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ABSTRACT . o -~
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[ 4

Meiofauna were collected in 6 setsvof 15 randomly diétributed

- N

core tpbé~samples‘taken bimonthly from sediments in an estuary in

.
~

West Lawrencetown, Nova Scotia. Harpacticoid species were identified-

as to age, sex and reproductive state. 40 ,species were found. they

-
¢ - ’ o
¢ @

were assembled into 3 groups accofding to gﬁé substrates. they

X '

«inhabited: sand, mud and mixed sediments. Video-tape observation

of copepod fee&&ng revealéd 4 trophic groups defined by the

geémetry of the particles from which they get their fdod 1) Point

Feeders. Amelrla longipes’?ﬁxﬂd paiwula were selective epistrate

feeder obtaining food from solitary points on large particles of

?

sand and ozganic detritus. 2) Line Feeders. Heterolaophonte capillata
4 : Y )

.and H. discophora 1iv%g and fed only on rectilinear edges and

-
,

cylinders bﬁ blue green algae and worm tubes, 3)“%}ane feeders.

. Halectinosema'sp 1 and Pseudobradya sp.'3 scraped food from the

¢ . .

planar surfaces of sand Dactylopodla sp. 1 swept food (diatoms) from

’ PR ]

the 1anar surfaces of ‘algae and Zostera detritus. 4) Solid Féeders.

’

Tisbe furcata fqd on nemﬁiggp prey and balls of detritus. Leima
L2
g A@phiascus minutus and Amphiascoides debilis fed on balls of

detritugi Microarthridion littorale and Enhydrosoma longifurcatum

sorted food from tin§ rubble. Stenhelia divergens ate diatoms. ’

Patterns of spgtial and temporal distributions, morphometric

changes and demograpltic structures are used to substantiage the

e

* the ecology of imeiobenthic communities.

hypothesis that, competition can be an important fécEpfk;:;ucturing

\ .
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and thoracic appendages. ..
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. v, J .
L »
A2‘= Second, Antenna, antenna .
Md = mandible L "
¢ o
Mxl = First Maxilla, maxillula
' ) T N ¢ 7 ;
sz = Sécond Maxilla, magilla i
. Mxp = Maxilliped )

Pl = First-leg ’ r

-

v

+ " The following abbreviations are used to designate- species

A

B

= Halectinosoma sp. 1 - N i " .
= Pseudobradya spl 1 e . "
=-Pseudobradyal sp. 2 o v

= %;chidius ‘sp: 1 . ' 9

- Microapthridion littorale ; -
= Tisbe fou;cata i T ) | 4 -
= Dactylopodia sp. 1 = .i;~ - ) -

]

[}

ft

LN

‘ b )
Stenhelia divergens

Amghiascqs minutus o

Amphiascus propinquus

Amphiascoides debilis -~

"L = Ameiria longipes 4

.

. in, the discriminapt function analydes.

s

*

»




v

-

R e e

. e
[
PR
-,
.
.
’
v
b
D
'S .
*
'
»
, ¢
-
LIS
N
.
-u
-
~ 4
>
1
s
-
L3
%
LI M
ta
Y
'
?N
A ’
AN
.
-
4
.
&
w
k4
»

.

.

Table of Texjations (Cont'd) . " SO T

+ ] -

M = Amgria parvdla |

N = Mesochra lilljeborgi N iy \ 2 .
pj - .

esochra pygmaed , . . .
4+
t - » ¢
P = Mesochra sp. 1 - : - ‘
s
o . oy ’ . A
Q = Enhydrosoma’ longifurcatum ,
- . w ; ) "(l ) N
R = Heteropsyllus nunni . y . t . -
[ 4 ® vy
‘ L * R ~
S = Leima vaga ; i . . .
o b * . « ..\ " X
T = Heterolaophonte cdapillatus ¢t . -
. -5 7 s
- .
o ¥ P4
' <
3 * i - . [
6 ‘ - ) .
. ’ *, . )
i 2 . . .
~ & ‘ ' )
. - - " »
- N ) L] > ¥
% * \ . L s . .
. - , .
N N e »
“',': ¢ . I d
.t ) F ] k4 .
. w ' +
2 . ) L] - -+
. - + ’ - "
% o
. * * ’ v L] -
y - ‘ ‘ ‘
- - ' e . ) , * &
. . 4 , .~ I'd
PO - M @
- - . M L3
‘ . ”~
4 - -
’ 4 : ¥
, b . . - . ", Yowm
* " »
¢ 2 .t
& . ¢ 4 . i
N RS * % \
. J
. . R o L ./ Loy, t
- Y . ~
- ‘ !
¥ ’ .
) a }
L4
vm » ' . ” ® * ‘
-
. P i
- 4 \ " . 1



