shoots/ 
0.2Sm2 ) AND HIGH SHOOT DENSITY 
(~176 shoots/0.25m2 ) SAMPLES 
COLLECTED ON ROBERTS BANK, 
JULY 28 - ·31, 1981. 



DIMENSIONS SHOOT DENSITY MEAN OVERALL ( +S. D.) 

f i 

LOW HIGH ; 

i \ 

# Shoots/0. 2Sm2 46 345 196 
n=l n=l 

-- -- ·-·-··· 

Mean # Blades/Shoot 6 5 5 
n=5 n=22 n=27 

Mean Length 4.8+ i1.1+3.-5 9.4+3.55 
Shortest Intact n=5 n;:;l9 n;:;20 
Blade (cm} 

Mean Length 15.6+4.62 17.7+2.88 17.2+3.49 
Longest Intact n;;-5 n;:;l5 n=20 
Blade (cm) 

Mean Width 0.20+0.008 0.18+0.030 0·.18+0.03 
Longest Intact n=5 n;:;21 -n=26 
Blade (cm}-

Mean Blade 
Surface· Area 1126 8942 5034 
(cm2)/0.25m2 
Quadrat 
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The leaves of the z. marina shoots collected in the twelve 

representative quadrat samples chosen for detailed examination in 

this study had a mean width of 0.69 cm. The mean length of the 

longest intact blade per shoot varied with shoot density. (See 

Tables 17, 18 & 19.) The longest intact blades occurred in the 
+ mid density quadrats where the blades had a mean length of J.49.6 

24.70 cm (n=~8). In the four quadrats with low shoot density the 

mean length of the longest intact blade per shoot was 124.2 ± 28.6 

cm (n=ll) and in the four quadrats with high shoot density the mean 

length of this blade was 113.8 ± 42.10 cm. (n=41). There 

was an average of five leaves per shoot. 

Tables 20, 21 and 22 show the relationship between the 

number of taxa, individual organisms and eelgrass shoot density of 

z. marina. Approximately the same nUJJU:)er of epifaunal taxa were 

described in each of the three shoot densities of z. marina; a 

mean of twelve taxa were described in the mid and high shoot density 

samples and a mean of eleven taxa were described in the low shoot 

density samples. The number of individual organisms present on the 

eelgrass increased with shoot density. However the number of organisms 

present on the eelgrass, with respect to total blade surface area 

per quadrat, was much greater in the low shoot density samples 

than it was in the mid and high shoot density samples. Table 22 

shows the mean number of individuals counted from each shoot density 

with respect to both total quadrat surface area and plant surface 

area. Figure 7 illustrates the comparison between the number of 
2 . 2 

organisms/cm plant surface area and the number of organisms/0.25m 

quadrat sample. 

The· Z. m:ar·i·na plants examined in this study supported 

a greater number of both epifaunal taxa and invididual orga~isms 

than did the ~- ame-ricana plants. The· ~-· m:a·ri·na blades from the 

low shoot density quadrats supported approximately seventeen times 

more organisms than. those of the low shoot density z.· amer·i·c·ana. 

Similarily, the high density z·.· marina shoots supported almost 

one hundred times more .organisms than did the high density z. 
ame·ricana shoots (See Tables 20, 21 and 22.) 



TABLE 16. 
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COUNTS OF EPIFAUNA REMOVED FROM 
EELGRASS (Zostera americana)IN 
LOW SHOOT DENSITY (<176 shoots/ 
0.2Sm2 ) AND IN HIGH SHOOT DENSITY 
(>176 shoots/0.2Sm2 ) SAMPLES 
COLLECTED ON ROBERTS BANK, 
JULY 28 - 31, 1981. 

Faunal Divisions adopted from 
Smith et al., 1975. 



TAXA SHOOT DENSITY 
LOW \ HIGH 

HYDRO IDA Present Present 

NEMATODA 48 1040 

POLYCHAETA 0 0 

OSTRACODA 24 0 

HARPACTICOIDA 1744 8408 

CYCLOPOIDA 0 0 

CALANOIDA 72 208 

COPEPODA LARVAE 80 0 

CUMACEA 0 0 

AMPHI:PODA 952 192 

ISOPODA 0 16 

TANAIDACEA 32 8 

PYCNOGONIDA 0 0 

HALICARIDAE 16 0 

MESOGASTROPODA 8 0 

GASTROPODA EGG MASSES 0 0 

CEPHALASPIDEA. EGG MASSES 0 8 

BIVALVIA 0 48 

ECTOPROCTA 

UNIDENTIF!ED LARVAE 0 0 

TOTAL 2976 9928 



TABLE 17. 
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AEREAL DIMENSIONS OF EELGRASS 
(Zostera marina) PLANTS IN THE 
FOUR LOW SH02T DENSITY (0 - 24 
shoots/0.25m ) QUADRATS COLLECTED 
ON ROBERTS BANK, JULY 28 - 31, 1981. 



------------='i""""=-""="",.,,._..,,.,.,.,,~,..-, _________ ,_,,_,_, __ ,,_, __ ,,, ________ _ 

I 
i 

! 

DIMENSIONS QUAD RAT # OVERALL MEAN ' 

9 15 50 34 
i 

# Shoots/o.25m 2 20 13 21 13 17 

Mean # Blades/ 
Shoot 4 5 4 3 5 

n=2. n=2 n=2 n=5 n=ll 

' Mean Length 
Shortest Intact 

65. 5+6. 00 i Blade (cm) - 71. 5+8. 0 67.3+11.25 84.7+25.0 72.3+8.67 
n=2 n;;2 n;;2 n=5 n=ll 

'-
_, 

Mean Length ,_ 

147.0+3~0 110.5+2.5 126. 5+11. 5 • 119.7+37.9 124.2+28.6 Longest Intact n;;2 · n;;2 n;;2 n;;S n=ll Blade (cm) ; 
; 

- ' 

Mean Width 0.70+0.05 0.63+0.08 0.70+0.00 0.69+0.12 0.68+0.09 
Longest Intact n=2 n;;2 n=2 ~ n=5 n=ll 
Blade (cm) I 

---·------- --- _,_ 

Mean Blade 
i Surface Area I 

(cm2) 12236 7223 11290 l 5500 
' 

; 

9062 

0.25m 2 

-- -



DIMENSIONS QUADRAT # OVERALL MEAN 
., 

8 33 41 48 

# Shoots/0.25m 2 42 29 46 33 38 

Mean # Blades/ 4 5 5 5 5 
Shoot n=4 n=3 n=6 n=5 n=l5 

Mean Length 
65.7+23.4 43.4+13.2 78" 4+21. 6 58.5+12.21 61.6+14.6 Shortest Intact n=3 n;;-2 n=3 n=2 n=lO Biade fem} 

Mean Length 
142.4+23.2 163.2+9.3 158.3+22.3 136.9+24.5 149.6+24.7 Longest Intact 

n=4 n;;-3 . n=6 n=5 n=l8. Blade fem) 

Mean Width 0.55+0.08 0.80+0.002 0.78+0.08 0.79+0,13 0.73+0.13 
Longest Intact n=4 n=3 n=6 Il=5 n=l8 
Blade (cm) 

Mean Blade 
Surf ace Area 19228 23966 (cm2) 42464 25509 27792 

0.25m 2 
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AEREAL DIMENSIONS OF EELGRASS 
(Zostera marina) PLANTS IN THE 
FOUR HIGH SHOOT DENSITY ( 48 
shoots/0.25m2) QUADRATS COLLECTED 
ON ROBERTS BANK, JULY 28 - 31, 1981. 



DIMENSIONS QUAD RAT # tuVERALL MEAN 

5 32 35 57 

# Shoots/0.025m 2 85 50 54 58 62 

Mean # Blades/Shoot 5 4 5 5 5 
n=lO .n=8 n=5 n=9 n=31 

Mean Length li6.2+24.8 31.2+13.6 68.1+23.6 54.3+37.2 49.9+15.42 
Shortest Intacrt n;;:;-17 n=5 n=2 n;;:;-5 n=27 
Blade (cm) 

Mean Length S4.2+24.8 106.6+15.4 178.0+21.l 143.1+40.5 113.8+42.l 
Longest Intact n;;:;-21 n=7 n;;:;-5 n=9 n=4l 
Blade (cm) 

Mean Length ).58+0.13 0.71+0.09 0.70+0.09 0.64+0.l: 0.64+0.12 
Shortest Intact 

- - -
Blade Ccm) 

Mean Blade 
Sur2ace Area 
(cm ) 32144 19568 46513 36637 33716 

0.25m 2 



J 
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COUNTS OF EPIFAUNA REMOVED FROM 
EELGRASS (Zostera marina) IN LOW 
SHOOT DENSITY (0 - 24 shoots/0.25m

2
) 

QUADRATS COLLECTED ON ROBERTS BANK, 
JULY 28 - 31, 1981. 

Faunal Divisions adopted from Smith 
et al., 1975. 



TAXA QUAD RAT # 

9 15 50 34 

HYDRO IDA Present Present Present Present 

NEMATODA 69667 60734 30250 47484 

POLYCHAETA 267 33 33 933 

OSTRACODA 1867 0 1067 700 

HA.RPACTI'COIDA 87667 29967 44867 60234 

CYCLOPOIDA 0 0 0 383 

CALANOXDA 0 100 0 117 

COPEPODA LARVAE 92934 78667 24567 26584 

CUMA,CEA 800 0 0 0 

AMPHIPODA 133 0 100 767 

ISO PO DA 0 67 67 300 

TANAIDACEA 0 0 0 0 

PYCNOGONTDA 0 0 0 0 

HALICARIDAE 1067 33 0 0 

MESOGASTROPOPA 0 0 167 250 

GASTROPODA EGG MASSES 0 10800 0 1783 

CEPHALASPJ:DEA EGG W\SSES 0 0 0 0 

B I'V'AL VIA 0 367 83 450 

ECTOPR.OC'l'A ..,... Present 

UNIDEN'l'IFXED LA.R'V'AE 0 0 0 0 

TOTAL 254402 180768 101201 139885 



TABLE 21. 
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COUNTS OF EPIFAUNA REMOVED FROM 
EELGRASS (Zostera marina)IN MID 
SHOOT

2
DENSITY (25 - 48 shoots/ 

0 .25m ) QUADRATS COLLECTED ON 
ROBERI'S BANK, JULY 28 - 31, 1981. 

