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ABSTRACT

The present work was carried out between 1985 and 1990, mainly on harpacticoid
copepods collected from Ardmore Bay, Clyde Estuary, Scotland. The purpose of this
work was to determine the annual cycle of population density of sediment dwelling
harpacticoids in the intertidal zone in Ardmore Bay, to comparc in detail thc summer
and winter population densities of harpacticoid and nematode populations in the
intertidal zone and to relate these to particle size parameters, and to conduct
behavioural studies on sedimentary harpacticoid copepods collected from the intertidal
zone at Ardmore. Some preliminary taxonomic work is also described on the external
anatomy of Calanus finmarchicus, a taxonomic description is given of the intertidal

sand- dwelling harpacticoid, Tachidius discipes, and the anatomy of the two species is

compared.

Scanning electron microscopy showed differences between the two species Calanus

finmarchicus and Tachidius discipes. The body of Calanus finmarchicus is smooth,

the abdomen is much narrower than the thorax, the first antenna is as long as the
body length, and few hairs are present on the external side of the exopodites and
endopodites of the legs. The body of Tachidius discipes is broadly elongated, having
9 segments. The abdomen is thinner than the thorax, and long sectae are carried by the
caudal rami. The thoracic segments have hairs along their posterior margins which
may keep the joints between the segments clean and also aid in movement through
the sediment. The five pairs of legs have spines and setae which are likely to be
important in moving between sediment grains. The setae at the distal end of the legs
are also likely to be important in swimming when the adults emerge from sediments.
In contrast, Calanys finmarchicus, which is entirely pelagic, is smoother and has no

spines but many setae on its legs, which are clearly an adaptation for swimming.

The annual survey of harpacticoids at Ardmore Bay showed that at low and mid



tide population densities were low in winter and high in summer. At high tide there
was a pcak in autumn (October) and spring (FFebruary). Copcpodites were abundant
throughout the year at low tide, but at mid tide pecaked in winter (December,
January). Virtually no copcpodites were found at high tide. The high tide population
may therefore be replenished from the low and mid tide regions. During the survey,

adults and copepodites were found to be most abundant in the top 2 cm of sediment.

Dctailed comparisons of harpacticoids, nematodes and particle size in summer and
winter were conducted at five stations on a transcct from high tide to low tide at
Ardmore Bay and showed that the summer population of harpacticoids and nematodes
was much higher than winter population at all five stations. Nematodes were more
abundant at deeper depths in the sediment in winter than summer, suggesting a
downward migration to avoid cold winter temperaturcs. In contrast to harpacticoids,
nematodes although more abundant near the sediment surface occurred to a depth of
at least 14 cm. The high tide stations tended to have finer sediments with larger
standard deviations (less well sorted), and lower kurtoses (less peaked). There were
fewer differences in particle size parameters vertically into the sediment, and more
between summer (July) and winter (January). Harpacticoids were restricted to
sediments having a narrower range of mean particle size than were nematodes.
Harpacticoids and nematodes were most abundant in sediments having intermediate

standard deviations and a high negative skewness.

The behaviour experiments showed that harpacticoid copepods migrate out of
sediments into the overlying water in the dark. This is considered to be an important
dispersal mechanism. Vertical migration out of the sediments is inhibited by light, by
high and low temperatures (20°C, 5°C), and low salinities. This has important
ecological implications because it means that vertical migration 'into the water column
and hence dispersal will be inhibited during daylight, and also during hot summers

and cold wet winters.



GENERAL SUMMARY

The main objective of my work has been to study the taxonomy, ecology, and
behaviour of harpacticoid copepods at Ardmore Point. I also conducted some
preliminary work on the anatomy of the calanoid copepod, Calanus fimarchicus.

These studies are divided into the following sections:

Section 1: Calanus finmarchicus. Mouth parts such as maxillae and maxilliped, first
and second antenna and first and fifth limbs have all been dissected. Instruments such
as needles and scalpels were used. Drawings of limbs, mouth parts, and abdomen have
then been constructed on graph paper from the dead preserved animals using a
" calibrated eyepiece graticule and a light microscope. This was to obtain a full

description for this species.

Section 2: Tachidius discipes. Mouth parts and limbs (P1-P5) of the dead animals
were dissected following the same procedures for Calanus finmarchicus. Drawing of
mouth parts and the five limbs were constructed as above in order to obtain a full
description for this spccics.

The body of Calanus finmarchicus is smooth, the abdomen is much narrower than

the thorax, the first antenna is as long as the body length, and few hairs are present
on the external side of the exopodites and endopodites (P1-PS). The body of
Tachidius discipes is broadly elongated, having 9 segments. The abdomen is thinner
than the thorax, and long setae are carried by the caudal rami. The thoracic segments
have hairs along their posterior margins which may keep the joints between the
segments clean and also aid in movement through the sediment. The five pairs of legs
have spines and setae which are likely to be important in moving between sediment
grains. The setae at the distal end of the legs are also likely to be important in
swimming when the adults emerge from sediments. In contrast, Calanus finmarchicus,
which is entirely pelagic, is smoother and has no spines but many setae on its legs,
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which are clearly an adaptaion for swimming.

Section 3: Annual survey. This section is divided into two parts:

~ Part 1: Annual survey on harpacticoid copepods (adults and copepodites) for six
separate months (October 1986, December 1986, February 1987, April 1987, June
1987, August 1987). This study was conducted at low tide, mid tide, and high tide.
Comparisons between months at each tidal level, and between tidal levels at each
month were made in the top 1 cm where the animals are more abundant. The results

were analysed statistically.

There were obvious annual cycles in the abundance of adults and copepodites
during the sampling period. At the low tide site, numbers were low in the winter
months of December, January, and February and high in the summer months of June,
July, and August. The annual cycle at the mid tide site was broadly similar. However,
at high tide numbers were highest in October with a secondary peak in February and
there were low numbers in December and April to June. The abundance of
copepodites at low tide were very high throughout the year while at mid tide they
peaked in December and January. Virtually no copepodites were found at high tide.
This suggests that the high tide population of adult harpacticoids may be periodically

replenished from the low and mid tide region of the shore.

The depth distribution of both adults and copepodites in the sedimentary column

show that most individuals were found within 2 cm of the sediment surface.

Part 2. Comparisons between winter (January 1987) and summer (July 1987) in terms
of harpacticoid copepods, nematodes, and particle size. This study was conducted at
five stations at all depths for harpacticoid copepods and nematodes. For particle size

all five stations were analyscd but only at depths of 0-1, 3-4, 7-8, and 13-14 cm.

At all five stations harpacticoids were more abundant in July than January.
Nematodes were most abundant in July than January necar the scdiment surface, but
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deeper in the sediment were more abundant in January than in July. This probably
means that nematodes migrate downwards during winter months to avoid the cold
surface sediment. In general, nematodes occurred much deeper in the sediment than

the harpacticoids, and extended to a depth of more than 14 cm.

The high tide stations tended to have finer sediments with larger standard deviations
(less well sorted), and lower kurtoses (less pcaked). There were fewer differences in
particle size parameters vertically into the sediment, and more between summer (July)
and winter (January). These differences are to be expected becausc the high tide area

is exposed to less wave activity than lower on the beach.

There were some correlations between the abundances of harpacticoids and
nematodes and the particle size parameters. Harpacticoids were restricted to sediments
having a narrower range of mean particle size than were nematodes. Harpacticoids
and nematodes were most abundant in sediments having intermediate standard
deviations rather than in sediments having very small or very large standard
deviations. Both harpacticoids and nematodes were more abundant in sediments

having a high negative skewness.

Section 4: Behaviour experiments (light, temperature, salinity). Experiments were
carried out in the laboratory to determine the effects of light, temperature, salinity,
and a combination of temperature and salinity on the behaviour of harpacticoid

copepods. The conclusion of this section can be summarized as follows:

1. Experiment 1. This tested how quickly animals come up into the overlying water in
the dark. The results showed that the number of animals increased in the overlying

water as time progressed.

2. Experiment 2. This tested how quickly animals burrow into the sediment in the
light. The results showed that most of the animals reacted to light negatively by

burrowing into the sediment.



3. Experiment 3. This tested the effect of various light intensitics on harpacticoid
copepods. At high intensity (3000 lux) the animals burrowed into the scdiment more
quickly than at intermediate (550 lux). While at low intensity (10 lux), the animals
burrowed into the sediment at a much slower rate than in either of the high or

intermediate intensities.

4. Experiment 4. This tested the effect of three temperatures (20°, 10° and 5°C) on
harpacticoids in the dark. Animals emerged most quickly from the sediment at 10°C,

followed by 20°C and then 5°.

S. Experiment 5. This tested the effects of various salinities (100%. 50%, 25%, 10%,
1%) on harpacticoid copepods in the dark. This showed that the number of animals

in the overlying water increased as salinity increased.

6. Experiment 6. This tested the effect of changing salinity in the
overlying water on the number of animals emerging in the dark. It showed that as the
salinity of the overlying water was reduced the number of animals emerging from the

sediment decreased.

7. Experiment 7. This tested the effect of combinations of temperature and salinity
(5°C, 10°C, 20°C and 100%, 25%, 1%) on the emergence of the animals from the
sediment in the dark. It showed that the optimum combination was 10°C and salinity

of 100%.

8. The results of the bechaviour experiments have been discussed in relation to the
distribution of harpacticoids in the intertidal zone. It is concluded that vertical
migration from the sédiments into the water column at night may be an important
dispersal mechanism. Temperature and salinity effects on vertical migration in the
laboratory experiments suggest that in the field less vertical migration, and hence less

dispersal, will occur when the temperature is high (20°) or low (5°) and when salinity



is reduced. This means that less dispersal will take place in hot summers and

particulary in the cold winters.



GENERAL INTRODUCTION

The order Copepoda belongs to the class Crustacea which live in seas, lakes, and
ponds, where they play an important role in aquatic food chains. Crustacea are a class
of the Arthropoda which is the largest phylum in the animal kingdom. Copepods are
probably the most numerous animals in the world, and all of them are small (under 5
mm in length). There are about 6000 species found in freshwater, and in the sea.
Many copepods are a pelagic forming the majority of the zooplankton, but some are

benthic and live in sediments (Barnes, 1980).

The body of copepods is usually rcgarded as having three sections. These are the
head, the thorax, and the abdomen which has four segments plus anal segment
bearing furcal rami. This division is based on the development of the embryo during

the nauplius and copepodid stages.

The cephalothorax consists of the head and thorax. It has an ovate shape, and is
usually more robust than the abdomen. Copepods have a dorsal carapace that extends
over the head and one or two segments of the thorax. The head and the thorax have
appendages, but the abdomen has none. The head has a simple or nauplius eye with
three ocelli. Further generalisations, that would apply to all the Sub-Orders of the
Copepoda, are difficult to make. The order Copepoda is divided into seven
suborders: the Cyclopoida, the Calanoida, the Harpacticoida, the Notodelphyoida, the

Monstrilloida, the Caligoida, and the Lernaeopodida.

The present work was carried out between 1985 and 1990, mainly on harpacticoid
copepods collected from Ardmore Point, Clyde Estuary, Scotland. The purpose of
this work was to determine the population density of sediment dwelling harpacticoids
in the intertidal zone in this area, to give a taxonomic description of the intertidal

sand-dewlling harpacticoid, Tachidius discipes, and to conduct behavioural studies on



sedimentary harpacticoid copepods. Some preliminary taxonomic work was also done

on Calanus finmarchicus.

The results in the thesis are divided into 4 sections as follows:
1 - Calanus finmarchicus.
2 - Tachidius discipes.
3 - Annual survey: Part 1. Ecological study of harpacticoid copepods
(Oct. 86, Dec. 86, Feb. 87, Apr. 87, Jun. 87, Aug. 87) at Ardmore Point.
Part 2. A comparative study between winter (January 87) and summer (July 87) of
Harpacticoids, nematodes, and particle size.

4 - Behaviour experiments (light, temperature, salinity).

Note 1 Statistical analyses used in the thesis. A number of different parametric and
non-parametric tests have been used at various points in the thesis. When necessary,
the data have becn transformed before application of the parametric tests. The
parametric tests uscd were one way analyses of variance, the student t-test, and
regression and correlation analyses. The probability scale and associated levels of
significance used throughout the thesis are:

P Significance
P>0.10 Not significant
P<0.05 Significant

Note 2 Detailed introductions with references are given at the beginning of each
section. My thesis is a long one. I have therefore kept the introductions and
discussions as short as is scientifically reasonable, while at the same time covering the
literature and its relevance to my work to the best of my ability.



Section (1)

Taxonomy of Calanus finmarchicus




INTRODUCTION

Calanys finmarchicus (Gunnerus) belongs to the family Calanoidae and Order
Calanoida. Marshall and Orr (1955) stated that this species was the first pelagic
marine copepod to be described: it was collected from the sca a little south of
Hammerfest in northern Norway (Finmark) in 1767 and was called Monoculus
finmarchicus by its discoverer Gunnerus (1770) Bishop of Nideros (Trondheim). This
species was named with different names by different workers. In 1865 Boeck
redefined the genus (although not as fully as Claus) and united the identified Calanus
finmarchicus with Cetochilus helgolandicus Claus. The name Cetochilus gradually fell
out of use and in Giesbrecht’s great monograph of 1892 the synonymy was classified
and Calanus finmarchicus finally accepted as the correct name. The detailed
taxonomy of Calanus finmarchicus established by Gunnerus (1770) was followed by a
number of authors (Claus, 1863; Brady, 1876; Grobben, 1881; Giesbrecht, 1892;
Giesbrecht and Schemil 1898; Sars, 1901; Sars, 1903; With, 1915; Lebour, 1916;
Currie, 1918; Somme, 1934; Lowe, 1935; Jeeps, 1937a; Farran revised by Vervoort,
1951; Barnes and Barnes, 1953; Jaschnov, 1955; Marshall and Orr, 1955; Jaschnov,
1972). These works include general morphology, size, and external and internal

anatomy of copepodites and adults.

The species is the main food of herring and is one of the largest calanoids. It is a
common species in the northern North Sea and around Scotland. It is also found in

the Bristol Channel and Irish Sea (Newell and Newell, 1963).
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MATERIALS and METHODS

Water samples containing animals were collected in October 1985 from Millport
Bay, Clyde Estuary, Scotland using different types of nets (coarse, medium, fine).
The nets were backwashed to collect the animals into jars (1000 ml). The samples
were brought to the laboratory within 3 hours of collection. In the laboratory, the
samples volume was reduced to approximately 200 ml. This was done by filtering the

samples. The samples were preserved by concentrated Steedman’s solution (1:9)

(Steedman 1976).

Animals were examined using a binocular microscope and compound microscope.
Representatives specimens were also examined by Scanning Electron Microscopy using

standard techniques (dehydration, critical point drying, and gold coating).

A number of animals were dissected under the binocular microscope before
giving taxonomic drawings of Calanus finmarchicus for this thesis. This was to

obtain experience of the species anatomy and dissecting.

Drawings were carried out on tracing paper placed on squared graph paper (A3)
using a binocular or compound microscope as approporiate. An eyepiece scale was
calibrated with the micrometer stage before hand. The tracing paper was inked and

the details were then drawn.

11



RESULTS

Detailed descriptions of the anatomy of the adults of Calanus finmarchicus are
given by Brady (1876), Giesbrecht (1892), Sars (1903), and Marshall and Orr (1954,
1955), and of the developmental stages by Claus (1863), Grobben (1881), Gran (1902),
Lebour (1916), and With (1915). Some of these early references are difficult to
obtain access to, and I have only been able to personally see Brady (1876),
Giesbrecht (1892), Giesbrecht and Schmeil (1898), lebour (1916), Labbe (1927), and
Marshall and Orr (1954,1955). The results of my anatomical studies of Calanus

finmarchicus are shown in figures 1 to 8, and plates 1 to 10.

These results are divided into seven parts:
1-General size and shape of body
2-First antenna
3-Second antenna
4-Maxilliped
5-First leg
6-Fifth leg
7-Abdomen (urosome)
It should be noted that I have made no dctailed study of the mouth parts or of lcgs

2 to 4. This is because I have not had time.