PO

' .r . . ) . a F2 , . R
) " The following,dbbreviations are used to designate
‘ physical variables :'m‘ the discriminant function analyses.’
‘_'1 = Temperature (°C) g ’ ) L
» Lozl ey oo
.. 3= salinity (°/°°}. ) ' > .
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H
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. . S v A - g
particle .sizes in the principle component analysis.

o=
1f

= 2.00 ynf

= 2.52 um

[
i

vy &

4.00 ym

> T w
i I

w
il

"8.00 um

~J
[}

8 =10.08-um

9 =12.7 Um

5.04 jm

13
14
~15
16
17
. 18

19

22

23

Y/

=16.0

=20.2

=25.4

=32.0

=40.3

=50.8

wt *

it

=128.

) =161.

=203.

=256. .

=322.

=406.

Um

»

Hm

4

Um

Hm
Um

Um

64.0 um
80.6 um
=101.6 Hm
- BN
Um ,

Hm

Hm
Ym

Hm

Um

= 6.34 umﬁ .

25
26
27

28

L 4

T . - .
following abbreviations are used to designate sediment
- &

= 517 um -

= 645. um

= 812. um

=1024. um
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- PREFACE #® .

Truth is always sufficient but.seldom necessary. ‘Science,

- s !

true understanding, is a very human form of knowing. It is 6§§
not objective; knowing is not by confrontation. There is only

3

intentional presence and_this of Mwo kinds: object'to subject
¢ \ - v

- and subject to himself. Of the first' type, ins@ght; an act of -
, .
understanding, stands between sensible data dnd the coneepts

whose true definition ‘is sought. Of the second, one is present
to oneself not 4s object being att®ded but as subject atteénding.

”

Science proceeds methodically from empirical experience’fp

[P

intelligent inquiry and understanding to rationallrefiection and

. t

,judgement. Its method ends in personal responsibility:

»

’

deliberation, evaluation and action. Its compound issue is real

and good. Science is honourable, a virtuous eddedvour, its own

”

reward. ye . .

I assert  these fundamental notions to undéfécqre both the
. ¥ ’ - Ny
personal ,inteht of my method and the cognitive status of my ’

"

results. What follows is an account)of the ecoldpy of botdS&J

dwelling, marine harpacticoids (Crustacea: Copepoda) in Nova .o
- ’ »
Scotia. The world of these ancient argonauts is a thousand micron

sea., It is a world of flake and stone, of crystalline herbs and
truffled gardens, of thimble mountains and ever—shifting saﬁq. It

is not the pickled muds museums house, just as human society is not

’ 3

* a city morgue. Rather, their world can,«mly be'understood as they

-
.
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would live in it: sense it, explore it, eat, rest, reproduce. .

Meiobenthic harpacticoids are not distributed in space and time;

L4

time. Their physiology, morphology and
4 - & ’ -

-

" they are space and

behaviour define the dimensional space in which they live ahd

of which their evolutiomary history can only hint. Meiofauna

---adapt not in time but embody it; size and community styucturé are

»

the sensible beat of their clock, 1In ;hoit; their physics exists

",pnly in so far as they live and our understan of them exists

only in so far as we can take on their life. For this end, the

present thesis begins,

a~



v

L4

+

K

]

" oligotrophic seas and in
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r‘.’ % ~ ‘_ ":‘ { . . -~ i
’ ;ﬂ,; . LR
. & : v - d 4h" a
2 4 P 5 . },w Ny - 4- -
? v e, , l: 4
. INTRODUCTION . ) .
@ r ’ - » ! “‘ . . AN
., Marine ‘meiofauna are small (< 0.5'mm), bottom-dwelling )
. e o * : ° : . ' P
metazoans from most invertebrate phyla (Mare, 1942; McIntyre, 2
- ) , /ﬂ -
L3 3 ® A - ‘j,
1964, 1969; Thorsom, 1966). Numerically impdrtant among .
, L "' c. @ , »
these are nematodes and crustacean copepods of the ordet R
» N -
Harpacticoida. fMeihfaung outnumber and are energetically
2 L
v N v . "~

berhaps‘five times more active than their macrobenthic counter-
“

parts {Coull, 1970; Gerlach, 1971). Meiofauna biomass ekceéds  ° ,
that of macrofauna in regions of high envirommental étrqss,

®he deep sea (e.g. Guille'anduSoﬁer, :

¢

* \ EE]

1968; McIntyre, 197:'1?P Thlel, 1972a, 1972b) N These small .