Faunal Divisions adopted from Smith 
et al., 1975. 



TAXA QUAD RAT # 

8 33 4l 48 

HYDRO IDA Present Present Present Present 

NEMATODA 77,534 57,100 33,034 59,700 

POLYCHAETA 933 33 1,333 667 

OSTRACODA 533 267 1,700 533 

HARPACTICOIDA 297,002 55,934 77,267 69,801 

CYCLOPOIDA 0 0 800 0 

CALANOIDA . 6.7 267 0 0 

COPEPODA LARVAE not 37,667 9,267 12,600 
counted 

CUMACEA 67 0 0 0 

AMPHIPODA 1,667 167 1,100 1,033 

ISOPODA 0 133 367 200 

TANAIDACEA 0 0 0 0 

PYCNOGONIDA 0 0 267 333 

HALI CARI DAE 1,067 0 267 267 

MESOGASTROPODA 0 167 0 100 

GASTROPODA EGG MASSES 0 0 0 0 

CEPHALISPIDEA EGG MASSES 0 0 0 0 

BIVALVIA 800 733 1,867 2,033 

ECTOPROCTA Present Present Present 

UNIDENTIFIED LARVAE 1,600 0 0 0 

TOTAL 381,270 152,468 127,268 147,267 



TABLE 22. 
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COUNTS OF EPIFAUNA REMOVED FROM 
EELGRASS (Zostera marina) IN HigH 
SHOOT DENSITY ( 48 shoots/0.25m ) 
QUADRATS COLLECTED ON ROBERTS 
BANK, JULY 28 - 31, 1981. 

Faunal Divisions adopted from Smith 
et al. , 1975. 



TAXA QUAD RAT # 

5 32 35 57 

HYDRO:rDA Present Present Present Present 

NEMATODA 47232 151267 184535 102067 

POLYCHA.ETA 384 133 21000 867 

OSTRACODA 4224 800 3467 4800 

HARPACTICOIDA 164480 89067 166668 115334 

CYCLOPOiDA 0 0 0 267 

CALANOIDA 0 533 0 533 

COPE PO DA LARVAE 46976 35733 9333 8333 

CU MA CEA 256 0 0 0 

AMPHIPODA 1152 600 800 1000 

ISOPODA 0 267 1867 333 

TANAIDACEA 0 0 0 0 

PYCNOGONIDA 0 0 133 733 

HALI CARI DAE 256 0 933 1867 

MESOGASTROPODA 0 200 267 333 

GASTROPODA EGG MASSES 0 0 0 0 

CEJ?HALISJ?!DE.A. EGG MSSE.S Q 0 0 0 

BICALVIA 4736 133 0 3333 

ECTOPROCTA Present Present .,... 

UNIDENTIFIED LARVAE Q. 0 0 0 

TOTAL 269696 287733 370003 239800 



TABLE 23. 
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MEAN NUMBER OF EPIFAUNAL ORGANISMS/CM
2 

EELGRASS BLADE SURFACE AREA AND MEAN 
NUMBER OF EPIFAUNAL ORGANISMS/0.2SM2 

AT VARYING SHOOT DENSITIES (Zostera 
americana and z. marina) • 

Eelgrass shoots collected on Roberts 
Bank, July 28 - 31, 1981. 



. -·· ·- - -- ·--····-··-·--··---- ···-----·-· ----- -- .... ·-- - -

SHOOT MEAN MEAN 
DENSITY NO. OF INDIVIDUALS /cm2 NO. OF INDIVIDUALS /0. 25m2 

A. Zostera 
americana 

n=l 

LOW 8.8 9,920 
(<176 sho~ts} 

0.25m 

HIGH 0.33 2,976 
('>176 shoots) 

o.25m2 

B. Zostera 
marina 

n=4 

LOW 
(0 -24 shoots) 

0.25mz 
20.0(.±6.63) 169,064(~56,737} 

MID 8. 7 (! 6. 52} 202, 068 C!l03, 889} 
(25-48 shoots) 

o.25m2 

HIGH 9.3~2.97) 289, 558 (°! 48, 628) 
(>48 shoo~s) 

0.25m ··----- ·-- . 
--··-· '" .... 



FIGURE 7. 

64 -

THE RELATIONSHIP BETWEEN THE DENSITY 
OF EPIFAUNA AND TOTAL BLADE SURFACE 
AREA ( cm2) AND QUADRAT SURFACE AREA 
(0.2Sm2 ) AT LOW, MEDIUM AND HIGH 
SHOOT DENSITIES OF EELGRASS (Zostera 
americana and Z. marina) • 
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Many types of organisms, including polychaetes, cyclopoids, 

cumaceans, pycnogonids and bryozoans, were observed in the 

z. rnarinasamples but not in the ~-· ·ame:ri·cana samples. It is 

possible that many of these organisms would have been found on 

the Z. americ·ana plants if a larger number of quadrats containing 

these plants had been examined. 

Several other species of macroinvertebrates, not collected 

in this study were abundant in the eelgrass beds during the week 

in which our field collection took place. These animals included 

the sea star,· ·pi·s:aster· ·o·chrace·o·us, kelp crabs · ('Pugettia spp.) , 

shrimps, and the nudibranch,· Hetmi:s:s:e:r1.da :cr:as:s:ico·rnis. In addition 

to these animals, the cephalispid.eans ,· AgTaja ·ai·~m:edea and 

Harninoea ves'i'cula, and their egg masses (those of the latter species 

present in great_ abundance) were observed.throughout the eelgrass 

beds. 
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o.rscuss·roN 

A. Rocky Shore Intertidal and Subtidal Transects 

Variations in the physical and biological parameters at 

each rocky shore station have some degree of influence on the 

types of species present on the coal port perimeter. Run off from 

th.e Fraser River results in fresh/salt water mixing producing 

lower salinities in the estuary than open ocean water. Although 

many Littc>rina scutulata were collected, only a fe.w L. si tkana 

were ever observed intertidally. ~· scutulata appears to have a 

higher tolerance to reduced salinities than does L. sitkana 

(Ricketts et al., 1968). The instability of the cobble substrate 

of station. 1 does not provide a suitable substrate for attachment 

of algae. The absence of algal species reduces competion for 

primary space (Dayton, 1971) • This situation, as well as the 

complete absence of associated predators, may be the reason 

barnacles were most abundant at this location. Conversely large 

numbers of P"isaster ochraceous were present in the vicinity of 

station 2, and although they prefer to prey on Mytilus edulis, 

if these are not av-ailable they will opt for barnacles (Ricketts, 

et al.,. 1968). This factor and the abundance of algal species 

competing for space at this site may explain the lower invertebrate 

v:alues of station 2 in comparison to station 1. 

Large numbers of Nucella lamellosa were present only 

in the lower intertidal zone of station 3. These carniv-orm;ts 

gastropods feed on a number of species, including barnacles 

(Carefoot, 1977) which conceivablycould have affected invertebrate 

biomass vra1ues. Paqurus'hirsutuisculus· occurs frequently at this 

station which is interesting to note since larger individuals of 

these hermit crabs are said to prefer the shells of Nucella 

spec.:les (Kozloff, ·1973). The abundance of M. edulis at this 

location may reflect the absence of P. ochraceous and reduced 

competition with algae for available surface area. 

Although studies have been done on biomass and biomass/ 

productivity ratios in the intertidal (Allen, 1971; Banse, 1980; 

Batzli,. 1969; Burke,. et al, ·1974) few have produced data which 
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relate to the species considered in this study. Batzili's (1969) 

figures on biomass distribution in the rocky intertidal of the 

San Juan Islands are comparabi"e with our results for L. scutulata, 

N. lamellosa and Acmaea pelta. Further,~atzli fol.ind in his 

study (L969) that community biomass was divided among a few 

dominants. In all the quadrats sampled for invertebrates and 

algae in the p~esent study a minimum of 70% of total quad biomass 

was contributed by three or fewer species. 

Rip rap and sand/cobble act as artificial production 

units which favor the growth of macroalgae which do not normally 

grow on sandflats (Pomeroy & Levings, 1980). The rich and diverse 

subtidal algal growth surrounding the coal port is dependent upon 

the substrate introduced by the port's construction (see Appendix 1). 

When the current expansion is completed the perimeter 

of the Westshore terminal facility will have increased from 11.12 

km to 12.25 km (Tuttle, 1982, Personal Communication). Approximately 

3,89 km of the new figure is retained perimeter (the vicinity of 
\ 

station 2) and the shoreline there will be relatively unchanged. 

The remaining 8.36 km will be new rip rap shoreline which will 

have potential for invertebrate and algal colonization. Station 2 

represents the type of community expected to develop on the intro­

duced rip rap, and data from this site was used to calculate predicted 

standing crop values. 