1 - General size and shape of body:

The body, which is elongated, is divided into three major parts: The head,
cephalothorax, and abdomen (plate 1). The head is fused to the cephalothorax which
is approximately equivalent to one third of the body length. There are five thoracic
segments carrying five pairs of appendages. The fifth thoracic segment is ovate in

shape (figure 1). The abdomen has five segments in the male and four in the female.

12



Plate 1. Calanus finmarchicus. Clyde Estuary. Female. General
shape of the body. Note the right first antennae, the
cephalothorax, five thoracic segments, four abdominal segments
(female characteristic), and five paired appendages. Black

lines between white dashes = 100 u
’
Plate 2. Calanus finmarchicus. Clyde Estuary. Male. Rostrum

(1); fused first and second segments of the first antennae
bearing sensory aesthetascs (male characteristic) (Marshall and
Orr,. 1955, pp.12) on their anterior surfaces (2); rostral

filaments (3); right frontal organ (4). Black lines between
white dashes = 10 u

13






I

450um

. tpotrs
B anchan L Y

—

S 3 s YOS i

—L
-

450um

P

A

Y \'d
urosome thorax

Figure 1. Calanus finmarchicus. Clyde Estuary. A: Cephalon (1),
first thoracic segment (2), B: Fourth (1) and fifth (2) thoracic

segments.
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The length of the body is between 2.7 mm and 5.00 mm in the female, and between

2.4 mm and 3.6 mm in the malc (Farrant reviscd by Vervoort, 1951).
2 - First antenna:

The first antenna (figure 2; plates 2(2), 3(1), 5(1)) reaches the last segment of the
abdomen or the tail setae, and has a number of segments. The proximal part is thicker
than the distal part. The antenna has a number of small hairs of different length.
There are two long whip like-hairs at its distal end. The first hair is very close to a
joint and the second one is on the middle of the next segment (figure 3 and plate 4)
(arrowed). These hairs have spines. Farran revised by Vervoort (1951) stated the first
antenna is composed of 24 joints, and that the hairs are present on the twenty second

and twenty third joints. This agrecs with my observations.

3 - Second antenna:

The second antenna (figure 4A; plates 3(2), 6) has an outer and inner branch.
The outer branch is thicker than the inner, and has two joints or segments. The first
segment is elongated, bearing one lateral long hair and 10 small spines. These spines
are clearly seen in plate 6 (ringed). The second segment is smaller and carries a
number of setae. The inner branch has seven joints or segments, four of which are

short and close to each other. It bears long setae along most of its length.
4 - Maxilliped:

The maxillipeds are large uniramous limbs with 8-9 segments (figure 4B; plate
3(3)). Setae are present on the medial side of each maxilliped. The function of these

setae is probably to filter food.

5 - First leg:

The first leg is made up of three parts. The proximal part is called the
basipodite (figure 5; plate 5 arrowed) and has two segments, the first or basal segment
is longer than the second, is fused to the same segment on the other side, and carries

15
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Figure 2. Calanus finmarchicus. Clyde Estuary. Female. First right

antenna.
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_Plate 3. Calanus finmarchicus. Clyde Estuary. Male (because
same specimen as in plate 2). First antenna (1), second antenna
(2), maxilliped (3). Black lines between white dashes = 100 u

Plate 4. Calanus finmarchicus. Clyde Estuary. Female. Part of
distal end of first antenna. Note two long whip-hairs
(arrowed). Proximal hair longer than distal hair therefore
female. Black lines between white dashes = 100 u

17






Plate 5. Calanus finmarchicus. Clyde Estuary. Sex unknown.
Middle part of the first antenna (1), and basipodites (arrowed)
" of the first leg (2). Note the patch of short fine hairs on

each of the four basipodite segments. Black lines between white
dashes = 10 u

Plate 6. Calanus finmarchicus. Clyde Estuary. Sex unknown.
Second antenna composed of outer branch (upper part of plate),
and inner branch (lower part of plate). Note ten spines on

first segment of outer branch (ringed). Black lines between
white dashes = 10 u

18
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Figure 3. Calanus finmarchicus. Clyde Estuary. Male. Part of end of
first antenna. Long whip 1like-hairs (arrowed) on twenty second and
twenty third segments.
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Figure 4. Calanus finmarchicus. Clyde Estuary. Female. A) Second
antenna. Outer branch and inner branch having seven joints, four of
which are short (arrowed).

(B) Maxilliped. Sex identified from (B);
(A)

and (B) came from the same animal.
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Figure 5. Calanus finmarchicus. Clyde Estuary. Female. First leg.

Left and right pairs of podites. Exopod (A) and endopod (B) each
having three segments.
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one seta on its medial aspect. The second segment of the basipodite also carries one
seta, but this is present on its lateral aspect. The distal part of the leg is formed of
two branches (figurc S), an outer(A) part called the exopod, and inncr(B) called the
endopod. The exopod is considecrably longer than the endopod, and both have three
segments. Therc are many setac on the medial aspect of the distal ends of both

branches. These probably play a part in swimming and feeding.

6 - Fifth leg:

The fifth leg is made up of three parts. The basipodite (figure 7; plates 7 and 8) has
two segments. The first or basal segment is elongated in shape (figure 6) and jointed
to the same segment on the oppiste side, while the second one is smaller. The inner
margin of the basipodite is slightly concave in shape and serrated, which is clearly
seen in figure 6 (ringed) and plate 8 (arrowed). The distal part of the fifth leg is
made up of two parts: a lateral exopodite and a medial endopodite. The exopodite and
endopodite each have three segments. There are differences between the fifth legs of

males and females, which are described below (pp. 28).

7 - Abdomen (urosome):

The abdomen is about one fifth of the body length (figure 8; plate 9). It consists of
the follow parts. The genital segment (first abdominal segment) is broad and is wider
than the other segments. The second abdominal segment is slightly shorter than the
previous one. The first and second segments are fused into one in the female (figure
8 and Marshall and Orr, 1955, pp.15). These are followed by the third, fourth and
fifth (or anal) segments. The furcal rami are articulated and their length is twice
their width. Each furca carries five setae (figure 8). The setae are about as long as the
abdomen, and have a large number of small hairs as seen in plate 10 (arrowed). The
animal in plate 9 which has 4 abdominal segments is in fact a copepodite stage 5, not
an adult female. I know this to be so because it is the same animal as in plate 7 which
is a copepodite stage 5 because it only has two segments in the exopodite of its
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Basal joints

Figure 6. Calanus finmarchicus. Clyde Estuary. Basal joints of the
paired fifth legs showing serrated inner margin (ringed) which is not
concave. Specimen is therefore female.
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Figure 7. Calanus fipmarchicus. Clyde Estuary. Female. Fifth leg.
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Plate 7. GCalanus finmarchicus. Clyde Estuary. Copepodite
(stage 5). Fourth (4) and fifth (5) thoracic segments with the
fourth and fifth pairs of legs. The exopodite of the fifth
thoracic appendage has 2 not 3 segments; specimen is therefoer
a copepodite stage 5 (Lebour, 1915, pp.11,16, plate 5, figure
21). The abdomen is seen in the upper right hand part of the
plate. Black lines white dashes = 100 u

Plate 8. Calanus finmarchicus. Clyde Estuary. Copepodite
(stage 5). Serrated inner margin (arrowed) of basal joint of
the fifth leg of which exopodite and endopodite each having
two segments which identifies the specimen as a copepodite

stage 5 (Lebour, 1915, pp.16, plate 5, figure 21). Black lines
between white dashes = 100 u
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Figure 8. Calanus finmarchicus. Clyde Estuary. Female. Urosome
(abdomen) is divided into six parts: (1) genital segment (first and
second abdominal segments fused), (2) third abdominal segment, (3)
fourth abdominal segment, (4) anal segment, (5) furcal rami, (6)
setae.
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Plate 9. Calanus finmarchicuys. Clyde Estuary. Same specimen as
in plate 7 and 8 Copepodite (stage 5). Abdominal segments: (1)

- genital segment (fused abdominal segment one and two), (2)

abdominal segment three, (3) abdominal segment four, (4) anal

segment (abdominal segment five). Black lines between white
dashes = 100 u

Plate 10. Calanus finmarchicus. Clyde Estuary. Furcal rami (1)
and setae (arrowed). Black lines between white dashes = 100 u
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fifth thoracic leg rather than threc in the adult (Lebour, 1916)

Distinction between the sexes:

In most copcpods, it is fairly casy to distinguish bctwcén the sexes becausc onc of
the first antennae and the fifth pair of the legs are often modified forming
complicated organs for reproduction. In addition, the fifth legs of the female are
often reduced or absent (Marshall and Orr, 1955). Marshall and Orr (pp 11),
however, regard Calanus finmarchicus as being a primitive form because the

distinction between the male and female is very slight and not obvious.

I have been able to identify a number of the differences in some of my figures
and plates. The following is as a complete list of the differences as 1 have been able
to draw up, and is based on chapter 2 of Marshall and Orr (1955), pp. 11-15, and on
the authors they refer to. 1 - I unfortunately start with an apparent contradiction
between two books concerning the shape of the front of the head in males and
females. Marshall and Orr, 1955, pp.11) states that "The front of the head is gently
round in the female as in the male it rather angular and has a slight projection like
chitinus blister on the dorsal side”. Farran revised by Vervoort (1951, sheet 32, pp.3),
however, states in abbreviated English "female more siender, head more produced and

less broadly rounded”.

2 - The penultimate and antipenultimate segments of the first antennae carry long
setae. The two setae are the same length in the female, while in the male the proximal
one is longer than the distal onc. The first antennac illustrated in figures 2 and 3
therefore probably belong to a male. In addition, the first two scgments of the first
antennae in the male are fused into a flattened plate, the anterior side of which
carries a number of so-called sensory aesthetascs (Marshall and Orr, 1955 pp. 12).
These can be seen very clearly in plate 2. The specimen illustrated in plate 2 is

therefore almost certainly a male.

28



3 - The maxillipeds in the male and the female are slightly different (Marshall and
Orr, 1955 pp.12). The segments are slightly broad as seen from the side in the female,
and in the male there are three large setae on the lateral side of the last three
segments. There is only one large seta on the lateral aspect of the pcnultimate segment
in the female. This single seta can be secn very clearly in figure 4 which is,

therefore, of the maxilliped of a female.

4 - There are distinct differences between the fifth thoracic limbs in the male and
female (Giesbrecht, 1892; With, 1915; Currie, 1918; Marshall and Orr, 1955 pp.14,
figure 4 ¢ and d). In the female the number of setae on the medial aspect three
segments of the endopodite working distally are 1, 1, 5 (1 being external) , and in the
male are 1, 1, 6 (2 being external). The animal whose fifth legs is illustrated in figure
7 is therefore a male, and the same is probably true for the animal in plate 8 (large

black arrows).

There are other differences between the fifth thoracic legs of the male and female
fifth thoracic leg. In the male, the inner edge of the coxa is concave. The left
exopodite in the male carries no setae and is fringed with fine hairs on the inner side
of the last two segments - not on the outer side as in the female. The left and right
exopoditcs in the male are assymmetrical. The left is longer than the right, and the
right carries fine hairs on the external sides of the second and third segments. The
last segment of the left exopodite in the male is much shorter and more peared shape
than in the female (Marshall and Orr, 1955, pp.14, figure 4 ¢ and d). The lack of all
these male characteristics on the legs illustrated in figure 7 substantiate that these legs

are from female specimen.

5 - The penultimate thoracic segment carries a pair of small setae in the male. No
setac are visible on the penultimate thoracic segment of the animal in plate 1 which

adds weight to my previous conclusion that this animal is a female.
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6 - The urosome has five scgments in the male. In the female, the first two are fused
so that there are only four segments (figure 8). This difference between sexes may
well develop at the moult between copepodites stage 4 and 5, althougth this does not
appear to be recorded in the literature. The animal in plates 7 and 9 is the same
specimen. Its exopodite has only two segments (plate 7). Its abdomen contains only
four segments (plate 9). Lebour (1916, pp.16) states that the stage 5 copepodite
contains the full number of segments in the urosome. The full number in the adult is
five in the male and four in the female. Hence I deduce that copepodite stage 5
figured in plates 7, 9 shows sexual differnetiation and is a female because it only

contains four segments in the abdomen.

The genital opening of the male is on the first segment and consists of a slit which
is slightly to the left of the middle line. The genital opening of the female also opens
on the first segment but is central and crescent shaped. The first abdominal segment

of the female also carries the openings of the two spermathecal sacs. These openings

are not visible in any of my figures or plates.

7 - The furcal rami (caudal rami) are the samc shape in both sexcs but those of the
male are articulated to thc anal scgment. The animals whose furcal rami arc figured

in plates 8 and 10 are therefore probably males.
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Section (2)

Taxonomy of Tachidius discipes



INTRODUCTION

Tachidius discipes (Giesbrecht) is an important member of the meiofauna in many
estuarine ecosystems (Muus, 1967), and is one of the dominant harpacticoid copepods
from estuarine mudflats such as those in the River LLynhcr, Cornwall (UK) (Tcarce,
1978). The first description of the species was given by Lilljeborg (1833) as a

Tachidius brevicornis (O. F. Muller).

The taxonomy of the spccies has been studied by many workers (Bocck, 1865;
Brady, 1876; Sars, 1911; Labbe, 1927a,b; Gurncy, 1932; Lang, 1948; Weclls, 1976;
Coull 1977,1982). Coull (1982) described the family Tachididae as having an
elongated body in which the urosome is as wide as or just slightly narrower than the
metasome. The rostrum is large. The caudal rami are short. The first antenna of the
female has four to nine segments. The first to fourth legs are not prehensile and have
two or three segmented exopods and endopods. Brady (1876) showed that Tachidius
brevicornis has a strong body. The body segments are fringed on their posterior
margins with rows of minute teeth. The last three abdominal segments are
approximately equal in length. The anterior antenna (first antenna) of the female has
7 joints. In the male, the first antenna has a swollen joint. Small eyes are situated
near the base of the anterior antennae. The colour is grey or yellowish brown. Sars

(1911) has also given a description for Tachidius discipes, following Lilljeborg and

Giesbrecht’s descriptions.

The anatomy of Tachidius discipes, Giesbrecht, has been described by Gurney

(1932) in volume 2 of his classic monograph on the British Freshwater Copepoda.
Gurney states that the first description of the species was by Lilljeborg (1853) as

Tachidius brevicornis (O. F. Muller).

The species is described in detail as Tachidius discipes by Giesbrecht (1881) and
as Tachidius brevicornis by Sars (1909). The species also appears to have been
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described more recently by Labbe (1927a, b). However, Gurney (1932, pp.21) states
that Labbe’s figures are mediaeval in their grotesqueness, and it is certain that two or
more species went to the making of some of his new discoveries; but it is equally sure
that Tachidius discipes was an ingredient in three of them. Lang (1948, pp.292) gives
a full bibliography of the species. The identification of the marine harpacticoid

copepods is given in full by Wells (1976).
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MATERIALS and METHODS

Sediment samples containing animals were collected from the shore at Ardmore
Point. Sediment was taken from a depth of 2 cm and area of 25 cm?at low tide, mid
tide, and high tide using a spatula. Three 2 litre jars were used for transportation of

samples to the laboratory.

It is known that a sediment sample contains 25% of secawater. This means 1250 ml
of the sediment sample has 312.5 ml of seawater. To obtain a ratio of water to
sediment of 50:50, a 625 ml of freshwater was therefore added to the sediment
sample. This was to kill the animals and to avoid shrinkage of the tissue. The samples
were fixed with Steedman’s solution. 104 ml of concentrated Steedman’s solution was
added to 937.5 ml of water in the sediment sample for each tidal level to give a

dilution of 1:9.

(a) Preservation:

Fixation is a process which stabilises the protein contents of tissue after the
animal’s death. By this process, the tissue constituents retain some degree of the form
they possessed in life. In addition, fixation raises the refractive index of the cell
contents and renders tissue more easily stainable (Lincolin and Sheals, 1979).
Steedman’s solution is recommended for general fixation and prescrvation of marine
zooplankton.