/9rganlsms contribute to productlon at higher trophic 1evels eitfier’ ,

* directly as food or 'indirectly through nutrient recycling (Coull

. &

1970). For example meiobenthic harpactic01ds are a cruc1a} food u
source for pink';nd chum salmon fry when they first enter ghé sea
(Kad&znék%,,Feilef and Clayton, *1973). Harpacticoids may alsd be
important vectors of fish disease (McClelland, pers. c;mm.). .

‘Despite the substantial contribution of meiofauna to ne eco- ,
. . .

systems, they are little studied.
L]

"

The pquose'of this study was to observe 4

factors which contribute most to the ecological.?istribuﬁidn and
”,
longterm persistence of these copepods. The resu}ts ave organized

into three parts as suggested by the works of‘humboldt(1807, 1847,

"
1850), Brown (1814); Lyell (1832), de Candolle (1855), Darwin (1859),

) B »
.
. v
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{ action may ult in extinction or coexistence with associated

. .
ER ™ - ' - ~

T, ¢ .

3

’ 1 ’ & ’
Shelford (1911), Grinnmell (1917), Gause (lgﬁé), Hutchinson
(1957),gnd'Pianka'(i974)n All populations 1ivé in’ some ﬂabitat )

« at some time (8easonal or diel) and_have some sourie of food.
[ > o

-

.From ,these same studies iﬂ&issplear that if more than- one
3

population attempts to live on the same,. finite food source and .

N \
habitat at the sam@ time, competition can oc¢cur. This inter-

°
3

adaptations ihvolving habitat, temporal.or tfbphiq'spécialization.
s

I3 4 -

The habitat and temporal distyibution of meiobenthic

barpacticoids have been described a number of times. TFor example,

& b B Y
Noodt (1952) and Ivester and Coull (1977) have corr¥lated species

variables. The sedsonal spécessién of meiofauna has been Etudied
by, for example, Noodt (1952), Coull (1968), and Elmgren’ ( 275}.
Diel rhythms have beenAstudi;d by Hau;pie agzﬁPolk (1973).

e&ing of &arpacticoids is practically unstudied. Lang

(1946, 1948a, 1948b, 1965) has given some information pn the
architecture of harpacticoid ,oral appendages. Marcofte (1977)
has providednthe only precise analysis oOf oral kinematics in-:one
- 4

species, Tispbe furcata., The gut contentgfof preserved specimens

has been ek%pined by, for examplé, Fraser (1936), Noodt (1957),
Perkins (1958), Muus (1966), Gilat (1967), Coull (1968) and

& Fenchel (19693 . These reports are usually of ‘nly limited value

. -

since harsh preservatives destroy delicate food items in the gut

and they often promote egestion of food. Finally, feeding experi-

.
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T

°

ments have yielded some information on the metabolic success

of some harpacticoids on diatom food (Sellner, 1973).

4
- - »

The presenE)thesis will examine the architecture and
Y 1Y

v

L4

kinematics of feeding in 12 species of harpacticoid. These

data will\provide information on ghat the copepodé eat, how

they feed and how the strycture and function of“oral appendages

are related to behaviour both physical and appetitive.

A 1 ‘

.
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METHODS AND MATERIALS

L The study area is an estuary behind Conrad Beach in.

<
a

. West Lawrencetown, Nova Scotia (ng. 1). The bathymetry of

the estuary was measured with a meter stick using the water

¢

level of higher-low tide on 11 January 1975 as an elevation ,

¢

datum. Diel changes of temperature, salinity and 0, con-

: 2
centration in the sediment-seawater interface at subtidal

station ‘A (Fig. 3) were measured on 11 January, 8 February

. and 3 September 1975. Cyclic changes in the direction of
» - @ ;

. * ¥
water currents in and out of the estuary were observed on 11

I

L} 7y
]

_January 1975. {

Meiofauna were collected with 6 sets of 15 hand core

"

, samples taken bi.monthly for one year. Subtidal sample stations

were randomly located each mon ( . 2) by rowing a boat or

Cl

* y
walking along a channel until a™Sou ar horn, cannon fire or °

A

bird call) was heard. Then, stop?ing, the core tube was lowered

without visual guidance until it was just off the surface of the

r

mud or sand. Then the sample was taken at that location in  the

usual manner as in Hullngs ,and Gray (1971)
®

At each location, two coretube samples were taken, O for

biological study, the other for measurement of physical variableéi
' 3

One tube°had an inner diameter of 3.5 cm, a sample area of 9.621

H

cmf. From'it two subsamples were immediaiely taken. The -

.

flocculent layer at the surfate was first removed using 4 large
~ .