'l'h.e bea.ch wiath from highest high water (large tides) 

mark to qatu,rn for station 2 is taken to be 12 metres. Pomeroy 

and Le'V-'ings (1980) describe the dimensions of rip rap to be 

approximately 1.2 m on each side but only an estimated 3.39m2 

is actually presented. Accounting for a space loss factor between 

blocks of 6400 m2/km (Levings 1982 7 Pers. comm.} a 1.0 km shore, 

12 metres in width, presents 21.850 m2 • Using these figures, new 

rip rap shoreline at the coal port presents a total of approximately 
2 182,.666 m • 
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It is necessary now to compute the invertebrate/algae 

biomass of one square meter of Station 2 in order to arrive at 

the projected standing crop values for the new shoreline. One 

method of determining biomass for the new shore area involves 

totalling the invertebrate/algae biomass of all five quadrats 

and calculating the respective mean values for an area of one 

meter. These figures are then multiplied by 182,666 m2 to give 

the standing crop values. 

Invertebrates: 

Algae: 

Mean Biomass 

Station 2 

Mean Biomass 

Station 2 

2 = 9.73g ash free dry wt./.25m 

x 4 = 38.92g a.f .• d.w./m 2 

2 
38.92g a.f.·d.w./m x 

= 7109kg ash free dry 

2 182,666m 
(total area 
presented) 

wt./8.36km 
new shoreline 

2 = 18.34g dry wt./.25m x 4 = 
73.36g dry wt./m 2 

2 2 73.36g dry wt./m x 182,66m 
(total area 
presented) 

13,400kg dry wt./8.36km new 
shoreline 

The second method involves calculating invertebrate/algal 

biomass over a meter section of beach twelve meters in width, that 

is the distance between low water and high water. The biomass 

values of the five quadrats are totalled. As they only account 

for l.25m of beach they must be expanded to 12.0 meters by multi­

plying by 9.6. This results in a figure indicating the grams of 

biomass for a l.O meter section of shore perimeter. There are 

8360 meters of perimeter in total, so the numbers derived by the 

previous step are increased again by a £actor of 8360. This results 

in predicted standing crop values via method 2. 
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Invertebrates: Mean Biomass 
Station 2 

2 48.65 g ash free dry wt./l.25m 

Algae 

= 

2 48.65 g a.f.d.w./l.25m x 9.6 - 4~7.G g a.f.d.w. 

1.0 m strip of beach 

12 meters wide 

467.0 g a.f.d.w./l.Om x 8360m new shoreline 

= 3904 kg ash free dry wt./8.36 km new 
shoreline 

Mean Biomass 
Station 2 = 2 

91.70 g dry wt.,/l.25m 

91.70 g d.w./l.25m2 x 9.6 ~ ·ssa.·3 g d.w. 

1.0 meter strip of beach 

12 meters wide 

880.3 g d.w./l.Om x 8360m new shoreline 

- 7359 g dry wt./8.36km new shoreline 

Barnacles are .the dominant species in the intertidal 

accounting for a much as 64% of the predicted invertebrate standing 

crop. As energy flows determined for B. glandula are amongc: the 

highest recorded for equilibrium animal populations (Wu et al., 

1979), the barnacles could be expected to be a major influence on 

productivity of the new shoreline. Barnacles channel large amounts 

of energy each year into the production of larvae (WU et ·a1., 1978). 

Rosenthal and Hempel (1970) (cited in Barnes, 1977) suggest the 

importance of these larvae as a food source for juvenile herring. 

This is particularly relevant to Roberts Bank because the eelgrass 

beds near the coal port are used extensively by herring as spawning 

substrate (Environmental Assessment Panel, 1979). The high lipid 

content of barnacle larvae has also been shown to be important for 

the timing of metamorphosis in certain fish larvae (Barnes, 1977). 

Not only do the larvae form a considerable portion of the zooplankton 

but they are constant in their relative abundance (Bainbridge et ·al., 

1971 cited in Barnes, 1977). 
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Many species exhibit seasonal fluctuations in biomass 

(Wu et al., 1978,1979; Batzli, 1969). This factor was not in­

corporated into the results of this study as transects were 

sampled on one occasion only. More accurate estimates would 

require sampling over a minimum of one year. Also estimates of 

invertebrate standing crop are somewhat conservative as the 

Hemigrapsus species, which were abundant at Station 2, were not 

included. Finally, the predicted standing crop values cannot be 

viewed in isolation but should be examined in conjunction with 

losses of standing crop occurring in the sand/mud and eelgrass 

habitats as a result of the current dredging and landfill operations. 

B. Recolonization 

The dominant life form present on the recolonization 

site during the period from July to December, was an algal mat 

consisting predominately of· Enter-otn:orpha intestinalis and E. 

linza. This algal mat supported a large number of other organisms 

including limpets, gastropods, chitons, amphipods, copepods and 

chironomid larvae. (See Appendix 4.) Perhaps the only organisms 

present on the rock face which did not benefit from the association 

with this algal mat were the barnacles, Ba:l·anus g·landula and 

Chthamalus dalli. Barnacles and algae must compete for primary 

settlement and growing sites on the surface of hard intertidal 

substrates (Dayton, 1971) , and consequently the presence of a 

dense algal mat may have inhibited barnacle recruitment at the site. 

The two ·Entero:m:o·rpha species dominated the original biotic 

community of the rock face on which the recolonization site was 

located and these plants quickly reestablished themselves after 

the site had been cleared. By the first week of August, they again 

dominated the rock's biotic community, ·by occupying 60% of the 

site's surface. (See Table 12). The decline in algal percent cover 

which began in October may have been associated with a natural 

seasonal dieback, or may have occurred as a result of increased water 
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turbidity caused by the coal port expansion's dredging operattons. 

Although no depositions of the fine dredge sediment were ever 

observed on the recolonization site itself, large deposits, up to 

six centimeters deep, were found at the bases of adjacent boulders 

in October, November and December. It appears, from this study, 

that both species of Enteromorpha are relatively resilient and so 

could be expected to readily colonize the new rock substrates intro­

duced by the coal port expansion. 

A large settlement of barnacles ·c~.· ·g-1·an.dula and c. dalli) 

took place in September, 1981. Preliminary population estimates of 

1500 and 250 barnacles/m2 , (respectively), were made on September 

11th, on the basis of counts recorded from several randomly placed 

O.Olm2 quadrats within the recolonization site. (See Table 12; 

Appendix 4). Later counts revealed that these preliminary estimates 

were not large enough. The subsequent increases in barnacle popula­

tion estimates were probably not due to further barnacle settlements, 

for a O.Olm2 area cleared in the center of the site on September 

24th, did not gain any new barnacle recruits until early November. 

(See Appendix·4). Similarly, the information gathered when the 

single O.Olm2 quadrat was cleared on September 24, resulted in a 

much larger population estimate of barnacles than was later deter­

mined for the site. It was very difficult, without performing 

large scale destructive sampling within the recolonization site to 

accurately count the tiny, newly settled barnacles in September, 
" when Enteromorpha covered 90% of the site. As the barnacles grew 

and the algal mat receded, it became easier to count animals within 

the randomly selected quadrats. The transient limpet population, 

present on the site could have been expected to limit the success 

of barnacle settlement by eating, pushing. or dislodging the cyprid 

or newly metamorphosed barnacle recruits (Dayton, 1971); however 

the December lOth counts (See Table 12} probably reflect the most 

accurate estimates of the barnacle population because at that time 

only a small amount of the rock surface was still covered with 

Enteromorpha. 
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In December, the biomass of barnacles collected in five 

randomly selected O.Olm2 quadrats was determined. (See Table 14). 

The biomass of c.· da:lli was calculated to be 0.250g ash free weight/ 

0.2Sm2 and that-of B. ·g1·a:ndula was calculated to be 0.602g ash 

free weight/0.2Sm2 .- These values are considerably lower than the 

values determined for barnacle populations at a similar tidal 

height in the Station 2 intertidal transect in August, 1981. The 

biomass of c. da:lli and B. glandula at a tidal elevation of 1. 92m 

at that time, was 0.734g-ash free weight/0.2Sm2 and l.228g ash free 

weight/0.2Sm2 ,respectively. This probably indicates that a longer 

period of time is required for barnacles to fully establish them­

selves on the new rip rap surfaces. It may also indicate that 

the presence of Eritero:rn:o·rpha on over 90% of the rock surface at 

the time of barnacle settlement did interfere with the success of 

that recruitment. 

The only algal species present on the surf ace of the 

recolonization site before it was cleared which returned during 

the period in which the rock was monitored was Ul"othrix: fla:cca. 

Other algal species originally present included Gigartina ·pa:pillata, 

Polysiphonia pacifica and Monostroma sp. (See Appendix 4). These 

algae had not returned to the site by December. It is possible 

that recruitment of these species is more strictly seasonal than 

is that of the two Entero:rn:orpha species and Ulothrix flacca. New 

species of algae such as· BTidingia m:i·n·irna var ·subsa:l·sa, a common 

inhabitant of estuaries and brackish water (Abbott et al., 1976) 

and Forphy:ra sp. were observed for the first time at the site in 

September. 

Highly mobile, transient animals such as the rock crabs, 

Hemigrapsus: riUdus and· !!. •· ·o·re·gonen·s·is, and the hermit crab,- Fa:gurus 

hirsui ti"l1scul"us, were frequently observed on the recolonization 

site throughout the monitored period. 

Although the monitoring project was terminated just as 
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the percent cover of the· En·te·r·omor·pha mat, and consequently, the 

population of invertebrates associated with it, had drastically 

declined it is probable that this was only the result of the 

short-term disruption of the site due to seasonal dieback and in­

creased water turbidity and sediment load caused by the nearby 

dredging operations. The diversity of animals and algae present 

in the intertidal transect sampled at this station was relatively 

high, and many of the species of organisms observed in the inter­

tidal transect were eventually found on the recolonization site. 