The stock solution is preparcd as follows (Stecedman 1976):

1- Propylene phenoxetol 5 ml
2- Propylene glycol 45 ml
3- Formalin solution 50 ml
4- Na glycerophosphate 2632 g

and diluted 10 m! of stock solution with 90 ml of filtered seawater giving a ratio of

1:9 for general use.
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(b) Extraction of harpacticoid copepods:

The elutriation technique was used for extracting harpacticoid copepoda from

sediment. This technique will be described in detail in section 3 pp. 61.

(c) Sorting:

The flask was gently shaken to evenly distribute the animals. 5 ml sub-sample
from the total volume of the low tide sample was taken randomly using a pipette.
This sub-sample was put in a squared petri-dish. With the aid of a binocular
microscope, the animals were sorted into two major groups (A and B) according to
the shape of the body. The two groups were then further sorted into four sub-groups

al, a2, bl, and b2 according to the length of the body.

During sorting group A, the longest animal was stained with Rose Bengal and taken
as a standard measure. All the animals which were of this standard were assigned to
sub-group al. The animals which were less than the standard were then assigned to
sub-group a2. There was a slight difference between the two sub-groups al and a2,
but it was easy to distiguish between them. The animals of group B were also sorted
into two sub-groups bl and b2. Sub-group bl included the nauplii and were
abundant. Sub-group b2 included the copepodites. The sorting was only conducted for

the low-tide sample.

(d) Dissecting:

A full description of harpacticoid copepods is difficult to achieve without
dissecting the animals and studying it’s parts under the higher power of the light
microscope (Wells, 1976). Techniques for the dissection of animals differ between

workers. Some workers construct special instruments for specific needs.

The animals which were sorted into sub-groups were taken to Dunstaffnage Marine
Laboratory, Oban, where I received help from Dr P. R.O. Barnett in Dunstaffnage
Marine Laboratory. Group A was poured into a small petri-dish and put under a
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binocular microscope. By mecans of a pipette, 7 adults individuals were selected at
random and scparately removed from the petri-dish to a glass slide of size (7.6 cm x
2.5 cm) and thickness of 1.0 mm using two fine-pointed necdles. The animal was then
placed on a lateral side. Each animal was individually dissected and transferred on the
tip of a fine-pointed ncedle to a drop of polyvinyl lactophenol. Dissection began on
the first segment which separates the cephalon from the thorax. The second to the
fifth leg were first removed from the body. This enabled the first antenna and the

first leg to be dissected easily.

(e) Mounting:

The body parts from animal were placed in a mixture of polyvinyl lactophenol and
blue black ink which were on the slide. A glass coverslip (22 mm x 22 mm) was then
put on the slide. The purpose of adding ink was to stain the tissue and thus to
facilitate identification. The dissected part was rolled lightly to the desired angle, and
care being taken to avoid any squash for the specimen. The parts Al, P1, P2, P3, P4,
and PS5, abdomen were permanently mounted on separate slides. Each slide was

labelled, for later identification and drawning.

(f) Identification:

Only the first animal was identified and drawn. It was Tachidius discipes. The first

five of the 7 animals had a similar appearance. Whilst the sixth and the seventh were
similar in the body shape, and left with Dr P. Barnett to identify. All the six animals
were not identified because of time limitation. The parts of the body of the first
animal were examined under a light microscope using a high power. Numerous spines
and bristles were seen, however, sometimes these structures were broken. If this
occurs, identification may become difficult, if not impossible. In this respect, the uses
of polyvinyl lactophenol as a dissecting medium is very important. This medium is

very slow to evaporate, so a drop on a slide is sufficient.
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(g) Drawing tcchnigue.

Accuratc drawing of diffcrent parts of the anatomy arc essential. Drawing is very
important for giving a full taxonomic description of any specics. Drawing techniques
for body parts differ from person to person. Some people use an eyepiece scale for
this purpose, while others use the drawing tube. The technique I used for drawing the
parts of animals is described as follows: Graph paper of A3 was squared into 2cm x
2cm squares using a 2B pencil. An eyepiece scale which was already calibrated with
the micrometer stage, was used to transfer the image to a tracing paper. The tracing
paper was then inked with special pens, and the details were drawn accurately. All

the drawings were then reduced to an acceptable size for the thesis.
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RESULTS

The results of my anatomical studies of Tachidius discipes are shown in figures 9

to 14 and plates 11 to 20.

These results are divided into 9 parts:
1 - General size and shape of body

2 - First antenna

3 - second antenna

4 - Maxilliped

5 - First leg

6 - Sccond lcg

7 - Third lecg

8 - Fourth leg

9 - Fifth leg

1 - General size and shape of body:

The body of Tachidius discipes is generally broad and flattened with marked
distinction between the segments (plates 11 and 12). The rostrum is distinct and
conical shaped (plate 11). The metasome (thorax) is wider than the urosome
(abdomen). The thoracic segments are fringed with equal lengthed fine spines (plate
13). The caudal rami (plates 11 and 12) are short, carrying setae which are about half
the body length. There are indistinct small hairs and pores on the body surface (plate
13). There are also protozoa (Cothurnia sp.) distributed on the body surface (plate
14), ; these are more abundant on the urosome (abdomen). The protozoan genus was
kindly identified by Professor K. Vickerman F.R.S.. The length of the body is
between 0.63 - 0.76 mm in the female, and between 0.72 - 0.83 mm in the male

(Gurney, 1932, vol.3, pp.21-24).

37



Plate 11. Tachidiys discipes. Ardmore Point.
the body, showing cephalothorax (A), and nine segments.
Thoracic segments 1 to 4 are labelled 1,2,3, and 4. Abdominal
segments 1 to 5 are labelled 5,6,7,8, and 9. Attachment of
protozoa Cothurnig sp, onto abdomen. (Cothurnia sp. kindly
identified by Professor K. Vickerman, F.R.S). Black lines

Dorsal view of

between white dashes = 100 u.
Plate 12. Tachidius iiigingi. Ardmore Point. Male. Lateral

view ofbody. Black lines between white dashes = 100 u
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Plate 13. Tachidiusg discipes. Ardmore Point. Thoracic segments
are fringed with fine spines of equal length (arrowed). Black
lines between white dashes = 10 u

Plate 14. Tachidius discipes. Ardmore Point. Attachment of
protozoan, Cothurnia sp. onto the body surface. Note
interesting morphology of attachment disc. Black lines between
-white dashes = 10 u
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(2) First antenna:

One of the main differences between the male and female in Tachidius discipes, is

the first antenna. In the male, the first antcnna has six segments, and the penultimate
distal segment is swollen (plates 15 and 16 (2)). In the fcmale, the first antenna has
seven scgments which bear a number of sctac of different Iengths. The first antenna
(figure 9) in the female is short compared with the body length, and has 7 segments
and a number of setac. The first segment of the first antenna is the largest and carries
no sctac. The sccond scgment is small and bears 5 sctac. The third scgment is slightly
bigger than the second one and carries 5 or possibly 6 setae, three of which are
thicker than the rest. The fourth segment is smaller, and carries one large seta which
has 4 spines. There are two setac on the joint between the fourth and the fifth
segment, one of them is thinner and longer than all the other sctac of the first
antenna. In the fifth segment, there is only one scta. The sixth segment has an
elongated shape bearing two large setae both of which have a series of short spines.

The last segment (scventh) is also elongated and has three sctac at its distal end.

(3) Second antenna:

The second antennae (plate 16 (3)) are very short and thin compared with the first
antenna. The segments are not obvious in plate 16 (3). Gurney (1932, pp.22) stated
that the second antenna in the female has four segments and is long and slender.
Gurney describes the exopod of the second antenna of the female as having two
segments: the first one has one seta and the second has three setae, of which the
‘posterior one is very small; however he gives no diagram. Gurney has not mentioned
the second antenna of the male in the his text. But his figure 383, pp.25 shows a
second antenna which differs significantly from his description of the female second
antenna on pp. 22 (loc. cit.) and therefore must belong to a male - although he does
not label it as such. For example, Gurney’s diagram of the second antenna shows 5 or

6 setae at the distal end, and at least 2 on the lateral side of the second segment
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Plate 15. Tachidius discipes. Ardmore Point. First antenna.
Male. Note the penultimate distal swollen segment (arrowed)

which is only found in the male. Black lines between white
dashes = 10 u

Plate 16. Tachidius discipes. Ardmore Point. Male. Rostrum
(1), first antennae (male) (2), second antennae (3).
Maxillipeds (4). Mandibles, maxillules (first maxillae), and

maxillae (second maxillae) lie between (3) and (4). Black lines
between white dashes = 10 u
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Figure 9. Tachidius discipes. Ardmore Point. Female. First antenna,
segments are numbered.
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of the exopodite. The first scgment is the largest carrying two setae, one of which
has three spincs. The sccond scgment has two small hairs. The third scgment has a

number of setae which are of different lengths.
(4) Maxilliped:

The maxillipeds, which are clear in plate 16 (4), are slender and have two
segments. The first segment is short and carries no setae. The second segment is
longer and slightly thinner than the previous one, and carries one long terminal seta

which is probably used in feeding.
(5) First leg:

Legs 1-4 (plate 17) are similar to each other, and the exopods and endopods each
have three segments. The first leg is shown in figure 10 and plate 18. The exopod
(B) in plate 18 is slightly shorter than the endopod (A). The proximal (first) segment
of the exopod (figure 10A) has one external seta, while the second one has one short
seta on the external side and one long scta on the internal side. The distal segment
(third) is round in shape bearing 5 setae, three of which arc longer than the
remaining two. The external side of the exopod has a number of small hairs, but the
internal side has none. The endopod is formed of three segments. The first segment
has one short seta on the internal side. The seconci segment has an elongated shape,
and carries a small spine on the internal side. The third segment is smaller than the
previous ones, has a round shape, and bears 5 setae, one of which is short. The

external side of the endopod has short hairs and the internal has none.
(6) Second les:

In the second leg (figure 11), the exopod (A) is slightly longer than the endopod
(B). It has three segments. The proximal segment has two setae. The internal seta is
long and thin, while the external one is short and thick. The second segment is an
clongated shape having two setae, the internal one is long and thin, the external is
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Plate 17. Tachidius discipes. Ardmore Point. Male. Ventral
view of the body, first antenna and first to fifth leg. Black
~lines between white dashes = 100 u

Plate 18. Tachodius discipes. Ardmore Point. Male. Left and
right podites from the first leg. Exopod (B) and endopod (A)
each having three segments (1, 2, and 3). Note hairs are
present only on the lateral side of the exopod and endopod,
not on the medial side. Black lines between white dashes =10 u
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Figure 10. Tachidius discipes. Ardmore Point. Female. Left pair
of podites, first leg. Exopod (A) and endopod (B) each having three
segments.
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Figure 11. Tachidius discipes. Ardmore Point. Female. Right pair of
podites, second leg. Exopod (A) and endopod (B) each having three

segments.
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short and thick. The distal scgment (third) has 6 setac of different length. Hairs are
present only on the extcrnal side of the exopod and endopod. The endopod (B) has
three segments. Segments 1 and 2 have one long setac each. The third segment is
smaller than the previous ones, and has 5 sctac which arc approximatcly the same

length.
(7) Third leg:

The third leg is shown in figure 12. There are two small spines on the external
side of the basipod and one on the other. The exopod (A) is slightly longer than the
endopod (B). There are small hairs present on the external side of all segments of the
exopod and endopod. The first segment of the exopod (A) has two setae, the external
is short and is thicker than the internal. The second segment is an elongated shape,
having one or two short setae. The distal segment is smaller than the previous ones,
bearing 6 setae are not of the same length. The first scgment of the endopod (B) has
one long internal seta, while the second one has two internal setae which are of the
same length. The distal segment (third) is smaller than the first and second, and

beares 5 setae which are approximately the same length.

(8) Fourth leg:

The fourth leg is shown in figure 13. There are three spines on the external side
of the basipod on one side and one spine on the other. The medial aspect of the
basipodite carries bilaterally symmetrical patches of hairs and three small setae. There
are small hairs present on the external side of all segments of the exopodite and
endopodite. The exopod (A) has three segments. The first carries two setae. The
internal scta is long and thin, while the extcrnal is short and thick. The second
segment has an elongated shape and carries two sctae. The external scta is shorter and
thicker than the internal. The third segment is slightly smaller than the previous two,

and bears 5 setae, four of which are long, carry hairs, and are about the same length.
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Figure 12. Tachidius discipes. Ardmore Point. Female. Left and right
pairs of podites, third leg. Exopod (A) and endopod (B) each having
three segments.
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The first segment and the second segment of the endopod (B) have one long and thin
internal setae on cach, and are of the same length. The distal (third) segment has §

setae, four of which are long, carry hairs, and are approximately the same length.

(9) Fifth leg:

The fifth leg is shown in figure 14 and plate 20 (small arrow), is entirely different
from the first four legs and has a peculiar structure. It is broad, flat, and round in
shape, carrying a large number of spines and sctae.

Table 1. The leg formula of Tachidius discipes from Ardmore Point.

€X.s in.s ex.s in.s ex.s in.s ex.s in.s ex.s in.s ex.s in.s

Abbreviations used: seg. = segment; P1 = first leg; P2 = second leg;
P3 = third leg; P4 = fourth leg; P5 = fifth leg; ex.s = external
setae; in.s = internal setae.
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Figure 14. Tachidius discipes. Ardmore Point. Female. Fifth leg having
a number of spines and hairs.
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Plate 19. Tachidius discipes. Ardmore Point. Abdominal
segments (2-5), anal operculum (6) with fine spines on its
posterior border, and caudal furcae (7) covered with fine
spines on their medial and appenedges. Holes in background are

the holes of the membrane filter on which the animal is lying.
Black lines between white dashes = 10 u

Plate 20. Tachidius discipes. Ardmore Point. Female. Right

pair of the fifth leg (small arrow), and egg sac (big arrow).
Black lines between white dashes = 10 u
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Qverall differences between Calanus finmarchicus and Tachidius discipes.

I have studied the anatomy of two different species of copepods, one belonging to
the Calanoida and one belonging to the Harpacticoida. The two species have very
different anatomics in detail which I have summarised as follows.

1 - The general body of Calanus finmarchicus is an clongated shape and smooth,
while the body of Tachidius discipes is broad, and flattened. The surface of the
cuticle in Tachidius discipes has small hairs and pores, and the thoracic segments are
fringed with small spines. The first antenna in Calanus finmarchicus is as long as the
body length and is composed of 24 segments, while in Tachidius discipes it is short
compared to the length of the body and is composed of 5 to 7 segments.

2 - Basipodites are obvious in Calanus finmarchicus, and consist of two large
segments. The basipodites in Tachidius discipes are not so obvious.

3 - In Tachidius discipes, the exopodite in the first leg is slightly shorter than the
endopodite and in leg 2 to 4 is slightly longer than the endopodite. Leg 5 is
unsegmented and highly modified. In Calanus finmarchicus, the exopodites in legs 1
to 5 are always longer than the endopodite (Lebour, 1916, pp.11, plate 5, figures 11i-
15, and pp.16 description of stage 5 copepodite).

4 - In Tachidius discipes, the external side of the exopodite and endopodite in legs 1
to 4 has a large number of small hairs. In Calanus finmarchicus, the external sides of
the exopodites and endopodites in legs 1 to 5 have less hairs. This probably because
Tachidius discipes lives in the sediment, and these hairs may help the animal to move
between the sand grains.

5 - The contrasting anatomy of two spccics is clearly rclated to their different
modes of life. Calanus finmarchicus is an cntircly pelagic form while Tachidius
discipes is a species that spends most of its life in the top few centimeters of the
sediment but probably makes periodic excursions into the overlying water at night.
The body of Calanus finmarchicus is smooth, the abdomen is much narrower than the
thorax, the first antenna is as long as the body length, and few hairs found on the
external side of the exopodites and endopodites (P1-P5). The body of Tachidius
discipes is broadly clongated, having 9 scgments. The abdomen is thinner than the
thorax, and long sctac are carricd by the caudal rami. The thoracic segments have
hairs along their posterior margins which may keep the joints between the scgments
clean and also aid in movement through the sediment. The five pairs of legs have
spines and setae which are likely to be important in aiding movements between
sediment grains. The setae at the distal end of the legs are also likely to be important
in swimming when the adults emerge from sediments. In contrast, Calanus
finmarchicus which is entirely pelagic is more smooth and has no spines but many
setae on its legs, which are clearly an aid to swimming.
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Section (3)

Annual Survey:
Part 1. An ecological study of Harpacticoid copepods
over one year at two months intervals.
Part 2. A comparative study between winter (January 1987)
and summer (July 1987) in terms of harpacticoid

copepod, nematodes and particle size.