Ll

’ , .
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’

bulb pipette. Then the compact layers below were removed to a
depth of 5 cm. These subsamples were placed in separate jars.

The contents were fixed and stored in 5% glutaraldehyde

solution in seawater until sorted. Each subsample was sub~ -

sequently qéshed with seawater through a 500 um, 125 um and a

@ . 4
63 m sieve. From the fractions retained on the sieves less than
500 um, all harpacticoids were removed, counted and identified as

N ~ © - » -
to species, sex, age and fecundity. All nematodes were counted

L4

<and the first 100 individuals were removed. All other meiofauna

were rémoved,-counted and identified to major taxomn. S
The sedond core sample was taken from sedimept adjacent and

similar to that in the first core shmple. This second core tube

~ LY

had an inner diameter of 5.6 cm. From this sample the following g

variables were immediately measured: temperaturs, 02 concentration

" [}

and salinity. Eh and pH in both the flocculent and compact zones
were also measured. (See Appendix A for a list of all instruments

used). This core wag then placed in ice and returned to the

rlaboratory. It was then frozen at -21°C. Later, the frozen

%

sediment was ektruded. The flocculent and compact layers were

successively sawed from the sample. One half of each of the

resulting frozen wafers was weighed, dried at 40°C and weighed
again. The loss of water was taken as an index of sediment
porosity. This dried sample was then crushed to a fine powder.

Approximately 0.5 gms of the resulting powder were weighed,

oxidized in a low temperature asher for at least 12 hours and ' .-

-
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weighed again. The differemce in weight was taken as a

‘. . "h v
measure of organic carbon present in the sediment. A small

. - a 1

portion of the second half of the frozen wafer was suspended

»
i

in-a glycerin-electrolyte solution. The size distribution of
Y * r3 A 4 N

Y “ v
the sediment particles in"the suspension was measured-at 27

-
~ . -

intervals (2 - 1024 im) using a specially equipped Coulter
R ) A

Counter (Krank, unpublished technique). The frequency dis- *r
\]

ve

wt
«

tribution of particle sizes was finally expressed as a per-
centage of the total sémple volume. The followiﬁg statistical
measures were calculated: percent mud (2-100 um), percent fine

sand (128-256 yum), bércent coarse sand (322~1024 pm), mode of

mud, mode of fine sand, mode of coarse sand, median, percent

»

standard deviation, percent skewness, percent kurtosis, mean,
* standard deviation, skewness, and kurtois. . R

] B
The kinematics of feeding and locomotion in the 12 , - l
s Ve

numerically dominant species of harpacticoid were studied. Live

copepods were collected fr%!?sediments and algal scrapings.

7

Populations were seﬁarated to species and kept overnight in food-
' a

free sea water at 10°C. The following morning, active individuals

were placed in depression slides containing one of the following
substrates. . ' !
1. Pure sea water ’ ' v.
2, Sea water and methyl-cellulose

3. Sea kater and a culture of the diatom

Thalassiosira fluviatilis

e

[

4. Sea water, methyl-cellulose and thevdiatom_l.

fluviatilis

[ —
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The cbpepods &ere observed by means of a Zeis Universal

- v

¢ S N .
Microgcope fitted with a mercury vapour light source and a

- ~ )

darkfield epi-illuminator. The feeding and locomotor

¥ 3.
¢

behaviour of the copépods was video-taped by means of a Sony
, . , s
a ¢ 4

-

television came®%a mounted atep the microscope. The image was

;5 o~ . .«
recorded at a rate of fifty frames per second on a Sony video-

‘o

tape recorder. These»tapeé,were latér viewed in slow motion

with repeated stop—motioﬁhexamination of individual appendages..

o
1Y '

o » . . v R
In situ observations were also made df' individuals living

1 *

" in' laboratory mud, sand and mixed sediment cultures and feeding

w . [ '4:, L . fead - N
on large detritus particles, rubble, diatoms and nematode prey.
1 & * Y
The swimming behaviours of the specieswere timed using,a stop-
- v .

watch. For this purpgse, animals were pldaced in fingerbowls in -
¥

>
)

"which at least 5 cm of seawater lay over the sediment covered

bottom. These observatibns further clarified the func®§on of .