We conclude that the new rip rap surf aces introduced by the coal 

port expansion will be readily colonized, provided that adjacent 

populations can supply sufficient recruits to the new area. This 

colonization may be expected to take at least six to eight months, 

depending on the season in which the new substrate becomes avail­

able. Invertebrate larvae, such as barnacle cyprids, undergo two 

large settlements each year. The largest or primary settlement 

bccurs in April or May while the smaller secondary settlement 

occurs in September. (Wu et al., 1978, 1979). If the substrate 

became available in October, after the secondary settlement had 

occurred no invertebrates would be expected to settle until the 

spring. It may take longer than 8 months for the biotic communi-

ties present on the new substrates to achieve the ievel of produc­

tivity observed in the intertidal communities on the coal port's 

shores prior to the terminal's expansion. 

C. The Relationship Between Shoot Density of· z·o·ste·ra mari·na and 
~-· ·ame"J:'tc·ana and Ep-i·f·aUhal· Den·s"i"ty ·at Robe·rts· Ba:nk,· ·Ju:ly,· T981. 

·zoste-ra mar·ina is the dominant eelgrass species of the 

world's northern temperate coastal zones and supports a wide 

variety of other organisms including birds, fish, invertebrates and 

algae (Phillips, 1969). z. ma·r·ina's high growth rate results in 

the production of an average of 300-600 g dry weight/m2/year (Thayer 

et al., 1975). Phillips (1974) found that z.· ma·r:ina growing in 
. - 2 

Puget Sound, Washington produces an average of 58lg dry weight/m / 

year. This high growth rate places the eelgrass ec·osystem among 
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the world's most biologically productive systems (Thayer et al., 

1975). 

Eelgrass systems are very complex communities with a 

great deal of inherent spatial heterogenity and consequently, 

provide a wide sel'ection of microhabitats for a variety of 

specialized organisms. The plants provide shelter and prime 

feeding and spawning habitat for many species of fish and inverte­

brates (Kikuchi, 1980). The rhizomes, stems and leaves provide 

a large substrate surface area for the· attachment of epiphytic 

algae and invertebrates whose total biomass may often be as 

great as that of the eelgrass plants themselves (Thayer et ·al., 

1975). Dense populations of epifaunal organisms were found on 

the eelgrass plants examined in the present study. 

·The epifaunal populations of two species of eelgrass 

(Zostera marina and Z. · ·a:rn:er-icana) were examined in this study. 

Although only one representative sample from each of the high 

and low shoot density quadrats of !· ·americ·ana was examined during 

this study it was clear that these plants supported far fewer 

epifaunal organisms than did the !· marina plants. The relative 

blade surface areas of the two species of Zostera may partially 

account for the distribution of epifauna. More likely however, 

the difference in the density of epifauna is related to the loca­

tion of the Z. a:rn:eri·cana plants in the high intertidal zone, the 

season in which the plants were collected and.the physical 

condition of the blades. Burt (1979), in his study at Boundary 

Bay, found that the biomass of .!·· ·a:rn:er-icana epiphytes (attached 

algae) peaked in early June when these plants were subjected to 

higher air temperatures and increased desiccation during daily 

exposure periods. He also suggested that the peak in epiphytic 

biomass might be related to large growth increases in the host 

plants. The samples examined in the present study were collected 

in late July on days in which the weather was very warm (25°C). and 

sunny. It is possible that the conditions of increased desiccation 
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experienced·in the high intertidal zone during that time had 

resulted in a decrease in the epifaunal population. 

The low shoot density sample of !·· ·a:me·r:i·cana was 

collected at a slightly lower tidal height than was the high 

density sample. Since the former sample contained more than 

three times as many epifaunal organisms on a leaf area basis 

(see Table 23), this may indicate that desiccation was an impor­

tant limiting factor in their distribution. .No real conclusions 

can be made however, on the basis of two samples •. 

Unlike the z.: a:merica:na plants, most of the ~· rn:arina 

plants collected in this study were densely covered with 

hydroids, bryozoans, diatoms and epiphytic algae. Epifaunal 

density/0.25m2 increased with shoot density and ranged from a 

mean of 169,064 to 289,558 organisms. (See Table 23). 

Burt (1979) noted that epi pytic biomass of· !·· marina 

plants peaked in mid-August in 1978 and so it is likely that 

the collection made in the present study also re~resents an 

annual peak in epifaunal biomass. The conditions which make the 

epiphytic bloom possible could also be expected to enhance the 

growth of epifaunal organisms. Burt also found that the timing 

of the peak in epiphytic biomass was related to the tidal height 

of the host plant. The peak occurred later in the season for 

epiphytes growing on low intertidal plants than it did for those 

growing on high intertidal plants. Burt attributed the timing 

of this shift to a desiccation gradient. Although no tidal 

heights were measured in the present study it may be possible to 

relate shoot density to tidal elevation. Moody (l975), in his 

study on southern Roberts Bank, found that the lowest tidal eleva­

tions had the lowest eelgrass shoot densities (40 shoots/m2 ). 

Middle elevations had shoot densities ranging from 67 - 77 shoots/m2 

and the highest elevations had intermediate shoot densities 

(53 shoots/m
2
). Although the relative shoot densities were greater 
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than these values in the present study (see Tables 17, 18 and 

19) it is probable that shoot densities are also dependent on 

.tidal height in the Roberts Bank intercauseway area, in which 

case a desiccation gradient could partially account for the 

density of epifaunal populations. However, since sampling was 

done only once during the summer season it is difficu-lt to assess 

any pattern of epifaunal distribution over time using the results 

of the present study. 

Very few studies have been made in which the epifauna of . 

eelgrass has been enumerated. Marsh (1971) reported that the 

dominant epifaunal taxa identified in his study of the ~· mar-ina 

beds of the York River, Virginia were Gastropoda (43.2% of the 

fauna), Arnphipoda (18 • .5%), Isopoda (16.7%) and Polychaeta (15.6%). 

However, Marsh used a 0.5rnm sieve to catch the organisms that 

were washed from the surfaces of the eelgrass blades and he did 

not count organisms such as nematodes. In the present study· a 

0.125rnm sieve was used to capture the organisms washed from the 

eelgrass blades and organisms such as nematodes and copepod 

larvae were counted because it was felt that these organisms were 

important constituents of the epifauna. The dominant taxa found 

on Z. mari·na included Harpacticoida ( 46. 8% of the fauna) , Nematoda 

(33.5%) and copepod larvae (18.5%). (See Tables 17, 18 and 

19). Marsh (1971) also noted that while dominant epifaunal species 

could be expected to be present year-round in densities which 

varied with the season and the condition of the host plants, certain 

other species peaked sharply in abundance during brief periods and 

then disappeared. It may be assumed from this rBsult that the list 

of epifaunal taxa compiled in the present study may be imcomplete. 

Previous studies have examined the structure of infaunal popu­

lations in eelgrass beds, and it is likely that there is a close 

relationship between the densities.of infaunal and epifaunal popu­

lations (Marsh, 1971). Orth (1971) found infaunal densities 

ranging from 2347 to 32,907 organisms/m2 in ~-· marina beds in the 

Chesapeake Bay - York River estuary. The epifaunal densities deter-
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mined in the present study are much greater than these values 

(See Table 23) and may reflect differences in.· sampling methods 

and in hydrographic conditions. Orth (1971) noted in his study 

that infauna! densities increased with eelgrass shoot density. 

A similar relationship between epifaunal densities eelgrass shoot 

density was observed in the present study. 

In a study done on the inf aunal populations of the 

Nanaimo estuary, Sibert (1979) reported that nematodes, 

harpactico1d copepods and crustacean larvae were the most numeric­

ally dominant taxa collected. Other, less abundant taxa included 

micro-annelids, amphipods, cumaceans and ostracods. Nematodes, 

harpacticoids a~d copepod larvae were also the most abundant 

constituents of the eelgrass epifauna in the present study. (See 

Tables 16, 20, 21 and 22). Annelids, amphipods, cumaceans and 

ostracods were also observed. 

Bawden and her associates (1973) reported that· 

nematodes and harpacticoids were also among the most numerically 

abundant meiofaunal organisms present in the sediments of Roberts 

and Sturgeon Banks. 

In the present study, when the total plant surface area 

of z. ma:rina per sampling quadrat (0.2Sm2 ) at each shoot density 

was calculated (See Tables 20, 21 and 22), we found that the 

concentration of epifaunal organisms was approximately twice as 

great in the low density quadrats as it was in the other two shoot 

densities. Burt {1979) suggested that the epiphytic populations of 

~· marina may bloom during periods when the eelgrass is undergoing 

a decline, perhaps as a result of increased detrital concentrations 

on the blade surfaces or as a result of other types of chemical 

exudates released by the host plants. It is possible that the low 

density plants were undergoing a faster rate of decline than were 

the mid or high density plants, both of which supported approxi­

mately the same number of organisms/cm2 of blade surface. However, 



- 78 -

the physical condition of the blades in the representative samples 

examined here did not vary significantly among shoot densities. 

In fact, the percentage of intact blades present in the high and 

low shoot density categories was approximately the same. 

The information presented in this study indicates a 

relations~ip between eelgrass shoot density and epifaunal density 

which should be considered during future eelgrass transplantation 

projects in the Roberts Bank area. Since epifaunal populations 

appear to reach maximum numbers in areas of mid to high shoot 

density, it is suggested that the eelgrass be transplanted with 

these data in mind. Certain epifaunal constituents, such as 

harpacticoids, are important food items in the diet of juvenile 

salmon (Sibert, 1979). These fish are residents of the Roberts 

Bank intercauseway area and eelgrass beds throughout the spring 

and summer months (Greer ·et ·al., 1979}. 