INTRODUCTION

The introduction is divided into six parts as follows:
1 - Purpose of study.
2 - Ardmorc Bay.
3 - Meiofauna.
4 - Harpacticoid copepods.
5 - Nematodes.

6 - Particle size.

1 - Purpose of study:

The main purpose of my study carried out at Ardmore Bay and described in this
scction of the thesis was two fold: firstly, to dctermine the annual cycle of abundance
in harpacticoid copepods at high, mid and low tides by sampling at 2 month intervals
(October 1986, December 1986, February 1987, April 1987, June 1987, August 1987);
secondly to study seasonal differences between winter (January 1987) and summer
(July 1987) in the abundance of harpacticoid copepods and nematodes, and in
sediment particle size parameters along a transect of 5 stations from high tide to low
tide.

The results were submitted to a full statistical analysis after transformations where
appropriate, in order to make meaningful statements about the results, and also partly
as a training exercise. The statistical tests used were two-way and one way analyses of

variance and unpaired student’s t-tests.

2 - Ardmore Bay:

The ecological studies described in this section of the thesis were carried out on
meiofaunal harpacticoids and nematodes, and on particle size parameters at Ardmore
Bay. Ardmore Bay is a relatively sheltered intertidal Bay in the Clyde Estuary,
Scotland. It faces north west into the prevailing winds (map 1). The sediment on the
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beach is a medium to fine sand containing a small proportion of fincr particles.
Towards low tidc the sediment is formed into a number of low sand waves facing
into the dircction of the prevailing winds. The mid-tide arca is (lat and the surface of
the sand usually contains ripples. Towards high tide there are a number of small
boulders embedded in the sediment whose diameters are about 20 cm to 100 cm.
There are also a number of algal patches of Enteromorpha towards high tide. The
lower part of the beach tends to be a medium-energy slightly erosional sedimentary
environment, while the higher part of the beach is a lower-energy slightly

depositional sedimentary environment.

3 - Meiofauna:

The distribution of marine benthos has been studied extensively by many authors.
For example, inter-organism processes, such as competition and predation have been
examined by observing changes in spatial abundance (Woodin, 1974; Osman,1977;
Jumars, 1978; Todd, 1978; Reise, 1979). Analyses of dispersion patterns of meciofauna
have been less common, although their high numbers make them suitable for spatial

studies (Heip, 1976).

Meiofauna are marine benthic organisms living in almost all marine environments.
The term is generally used to refer to animals, most of which are metazoans, that can
pass a 1.00 mm to 0.5 mm screen. According to an international conference on
meiofauna held in Tunisia (1969), meiofauna are divided into soft and hard forms.
The distinction is made subjectively on the basis of the resistance of the integument

to mechanical damage.

The soft forms include taxa with a soft intcgument and usually a great ability to
change shape and contract. The taxa grouped as soft taxa include, Ciliata, Cnidaria,
Turbellaria, Gnathostomulida, Nemertina, Gastrotricha, Archiannelida, Polychaeta,

Oligochaeta, Mollusca, and Echinodermata.
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The hard forms consist of taxa whose representatives contract only slightly, if at
all, and possess a shell or an inclastic cuticle. The hard fauna taxa include
Foraminifera, Kinorhyncha, Priapulida, Nematoda, Bryozoa, Brachiopoda,
Mystacocarida, Ostracoda, Copepoda, Palpigradida, Halacaridae, Tardigrada, and

Tunicata.

4 - Harpacticoid copepods:

Harpacticoid copepods are the second largest group in the meiofauna the largest
group being the nematodes(Willems ¢t al, 1982a; Nybakken, 1988). Iarpacticoids live
almost cverywhere in the marine environment, feeding on small organisms such as
bacteria and diatoms. They play an important role in food chains and arc a main
source of food for larger animals such as fish. Studies have been conducted on the
vertical and horizontal distribution of the meciofauna in a wide range of marine
ecosystems such as estuaries, the intertidal zone, and the deep sea (Barnett, 1968;
Gray and Rieger, 1971; llarris, 1972a,b,c,d; Moore, 1979; Emberton, 1981; Findlay,
1981; Scaramuzza and Martino, 1981; Gunnil, 1982; Hockin, 1982; Coull et al, 1983;

Thistle, 1983; Chandler and Fleeger, 1984; Sebens and Koehl, 1984).

Most ecological studies conducted on harpacticoid copepods show that they live in
the upper few centimeters of sediments (Barnett, 1968; Mclntyre, 1969; O’Riordon,
1971; Coull, 1977; Woods and Tietjen, 1985). Some studies have shown that
harpacticoid copepods may be found to a depth of 50 cm particularly in winter

(Harris, 1972a).

5 - Nematodes:

The first work on the marine nematodes in Britain was done by Bastian (1865).
This was followed by a number of descriptions of new species made by Southern
(1914) during the Clare Island survey. Since then the marine nematodes in Plymouth
have been described by Schuurmaus-Stekhoven (1935b) and by Wieser (1951,1952) in
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two major works, and a major work on the free living marine nematodes has been

published by Platt and Warwick (1983).

Nematodes form a dominant group of the meciofauna (Willems, 1982a; Bouwman,
1987; Nybakken, 1988). They may feed on bacteria and diatoms. Thurman and
Webber (1984) stated that the food available for nematodes includes bacteria and

diatoms.

Boaden and Seed (1985) demonstrated that in sand, nematode density can reach 1-
3 x 10 m'z, and numbers may be four or more times greater in mud. They also
pointed out that many nematodes can live in sediments having little or no free

oxygen.

Rees (1940) dealt with the horizontal and vertical distribution of nematodes found
in a mud flat , Bristol Channel. The work of Rees has shown that nematodes
inhabiting intertidal mud have their largest population densities in fhe surface lcm,
and as depth increases population densities decrease until at a depth of 5 cm few

nematodes are found.

6 - Particle sizg:

The most common scale used for particle size analysis was that devised by
Wentworth (1922), and the phi (¢) scale devised by Krumbein (1934). The
Wenthworth scale is a logarithmic scale in which each grade limit is twice as large as
the next small grade (Folk, 1980). The phi (§) was introduced as a log transformation
to simplify the calculation of sediment characteristics such as mecan, median, sorting
(s.d), skewness, and kurtosis (Folk 1966). Conversion from millimeters to phi is given

by:

g=-log2d

where d = particle diameter in mm.
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The standard scale of size classes used in the United Kingdom is the British
Standard Institution Scale (BS 1377, 1975) which consists of normal classes each
having a dcfinite upper and lower size limit. The classes and thecir mm and phi limits

are given in detail in Folk (1980) and summarised below.

Class Range of particle size

mm ph(¢)
Gravel >2.00 <-1.0
Very coarse sand 2.00 - 1.00 -1.00 - 0.00
Coarse sand 1.00 - 0.50 0.00 - 1.00
Medium sand 0.50 - 0.25 1.00 - 2.00
Fine sand 0.25 - 0.125 2.00 - 3.00
Very fine sand 0.125 - 0.0625 3.00 - 4.00
Coarse silt 0.0625 - 0.031 4.00 - 5.00
Medium silt 0.031 - 0.0156 5.00 - 6.00
Fine silt 0.0156 - 0.0078 6.00 - 7.00
Very fine silt 0.0078 - 0.0039 7.00 - 8.00
Clay <0.0039 »8.00

In addition to the standard particle size scale, sediment can be compared in terms of

mean, sorting (standard deviation), skewness and kurtosis (Briggs, 1977) which are
standard measures of normal and non-normal distributions (Snedecor and Cochran,
1980). The mean is a measure of the central tendency in a given sample (Cohen and
Holliday, 1984). The standard deviation measurcs the variability within the sample
taken. Skewness measures the degrece of asymmetry or non-normality of the
is therefore

distribution. Kurtosis mecasures the peakness of the size distribution and

related to sorting and skewness or non-normality of the distribution.

Morgan (1956) provided useful information on the treatment and analysis of marine
sediments. Other study techniques may be found in Krumbein and Pettijohn (1938),

Trask and Rolston (1950), and Ackroyd (1964).
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MATERIALS and METHODS

Sediment samples were collected from Ardmore Bay from October 1986 to
September 1987. Five stations (1,2,3,4,5) were cstablished along a straight line
transect on the beach from low water to high water (map 1). The stations were
marked by wooden poles pushed deeply into the sediment. The distance between each
station was approximately 100 m. The first, third, and fifth stations were at low tide
neaps, mid tide, and high tide neaps respectively. These 3 stations were sampled for
harpacticoid copepods at two monthly intervals (Oct 86; Dec 86; Feb 87; Apr 87; Jun
87; Aug 87) and the results form part one of this section of the thesis. All five
stations were sampled for harpacticoid copepods, nematodes and particle size in
January 1987 and July 1987 and the results of this detailed survey form part two in

this section of the thesis.

Sediment samples were collected using a perspex tube core of 5 cm internal
diameter and 25 cm length (tapered at onc end and marked 20 cm from the tapered
end). This tube was pushed into the sediment tapered end first until the label was not
visible. This gave a sediment core of a little less than 20 cm because of compaction.
The sediment was gently pushed out of the non-tapered end of the core, and cut into
8 sections (0-1, 1-2, 2-3, 3-4, 4-5, 7-8, 10-11, and 13-14 cm) using a knife. These
sections were then placed on a plastic tray in order, avoiding cross-contamination.
Each section was vertically halved, and one half was placed in a small container (2.2
cm in diameter and 9 cm length) and the other half was discarded. This was done
because half the section was sufficent for extraction of harpacticoids, and to use a

smaller diameter core would have lead to greater problems of compaction.

The sediment samples were brought to the laboratory within about 1 hour of
collection. 7.84 ml of freshwater was added to the 9.8 ml of sediment in order to kill
the animals and to avoid shrinking of animal tissues (Barnett - personal
communication) (9.8 ml = volume of 1/2 of core section diameter 5 cm and length 1
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Map 1. (A) Ardmore Bay showing the five sampling stations 1, 2, 3, 4, and 5, (B)
location of Ardmore Bay in Clyde Estuary, and (C) location of Clydc Estuary (black
circle) in Britain.
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cm). 1.74 ml of concentrated Stecedman’s solution was then added to cach sample to
give a dilution of 1:9. All of the samples were kept preserved until the animals were

scparated from the scdiment.

Extraction of harpacticoid copepods:

An elutriation technique (figure 15) was used to obtain harpacticoid copepods
from the sediment samples. Samples of sediment were poured into a 400 ml separating
funnel. A rubber tube leading to a 35 um nylon net was connected to the top of the
funnel. A tapwater supply was allowed to flow up through a second rubber tube into
the bottom of the separating funnel. The tapwater supply and the tap of the funnel
were opened simultaneously, the water entered the funnel, and the sand became fluid
and began to mix. This was allowed to continue for 15 minutes. Preliminary tests
showed that this was the time required to remove all harpacticoid copepods from the
sediment. After this time, the flow of water through the elutriator was stopped and
the contents of 35 um nylon net was back-washed with dilute Steedman’s solution
(1:9) and inspected for harpacticoid copepods (Hardy, 1977). This technique was only
used to extract the animals from samples of October 1986, December 1986, and

February 1987. For the remaining samples, Reichelt’s technique (1988) was used.

Reichelt’s elutriator (figure 16) can be described as follows. A sample of sediment
was placed in a separating funnel which had a seawater supply attached to its base
and outlet at its tap leading to a sicve (35 um net). Seawater was pumped upwards
through the sediment in the separating funnel. The water flow was adjusted so that

the sediment particles were fluidised and raised 2/3™

of the way up the funncl
before falling back. The animals were carried over onto the sicve by the water flow.
This elutriator is a closed circuit system. The system has a scawaler tank containing a
submerged pump. The outlet from this pump was connected via a series of flow

splitters to eight separating funnels. Each of the separating funnels was connected to

a separate sieve, the elutriating watcr draining through the sicves back to the tank.

61



— ~ washings

)

separating funnel

T

sediment

tapwater
3s5um net

Figure 15. Elutriator equipment taken from Hardy's thesis (1977).

62



separating t
funnel

sand

plug

Wire

—tank

Figure 16. Elutriator equipment taken from Reichelt's thesis (1988).

63



Reichelt found that elutriation for 20-25 minutes produced an extraction
efficiency of over 99%. If samples were staggered by five minutes when the
elutriator was set up, by the time the eighth sample was running the first sample
could be removed. This made the elutriator very time efficent for large numbers of

samples, and proved easy to operate.

Counting was done as follows. The extracted samples were gently shaken to evenly
distribute the animals, and three 5 ml replicates were taken randomly using a pipette.
These replicates were put into a squared petri-dish. The animals were then counted
and sorted out into 6 groups with the aid of a binocular microscope using a tally
counter. These groups were adults, first copepodites, second copepodites, third
copepopdites, fourth copepodites, and fifth copepodites. This was only for October
1986, December 1986, and February 1987. For April 1987, June 1987, and August
1987 the counting included adults and copepodites without staging. The surface area
(A) in cm? of the sediment section was calculated from the core radius (r2) in cm

using the following equation:

A=T7¢2
=314x25x25
= 19.63 cm?

But only one half of the core was sampled

Therefore A/2 = 19.63/2 = 9.8175

The volume of the samples after elutriation (volume of dilute Steedman’s
solution uscd to wash the nct) was approximatcly 24 ml. Three 5 ml replicates of this
volume were taken and numbers of animals (n) were counted. The abundance of
animals was then calculated as follows: Density (no/cmz) = n/9.8175 no. of

animals/cm?2.

After the animals (harpacticoids, nematodes) were extracted from the sediment of
January 1987 and July 1987, the residual sediment samples of depths (0-1 cm, 3-4
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cm, 7-8, 13-14 cm) for the particle size analysis were then put in monopots and
placed in the basement for 24 hours to dry. After drying, any aggregations were
broken down gently by hand. The dry scdiment was placed on the top sicves and
shaken for 30 minutes using a mechanical shaker. The following British Standard
sicves werc used: 1000 um, 710 um, 500 um, 335 um, 250 um, 180 um, 125 um, 90

um, 63 um, 45 um, and pan.

After shaking for the specified time the sediment retained by each sieve was
collected in a white tray by back brushing the sicves using a rough brush for the
coarser sediment and a smooth brush for the finer sediment. The sediment was then

brushed in separate pre-weighed container and weighed using a balance which gave

an accuracy of 0.0001 g (i.e. 0.1 mg).
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RESULTS (Part 1)

The original data for the number of total harpacticoids, adults, and copepodites
for different depths, the three tidal levels and the six months (October 86, December
86, February 87, April 87, June 87, August 87) are given in appendix 2 tables 211-
228. These data are given in summary in tables 2 to 7, and in figures 17, 18 and 19
which are drawn from the data in these tables. Summary graphs for the annual cycle
at low, mid, and high tide for total harpacticoids, adult harpacticoids and percentage
of copepodites are given in figures 16a, 16b, and 16¢ which include January 1987 and
July 1987 data from part 2. In this, the first section, I describe and statistically
analyse the differences between the three tidal levels and different months using
abundances in the top 1 ¢m, because most of the animals are found in this depth (see
the original data). The January 1987 and July 1987 data from part two were not

included in these statistical analyses.
Note: Figures 16a-40, and tables 2-37 (Results of part 1) are on pages 75 to 139.

1 - Differences between three tidal levels at different months in the top 1 ¢m.

Description and statistical analysis. Totals, Adults, Copepodites.

Figures 16a, 16b and 16c summarise the annual cycle of total harpacticoids, adults
and copepodites for low tide (station 1), mid tide (station 3), and high tide (station 5).

They include January and July data from part 2 p. 156, 157, 161, 162, 166, and 167.

1.1 - Total harpacticoids.