- o

oral movements observed in the video-tape studies.

” - @

Anatomical results presented in this essay were obtain

'

IS

the}video—taping session, individuals weré~fixed in 4% formalin

-

and examined with phase contrast micfoscoﬁy The oral region
-

w

-

of these specimens was divided between the first.and second

o

maxillae and mounted on a glass slide with the posterior surface @{

‘

upward. Individﬁal appeﬁdages were then drawn with the aid of a
' - !
-

camera lucida. If details were obscured in these mdunts, further

.
3

dissection followed, but only after the proper posit&on and



o

v

"4 " < “ 15'
\

general'shape of "the individual mouth parts had been recorded. .

" @Examinatipgrof at least twenty additional individuals

A4
»

. confirmed that the oral anatomy of the single’ speciméns , '

« . B e e 4 -
studied in this manner@\w$ usual for the West Lawrencetown

i

.
» T

" populations. “X . .

. . . f“ ) . 5 . j’
The architefture of feeding appendages was also €xamined Lt

. *
-~

? N v
using scanning electron microscopy (SEM). Sgggizﬁ?s for SEM

N 3

" were fixed in a 4% glutaraldehyde-seawater solution. They were N
- , ]
- washed in distilled watér to remove salt and_air dried. Skeletal
13 - . ¢ F 4
shrinkage occurred but was usually minimal. This techniqué

»

avoided collapse of setae and setules which was found to be a
. common result of other dryi;g t;chﬂiques. Tﬁe dried specimepns
were coated in gold-platinum (Edwards Evapo;rator) and observed’
using a Cambridge $180 microscope (Acd%leratiné Qoltage - 20 Kv:\\\\
Beam Current = 250-500 Amps).siPoIhéo;d black and white £ilm
and Ektachrome X .colour film weré used.

Computer programmes in the StatisﬁicaL Package for the Social
Scdiences (éPSS) were uséd for all numerical analyses. All data
were testeg for hormality (Ko}mogoroﬁ-sﬂirnov Goodness of Fit Testi
using the untransformed valueshand 13 transformations. Data
distributions of best fit were used in all subséquent principle
component and discriminant,function analyses.'gbr biological 'data
the transform%tion, [1n (Xi + 1)] , where Xi is the number of
individuald of species i, was used. FGZ all data expressed as a

percentage, the transformation [ardsinﬁi], where P is the per-

centage, was used, - ’ ’

o

.

w ¥
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a

It should be noted again that the purpose of this thesis

w

|
was understanding: hypothesis making, not testing. As Pielou

(1972) (quoting Goodall, 1970) has correctly observed,

"... the development of hypotheses and their testing are

. entirely separate enterprises. The rules thaf must be

b
obeyed. when tests are done do not apply when hypotheses are

sought; indeed artificial constraints are more apf to
stultify the development of new theory than to promote it."
This is especially true of rules governing sampling regimens

»
when working with tiny, heteregeneously distributed animals, like

i el ¢ ' .
+ meiofauna. In thi§ study all requirements of randomness have
‘ - &

1

\

beefl satisfied but demands of large sample numbers (> 40

"samples per month) have been relaxed.

s +
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RESULTS “AND DISCUSSION

Description of Study Area )

I
Water depth in the sample area is homogeneously shallow

(Fig. 3). W;ter enters the marsh through igé east and west
ends. On a falling tide, fcurrents flow west to east. On a '
rising tide, water flowd into the marsh through both ends.
Og}y at high t?de is there a net westward movementwof water.
Tidal changes in temperature, salinity and 02 c;n—
centragion for station A (Fig. 3) in winter qnd late summeX are
given in Figures 4 and 5. Temperature was highest at low tide
in both seasons. Sélinity was highest at high tide. It ~ ‘
reached its lowest point-on the rising tide in winter (probably
due ;; the effects of shore ice) and at low tidé in summer. 042
concentrations were highest generally around high tide and lowest
N
at low tide. The shape of the water depth curve measured during
each tidal.cycle should be noted. The water fell for'8 hours out.'
of every 12 hour cycle. Low tide was 4% hours later than that of
Halifgx. High tide was less than 2 hours later than that of
Halifa%.

The plant life of these wet lands was typical for a north

’ " -

7giberate estuary. Spartina spp. 1ived in the intertidal zone.