In order to gain a more complete understanding of the 

epifaunal community of the eelgrass ecosystem on Roberts Bank it 

would be necessary to sample epifaunal populations at shoot 

densities of known tidal heights over at least a one year period. 

It would also be informative to make simultaneous collections of 

epifauna and infauna in the eelgrass beds. 
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SUMMARY 

A. Rocky Shore Tnterti·dal ·and Subtidal· ·Tr·anse:cts 

A single intertidal transect was sampled at each of 

three stations located on the Roberts Bank coal port 

shore in August, 1981. Two subtidal transects through 

the kelp beds were sampled by divers at Station 2 on the 

seaward shore of the coal port on August 31, 1981. 

Invertebrates and algae sampled in these transects were 

counted, identified and dried. The dry weights of algae 

and ~he ash free dry weights of invertebrates were used to 

determine biomass and standing crop values. 

The perimeter of the pre-expansion shore was ll.l2km. The 

perimeter of the post-expansion shore will be approximately 

12.25 km. Based on data collected in the intertidal 

transect on the rip-rap shore of Station 2, pre-expansion 

and post-expansion standing crop values were estimated using 

two methods. 

Using the first method the pre-expansion invertebrate 

standing crop value was estimated to be 9,456 kilo­

grams ash free dry weight. The post-expansion 

invertebrate standing crop value was predicted to 

be 10,417 kilograms ash free dry weight. This 

represents an increase in invertebrate standing crop 

of 961 kilograms ash free dry weight. 

Using the second method the pre-expansion invertebrate 

standing crop value was estimated to be 5,193 kilo­

grams ash free dry weight. The post-expansion 

invertebrate standing crop value was predicted to 

be 5,721 kilograms ash free dry weight. This repre­

sents an increase in invertebrate standing crop 

value of 528 kilograms ash free dry weight. 
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Us iJ:ig the first method the pre-expansion algal 

standing crop value was estimated to be 17,824 kilo-

. grams dry weight. The post-expansion algal standing 

crop value was predicted to be 19,636 kilograms dry 

weight. This represents an increase in algal standing 

crop value of 1,812 kilograms dry weight. 

Using the second method the pre-expansion algal 

standing crop value was estimated to be 9,789 kilo­

grams dry weight. The post-expansion algal standing 

crop value was predicted to be 10,784 kilograms 

dry weight. This represents an increase in algal stand~ 

ing crop of 995 kilograms dry weight. 

The mean density of Nereocystis leutkeana (:Bull kelp) in 

the beds located on the coal port's seaward shore on August 

31, 1981 was estimated to be 0.17 ± 0.08 plants/m2 • 

. B. RecoToniz:ation 

A 1.0 meter2 area cleared on the rip-rap of the coal port's 

seaward shore was monitored every two or three weeks for six 

months from July 22 to December 10, 1981. 

A photographic record of the recolonization process was kept 

at each visit. Species counts and the percent cover of 

algae on the site were also recorded at each visit. 

It was concluded that the colonization of the rip-rap shore 

made ava-i-lable by ··the coal .port expansion could -be· expected 

to occur within six to eight months. The rate of colonization 

would be dependent on the season in which the new substrate 

became available and on the ability of nearby algae and 

and invertebrate populations to supply recruits to the new 

area. It may take longer than eight months for the new 

biotic community to attain the level of productivity of the 

pre-expansion shore. 
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c. The Relationship Between Shoot Density of z-o·ste·ra m:ar·ina 
and z. ·a:m:e:ri:cana and Epifauna Density at Roberts Bank, 
July-; ·1·9si.· · · · · · 

z. americana and z.· marina were sampled in the inter­

causeway area of Roberts Bank on July 28-31, 1981. Plants 
. 2 

were harvested in a total of six - 0.25m quadrats and 

fifty-four - 0.06m2 quadrats. 

z. americana was found growing in the high intertidal zone 

along the northern and western perimeters of the eelgrass 

beds. Z. · m:ari:na were found throughout the intercauseway 

area at mid to low tidal elevations. 

The mean density of· Z. m:arina found in the sampled area 
+ - 2 

was 34 shoots (-14.7)/0.025m. 

Areal dimensions of eelgrass blades were determined for use 

in examination of the relationship between blade surf ace area 

and epifaunal density. Although epifaunal density/blade 

surface area appeared to be greater in low shoot density, 

than it was in mid or high shoot densities, it. was concluded 

that this was probably a seasonal effect. 

The density of epifaunal organisms increased with eelgrass 

shoot density. It was concluded, on the basis of this obser-

vation, that eelgrass plants should be transplanted at shoot 

densities of at least 100 shoots/m2 • Epifaunal organisms 

such as certain species of harpacticoid copepods, which were 

found in large numbers on the eelgrass blades sampled in 

this study, are important constituents in the diet of 

juvenile salmonds which live in the Fraser River estuary 

during the spring and summer. 

Z. ·a:me·ricana supports fewer epifaunal organisms than does 

Z •· ·m:arina. However, since z. ·a:m:eri:c:ana occupies a different 
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position in the beds (high intertidal) than z.· ma:rina does, 

it is recommended that z.· ·a:m:erica:na also be included in 

future transplantation projects. 

D. Sa:n:d/Mu:d ·":Gr:ah": :S:ampTes 

Five "Grab" samples were taken in the sand/mud habitat at 

Roberts Bank on August 24, 1981 at depths ranging from 

three to nine fathoms. 

Three "Grab" samples were taken in the sand/mud habitat 

at Roberts Bank on September 31, 1981 at depths ranging 

from four to five fathoms. 

The data collected on these sampling dates are part of an 

ongoing study to determine the amount of resource_production 

associated with the sand/mud habitat before and after the 

current dredging operations are completed. This study 

will continue throughout the two year expansion period, 

and results will be presented at a later date. 
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APPENDIX 1 

c:lf~ehlpE-La9 o ~a ti.in£- cf? E-~E-a ~ch 
P.O. Box 6418, Stn. 'C'. Victoria, B.C. V8P 5M3 
(604) 479-4831 . 

September 7, 1981 

To: Cam 1-fcl"enzie 
Na tiona.l Harbours Board 

Ma:croinvertebra.te ·survey and,Macrophyte Inventory at the 

_Robert~ s Bank Coal. TepninaJ.. 

On .:-~st 31, 1981 A=-,'•ipelago Ma.rine Reseaxch conducted. a subtidal. 
:macroinve..:. =brate survey a..."'ld IDa.crophyte inventory aJ..ong the southwest . 
(seaward.} · - . rrap slope· of the Robe~_§_Ba.nk coal terminal. Two t:ransectsz 
l-(ere. :rµn_~e:µ.d.iculax to the shoreline and a totaJ.. of nineteen 1/4 meter 
quadrit S?~•es taken for_~~roinvertebrate :indenti:fication and biomass 
determina:: ~en. In addition· the standing crop of blll kelp (Nereocystis 
luetkeana.) 1'1-as surveyed and species lists constructed for f'ish· and large 
conspicuous invertebrateso 

The firs-t.tra.nsec-t was located below an existing, marked mtertidaJ. 
transect .. "The second transect was located approximately 150 m. -southeast 

·of the :first location. This transect was st.aked and will be positioned· 
accurately at a later date. In each case a sinking transect l:ine,:maJ:'ked . 
at one meter intervals, was positioned by divers per:Pendicular to the 
shoreline •. The termination o:f any signi:ficant vegetation determined the deep 
end of the transect. i'he divers then swam tne transect, noting substrate type, 
vegetation. cover and. any signi:ficant patterns of subtidal zonation. Qua.drat 
sample lo~ions were then determined randomly for each of the vegetation 
zones. Sa:.-rpling· was conducted by the divers handpicking all visible veget­
ation and invertebrates contained within a 1/4- square meter qua.drat at 
each of the sample locations. The samples were placed :in ma.rk.ed. burlap bags· 
and later delivered. to the dive tender. The results are sulllllleu:±zed. in :figures. 
one and two. 

The bill kelp {NereocystisYinventory was conducted. by a diver swimming 
on each side of the transect line11 counting an·111acrophyte stipes within 
one meter of the transect line. For this pucyose the diver car.r:i.ed a meas-· 
urea. meter stick. Thus :for each meter of transect length, two square meters­
were surveyed. f'or N ereocystis. The results are also smnmerized in figures 
one and faro.- As Nereocystis is an annual plant which dies back in the faJ.l, 
the densities reported. here may be less than :midsu.111Iller values. A number 
o:f old, senescent plants were observed.I> indicating that the bed had. begun to 
die back. Also many of the plants were attached to small rocks and thus · 
subject to waveborn transport in rough weather. Interestingly, a number of 
young plants were observed.. This stage of development of Nerencystis is not 
usually seen in the Strait o:f Georgia until- .March. 

A:f ter completion o:f the transect work the divers swam parallel to the 
shoreline, in both the rip-rap and sand/cobble zones, noting all :fish species 
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observed as -well· as any large, con_spicuous ·inverteb:ta.tes which IDO.Y not 
have been collected :in the qua.drat samples, From these notations and casual 
observations :ma.de during the transect ~ork, a species list has been constructed 
and is incl.ud.ed with this report. 

! 

·. 
--. 

. · ... 



Depth 

J ft. 

15m. 

11 ft. 

15m. 

. 16 ft • 

-·~-----~·-----

- ··xiii -· 
Figure 1 Transect 1 

Time: 10:30 PDT 

Zone 1: Substrate consisted. primarily of rii>-: 
. rap boulders. Overall cover of vegetation 
on the b,ottom was approximately 80%, . 
primarily red algae. 