There were very different patterns in the abundance of total harpacticoids at the
three sites (figures 16a, 17, 18, 19; tables 2, 3). At low tide there were low numbers
in December, January, February and April and much higher numbers in June, July
and August. At mid tide, there were also low numbers in winter and a peak in June
and July but a fall in August. The mid and low tide cycles are therefore broadly
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similar. The high tide cycle differed from the low and mid tide cycle in two
important ways. Firstly, the total number of harpacticoids was much higher, secondly
the highest numbers occurred in October with a sccondary pcak in February while the

lowest numbers occurred in January, June and July (see discussion item 1.1).

The changing patterns of abundance of the total harpacticoids over the year, and
the differences between low, mid and high tides were then statistically analysed
(1.1.1, 1.1.1.1, 1.1.1.2). These analyses showed that the statements just made are in

general statistically valid.

1.1.1 Statistical analyses:

The abundance data of total harpacticoid copepods was statistically compared
using one way analyses of variance comparing the six months for each tidal level, and

then tidal levels for each month.

1.1.1.1 - Comparison between the six months: The six months were compared
(Oct.86/Dec.86/Feb.87/Apr.87/Jun.87/Aug.87) by three 1x6 anovars one for each tidal

level (table 8). All comparisons were highly significant (tables 9, 10, 11).

Break down 1x2 onc way analyscs of variance were then applicd to the data,
testing differences between pairs of months at low tide, mid-tide, and high tide.

This resulted in 15 comparisons at each tidal level.

At low tide (table 9), 13 out of 15 comparisons were statistically significant. At
mid tide (table 10), 10 out of 15 comparisons were statistically significant. At high
tide (table 11), 14 comparisons out of 15 were statistically significant. F ratios and

probabilitics from these comparisons are summariscd in tables 12, 13, and 14.

In general, therefore, the observed changes in abundances of total harpacticoids
during the year described in section 1.1 above (figure 16a) and given in more detail

in figures 17, 18 and 19 and tables 2 and 3, are statistically significant and therefore
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represent real effects.

1.1.1.2 - Comparison between tidal levels for each month: The three tidal levels

(LT/MT/HT) were compared by six 1x3 onc way analyses of variance one for cach
month. The results of this showed that all comparisons were statistically significantly

different (tables 15).

Brecak down 1x2 onc way analyscs of variance were then applied to the data,
testing differences between pairs of tidal levels at each month (table 16, 17). 14 out

of a total of 18 of these 1x2 one way anovars were significantly different.

Careful inspection of the data in figures 16a, 17, 18 and 19, and in tables 2 and 3
together with the results of these statistical analyses enabled the following statistically
valid statements to be made about the relative abundances of the total harpacticoids at
low, mid and high tide. Numbers at high tide were highest in October, February and
August and lowest in June. Numbers at mid tide were lowest in April and August.

Numbers at low tide were highest in June, and lowest in February.

These changes between the relative abundance of total harpacticoids at low, mid
and high tide reflect the changing patterns of relative abundance at the three
stations over the yearly cycle described in 1.1 above and illustrated in figurcs 16a, 17,

18, and 19, and in tables 2 and 3.

1.2 - Adult harpacticoids.

The patterns for the abundance of adult harpacticoids were very similar to the
patterns for total harpacticoids. This can be sccn by comparing figures 16a and 16b,
by comparing the total and adult histogram bars in figures 17, 18 and 19, and by
comparing the data for total abundances given in tables 4 and 5. At low and mid tide
there was a peak in numbers in summer (June, July, August) and low numbers in

winter and spring (December, January, February, April), so the annual cycle in
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numbers of adults at low and mid tide is very similar. The annual cycle of adults at
high tide, however, is different. Here there are two peaks, one in autumn (October)
and one in early spring (February). The rcasons for the differences between the low
and mid tide cycles and the high tide cycle are discussed in detail in the discussion

(items 1.1 and 1.2).

The abundances of adult harpacticoids over the year, and at the three tidal levels
were then statistically analysed (1.2.1, 1.2.1.1, 1.2.1.2). These analyses showed that the

statcments just made are in general statistically valid.

1.2.1 Statistical analyses:
The abundances of adults werc statistically compared using one way analyses of
variance comparing the six months at each tidal level, and then tidal levels at each

month.

1.2.1.1 - Comparison between months: The six months

(Oct.86/Dec.86/Feb.87/Apr.87/Jun.87/Aug.87) were compared by three 1x6 anovars

one for each tidal level (table 18). All comparisons were highly significant.

Break down 1x2 one way analyses of variance were then applied to the data, testing
differences between pairs of months at low tide, mid tide, and high tide (tables 19,

20, 21). This resulted in 15 comparisons at each tidal level.

At low tide, 13 out of 15 comparisons were statistically significant (table 19). At
mid tide, 7 out of 15 comparisons were statistically significant (table 20). At high
tide, 14 out of 15 comparisons were statistically significant (table 21). F ratios and

probabilities from these comparisons are summarised in tables 22, 23, and 24.

In general, therefore, as with the total harpacticoids with which they are very
similar, the observed changes in adult harpacticoids during the year (figure 16b) (see

section 1.1 and 1.2), and given in more detail in figures 17, 18 and 19, are statistically
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significant and hence represent real changes in the abundance of adult harpacticoids

at low tide, mid tide and high tide throughout the year.

1.2.1.2 - Comparison between tidal levels at each month: The three tidal levels
(LT/MT/HT) were statistically compared by six 1x3 one way analyses of variances
one for each month (table 25). Five out of these six comparisons were highly

significant.

Break down 1x2 one way analyses of variance were then applied to the data,
testing differences between pairs of tidal levels at each month (table 26, 27). 13 out

of a total of 18 of these 1x2 one way anovars were statistically significant.

As with the totals, careful inspection of the data in figures 16b, 17, 18 and 19,
and in tables 4 and 5 together with the results of the statistical analyses, enable the
following statistically valid statements to be made about the relative abundances of
the adult harpacticoids at low, mid and high tide. Numbers at high tide were highest
in October, February, and August, and lowest in June. Numbers at mid tide were
highest in June, but lowest in August. Numbers at low tide were lowest in December

and February.

These changes between the relative abundances of adult harpacticoids at low, mid
and high tide, which are similar to those for the total harpacticoids, reflect the
changing patterns of relative abundance at the three stations over the yearly cycle that
have been described in 1.1 and 1.2 above and are illustrated in figures 16b, 17, 18

and 19.
1.3 - Copepodites.

The percentage of copepodites and their abundances (figures 16c, 17, 18; table 6, 7)
showed distinct cycles during the year and also differences between the low tide, mid

tide and high tide sites which are different from the adults. At low tide the numbers
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of copepodites were fairly high throughout the year, with distinct pcaks in December,
February, June and August and troughs in January, April and July. At mid tide, in
contrast, copcpodites peaked in December and January and were very low in
February, April, and July. At low tide copepodites were more abundant than at mid
tide from February to August, but less from October to January. The results for
copepodites at high tide were surprising, since there were virtually no copepodites in
the population at any point in the year cxcept October. The interpretation of the
differences in abundance of copepodites during the annual cycle and between the

low, mid and high tide levels are discussed in the discussion (item 1.1).

These abundances were then statistically analysed (1.3.1, 1.3.1.1, 1.3.1.2) comparing
differences between months and tidal levels. The results of statistical analyses showed

that the above statements are statistically valid.

1.3.1 Statistical analyses:
The abundances of copcpodites were statistically compared using one way analyses
of variance comparing the six months at each tidal level, and then tidal levels at each

month.

1.3.1.1 - Comparison between the six months: The six months

(Oct.86/Dec.86/Feb.87/Apr.87/Jun.87/Aug.87) were compared by three 1x6 anovars
one for each tidal level (table 28). The comparisons between the six months were

significant at low tide and mid tide, but not signficant at high tide.

Break down 1x2 one way analyses of variance were then applied to the data,
testing differences between pairs of months at low tide, mid tide, and high tide

(tables 29, 30, 31). This resulted in 15 comparisons at cach tidal level.

At low tide (table 29), 11 out of 15 comparisons were statistically significant. At
mid tide (table 30), 11 out of 15 comparisons were statistically significant. At high
tide (table 31), only five comparisons were made and none of these were significant.
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F ratios and probabilities from these comparisons are summarised in tables 32, 33 and

34.

In general, therefore, the observed changes in the copcpodites during the year at
low and mid tide (figure 16c, 17, 18, 19; tables 6, 7) described in 1.3 above, are
statistically significant and therefore represent real effects. There are of course no
significant differences between months at high tide because there were virtually no

copepodites there.

1.3.1.2 - Comparison between tidal levels for each month: The three tidal levels
(LT/MT/HT) were compared by six 1x3 one way analyses of variance one for at each

month (table 35). Five out of these six comparisons werc statistically significant.

Break down 1x2 one way analyses of variance were then applied on the data,
testing differences between pairs of tidal levels at each month. Results of this are
shown in tables 36 and 37. 10 out of 17 possible comparisons were statistically

significant.

Careful inspection of the data in figures 16¢, 17, 18 and 19, and tables 36 and 37
together with the results of the statistical analyses show that in April, June and
August there were higher numbers at low tide than at mid tide, and at mid tide than

at high tide.

2 - Depth distribution of totals, adults and copepodites at different months.

Description.

The results were plotted as histograms (figures 20-32) and showed generally that as
expected the number of animals decreases with increasing depth, most animals being
found in the top 1 to 2 cm of the sediment. The reasons for this are discussed in the

discussion (item 1.3).
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In October 1986, thc number of total animals, adults and copepodites dccreases as
depth increases for the three tidal levels (figures 20, 21, 22). This is not true at low
tide where the number of copepodites slightly increased with increasing depth (figure

20).

In December 1986, at low tide the number of total animals, adults, and
copepodites increased as depth increased (figure 23). At mid tide, the number of all
animals decreased as depth increased (figure 24). At high tide, the number of adults

decreased with increasing depth but no copepodites were found at any depth (figure

25).

In February 1987, animals were only found at 0-1 cm at low tide and mid tide
(figures 26, 27). At high tide, the number of total and adults was very high at depth

of 0-1 cm and dramatically decreased as depth increased (figure 28).

In April 1987, at low tide the total number of animals, adults, and copepodites were
only abundant at 0-1 cm and 1-2 cm (figure 29). At mid tide, the number of adults
decreased considerably as depth increased, but no copepodites were found at any
depth (figure 30). At high tide, the number of adults was very high at depth of 0-1
cm and rapidly decreased as depth increased (figure 31), while no copepodites were

found at any depth.

In June 1987, at low tide the number of total, adults, and copepodites were high
near the surface with significant numbers down to about 5 cm (figure 32). At mid
tide, the number of adults and copepodites decreased with increasing depth (figure
33). At high tide, adults were only found at 0-1 cm and no copepodites were found

at any depth (figurc 34).

In August 1987, at low tide the numbers of adults and copepodites were very high
at 0-1 cm and decreased rapidly as depth increased (figure 35). At mid tide, the
density of all animals decreased with increasing depth (figure 36). At high tide, no

73



copepodites were found at any depth, while the number of adults was very high at 0-

1 cm and dramatically decreased as depth increased (figure 37).

The results of adults and copepodites were summarised for all months combined at
low tide, mid tide, and high tide. This was done by adding the number of animals

per centimeter squared from all months at each depth for the three tidal levels.

Figures 38, 39, and 40 show the number of adults and copepodites respectively at

low tide, mid tide, and high tide was very high at 0-1 cm and rapidly decreased as

depth increased.

Overall, the highest density of adults during the year in the top 1 cm was found at
high tide (figure 40), and the lowest at mid tide. However, there is not a great
difference between mid tide and high tide (figures 38, 39). The highest density of
copepodites for the six months in the top 1 cm was found at low tide (figure 38), and

the lowest at high tide (figure 40).
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Figure 16a. Annual survey. Number of total harpacticoids at a depth
of 0-1 cm for October 86, December 86, January 87, February 87, April
87, June 87, July 87, and August 87 at low tide, mid tide, and high
tide. Each point represents the mean for that month.
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Figure 16b. Annual survey. Number of adult harpacticoids at a depth
of 0-1 cm for October 86, December 86, January 87, February 87, April
87, June 87, July 87, and August 87 at low tide, mid tide, and high
tide. Each point represents the mean for that month.
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Figure 16c. Annual survey. Percentage of copepodites of the total at
a depth of 0-1 cm for October 86, December 86, January 87, February
87, April 87, June 87, July 87 and August 87. Each point represents
the mean for that month.
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harpacticoid copepods.cm-2 of sediment surface for October 1986,
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(T = Total number, A = Adults, C = Copepodites). Vertical lines
represent standard deviations.
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Figure 18. Mid tide level. 0-1 cm sediment depth. Number of
harpacticoid copepods.cm-2 of sediment surface for October 1986,
December 1986, February 1987, April 1987, June 1987, and August 1987
(T = Total number, A = Adults, C = Copepodites). Vertical lines
represent standard deviations.
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represent standard deviations.
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82



Number of animals.cm-2

110 1{—‘

100
90
80
70 1
60
50 1
40 |
30

20

Total

110 -;{_

100
90 4
80 -
70 4
60
50
40
30

20 4

Adults

4
3
2 4
1 4

N o

w 4
ad
[,

T T

101"

Copepodites

-

Depth of sediment (cm)

T
3 4 8§

=1 L |

7 8 10 1

L |
13 4

Figure 22. High tide level. Vertical distribution of total, adults,
and copepodites in the sediment. Numbers.cm-2 of sediment surface.
October 1986.

Sediment depth (cm) O0-1, 1-2, 2-3, 3-4, 4-5, 7-8, 10-

83

11, and 13-14 cm. Vertical lines represent standard deviations.



Number of animals.cm-2

10
9
8 -
7
6 -
5 -
4
3
24
14

Total

-
o
|

8 -
7 -

5
4

2 -

el
0 1 ==

Adults

ou

10

8_
7
6.-
5—-
4 -
3
2 4
14

m-
~ o
m-l

Copepodites

01

3 4

[4,

-~ -
D =

—
0"

Depth of sediment (cm)

13 14

Figure 23. Low tide level. Vertical distribution of total, adults,

and copepodites in the sediment.

Numbers.cm-2 of

sediment

surface. December 1986. Sediment depths (cm) 0-1, 1-2, 2-3, 3-4, 4-5,

7-8, 10-11,
deviations.

and 13-14 cm.

Vertical lines represent

84

standard



Total

6 Adults

Number of animals.cm-2
(3,
1

1 i L 1 ¥ 1 r.l’ LA
1 23 45 78 10n 1314

Copepodites

LI B S | — L
1 2 3 4 5 7 8 ou

a4
2

Depth of sediment (cm)

Figure 24. Mid tide level. Vertical distribution of total, adults, and
copepodites in the sediment. Numbers.cm-2 of sediment surface.
December 1986. Sediment depths (em) O-1, 1-2, 2-3, 3-4, 4-5, 7-8, 10-
11, and 13-14 cm. Vertical lines represent standard deviations.
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Figure 25. High tide level. Vertical distribution of total, adults,
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11, and 13-14 cm. Vertical lines represent standard deviations.
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Figure 27. Mid tide level. Vertical distribution of total, adult, and
copepodites in the sediment. Numbers.cm-2 of sediment surface.
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Figure 28. High tide level. Vertical distribution of total, adults,
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February 1987. Sediment depths (ecm) 0-1, 1-2, 2-3, 3-4, 4-5, 7-8, 10-
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Figure 29. Low tide level. Vertical distributions of total, adult, and
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Figure 30. Mid tide level. Vertical distribution of total, adult, and
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Figure 31. High tide level. Vertical distribution of total, adults,
and copepodites in the sediment. Numbers.cm-2 of sediment surface.
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Figure 32. Low tide level. Vertical distribution of total, adults, and
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Figure 33. Mid tide level. Vertical distribution of total, adult, and
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Figure 34. High tide level. Vertical distribution of total and adults,
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Figure 35. Low tide level. Vertical distribution of total, adults, and
copepodites in the sediment. Numbers.cm-2 of sediment surface. August
1987. Sediment depths (cm) 0-1, 1-2, 2-3, 3-4, 4-5, 7-8, 10-11, and
13-14 cm. Vertical lines represent sgandard deviations.