Photographic observations showed that they greﬁ from mid-May until
r . .
early autumn, In yinﬁer their leaves were torn from the ground by

ice. Zostera spp. filled the subtidal regions except for a channel
4
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which swept -across the centre of the estuary. Algae also grew

- o . . there, starting Yith Ulva spp. in the earlj; springs In summer,
Ptilota ,sp., a red alga, grew abundantly. Kelp, Laminaria spp.

and Agarum sp., and fucoid.aléae were transported into the

- o

estuary especially after a storm. . Bluegreen algae bloomed at

I

. the surface of the water from late 'spring to lgte autumn, forming *
A v '

u

thick mats in the éuiet waters along the north and south shores
r » . I

of the estuary. As the summer progressed,' these mats became

laden with juvenile Mytilus edulis and snails. ® Eventually they
sank, covering beds 'of Zostera, Their filamentous mass reduced '
Y- g :

water movements near the bottom, suffocating animals in the

" . y

b s
sediments below. 1In the winter. these submerged mats were

L a

N o t‘
. covered with sediment. 1In the foilowing spring, fresh Zostera

. returned. ?;' .
4
\ .

- &

. .

As a result, this.sediment was well.sor;éd and poorly consolidated.

u Silt and clay seemed to originate from freshly innundated land in

.
” ‘

the southwestern corner of the estuary. These fine particles fell.

'
-

' from waters calmed by beds of Zostera. Mytilus promoted the

L4
L] .
-
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" -

deposition of these particles in swifter moving waters by , .-

1

filtering them from°suspension. Once on the bottom they were . _

. ~

mixed with organic detritus, especially Zostera and §partina

a N -

leaves in winter, to form a poorly sorted mud. Where mud and i
. :

sand facies met, mixed sediments occurred. There, along the

“

edge of the delta, Ptilota grew best and Arenicola excavated

.tubes,depositing oncé buried organic' debris at the surface.

~ -
~

Thus there were three sedimentary facies? sand, mud and”

.

4 P -

mixed sediments (Fig. 6). Sand had a particle size frequenc&‘

.

spike in the 161 - 203 pm range. Mud had a platykurtic

frequency distribution in the 20 -125 pym range. Mixed
oy -
- sediments were bimodal for these «characters. I general, mud

was more porous than sand (Table 1). Mud had more organic
carbofi and less oxygen than did sahd. Redox potentials wesg

’/ . -
generally lowest in mud. The organic carbon content of all |, “
7
sediments was generally highest in summer when 02 concentrations
i

o M A

were low.

] [ |
The amount of organic carbon in the sediments probably :

~

reflected the growtﬁ of bacteria and diatoms. It was clear

- »

3

. from even casual observation that the surface of sand substrates

v

was yellow with diatoms in summer and not in wintey. The °

quantity and especialiy the migro-pattern of the growtﬁ of these-

£

micro-organisms were important for understanding the ecology of'

s

meiofauna. ”/) :
b4 ' ) ‘ .

. - °
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Figure 6. Representative particle size spectra for the three

sediment types of the estuary.
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r Organic defritus occurred in a variety of shapes and
L . f

1y

.

-
"
h

sizes. Large pieces (® 2mm) were richly covered with diatoms -

(Fig. 7). The flat surfaces and edges of theSe particles

o

had different physical textures and é;fferent ﬁpecies of '

'epiflora (Fig. 8). ’§maller pieces of organic debris, about

1 »

[ '
100 - 200 um in dié%eter, were' generally spherical.. They had

-

-y e '
the texture of cottoh balls~dnd appeared to be organic-mineral

) A3

{ . .
aggregates. Rubble was still smaller material (< 50 {m), composed

of organic détritus, freeliving diatoms, mica chiﬁs, shell.

N .

fragments and floccules of silt, clay and bacteria.

3

SEM observations showed that on quartz sand, growth of’

. .
epiflora was generally confined to pits and faylts. The |

occurence. of these structures and hence .the occurrence of the

»

‘
food they contained, was inversely related to particle diameter

"

(Fig.li). For example, on large particles, freshly sheared,

polished surfaces were common,(Fig.c9 ). Diatoms and bacteria
L5

grew only sporadically and in discrete clumps. 'On smaller ’
- . h

particles (Fig. 10) p&ts were more common and in them many‘aiatqms
and bacteria grew. The region.of overlap in the size distéibutions
of sheared and pitted sands was abgqut 150 - 350 ym.