Zone 2: 

5 qua.drat samples taken. 
No Nereocystis plants counted. 

I 

Sand/cobble substrate (60/40) with 
occasional rocks and boulders. Veget-. · . 
ation cover J0-40%, primarily kelps 
{Nereocystis and Laminaria sp.) and 
red algae. 
5 quad.rat samples taken. 
4 Nereocystis plants cqunted. · 2 
Nereocysti$ density - 0.13 plants/m • 
Beyond zone 2. was sand substrate with 
no vegetation • 

. Total Transect Length - JOm. 

.. 
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'lm· 

12m. 

25m. 

Denth 
1 ft. 

9 ft. 

14 :ft. 

-.XlV 
Figure 2 Transect 2 

Time: 1J:45 PDT 

Zone 1: Substrate of rip-rap bouider. Overall. 
vegetation cover was 90%, primarily 
red algae with some green algae (Ulva). 
2 qua.drat samples taken. -

. No Nereocystis plants counted. 

Zone 2: · Sub~t:ca.te of brulder/cobbl.e/sand .: ··· 
. (20/60/20). Overall vegetation cover 

. was 60%, red algae and kelps. _ 
J quacb:a.t samples ta.ken.. _ 

. = 7 Nereocystis plants counted. 2- -:-:: ·. 
Nereocystis density - 0.29 plants/m. ~ .-.-. - : 

Zone 3: Subst:ca.te of cobble/san~ (20/80). 
Vegetation cover approximately .30%, · 
red algae and kelps. 
4._. qua.drat samples· taken. 
5 Nereocystis plants counted. 2 
Nereocystis density - 0.10 plants/:m • 
Beyond zone 3 was sand substrate with 
no vegetation. 

·- ~ .-;:;··· . 
- . .. ::':_.:·t~: 

~: . 

.. . 

. . ~ 

--- ·- -· .·. 

--

14 ft. 

Total. Transect Length - 44m. 
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Fish and Large Invertebrate Species List 

Robert's Bank Coal Terminal-- August }1, 1981. 

Fish: Tubesn.out 

Rip - Rap Zone 

Aulhynchus flavidus 

Str:iped Perch - Embiotoca. lateraJ.is 

Pile- ?erch - Rhacochilus vacca 

Ljl"'gc:od. - Ophiodon elongatus 

G~•~ng - He.xagrammos sp. 

Co.Jf.L=' .rockfish. - Seba..stes ca.urinus 

uni"'. :i:ockfish - Sebastes sp. 

sma.TT .. sculpins { cottid.s) 

Invertebrates: BuJ:::l:mt""ing cucil.nlbers - Cucu:maria.. miniata 

Ochre star - Pisaster ochraceus 

small. liJnI>its 

small chitons 

Rock crab - Cancer :productus 

yellow sponge 

Sand/Cobble Zone 

Fish(. Striped Perch - Em.biotoca lateralis 

L:ingcod - Ophiodon elongatus 

Greenl:i.ng - hexa.gra.mfilos sp. 

Rex sole - Gl;yptocephalus zachi:r::us . 

Red Irish lord - Hemilepidotus hemilepidotus 

flatfish (juveniles and subadults) 

small 'sculp:ins (cottid.s) 
. .! 

Invertebrate::H Sea pens - Ptilosarcus gurneyt 

Horse clams - Tresus nu ttalli 

CUCU.lllber - Parasticopus californicus 

Burrowing cucumber - Cucu:maria l!liniata 

Rock crab :.... Cancer productus 

Dungeness crab - Cancer magister 

Tube worms 

Burrowi..~g anemones 

. .. ... " .. -~ 

--- . -

_i. 
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- APPBNDTIC- 2 

MUSSEL SHELL LENGTH / DRY TISSUE WEIGHT 

EQUATION. 
Mytihrs edulis collected at Roberts Bank October 9, 981 

BASIC STATISTICS: 
x 

MEAN 14.925 

VARIANCE 42.79 

STANDARD DEV. 6.541 

STANDARD ERR. 0.198 

DATA RANGES 4.94-39.5 

SAMPLE SIZE 216 

Dry Tissue Weight= Ax L2 · 76 

COEFFICIENTS: 
-5 

A = 1.324244603 x 10 

B = 2.76618712 

R SQUARE - 0.911792394 

y 

0.036 

2.0 x 10-3 

0.049 

0.00 

1.0 x 10 -3 - 0.326 

216 

STANDARD ERROR (Y/X) = 0.0148238978 



Roberts Bank Development 

A. Invertebrates 

Phylum Porifera 

Class Demospongiae 

Phylum Cnidaria 

Class Hydroz6a 

Phylum Nemertea 

Class Enopla 

Phylum Nematoda 

Phylum Annelida 

Class Polychaeta 

Phylum Arthropoda 

Class Crustacea 
Subclass Cirripedia 

Subclass Copepoda 

Subclass Eucarida 

·xvii -

APPENDIX 3 •. 

Subclass Malacostraca 

Materi.al collected 
July - December, 1981 

Hal·ichondria panicea 

Phialidium hemisphericum 

Paranemertes peregrina 

Present 

Arrn:andia brevis 

Nereis vexillosa 

Polynoidae spp. 

Balanus crenatus 

B. glandula 

Chthamalus dalli 

Calanoida spp. 

Cyclopoida spp. 

Harpacticoida spp. 

Hemigrapsus nudus 

H. oregonensis 

Pagurus hirsutiusculus 

Ampithoe lacertosa 

A. simuTans 

A. valida 



'~-~--·~----~-~·--·- ____ , ________________ _ 

Class Insecta 

Phylum Mollusca 

Class Bivalvia 
Subclass Heterodonta 

Subclass Pteriomorpha 
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Class Gastropoda 
Subclass Prosobranchia 

Class Polyplacophora 

Phylum Echinodermata 

Class Asteroidea 

Phylum Ectoprocta (Bryozoa} 

Class Gymnolaemata 

eo-rophiurn acherusicum 

c .-- hr·evis 

C. · insid"i·osum 

· Gnori-sphaeroma oregonensis 

Hyale 'f:requens 

Tdotea (Pentidotea) montereyensis 

I. wosnes·enskii 

synidotea bicuspida 

Parac-lunio sp. 

Halicaridae spp. 

Protothaca staminea 

-Crassostrea gigas 

Mytilus edulis 

Barleeia halotiphila 

Collisella digitalis 

~- pelta 

Lacuna variegata (?) 

Lacuna spp. (juveniles) 

liittorina scutulata 

L. sitkana 

Notoacmaea persona 

N. scutum 

Nucella l·amellosa 

Katharina tunicata 

- 'P-is·a·ster ochraceous 

Membranipora villosa 

TUbU:lipora· paci£ica 
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B. Algae 

Division Chlorophyta 

Blidingia· ro:in':Lma var .. subsal·sa 

Enteromorpha inte·s:titiaTis 

E. linza 

Monstroma sp. 

Ulothrix flacca 

Ulva fenestrata 

Division Phaeophyta 

Fucus_ gardneri 

Division·Rhodophyta 

eallophyllis flabellul·ata 

Cryptosiphonia woodii 

Gigartina papilla:ta 

Iridaea cordata 

I. heterocarpa 

Odonthalia floccosa 

Petrocoelis 

Polysiphonia pacifica 

Polysiphonia spp. 

Porphyra perforata 

P. smithii 

Porphyra sp. 

Pterisiphonia bipinnata 
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APPENDIX- 4 . 

Roberts Bank Development 
Material collected 
August 31, 1981 

Subtidal Marine Invertebrate ·and ·Algae 

A. Invertebrates 

Phylum Porifera 

Class Demospongiae 

Phylum Cnidaria 

Class Hydrozoa 

Class Anthozoa . . 

Phylum Nematoda 

Phylum Annelida 

Class Polychaeta 

Phylum Arthropoda 

Class Crustacea 
Subclass Cirripedia 

HalicTona permollis 

Obelia sp. 

Thuiaria sp. 

Metridium sp. 

Present 

Arabellidae sp. 

Arctonoe f ragilis 

Capitellidae sp. 

Chitinopoma groenlandica 

Eteone longa 

Nereis latescens 

N. pelagica 

N. vexillosa 

PTatynereis bicanaliculata 

Sabellidae sp. 

Spirorbis spirillum 

S. vitreus 

Typosyllis sp. 

Bal·anus crena tus 



Subclass Copepoda 

Subclass Eucarida 

- xxi 

Subclass Malacostraca 

Subclass Ostracoda 

Class Insecta 

Phylum Mollu~ca 

Class Bivalvia 

Subclass Heterodonta 

Subclass Pteriomorpha 

Class Gastropoda 

Subclass Prosobranchia 

. ~-·~··--·-· --··------------------

Harpacticoida spp. 

Pagurus beringanus 

P. granos1manus 

P. hirsutiusculus 

Pugettia gr-acilis 

- p.mp·ithoe lacertosa 

A.- simulans 

Anisogarnmarus pugettensis 

ealliopiella sp. 

eorophium acherusicum 

Hyale frequens 

!!_. grandicornis californica 

Idotea (Pentidotea) aculeata 

!· montereyensis 

Leptochelia dubia 

Parapleustes pugettensis 

Present 

Actacarus sp. 

copidognathus sp. 

Clinocardium sp. (juveniles) 

Tresus sp. 

Mytilus edulis 

Amphissa columbiana 

Amphissa sp. 

Hittium. sp. 

Colli·sella ochracea 

~-- peTta 

Crepipate1·1a sp. (?) 