Total

LI B = It e Rl oy RERR w |
0 1 2 3 4 8 7 8 on 13 14
B
E
9
(2] 8
© 7]
E
[
«
© 6 -
L
Q
el
S
3
z 4 - Adults
2
1 | Sl | T T 1 1
01 2 3 4 5 7 8 10 1 13 4
2 Copepodites
T TTT1TT11 1 [ | LI |
01 2 3 a4 s 7 8 1on 13 14

Depth of sediment (cm)

Figure 36. Mid tide level. Vertical distribution of total, adults, and
copepodites in the sediment. Number.cm-2 of sediment surface. August
1987. Sediment depths (cm) 0-1, 1-2, 2-3, 3-4, 4-5, 7-8, lO-ll,land
13-14 cm. Vertical lines represent standard deviations.

97



30

25

20

15

10

30

25

Number of animals.cm-2

20

15

10

Figure 37. High tide level. Vertical distribution of total and adults,
of sediment surface.
Sediment depths (cm) 0-1, 1-2, 2-3, 3-4, 4-5, 7-8, 10-11, and 13-14
cm. Vertical lines represent standard deviations. No copepodites were

in the sediment.

Total

b{kﬁ ra)
11 T [
1.2 34 s 78 10 1 13

Adults

Numbers.cm-2

found at any depth.

1 1
N 1314

Depth of sediment (cm)

98

August 1987.



45641

4 -
- Adults
9 ]
o
€
(4]
_‘é -
o
E
ES
T ¢
S 0 T 1 ™1 I ™
5 1 2 3 45 7 8 10 1 13 14
L0
2T
ti
4 -
11T
Copepodites
9
]
0 . —

—tt ™ T
1 2 3 4 5 1 8 10 1 13 4

Depth of sediment (cm)

Figure 38. Low tide level. Summary of vertical distribution of adults
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Figure 40. High tide level. Summary of vertical distribution of adults
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Table 2. Total number of animals (adults + copepodites). an® in October
1986, December 1986, and February 1987, for each tidal level. Data
for 0-1 cm depth only. Replicates 1, 2, and 3; mean and standard
deviation. Replicates 1, 2, and 3 are the three 5 ml samples taken
fram the original sediment sanple.

Tidal Replicates Months
level
Oct.86 Dec.86 Feb.87
R1 7.8228 0.0000 1.4667
R2 9.7785 0.9778 1.4667
R3 12.2231 0.0000 2.444¢6
LT
Mean 9.9415 0.3259 1.7927
S.D 2.20 0.565 0.565
R1 8.3117 6.3560 4.8892
R2 7.3337 4.8892 4.8892
R3 5.8671 2.9335 2.9335
MT
Mean 7.1708 4.7262 4.2373
S.D 1.23 1.72 1.13
R1 111.5 0.9778 50.85
R2 106.1 0.9778 48.89
R3 112.4 2.9335 44.00
HT
Mean 110.0 1.6297 47.92
S.D 3.42 1.13 3.53
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Table 3. Total muber of animals (adults + copepodites). cm? in April 1987,
June 1987, and August 1987 for each tidal level. Data for 0-1 am
depth only. Replicates 1, 2, znd 3, mean and standard deviation.
Replicates 1, 2, and 3, are the three 5 ml samples taken from the
original sediment sample.

Tidal Replicates Months
level (5ml)
April 87. June 87. August 87.
R1 5.8670 19.5569 23.4682
R2 5.3781 24.9350 22.4904
R3 7.3338 22.0015 21.5126
LT
Mean 6.1929 22.1644 22.4904
S.D 1.0177 2.6927 0.9778
R1 2.9335 13.2009 8.3116
R2 3.9113 15.1566 6.3559
R3 4.4422 13.6898 7.3338
MT
Mean 3.4290 14.0157 7.3337
S.D 0.4890 1.0177 0.9778
R1 6.8449 3.9113 27.8686
R2 7.8227 2.4446 28.3575
R3 9.2895 2.9335 29.3353
HT
Mean 7.9857 3.0964 28.5264
S.D 1.2304 0.7468 0.7468
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Table 4. Number of adults.ai? in October 1986, December 1986, February
1987 at each tidal level. Data for 0-1 cm depth only. Replicates 1,
2, and 3, mean and standard deviation. Replicates 1, 2, and 3 are
the three 5 ml samples taken from the original sediment sample.

Tidal Replicates Months
level
Oct.86 Dec.86 Feb.87
R1 5.8671 0.0000 0.9778
R2 6.844 0.4889 0.4889
R3 6.8449 0.0000 0.4889
LT
Mean 6.5190 0.16297 0.65187
S.D 0.566 0.282 0.282
R1 5.8670 3.9113 4.4003
R2 4.4003 2.4446 4.8892
R3 3.4224 1.4667 2.9335
MT
Mean 4.4308 2.6075 4.0743
S.D 1.28 1.23 1.02
R1 107.07 0.9778 50.8479
R2 106.10 0.9778 48.8922
R3 112.45 2.9335 44.0030
HT
Mean 108.54 1.6297 47.914
S.D 3.42 1.13 3.53
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Table 5. Number of adults.c? in April 1987, June 1987,
at each tidal level.
2, and 3, mean and standard deviation. Replicates 1, 2, and 3 are
the three 5 ml samples taken from the original sediment sample.

Data for 0—1 cam depth only.

and August at
Replicates 1,

Tidal Replicates Months
level (5 ml)
April 87 June 87 August 87
R1 3.9113 9.7784 11.2452
R2 3.4224 13.6898 10.7563
R3 4.8892 11.7341 9.7784
T
Mean 4.0743 11.7341 10.5933
S.D 0.7468 1.9557 0.7468
R1 2.9335 12.2230 7.3338
R2 3.9113 13.2009 4.8892
R3 3.4422 12.2230 6.3559
MT
Mean 3.4290 12.5489 6.1929
S.D 0.4890 0.5645 1.2304
R1 6.8449 3.9115 27.8686
R2 7.8227 2.4446 28.3575
R3 9.2895 2.9335 29,3353
HT
Mean 7.9857 3.0964 28.5204
S.D 1.2304 0.7468 0.7468
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Table 6. Number of copepodites.cwi™ in October 1986, December 1986, and
February 1987 at each tidal level. Data for 0-1 cm depth only.
Replicates 1, 2, and 3, mean and standard deviation. Replicates
1, 2, and 3 are the three 5 ml samples taken from original
sediment sample. Note there are no animals at high tide level for
December 1986and February 1987.

Tidal Replicates Months
level 5 ml.
Oct.86 Dec.86 Feb. 87
R1 1.9557 0.0000 0.4889
R2 2.9335 0.4889 0.9779
R3 5.3782 0.0000 1.9556
LT
Mean 3.4225 0.16297 1.1408
S.D 1.76 0.282 0.747
R1 2.4446 2.4446 0.4889
R2 2.4224 2.4446 0.0000
R3 2.4446 1.4667 0.0000
MT
Mean 2.7705 2.1186 0.16297
S.D 0.565 0.565 0.282
R1 4.4003 0.0000 0.0000
R2 0.0000 0.0000 0.0000
R3 0.0000 0.0000 0.0000
HT
Mean 1.4667 0.0000 0.0000
S.D 2.0743 0.0000 0.0000
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Table 7. Number of copepodites.cni? in April 1987, June 1987, and August
1987 at each tidal level. Data for 0-1 cm depth only. Replicates
1, 2, and 3, mean arnd standard deviation. Replicates 1, 2, and 3
are three S ml samples taken from the original sediment sample.
Note there are no animals at high tide level for April 1987, June
1987, and August 1987.
Tidal Replicates Months
level (5 ml)
April 87 June 87 August 87
R1 1.9556 9.7784 12.2230
R2 1.9556 11.2452 11.7341
R3 2.4446 10.7563 11.7341
LT
Mean 2.1186 10.5933 11.8970
S.D 0.2823 0.7468 0.2822
R1 0.0000 0.9778 0.9778
R2 0.0000 1.9556 1.4667
R3 0.0000 1.4667 0.9778
MT
Mean 0.0000 1.4667 1.1407
S.D 0.0000 0.4889 0.2822
R1 0.0000 0.0000 0.0000
R2 0.0000 0.0000 0.0000
R3 0.0000 0.0000 0.0000
HT
Mean 0.0000 0.0000 0.0000
S.D 0.0000 0.0000 0.0000
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Table 8. 1x6 one way analyses of variance of the total number of animals
between October 1986, December 1986, February 1987, April 1987, June
1987, and August 1987 at each tidal level.

Tidal Months Source of Sum of Mean of d.f F-ratio P
level compared variance squares  squares

Oct. 86 Main factor 1434.06 286.81 5 116.74 P<0.001
Vs Error 29.48 2.46 12

Dec. 86 Total 1463.54 17
Vs

LT Feb. 87

Vs

Apr. 87
Vs

Jun. 87
Vs

Aug. 87

Oct. 86 Main factor 224.16 44.83 5 33.76  P<0.001
VS Error 15.94 1.33 12

Dec. 86 Total 240.09 17
Vs

MT Feb. 87

Vs

Apr. 87
VS

Jun. 87
Vs

Aug. 87

Oct. 86 Main factor 26029.50 5205.90 5 1113.64 P<0.001
VS Error 56.10 4.67 12

Dec. 86 Total 26085.60 17
Vs

HT Feb. 87

Vs

Apr. 87
Vs

Jun. 87
Vs

Aug. 87
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Table 9. Break down 1x2 one way analyses of variance of the total number of
animals between pairs of months at low tide.

Months Source of Sum of Mean of d.f F-ratio P
compared variance squares squares
Oct.86 Main factor 138.89 138.89 1 53.55 0.005>P>0.001
Vs Error 10.36 2.59 4
Dec.86 Total 149.05 5
Oct.86 Main factor 99.60 99.60 1 38.46 0.005>P>0.001
Vs Error 10.36 2.59 4
Feb.87 Total 109.96 5
Oct.86 Main factor 21.08 21.08 1 7.15 0.10>P>0.05
Vs Error 11.79 2.95 4
Apr.87 Total 32.87 5
Oct.86 Main factor 224.10 224.10 1 37.01 0.005>P>0.001
Vs Error 24.22 6.06 4
Jun.87 Total 248.33 5
Oct.86 Main factor 236.21 236.21 1 81.22 P<0.001
Vs Error 11.63 2.91 4 '
Aug.87 Total 247.85 5
Dec.86 Main factor 3.227 3.227 1 10.12 0.05>P>0.025
vs Error 1.275 0.319 4
Feb.87 Total 4.502 5
Dec.86 Main factor 51.633 51.633 1 76.23 P<0.001
vs Error 2.709 0.677 4
Apr.87 Total 54.342 5
Dec.86 Main factor 715.38 715.38 1 189.01 P<0.001
A4S Error 15.14 3.78 4
Jun.87 Total 730.52 5
Dec. 86 Main factor 736.895 736.895 1 1156.10 P<0.001
Vs Error 2.550 0.637 4
Aug.87 Total 739.445 5
Feb.87 Main factor 29.044 29.044 1 42.88 0.005>P>0.001
vs Error 2.709 0.67 4
Apr.87 Total 31.753 5
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Table 9. (continued)

Feb.87 Main factro 622.52 622.52 1 164.48 P<0.001
vs Error 15.14 3.78 4

Jun.87 Toatal 637.65 5

Feb.87 Main factor 642.594 642.594 1 1008.10 P<0.001
vs Error 2.550 0.637 4

Aug.87 Total 645.144 5

Apr.87 Main factor 382.63 382.63 1 92.35 P<0.001
vs Error 16.57 4.14 4

Jun.87 Total 399.20 5

Apr.87 Main factor 398.410 398.10 1 400.1 P<0.001
VS Error 3.984 0.996 4

Aug.87 Total 402.394 5

Jun.87 Main factor 0.16 .16 1 0.04 P>0.75
Vs Error 16.41 4.10 4

Ang.87 Total 16.57 5
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Table 10. Break down 1x2 one way analyses of variance of the total number of
animals between pairs of months at mid tide.

Months Source of Sum of Mean of d.f F-ratio P
compared variance squares squares
Oct.86 Main factor 8.96 8.96 1 4.020 0.25>P>0.10
Vs Error 8.92 2.23 4
Dec.86 Total 17.89 5
Oct.86 Main factor 12.91 12.91 1 9.260 0.05>P>0.025
A4 Error 5.58 1.39 4
Feb.87 Total 18.49 5
Oct. 86 Main factor 21.002 21.002 1 23.96 0.01>P>0.005
Vs Error 3.506 0.877 4
Apr. 87 Toatl 24.508 5
Oct. 86 Main factor 70.28 70.28 1 53.13 0.005>P>0.001
Vs Exrror 5.10 1.27 4
Jun. 86 Total 75.38 5
Oct. 86 Main factor 0.04 0.04 1 0.03 P>0.75
Vs Error 4.94 1.24 4
Aug. 86 Total 4.98 5
Dec.86 Main factor 0.36 0.36 1 0.1700 0.75>P>0.50
Vs Error 8.45 2.1 4
Feb.87 Total 8.81 5
Dec. 86 Main factor 2.52 2.52 1 1.58 0.50>P>0.25
Vs Error 6.37 1.59 4
Apr. 87 Total 8.90 5
Dec. 87 Main factor 129.44 129.44 1 ©4.98 0.005>P>0.001
vs Exrror 7.97 1.99 4
Jun. 87 Total 137.41 5
Dec. 87 Main factor 10.20 10.20 1 5.22 0.10>P>0.05
Vs Error 7.81 1.95 4
Aug. 87 Total 18.01 5
Feb. 87 Main factor 0.980 0.980 1 1.29 0.50>P>0.25
Vs Exrror 3.028 0.757 4
Apr. 87 Total 4.008 5
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Table 10.

(continued)

Feb. 87 Main factor 143.43 143.43 1 124.14 P<0.001
Vs Error 4.62 1.16 4
Jun. 87 Total 148.05 5
Feb. 87 Main factor 14.38 14.38 1 12.89 0.025>P>0.01
vs Error 4.46 1.12 4
Aug. 87 Total 18.84 5
Feb. 87 Main factor 14.38 4.38 1 12.89 0.025>P>0.01
Vs Error 4.46 1.12 4
Aug.87 Total 18.84 5
Feb. 87 Main factor 168.119 168.119 1 263.71% P<0.001
Vs Exror 2.550 0.638 4
Jun.87 Total 170.670 S
Apr.87 Main factor 22.87M 22.87 1 38.27 0.005>P>0.001
Vs Error 2.391 0.598 4
Aug.87 Total 25.261 5
Jun.87 Main factor 66.974 66.974 1 67.24 0.005>P>0.001
Vs Error 3.984 0.9% 4
Aug.87 Total 70.958 5
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Table 11. Break down 1x2 one way analyses of variance of the total number of
animals between pairs of months at high tide.

Months Source of Sum of Mean of d.f F-ratio P

compared variance squares squares

Oct.86 Main factor 17618.65 17618.65 1 2713.01 P<0.001
Vs Error 25.89 6.49 4

Dec.86 Total 17644.63 5

Oct.86 Main factor 5783.3 5783.3 1 479 .1 P<0.001
Vs Error 48.3 12.1 4

Feb.87 Total 5831.5 5

Oct. 86 Main factor 15612.70 15612.70 1 2360.68 P<0.001
Vs Error 26.45 6.61 4

Apr. 87 Total 15639.16 5

Oct. 86 Main factor 17144.99 17144.99 1 2794.38 P<0.001
vs Error 24.54 6.14 4

Jun. 87 Total 17169.53 5

Oct. 86 Main factor 9960.23 9960.23 1 1623.37 P<0.001
vs Error 24.54 6.14 4

Aug. 87 Total 9984.77 5

Dec.86 Main factor 3213.48 3213.48 1 458.9 P<0.001
vs Error 27.41 6.85 4

Feb.87 Total 3240.89 5

Dec. 86 Main factor 60.60 60.60 1 43.46 0.005>P>0.001
Vs Error 5.58 1.39 4

Apr. 87 Total 66.18 5

Dec. 86 Main factor 3.227 3.227 1 3.52 0.25>P>0.10
Vs Error 3.665 0.916 4

Jun. 87 Total 6.892 5

Dec. 86 Main factor 1084.670 1084.670 1 1183.72 P<0.001
Vs Error 3.665 0.916 4

Aug. 87 Total 1088.335 5

Feb. 87 Main factor 2391.51 2391.51 1 343.01 P<0.001
Vs Error 27.89 6.97 4

Apr. 87 Total 2419.40 5
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Table 11. (continued)

Feb. 87 Main factor 3013.03 3013.03 1 463.97 P<0.001
Vs Error 25.98 6.49 4

Jun. 87 Total 3039.01 5

Feb. 87 Main factor 564.21 564.21 1 86.88 P<0.001
Vs Error 25.98 4

Aug. 87 Total 590.19 5

Apr.87 Main factor 35.86 35.86 1 34.62 0.005>P>0.001
Vs Error 4.14 1.04 4

Jun.87 Total 40.00 5

Apr.87 Main factor 632.52 632.52 1 610.63 P<0.001
Vs Error 4.14 1.04 4

Aug.87 Total 636.66 5

Jun.87 Main factor 969.570 969.570 1 1738.45 P<0.001
vs Error 2.231 0.558 4

Aug.87 Total 971.801 S
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Table 12.