These data are important for understanding the character of
sandy enviromments and the origin of interstitial faunas. Dale
1974 gas stgdiea, by direct count, Ehe distributioh of bacteria

on intertidal sand at ﬁetpeswick Inlet, Nova Scotia. He found

that total bacterial numbers were two orders of magnitude lower

s
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Figure 7. (upper left) Epiflora on the planar surface of a

/ piece of Spartina detritus. Distance between adjacent

white tick marks is 30 pm.

. . -

’ s

Figure 8. (upper right) Epiflora on the edge of a piece of

’

{

Sgagtina detritus. Distance between adjacent white tick

f
marks is 30 um. . -

a
@

-
"y "

Figure 3. (lower left) Epiflo}a on the sheared surface ef a

;

®

-

, .
+ large quartz particle. Distance between Adjacent white

tick marks'is 100 um.

3
.

Figure '10. (lower right) Epiflofa on a pitted® quartz particle.
|

' N N ]
Distance between adjacent white tick marks is 30 um,

i
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[Figure 11.
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partitioned into ﬂwo categories: those with sheared surfaces

.

a

»

Frequency distributions of quartz particle sizes

and those with pitted surfaces. Inset: cumulative frequency

\);‘

curves for these same data.
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on 200 um particles than on 20 um grains. This bacteria/

particle size curve follows the slope of the pitted particle

w

distribution given in Fig.1l1l .,

Wieser (1959) has indicated that interstitial faunas
k4

develop best in sands with a mean diameter of about 200 um.
: - A

&

Below this size, interstitial spaces’are too small [for ipter-- .
r .' » . . , ¢
. stitial locomotion and burrowers become numerically important.

,/ Very .much gbove Eﬁis size the interstitial spaces fill up with

&

» L] (s

fine material. Further, he’points out that some cpistrate feeders

RN

" feed only on sand in the 150 - 350 um range. o :

3
N ,- r - 2

o nglgtrﬁm (l§39) has diagrammed the effect of particle

, diameter on the velocity of water require& to deposit and erode

° v

Sediment. Sands larger than 200 um are easily deposited even in
- ‘/? ,

swift waters and require high water velocities to be eroded pre-
N .

-

sumably because of their large mass. ‘Muds and silts .

.
I3

can only be deposited in quiet waters and require large water

i

velocities to be eroded presumably because of electrostatic and

F

other particle-particle binding forces. Particles with a mean,

diameter of 200 pm need quiet waters for débosiqion and are easily

o

resuspended. Thus where a well sorted sediment with a mean size

of 200 um occurs, the environment must be dynamically stable. A’
slackening in water velocity would cause the deposition of finer,
less—erodable particles. A substantial increase in water velocity

would remove the 200 pm fraction altogether. [This interpretation
of three types of sediment/water velocity relationships is sub-

v #
gtantiated by a principle component analysis of the 180 sediment

! N v

-

n
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- s

size determinations done in the present study (Fig. 12). Three -

- hY -
size assemblages covaried: Muds, sizes 2 - 101 um, fine sands,

N Pl

. sizes 128 - 256 ym, and large sdandbs, sizes 322 - 1024 um.

.«

From these accounts and from the data/in figure.9, a 200 ym

< o

"sand has the following characteristics. It is dynamically v

‘o

Y

stable. It heg a well developed network of’interstitial spaces:

and is thus well flushed with water. On about(ﬁalf of éhe sand
particles,’fdod'is distributed as a spatially fine grained

< - .

- &

3 v . © n

% 4 tesource, and on the other half food occurs only in igolated
¥ 1

patches, i.e! as a coarse grained resource. ' . o
: - N v » ? . ’ -

- This bnique set of circumstances probably contributes to -
4

-
® a L
1

the consistently high diversity of faunas inhabiting these inter-

' o * ‘ v
mediate-sfged sediments (see Gray, 1974,\ for a review of these’

, diversity data). > . . ¢

. " r F R - i!
! - ’ - 4 @ - » . ’ ’
Harpacticodd Habitat.4nd Temporal Distributions, L.
4 4

e

lowest, in January and highest in May and July. In any oﬁé month,
¥ .’

abundance was usually highest in the mixed sediments agd lowest in

13 -‘.
v

the sand. v

2 - r

Y4

s were found in the estuary over the_ .

?

40 harpacticoid sped
P

entire year (Table 22f The number of harpacticoid species in all

sediments was greatest in March (28 specigg) and lowest in November

»

(22 species). Mud and mixed sediments harboured the largest number

»

of species and sand the least (Table 1)..