Lacuna var·i·ega ta (?} 

Littorina scutulata 

Margarites helcinus 

M. lirulatula 

Mitrella tuberosa 
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Subclass Opisthobranchia 

Subclass Polyplacophora 

Phylum Echinodermata 

Class Asteroidea 

Class Echinoidea 

Class Holothuroidea 

Phylum Ectoprocta (Bryozoa) 

Class Gymnolaemata 

· Notoa·C!Iiaea scutum 

- Nuce'l'la· lam:ellosa 

Trichotropus c·ancellata 

- Archido·ris odhneri 

He'r:missenda crassicornis 

Basiliochiton heathii (?) 

Tschnochiton sp. 

Katharina tun:icata 

Mopalia i·ignosa 

Mopalia spp. (juveniles) 

Tonicella lineata 

Evasterias troschelii 

Pisaster ochraceous 

·- Solaster dawsoni 

Strongylocentrotus 
d'roebachiensis 

Cucumaria miniata 

Eupentacta quinquesemita 

Dendrobeania lichenoides 

Membranipora s·errilamella 

M. villosa 

Crisia occidentalis 

Crisulipora occidentalis 
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B. Algae 

Division Chlorophyta 

Enteromorpha inte·stit1a1:is 

E. linza 

Ulva £enestrata 

Division Phaeophyta 

Desmarestia ·acul·eata 

Fucus gardneri 

Larninaria saccharina 

Nereocystis leutkeana 

Division Rhodophyta 

Ahn£eltia plicata 

Audouinella vaga 

Callophyllis f'labellul·ata 

Callophyllis sp. 

Cerarniurn cali£ornicurn 

Constaninea subuli£era 

Cryptosiphonia woodii 

Erythrotrichia sp. 

Farlowia rnollis 

Gigartina coryrnbi£era 

§_. papillata 

Gracilaria verrucosa 

Grateloupia doryphora 

Hildenbrandia prototypus 

Iridea cordata 

Lithotharnnion sp. 

Microcladia coulteri 

Odonthalia f'l'occosa 

P'la tytharnn·ion sp . 

- p·1eonospo:riurn sp. 

Polyneura latissima 

Polysiphonia pacifica 

P. paniculata 
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Polysiphonia spp. 

Pterosiphonia bipi:r1nata 

P. gracilis 

Prionitis lanc·eoTa:ta 

Rhodoglos·s·um ·a·f·f·i·ne 

Rhodymenia pertusa 

Scagelia corallina var ·oc·c·identale 

Smithora naia:dum 

Stenogramme interrupta 



DATE 

22 July 
(overcast; 18°C) 

31July 

10 August 
(Sunny; 25 °C) 
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APPENDIX "5 

LOG OF VISITS . TO RECOLONIZATION SITE 

ROBERTS BANK 

DESCRIPTION 

A 1.0 m2 area, located on a horizontal, flat rock face 
approximately l.4m above datum on the south-west peri­
meter of the coal port was scraped clean and torched. 

Prior to clearing the following organisms were collected 
from the chosen site: 

Enteromorpha intestinalis 
E. linza 

Ulothrix flacca 

Gigartina papillata 

Monostroma sp. 

Polysiphonia pacifica 

****** 

Balanus glandula 

Chthamalus dalli 

Ampithoe simulans 

Chironomid larvae 

Littorina scutulata 

Co]isella pelta 

Few limpets and littorines present. 

Organisms present included: 

Enteromorpha intestinalis 
E. linza 

Ulothrix flacca 

65% cover 

60% cover 

Ulva fe~estrata (attached to Collisella pelta shells) 

****** 

Cdlisella pelta 

Littorina scutulata 

Diptera spp. 



13 August 
(Sunny; 20°C) 

11 Septernber 
(Overcast;· some 
sunny breaks; 
16°C) 

Coal or diesel 
slick present 
offshore; water 
very turbid; lots 
of drift'Zostera. 

24 September 
(Overcast; 12°C) 

Water very turbid 

xxvi 

Organisms present included: 

Enteromorpha intestinalis 
E. linza 

Ulothrix flacca 

****** 

Littorina scutulata 
L. sitkana (with egg cases) 
Lacuna sp. 

Ampithoe simulans 
A. lacertosa 

Chironomid larvae 

_Organisms present included: 

Entermorpha intestinalis - dense mat covering 90% of the 
site. 

E. linza is also present and overlies the 
E. intestinalis in the center of the site. 

****** 

Littorina scutulata 25/1 m2 

Notoac~a persona 1/1 m2 

Collisella pelta 102/1 m2 

(With some Porphyra sp. and Ulva sp. attached to the 
shells) 

Bivalve (probably Mytilus edulis) seed 

Kathll.rina tunicata 1 (3 cm long)/l m2 

There had been a dense settlement of barnacles: 

Balanus glandula 

Chthamalus dalli 

Organisms present included: 

Enteromorpha intestinalis 
E. linza 

****** 

Littorina scutulata 

Notoacmea scutum 

Collisella pelta 

150/0 .1 m2 

25/0.1 m2 

75% cover 

50/1 m2 

1/1 m2 

112/l m2 



24 September 
(cont'd) 

xxvii -

A QOl m2 area, located in the center of the recolonization 
site was scraped clean and the biomass of major organisms 
collected was determined: 

Name 

Entermorpha spp. 
E. linza 

Littorina scutulata 

Collisella pelta 

Balanus glandula 

Chthamalus dalli 

4 

1 

90 

18 

Dry Wt(g) 

0.5902 
0.6280 

0.0516 

0.0230 

0.2403 

0.0098 

Ash Free Wt (g) 

0.0006 

0.0045 

0.0115 

0.0001 

In addition, the following organisms were identified and 
preserved: 

Name 

A. Algae 
Blidingia minima var subsalsa 

Ulothrix flacca 

B. Invertebrates 

1. Cnidaria 

Phialidium hemisphericum 

2. Nematoda 

3. Annelida 

Polynoid worm 

4. Mollusca 

Lacuna sp. juveniles 

Littorina sp. juveniles 

Mytilus edulis seed 

5. Arthropoda 

Copepoda spp • 
Cyclopoida sp. 
Harpacticoida sp. 

Present 

P..resent 

1 

100 

1 

15 

.31 

300 

1 
1 
6 

colony 



24 September 
(cont'd) 

9 October 
(Overcast, windy; 
10°C) 

21 October 
(Clear, dark-
0600; 3°C) 
Water very turbid. 
Fine sediment present 
at base of rocks 
surrounding the 
recolonization site.) 

In dense 
Enteromorpha 
mat. 

xxviii 

Name ff 

5. Arthropoda cont'd 

Isopoda 
Gnorisphaeroma oregonensis 

Amphipoda 
Caprella laeviuscula 

Ampithoe simulans 
A. lacertosa 

Corophium brevis 
C. insidiosum 
C. achervsicum 

Hyale f requens 

Insect a 
Halicaridae spp. 

Chironomid larvae 

6 

3 

34 
18 

33 
17 
25 

23 

3 

3 

Heavy surf and a 1.5 
site very difficult. 
be receding from the 
center. 

m low tide made observation of the 
The Enteromorpha cover appeared to 

perimeters of the site, towards the 

Organisms present included: 

Enteromorpha spp. 60% cover 

****** 
Limpets 148/1 m2 

Mytilus edulis seed 

Pagurus hirsutiusculus 5/1 m2 

In order to determine the number of barnacles present 
on the site six areas (0.05 m2 ) were randomly chosen and 
the number of barnacles present in each was counted: 

Sample ff Name ff Present 

1 B. glandula 25 
c. dalli 4 

2 B. glandula 16 

3 B. glandula 13 



21 October 
(cont'd) 

3 November 
(Overcast, light 
rain; dark - 0300; 
12°C) 

10 De~ember 
(clear, calm; dark -
2300; 12°C) 

Name Subsample 

:;§. glandula 1 
2 
3 
4 

_g_. dalli 1 
2 
3 
4 

xxix 

Sample fl Name If Present 

4 B. glandula 50 
c. dalli 8 

5 B. glandula 36 
c. dalli 9 

6 B. glandula 50 
c. dalli 37 

Mean number of B. glandula/0.05 m2 31 

Mean number of C. dalli/0.05 m2 9 

Further degradation of the Enteromorpha mat was observed. 
This mat now represented approximately 50% total cover. 

There had been a small (25) settlement of barnacles in 
the 0.()1 m2 area which had been scraped clean on 24 September. 

In addition, the following organisms were observed: 

Littorina scutulata 20 

Collisella pelta 
160 

Notoacmea scutum 

Balanus glandula 

Chthamalus dalli 

Further degradation of Enteromorpha, which now sparsely 
covers approximately 25% of the quadrat. Only one patch 
of the Porphyra remains~ The e.ntire rock is almost denude 
of algae. The 0.01 m2 area remains bare. Four quadrats 
were randomly chosen, scraped clean and the biomass of 
major organisms determined. 

If Dry wt (g) Tissue dry wt (g) 

37 0.2271 0 .0119 
95 0.4485 0.0264 

100 0.5086 0.0334 
72 0.7562 0.025 

3 0.0081 0.0008 
45 0.2142 0.0187 
38 0.1108 0.0143 
16 0.0554 0.0059 



xxx 

APPENDIX 6 

EELGRASS EPIFAUNAL DIVISIONS 

Faunal Divisions adopted from Smith et al., 1975. 

Hydroida 

Nematoda 

Polychaeta (Errantia) 

Ostracoda 

Harpacticoida 

Calanoida 

Cyclopoida 

Copepoda larvae 

Cumacea 

Amphipoda 

Isopoda 

Tanaidacea 

Pycnogonida 

Halicaridae 

Mesogastropoda 

Eggs (Gastropoda) 

Eggs (Cephalaspidea) 

Bi val via 

Ectoprocta 

Unidentified larvae 



xxxi -

REFERENCES 

BAINBRIDGE and Forsyth, 1971. Cited in Barnes, H. ·et al., 1977. 
In: The Biology of" B:e·nthic· O'rgani·sms, B. F. Keegan andP. 
O'Ceidigh, eds., Pergammon Press Ltd., 1977. 