F-ratios and probabilities of 1x2 one way analyses for the total
number of animals between pairs of months at low tide.

F-ratio
Oct.86 Dec.86 Feb.87 Apr.87 Jun.87 Aug.87
P
Oct.86 - 53.55 38.46 7.15 37.01 81.22
Dec.86 0.005>P>0.001 - 10.12 76.23 189.01 1156.10
Feb.87 0.005>P>0.001 0.05>P>0.25 - 42.88 104.48 1008.10
Apr.87 0.10>P>0.05 P<0.001  0.005>P>0.001 — 92.35 400.01
Jun.87 0.005>P>0.001 P<0.001 P<0.001 P<0.001 — 0.04
Aug.87 P<0.001 P<0.001 P<0.001 P<07001 P<0.001 —
Table 13. F-ratios and probabilities of 1x2 one way analyses of variance
for total number of animals between pairs of months at mid tide.
F-ratio
Oct.86 Dec. 86 Feb.87 Apr.87 Jun. 87 Aug. 87
P
Oct.86 - 4.02 9.26 23.96 53.13 0.03
Dec.86 0.25>P>0.10 - 0.17 1.58 64.98 5.22
Feb.87 0.05>P>0.025 0.75>P>0.50 - 1.29 124.14  12.89
Apr.87 0.01>P>0.005 0.50>P>0.25 0.50>P>0.25 - 263.71 38.27
Jun.87 0.005>P>0.001 0.005>P>0.001  P<0.001 P<0.001 - 67.24
Aug.87 P<0.001 0.10>P>0.05 0.025>P>0.01 0.005>P>0.001 0.005>P>0.001
Table 14. F-ratios and probabilities of 1x2 one way analyses of variance for
the total number of animals between pairs of months at mid tide.
F-ratio
Oct.86 Dec.86 Feb. 87 Apr.87 Jun.87 Aug. 87
P
Oct.86 - 2713.10 479.07 2360.68 2794.38 1623.37
Dec. 86 P<0.001 - 458.94 43.46 3.52 1183.7
Feb.87 P<0.001 P<0.001 - 343.01 463.97 86.88
Apr.87 P<0.001 0.005>P>0.001 P<0.001 - 34.62 610.63
Jun.87 P<0.001 0.25>P>0.10 P<0.001 0.005>P>0.001 — 1738.45
Aug.87 P<0.001 P<0.001 P<0.001 P<0.001 P<0.001 -

115



Table 15. 1x3 one way analyses of variance of the total number of animals
between low tide, mid tide, and high tide for October 1986,
I1)ecembex: 1986, February 1987, April 1987, June 1987, and August

987.
Months Tidal Source of Sum of Mean of d.f F-ratio P
levels variance squares  squares
compared
LT Main factor 20596.31 10298.15 2 1708.03 P<0.001
Vs Error 36.18 6.03 6
Oct.86 MT Total 20637.48 8
Vs
HT
LT Main factor 30.65 15.33 2 10.12 0.025>P>0.01
Vs Error 9.08 1.51 6
Dec.86 MT Total 39.73 8
Vs
HT
LT Main factor 4040.96 2020.48 2 432.22  P<0.001
Vs Error 28.05 4.67 6
Feb.87 MT Total 4069.01 8
Vs
HT
LT Main factor 31.617 15.808 2 17.00 0.005>P>0.001
vs Exror 5.578 0.930 6
Apr.87 MT Total 37.195 8
vs
HT
LT Main factor 549.22 274.61 2 93.15 P<0.001
Vs Exrror 17.69 2.95 6
Jun.87 MT Total 566.91 8
vs
HT
LT Main factor 714.962  357.481 2 434.19 P<0.001
Vs Error 4.940 0.823 o
Aug.87 MT Total 719.902 8
VS

HT
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Table 16. Break down 1x2 one way analyses of variance of the total number of

animals between pairs of tidal levels for October 1986, December
1986, and February 1987.
Months Tidal Source of Sum of Mean of d.f F-ratio P
levels variance squares squares
compared
LT Main factor 11.51 11.51 1 3.61 0.25>P>0.10
vs Error 12.75 3.19 4
MT Total 24.26 5
LT Main factor 15019.85 15019.85 1 1812.47 P<0.001
Oct.86 Vs Error 33.15 8.29 4
HT Total 15052.99 5
MT Main factor 15863.10 15863.10 1 2398.55 P<0.001
Vs Error 26.45 6.61 4
HT Total 15889.56 5
LT Main factor 29.04 29.04 1 17.78 0.025>P>0.01
Vs Error 6.53 1.63 4
MT Total 35.58 5
LT Main factor 2.550 2.550 1 2.20 0.25>P>0.10
Dec.86 Vs Error 3.187 0.797 4
HT Total 5.737 5
MT Main factor 14.38 14.38 1 6.81 0.10>P>0.05
Vs Error 8.45 2.1 4
HT Total 22.83 5
LT Main factor 8.964 8.904 1 11.25 0.05>P>0.025
Vs Error 3.187 0.797 4
MT Total 12.152 5
LT Main factor 3190.89 3190.89 1 500.57 P<0.001
Feb.87 Vs Error 25.50 6.37 4
HT Total 3216.38 5
MT Main factor 2861.59 2861.59 1 417.59 P<0.001
vs Error 27.41 6.85 4
HT Total 2889.01 5
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Table 17. Break down 1x2 one way analyses of variance of the total
number of animals between pairs of tidal levels for April
1987, June 1987, and August 1987.
Months Tidal Source of Sum of Mean of d.f F-ratio P
levels variance squares squares
compared
LT Main factor 11.459 11.459 1 17.97 0.025>P>0.01
vs Error 2.550 0.638 4
MT Total 14.009 5
LT Main factor 4.82 .82 1 3.78 0.25>P>0.10
April 87 vs Error 5.10 1.27 4
HT Total 9.92 5
MT Main factor 31.145 31.145 1 35.53 0.005>P>0.001
vs Error 3.506 0.877 4
HT Total 34.651 5
LT Main factor 99.60 99.60 1 24.04 0.01>P>0.005
Vs Exror 16.57 4.14 4
MT Total 116.18 5
LT Main factor 545.38 545.38 1 139.69 P<0.001
June 87 Vs Exrror 15.62 3.90 4
HT Total 561.00 5
MT Main factor 178.847 178.847 1 224.46 P<0.001
VS Error 3.187 0.797 4
HT Total 182.034 5
LT Main factor 344.585 344.585 1 360.39 P<0.001
VS Error 3.825 0.956 4
MT Total 348.410 5
LT Main factor 54.543 54.543 1 72.06 0.005>P>0.001
August 8 vs Error 3.028 0.757 4
HT Total 57.570 5
MT Main factor 673.315 673.315 1 889.50 P<0.001
Vs Error 3.028 0.757 4
Total 676.342 5

HT
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Table 18. 1x6 one way analyses of variance of adults between October 1986,

December 1986, February 1987, April 1987, June 1987, and August 1987
at each tidal level.

Tidal Months Source of Sum of Mean of d.f F-ratio P
leve compared variance squares squares
Oct. 86 Main factor 359.323 71.865 5 79.58 P<0.001
Vs Error 10.836 0.903 12
Dec. 86 Total 370.159 17
vs
LT Feb. 87
VS
Apr. 87
Vs
Jun. 87
VS
Aug. 87
Oct. 86 Main factor 197.11 39.42 5 38.55 P<0.001
Vs Error 12.27 1.02 12
Dec. 86 Total 209.39 17
vs
MT Feb. 87
Vs
Apr. 87
Vs
Jun. 87
VS
Aug. 87
Oct. 86 Main factor 25358.80 5071.76 5 1084.95 P<0.001
VS Error 56.10 4.67 12
Dec. 86 Total 25414.90 17
VS
HT Feb. 87
Vs
Apr. 87
VS
Jun. 87
VS

Aug. 87
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Table 19. Break down one way analyses of variance of adults between pairs of
months at low tide.

Months Source of Sum of Mean of d.f F-ratio P

compared variance squares squares

Oct.86 Main factor 60.598 60.598 1 304.23 P<0.001
Vs Error 0.797 0.199 4

Dec.86 Total 61.395 5

Oct.86 Main factor 51.634 51.634 1 259.23 P<0.001
vs Error 0.797 0.199 4

Feb.87 Total 52.431 5

Oct.86 Main factor 8.962 8.962 1 20.46 0.025>P>0.01
Vs Exrror 1.752 0.438 4

Apr.87 Total 10.715 5

Oct.86 Main factor 40.80 40.80 1 19.70 0.025>P>0.01
vs Error 8.29 2.07 4

Jun.87 Total 49.09 5

Oct.86 Main factor 24.904 24.904 1 56.84 0.005>P>0.001
Vs Error 1.752 0.438 4

Aug.87 Total 26.656 5

Dec.86 Main factor 0.3585 0.3685 1 4.50 0.25>P>0.10
Vs Error 0.3187 0.797 4

Feb.87 Total 0.6772 5

Dec.86 Main factor 22.948 22.948 1 72 0.005>P>0.001
Vs Error 1.275 0.319 4

Apr.87 Total 24.223 5

Dec. 86 Main factor 200.84 200.84 1 102.88 P<0.001
vs Error 7.81 1.95 4

Jun.87 Total 208.65 5

Dec.86 Main factor 163.188 163.188 1 511.98 P<0.001
Vs Error 1.275 0.319 4

Aug.87 Total 164.463 5

Feb.87 Main factor 17.570 17.570 1 55.12 0.005>P>0.001
Vs Error 1.275 0.319 4

Apr.87 Total 18.845 5
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Table 19. (continued)

Feb.87 Main factor 184.22 184.22 1 94 .37 P<0.001
vs Error 7.81 1.95 4

Jun.87 Total 192.03 5

Feb.87 Main factor 148.248 148.248 1 465.11 P<0.001
vs Error 1.275 0.319 4

Aug.87 Total 149.523 5

Apr.87 Main factor 88.01 88.01 1 40.16 0.005>P>0.001
Vs Error 8.77 2.19 4

Jun.87 Total 96.77 5

Apr.87 Main factor 63.746 63.746 1 114.28 P<0.001
vs Error 2.231 0.558 4

Aug.87 Total ©65.977 5

Jun.87 Main factor 1.95 .95 1 0.89 0.50>P>0.25
Vs Error 8.77 2.19 4

Aug.87 Total 10.72 5

121



Table 20. Break down 1x2 one way analyses of variance of adults between
pairs of months at mid tide.

Months Source of Sum of Mean of d.f PF-ratio P

compared variance squares  squares

Oct.86 Main factor 5.74 5.74 1 3.79 0.25>P>0.10
Vs Error 6.06 1.5 4

Dec.86 Total 11.79 5

Oct.86 Main factor 0.36 0.36 1 0.28 0.75>P>0.50
Vs Error 5.10 1.27 4

Feb.87 Total 5.46 5

Oct. 86 Main factor 1.930 1.930 1 2.20 0.25>P<0.10
Vs Error 3.506 0.877 4

Apr. 87 Total 5.436 5

Oct. 86 Main factor 95.658 95.658 1 104.39 P<0.001
vs Error 3.665 0.916 4

Jun. 87 Total 99.323 5

Oct. 86 Main factor 3.98 3.98 1 2.63 0.25>P>0.10
vs Error 6.04 1.51 4

Aug. 87 Total 10.04 5

Dec. 86 Main factor 3.23 3.23 1 0.28 0.75>P>0.50
Vs Error 5.10 1.27 4

Feb.87 Total 8.33 5

Dec. 86 Main factor 1.012 1.012 1 1.15 0.50>P>0.25
vs Error 3.506 0.877 4

Apr. 87 Total 4.518 5

Dec. 86 Main factor 148.248 148.248 1 161.78 P<0.001
Vs Error 3.665 0.916 4

Jun. 87 Total 151.914 5

Dec. 86 Main factor 19.28 19.28 1 12.74 0.025>P>0.01
vs Error 6.06 1.51 4

Aug. 87 Total 23.34 5

Feb. 87 Main factor 0.625 0.625 1 0.98 0.50>P>0.0.25
Vs Error 2.550 0.638 4

Apr. 87 Total 3.175 5
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Table 20. (continued).

Feb. 87 Main factor 107.729 107.729 1 159.05 P<0.001
vs Exror 2.709 0.677 4

Jun. 87 Total 110.438 5

Feb. 87 Main factor 6.73 6.73 1 5.28 0.10>P>0.05
vs Error 5.10 1.27 4

Aug. 87 Total 11.83 5

Apr.87 Main factor 124.761 124.761 1 447.24 P<0.001
vs Error 1.116 0.279 4

Jun.87 Total 125.877 5

Apr.87 Main factor 11.459 11.459 1 13.07 0.025>P>0.01
Vs Error 3.506 0.877 4

Aug.87 Total 14.965 5

Jun.87 Main factor 60.598 60.598 1 66.13 0.005>P>0.001
Vs Error 3.665 0.916 4

Aug.87 Total 64.253 5
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Table 21. Break down 1x2 one way analyses of variance of adults between
pairs of months at high tide.

Months Source of Sum of Mean of d.f FPF-ratio P

compared variance squares squares

Oct.86 Main factor 17144.99 17144 .99 1 2640.11 P<0.001
vs Error 25.98 6.49 4

Dec.86 Total 17170.96 5

Oct.86 Main factor 5513.4 5513.4 1 456.72 P<0.001
Vs Error 48.3 12.1 4

Feb.87 Total 5561.6 5

Oct.86 Main factor 15167.00 15167.00 1 2293.22 P<0.001
Vs Error 26.45 6.61 4

Apr.87 Total 15193.45 5

Oct.86 Main factor 16677.75 16677.75 1 2718.22 P<0.001
Vs Error 24.54 6.14 4

Jun.87 Total 16702.29 5

Oct.86 Main factor 9604.89 9604.89 1 1565.47 P<0.001
Vs Error 24.54 6.14 4

Aug.87 Total 9629.43 5

Dec.86 Main factor 3213.41 3213.41 1 468.93 P<0.001
Vs Error 27.41 6.85 4

Feb.87 Total 3240.82 5

Dec.86 Main factor 60.60 60.60 1 43.46 0.005>P>0.001
vs Error 5.58 1.39 4

Apr.87 Total 66.18 5

Dec.86 Main factor 3.227 3.227 1 3.52 0.25>P>0.10
Vs Error 3.666 0.916 4

Jun.87 Total 6.893 5

Dec.86 Main factor 1084.670 1084.670 1 1187.72 P<0.001
Vs Error 3.665 0.916 4

Aug.87 Total 1088.335 5

Feb.87 Main factor 2391.45 2391.45 1 343 P<0.001
Vs Error 27.89 6.97 4

Apr.87 Total 2419.34 5
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Table 21.

(continued) .

Feb.87 Main factor 3012.96 3012.96 1 463.95 P<0.001
VS Error 25.98 6.49 4

Jun.87 Total 3038.93 5

Feb.87 Main factor 564.19 564.19 1 86.88 P<0.001
Vs Error 25.98 6.49 4

Aug.87 Total 590.16 5

Apr.87 Main factor 35.86 35.86 1 34.61 0.005>P>0.001
vs Error 4.14 1.04 4

Jun.87 Total 40.00 5

Apr.87 Main factor 632.52 632.52 1 610.63 P<0.001
Vs Error 4.14 1.04 4

Aug.87 Total 636.66 5

Jun.87 Main factor 969.565 969.565 1 1738.19 P<0.001
Vs Error 2.231 0.558 4

Aug.87 Total 971.796 5
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Table 22. F-ratios and probabilities of 1x2 one way analyses of variance for
adults between pairs of months at low tide.

F—ratio

Oct.86 Dec.86 Feb.87 Apr.87 Jun.87 Aug.87
P
Oct.86 — 304.23 259.23 20.46 19.70 56.84
Dec.86 P<0.001 - 4.50 72 102.88 511.98
Feb.87 P<0.001 0.25>P>0.10 - 55.12 94.37 465.11
Apr.87 0.025>P>0.01 0.005>P>0.001 0.005>P>0.001 — 40.16 114.28
Jun.87 0.025>P>0.01 P<0.001 P<0.001 0.005>P>0.001 -— 0.89
Aug.87 0.005>P>0.001 P<0.001 P<0.001 P<0.001 0.50>P>0.25 —

Table 23. PF-ratios and probabilites of 1x2 one way analyses of variance of
adults between pairs of montha at mid tide.

F-ratio

Oct.86 Dec.86 Feb.87 Apr.87 Jun.87 Aug.87
P
Oct.86 — 3.79 0.28 2.20 104.39 2.63
Dec.86 0.25>P>0.10 — 2.53 1.15 161.78 12.74
Feb.87 0.75>P>0.50 0.25>P>010 - 0.98 159.05 5.28
Apr.87 0.25>P>0.10 0.50>P>0.25 0.50>P>0.25 -— 447.24 13.07
Jun.87 P<0.001 P<0.001 P<0.001  P<0.001 — 66.13

Aug.87 0.25>P>0.10 0.25>P>0.10 0.10>P>0.05 0.025>P>0.01 0.005>P>0.001 —

Table 24. F-ratios and probailities of 1x2 one way analyses of variance of
adults between pairs of months at high tide.

F-ratio
Oct.86 Dec.86 Feb.87 Apr.87 Jun.87 Aung. 87
P
Oct.86 - 2640.11 456.72 229322 2718.22 1565.47
Dec.86  P<0.001 — 468.93 43.46 3.52 1157.72
Feb.87 P<).001 P<0.001 - 343 463.95 86.88
Apr.87 P<0.001 0.005>P>0.001 P<0.001 - 34.61 610.603
Jun.87 P<0.001 0.25>P>0.10 P<0.001 0.005>P>0.001 - 1738.19
Aug.87 P<0.001 P<0.001 P<0.001 P<0.001 P<0.001 —
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Table 25. 1x3 one way analyses of variance of adults between low tide, mid
tide, and high tide for October 1986, December 1986, February 1987,
April 1987, June 1987, and August 1987.

Months Tidal Source of Sum of Mean of d.f F-ratio P
levels variance squares  squares
compared
LT Main factor 2122.363 10611.81 2 2350.21 P<0.001
Vs Error 27.09 4.52 6
Oct.86 MT Total 21250.72 8
vs
HT
LT Main factor 9.083 4.542 2 4.75 0.10>P>0.05
Vs Error 5.737 0.956 6
Dec.86 MT Total 4.820 8
Vs
HT
LT Main factor 4167.41 2083.70 2  461.48 P<0.001
Vs Error 27.09 4.52 6
Feb.87 MT Total 4194.50 8
vs
HT
LT Main factor 36.479 18.239 2 23.68 0.005>P>0.001
vs Error 4.622 0.770 6
Apr.87 MT Total 41.101 8
vs
HT
LT Main factor 164.62 82.31 2 52.52 P<0.001
Vs Error 9.40 1.57 6
Jun.87 MT Total 174.02 8
vs
HT
LT Main factor 839.264 419.632 2  478.77 P<0.001
vs Error 5.259 0.876 6
Aug.87 MT Total 844.523 8
Vs |
HT
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Table 26. Break down 1x2 one way analyses of variance of adults between
pairs of tidal levels for October 1986, December 1986, and February

1987.
Months Tidal Source of Sum of Mean of d.f F-ratio P
levels variance squares squares
compared

LT Main factor 5.737 5.737 1 0.26 0.70>P>0.50

Vs Error 3.665 0.916 4

MT Total 9.403 5

LT Main factor 15612.69 15612.69 1 2595.22 P<0.001
Oct.86 vs Error 24.06 6.02 4

HT Total 15636.75 5

MT Main factor.16217.01 16217.01 1 2452.09 P<0.001

A£S] Error 26.45 6.61 4

HT Total 166243.47 5

LT Main factor 8.964 8.964 1 11.25 0.05>P>0.025

Vs Error 3.187 0.797 4

MT Total 12.151 5

LT Main factor 3.227 3.227 1 4.76 0.10>P>0.05
Dec.87 vs Error 2.709 0.677 4

HT Total 5.936 5

MT Main factor 1.43 1.43 1 1.03 0.50>P>0.25

vs Error 5.58 1.39 4

HT Total 7.01 5

LT Main factor 17.570 17.570 1 31.50 0.005>P>0.001

vs Error 2.231 0.558 4

MT Total 19.801 5

LT Main factor 3350.62 3350.62 1 535.67 P<0.001
Feb.87 s Error 25.02 6.25 4

HT Total 3375.64 5

MT Main factor 2882.92 2882.92 1 428.17 P<0.001

Vs Error 26.93 6.73 4

HT Total 2909.86 5
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Table 27. Break down 1x2 one way analyses of variance of adults between
pairs of tidal levels for April 1987, June 1987, August 1987.

Months Tidal Source of Sum of Mean of D.F F-ratio P
levels variance squares squares
compared
LT Main factor 0.625 0.625 1 1.57 0.50>P>0.25
Vs Error 1.594 0.398 4
MT Total 2.219 5
LT Main factor 22.95 22.95 1 22.15 0.01>P>0.005
April 87 wvs Error 4.14 1.04 4
HT Total 17.09 5
MT Main factor 31.145 31.145 1 35.53 0.005>P>0.001
vs Error 3.500 0.877 4
HT Total 34.651 5
LT Main factor 1.00 1.00 1 0.48 0.75>P>0.50
vs Error 8.29 2.07 4
MT Total 9.28 5
_ LT Main factor 111.91 119.91 1 51.07 0.005>P>0.001
June 87 A Error 8.77 2.19 4
HT Total 120.68 5
MT Main factor 134.023 134.023 1 305.76 P<0.001
vs Error 1.753 0.438 4
HT Total 135.776 5
LT Main factor 29.04 29.04 1 28.04 0.01>P>0.005
Vs Error 4.14 1.04 4
MT Total 33.19 5
T Main factor 482.075 482.075 1 864.30 P<0.001
August 87 vs Error 2.231 0.558 4
HT Total 484 .300 5
MT Main factor 747.78 747.78 1 721.91 P<0.001
Vs Error 4.14 1.04 4
HT Total 751.82 5
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Table 28.

1x6 one way analyses of variance of copepodites between October
1986,

August 1987 at each tidal level.

December 1986,

February 1987,

April 1987,

June 1987,

and

Tidal Months

level compared

Source of
variance

Sum of
squares

Mean of
squares

d.f

F-ratio P

Oct.
Vs
Dec.
Vs
Feb.
Vs
Apr.
Vs
Jun.
vs
Aug.

LT

86

86

87

87

87

87

Main factor
Error
Total

383.587
8.925
392.5M1

76.717 5 1
0.744 12

17

03.16

P<0.001

Oct.
Vs
Dec.
vs
Feb.

VS

Apr.
Vs
Jun.
Vs
Aug.

86
86
87
87
87

87

Main factor
Error
Total

14.886
1.435
16.321

2.977 5
0.120 12

17

34.90

P<0.001

Oct.
Vs
Dec.
vs

Feb.
Vs

86

86

87

Apr. 87

Vs

Jun. 87

vs

Ang. 87

Main factor
Error
Total

1.08 12

17

1.00 0.50>P>0.25
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Table 29. Break down 1x2 one way analyses of variance of copepodites between
pairs of months at low tide.

Months Source of Sum of Mean of d.f PF-ratio P

compared variance squares squares

Oct.86 Main factor 15.94 15.94 1 10.00 0.05>P>0.025
vs Error 6.37 1.59 4

Dec.86 Total 22.31 5

Oct.86 Main factor 7.81 7.81 1 4.26 0.25>P>0.10
Vs Error 7.33 1.82 4

Feb.87 Total 15.14 5

Oct. 86 Main factor 2.55 2.55 1 1.60 0.50>P>0.25
Vs Error 6.37 1.59 4

Apr. 87 Total 8.92 5

Oct. 86 Main factor 77.13 77.13 1 42.09 0.005>P>0.001
Vs Error 7.33 1.83 4

Jun. 87 Total 84.46 5

Oct. 86 Main factor 107.73 107.73 1 67.60 0.005>P>0.001
Vs Error 6.37 1.59 4

Aug. 87 Total 114.10 5

Dec.86 Main factor 1.434 1.434 1 4.50 0.25>P>0.10
Vs Error 1.275 0.319 4

Feb.87 Total 2.709 5

Dec.86 Main factor 5.7368 5.7368 1 71.99 0.005>P>0.001
vs Error 0.3188 0.0797 4

Apr.87 Total 6.0555 5

Dec.86 Main factor 163.188 163.188 1 511.98 P<0.001
vs Error 1.275 0.319 4

Jun.87 Total 164.463 5

Dec.86 Main factor 206.5337 206.5337 1 2592.23 P<0.001
Vs Error 0.3187 0.0797 4

Aug.87 Total 206.8524 5

Feb.87 Main factor 1.434 1.434 1 4.50 0.25>P>0.10
Vs Error 1.275 0.319 4

Apr.87 Total 2.709 5
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Table 29. (continued).

Feb.87 Main factor 134.025 134.025 1 240.29 P<0.001
vs Error 2.231 0.558 4

Jun.87 Total 136.256 5

Feb.87 Main factor 173.546 173.546 1 544 .56 P<0.001
Vs Error 1.275 0.319 4

Aug.87 Total 174.821 5

Apr.87 Main factor 107.731 107.731 1 337.97 P<0.001
Vs Error 1.275 0.319 4

Jun. 87 Total 109.006 5

Apr.87 Main factor 143.4276 143.4276 1 1799.81 P<0.001
vs Error 0.3188 0.0797 4

Aug.87 Total 143.7464 5

Jun.87  Main factor 2.550 2.550 1 8.00  0.05>P>0.025
Vs Error 1.275 0.319 4

Aug.87 Total 3.825 5
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Table 30. Break down 1x2 one way analyses of variance of copepodites between
pairs of months at mid tide.

Months Source of Sum of Mean of d.f F-ratio P

compared variance squares squares

Oct.86 Main factor 0.637 0.637 1 2.00 0.25>P>0.10
Vs Error 1.275 0.319 4

Dec.86 Total 1.912 5]

Oct.86 Main factor 10.199 10.199 1 51.20 0.005>P>0.001
vs Error 0.797 0.199 4

Feb.86 Total 10.996 5

Oct.86 Main factor 8.9099169 8.9099169 1 108471.27 P<0.001
Vs Error 0.0003286 0.000821 4

Apr.87 Total 8.9102459 5

Oct.86 Main factor 1.413 1.413 1 11.81 0.05>P>0.025
vs Error 0.478 0.120 4

Jun.87 Total 1.891 5

Oct.86 Main factor 2.5211 2.5211 1 63.16 0.005>P>0.001
vs Error 0.1597 0.0399 4

Aug.87 Total 2.6808 5

Dec. 86 Main factor 5.737 5.737 1 28.80 0.005>P>0.001
Vs Error 0.797 0.199 4

Feb.87 Total 6.534 5

Dec. 86 Main factor 6.733 6.733 1 42.24 0.005>P>0.001
Vs Error 0.638 0.159 4

Apr.87 Total 7.370 5

Dec.86 Main factor 0.638 0.638 1 2.29 0.25>P>0.10
Vs Error 1.116 0.279 4

Jun.87 Total 1.753 5

Dec.86 Main factor 1.434 1.434 1 7.20 0.10>P>0.05
Vs Error 0.797 0.199 4

Aug.87 Total 2.231 5

Feb.87 Main factor 0.0398 0.0398 1 1.00 P<0.001
vs Error 0.1593 0.0398 4

Apr.87 Total 0.1991 5
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Table 30. (continued).

Feb.87 Main factor 2.550 2.550 1 16 0.01>P>0.005
Vs Error 0.637 0.159 4

Jun.87 Total 3.187 5

Feb.87 Main factor 1.4341 1.4341 1 18 0.01>P>0.005
vs Error 0.3187 0.0797 4

Aug.87 Total 1.7528 5

Apr.87 Main factor 3.227 3.227 1 27 0.01>P>0.005
vs Error 0.478 0.120 4

Jun.87 Total 3.705 5

Apr.87 Main factor 1.9520 1.9520 1 49 0.005>P>0.001
Vs Error 0.1593 0.0398 4

Aug.87 Total 2.1114 5

Jun.87 Main factor 0.159 0.159 1 1 0.50>P>0.25
Vs Error 0.637 0.159 4

Aug.87 Total 0.797 5
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Table 31. Break down 1x2 one way analyses of variance of copepodites between
pairs of months at high tide.

Months Source of Sum of Mean of d.f F-ratio P

compared variance squares squares

Oct.86 Main factor 3.23 3.23 1 1 0.50>P>0.25
vs Error 12.91 3.23 4

Dec.86 Total 16.14 5

Oct.86 Main factor 3.23 3.23 1 1 0.50>P>0.25

Vs Error 12.23 3.23 4

Feb.87 Total 16.14 5

Oct.86 Main factor 3.23 3.23 1 1 0.50>P>0.25
Vs Error 12.91 3.23 4

Apr.87 Toatl 16.14 5

Oct.86 Main factor 3.23 3.23 1 1 0.50>P>0.25
Vs Error 12.91 3.23 4

Jun.87 Total 16.14 5

Oct.86 Main factor 3.23 3.23 1 1 0.50>P>0.25
Vs Error 12.91 3.23 4

Aug.87 Total 16.14 5

No statistical analyses were applied any further because no animals in
December 86, February 87, April 87, June 87, and August 87 at high tide.
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Table 32

. F-ratios and probabilities of 1x2 one way analyses of variance of
copepodites between pairs of months at low tide.

F-ratio
Oct.86 Dec.86 Feb.87 Apr.87 Jun.87 Aug.87

P

Oct. 86 — 10 4.26 1.60 42.09 67.60
Dec. 86 0.05>P>0.025 - 4.50 71.99 511.98  2592.23
Feb. 87 0.25>P>0.10 0.25>P>0.10 - 4.50 240.29 544.56
Apr. 87 0.50>P>0.25 0.005>P>0.001 0.25>P>0.10 — 337.97 1799.81
Jun. 87 0.005>P>0.001 P<0.001 P<0.001 P<0.001 — 8
Aug. 87 0.005>P>0.001 P<0.001 P<0.001 P<0.001 0.05>pP>0.025 —
Table 33. F-ratios and probabilities of 1x2 one way analyses of variance of

copepodites between pairs of months at mid tide.

F—ratio
Oct.86 Dec.86 Feb.87 Apr.87 Jun.87 Aug.87

P
Oct.86 - 2 51.20 10847.27 11.81 63.16
Dec.86 0.25>P>0.10 — 28.80 42.24 2.29 7.20
Feb.87 0.005>P>0.001 0.005>P>0.001 — 1 16 18
Apr.87 P<0.001 0.005>P>0.001 P<0.001 — 27 49
Jun.87 0.05>P>0.025 0.25>P>0.10 0.01>P>0.005 0.01>P>0.005 ~— 1
Aug.87 0.005>P>0.001 0.10>P>0.05 0.01>P>0.005 0.005>P>0.001 0.50>P>0.25 —

Table 34. FP-ratios and probabilities of 1x2 one way analyses of variance of
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