BARNES, H. and M. Barnes, 1977. The importance of being "littoral" 
nauplius. In: The Bio:io·gy ·o·f Behthi·c· nr·gani·sms. B .F. Keegan 
and P. O'Ceidigh, eds.), Pergammon Press Ltd., 1977. 

BATZLI, G.O., 1969. Distribution of biomass in rocky intertidal 
communities on the Pacific coast of the United States. 
J. Anim. Ecol. 38(3): 531-546. 

BAWDEN, C.A., W.A. Heath and A.B. Norton, 1973. Preliminary 
baseline study of Roberts and Sturgeon Banks. Westwater 
Research Centre Technical Report # 1. 

BOLD, H.C. and M.J. Wynne, 1978. Tntrodu:cti·o·n to the Al·gae: 
Structu:re and Fu:ncti·on. Prentice-Hall, Inc. Englewood Cliffs, 
New Jersey. 

BURT, D.W., 1979. Seasonal and areal biomass patterns of 
· epiphytes on two species of eelgrass · ('zo·stera :m:ari·na L. and 

Zostera ameri·cana den Hartog) at Boundary Bay, B .c. 
Bachelor of Science Thesis, University of B.C. 

CARE FOOT, T. , 19 7 7 . Pacific S'e ashores : A Guide to Tn tertidal 
Ecology. J. J. Douglas Ltd., Vancouver 

DAYTON, P.K., l97l. Competition, disturbance and community 
organization: the provision and subsequent utilization of space 
in a rocky intertidal community. Ecol. Monogr. 41: 351-389. 

ENVIRONMENTAL ASSESSMENT PANEL, 1978. Roberts Bank Port 
Expans·ion Final· Revi·ew. 

Fraser River Estuary Study: Habitat. Vol. 4. Report of the 
Habitat Work Group. Government of Canada and Province of B.C. 
Victoria, August 1978 

GONOR, J. J. and P. F. Kemp. , l9 7 8. Procedures· for Quantitative 
Eco·logi·ca'l As·ses·sments· ·in 'Intertidal· Envi:r·onments. U.S. Environ­
mental Protection Agency, Corvallis, Oregon. 



- xxxii -

GORDON, D., 1981. Unpublished survey of eelgrass shoot 
densities and blade lengths in the intercauseway area of 
Roberts Bank. Department of Fisheries and Oceans, Resource 
Services Branch, West Vancouver, B.C. 

GREER, G.L., C.D. Levings, R. Harbo, B. Hillaby, T. Brown and 
J. Sibert, 1979. Distribution of fish species on Roberts and 
Sturgeon Banks recorded in seine and trawl surveys. 
Can. M.S. Rep. Fish. Aquat. Sci. 1596. 51 pp. 

GROVE, E.L., R.S. Jones and W. Matthews, 1961. The loss of 
sodium and potassium during dry ashing of animal tissue. 
Analyt. Biochem. 2: 221-230. 

HOLME, N.A. and A.D. Mcintyre (.eds.), 1971. Methods for the 
Study of the Marine Benthos. IBP Handbook No. 16, Blackwell 
Scientific Publications, London. 

KIKUCHI, T. and J.M. Peres, 1973. Animal communities in the 
seagrass beds: A review. International Seagrass Workshop; 
Seagrass Systems, Leiden, The Netherlands. 

KOZLOFF, E.N., 1973. Seashore Li·fe of Puget S-ound, The Strait 
of Georgia and the San Juan ArchipeTa·go. University of 
Washington Press, Seattle. 

LITTLER, M.M., 1980. Southern California Rocky Intertidal 
Ecosystems: Methods, Community Structure and Variability, 
pp. 565 - 608. In: The Shore Envi·ronment, Vo'lurne 2: Ecosystems. 
(J.H. Price, D.E.G. Irvine, W.F. Farnham, eds.}, The Systematics 
Association, Special Volume No. 17(b). Academic Press, London. 

MARSH, G.A., 1971. The Zostera epifaunal community in the 
York River, Virginia. Chesapeake Science 14(2): 87 - 97. 

MOODY, R., 1978. The influence of tidal elevation on standing 
crop, turion density and the dimensions of Zostera marina L. 
on Roberts Bank, B.C. Master's Thesis, University of B.C. 

ORTH, R.J., 1971. Benthic infauna of eelgrass, zostera marina, 
beds. Master's Thesis, University of Virginia. 

PHILLIPS, R.C., 1969, 1974. Temperate Grass Flats. In: 
Coastal Ecological Systems of the· United States: A Sourcebook 
for Estuarine PTanning. (H.T. Odum, B.J. Copeland and E.A. 
McMahon, eds.} pp. 737 - 773. Volume 2 (1st and 2nd edition), 
F.W.P.C.A. Contract Report. 

POMEROY, W.M. and C.D. Levings, 1980. Association and feeding 
relationships between Eogammarus confervicolus (Amphipoda, 
Gammaridae) and benthic algae on Sturgeon and Roberts Banks, 
Fraser River Estuary. Can. J. Fish. Aquat. Sci. 37: 1-10. 

Report of the Environmental Assessment Panel, Roberts Bank 
Port Expansion, March 1979. 

RICKETTS, E.F. and J. Calvin, 1968. fRevised by J.W. Hedgpeth)· 
Between Pacific Tides (4th ed.) Stanford University Press, 
Stanford, California. 



- xxxiii -

ROSENTHAL, H. and G. Hempel, 1970. Cited in H. Barnes et al., 
1977, pp. 53-54. In: The Biology of Benthic Organisms-.­
(B.F. Keegan and P. O'Ceidigh and P.J.S. Boaden, eds.), 
Pergamorn,1Press, 1977. 

SIBERT, J.R., 1979. Detritus and juvenile salmon production 
in the Nanaimo Estuary: II. Meiofauna available as food to 
juvenile chum salmon (Oncorhynchus keta). J. Fish. Res. Bd. 
36: 497 - 507. 

THAYER, G.W., D.A. Wolfe, and R.B. Williams, 1975. 
The impact of man on seagrass systems. Amer. Scien. 63: 
288 - 296. 

WU, R.S. ,and C.D. Levings, 1979. Energy flow and population 
dynamics of the barnacle Balanus glandula. Marine Biology 
54: 83 - 89. 

WU, R.S. and C.D. Levings, 1978. An energy budget for 
indificual barnacles (Balanus glandula} . Marine Biology 
45: 225 - 235. 



xxxiv 

TAXONOMIC REFERENCES 

ABBOTT, I.A. and G.J. Hollenberg, 1976. Marine Algae of 
California. Stanford University Press, Stanford, Californi~. 

ABBOTT, R.T., 1968. A Guide to Field Identific·ation -
Seashells of North America. Golden Press, New York. 

BANSE, K. and K.D. Hobson, 1974. Benthic Errantiate 
Polychaetes of B.C. and Washington. Bulletin of the 
Fisheries Research Board of Canada. Bulletin 185, 
Ottawa. lllpp. 

BERNARD, F.R., 1970. A distributional checklist of the 
marine molluscs of B.C. based on faunistic surveys since 
1950. Syesis 3: 75 - 94. 

CORNWALL, I.E., 1970. The Barnacles of British Columbia. 
B.C. Provincial Museum Handbook No. 7. 69pp. 

FAUCHALD, K., 1977. The Polychaete Wo-rrn:s: Definitions and 
Keys to the Orders, Families and Genera. Natural History 
Museum of Los Angelos County Science Series 28. 

FULTON, J., 1972. Keys and references to the marine 
copepoda of British Columbia. Fisheries Res. Bd. of Canada. 
Tech. Rep. #313. 

GRIFFITH, L.M., 1967. The Intertidal Univalves of 
British Columbia. B.C. Provincial Museum Handbook No. 26. 

KOZLOFF, E.N., 1974. Keys to the Marine Invertebrates of 
Puget Sound, the San Juan Archipelago and Adjacent Regions. 
University of Washington Press. 226 pp. 

LINDSTROM, s.c., R.E. Foreman and J.C. Root, 1974. 
An Illustrated Field Key ·to the Marine· Macrophytes of the 
Strait of Georgia. 89pp. · 

MORRIS, R.H., D.P, Abbott and E.C. Haderlie, 1980. 
Intertidal Invertebrates of California. Stanford University 
Press, Stanford, California. 

O'DONOGHUE, C.H. and E. O'Donoghue, 1925. List of Bryozoa 
From the Vicin·ity of Puget Sound. Publications Puget Sound. 
Biological Station; University of Washington Press, Seattle. 

OTTE, G., 1975. A laboratory key for the identification of 
Corophium species (Amphipoda, Corophiidae) . Fisheries and 
Marine Service. Technical Report No. 519. 19pp. 



- xxxv -

QUAYLE, D.B., 1970. The Intertidal Bivalves of British 
Columbia. B.C. Provincial Museum Handbook No. 17. 104pp. 

QUIGLEY,M., 1977. Invertebrates of Streams and Rivers: 
A Key to Identification. Edward Arnold (Publishers) Ltd., 
London. 

SCAGEL, R.F., 1967.· Guide to Common Seaweeds of British 
Columbia. B.C. Provincial Museum Handbook No. 27. 

SMITH, R.I. and J.T. Carlton (eds.), 1975. Light's Manual 
Intertidal Invertebrates of the Central California Coast 
(3rd edition).· University of California Press. 