The abundance per 10 em? oF all meiofauna (Table 1) was {\N
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« Figure 12. Principle component analysis of sediment particle sizes.
. D " .
£

Particle sizes are abbreviated as indicated in the table of '

.
.
o oo .
abbreviations. »
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Table 2. Number of occurrences and abundances of harpacticoid

species, their habitats, month (s) of greatest abundance

and feeding type (if studied).
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Bpecics - 9, 'g a Miero-' Microhabitat Feeding Type
N N m‘le 5 ™o habiatat N &
' 1 1R p—— <
. . §'3 5 : (% 3 ; AN . E Notes on Microhabitat
45 [Oue \f«x g (1) point fefder
. Hod oy ri H . o OE
o e Juunglow gl w Moo b o 3 | () line feeder
ahojo 40 oo LI < ot 811
3] SRRSO S R . 1o w e | (3) plane feeder
Sodlgnd 531810 | §.25 | (&) solad feeder
. > e | ¢l £ Mg e s ]H o jo IR §
e AN ) “J Do jo e =
O W RO o8 m RER BV B8
=4 o o ool e s
WU =~ [0} [a PN o] < L] jed
. , Tui et 0 @ = e v e
S oldaga [ R e b
d. | E0m{ebd gt A
. oo Hw g ) o
R e R el na
4 [l
Malectinosoma sp. 1 WA31 | 4577 x|x x ix J Jan  }(3) Sand faler
. Psuedobradya sp. 1% 122 812 |. x © ] oxfxe March |(3) Sand filer
Pseudobiadya  sp. 2° 64 | 2499 . | x ESEN Nov. |(3) Sand filed
. A Jul.&
I’scudobrfdyg sp. 3, 39 108 | |x X Sept. N
Phyllathalestris sp. 1 1 1 b4 X x| Jan.
. « » Jul.to ®
Tachidius sp. 1 89 260 | x |'x 2 ix Nov.
Microarthridion ( ' .
litiorale 295 | 2554 x| x x |x May (4) rubble sorter
Thompsonula hyaenae 5 10 13 % Nov. ¢
Harpacticus chelifer 22 50 % %|March
ra hi
* Harpactacus sp. 1 35 66 | x x| Jul. ~
Zaus abbreviatus | 19 35 x ¥ x %Ifgxl;: & )
Tishe furcata - 155 | 1575 x| : x| May (4) sphere cleaner, &
Tisbe sp. 1 29 | s12 |, | | x| | | x| x| xMaren . predator
Parategastes v v
pgastes ™
sphacricus ‘ 1 1 x %] | x|March 4
Dactylopodia sp. 1 93 | 483 . x| July ¢ |, (3) plane sweeper
Parastenhelia sp. 1 2 143 b x| % %7 Jon.
Stemhelia diverpens 282 | 1643 | x | x| | x| x SeP-&| (4) diatom feoder
Amphiascus uinutus 83 412 . X x J}}%ﬁ&l (4) sphere cleaner
Amphiascus : . v
propinpvus 67 | 241, X x| ® Nov. | (4) sphere cleaner
Amphaascoides .
debilis 229 | 1525 X Xi % July (4) sphere cleaner
» v f
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) Table 2 (cont'd) 4.
A
et = o T LT IR T ey e e e 2 ) [
W /
b O - Macio~
Species Sy = w8 lnhabitac Microhabatat . Feeding Type
w e & b &
9 5 sd .. | Notes on Microhabitat
: §E R 188l ’ c
gk d o - " o~ | (1) point feedgr
’ g an §B 5,3 9| " E 2 B g {2) line feuder
9.0 | ERBE 8] HFIE ] 2 o laa B | (3) plane feeder .
S ERE LI G R-R AR
TP 5 - 51 A2 15 15 (BEE | (&) solid feeder
o o b 0 e f (8] [T O A=
3] o ow o 2l o '
HO » 4] S [~ O dr JE% e a
d9g [gde 5ol |
Gng |25 8 )
5] & p =B [%]
Ameiraa longapes 89 395 X IR % Ix Mareh {(1) selective epi~
1. strate feeder
Ameiria parvula 73 246 X |x X |x Sept. |(1) selective epi
\ ! . strate feeder
Natocra affinis ' 2 . x [March {(3) planc sweepef
Nitocra pustlla » 1 , 3 . Nov. “a
Mesochra 1illjeborgi 72 343 x |a X Nov‘.& (4) sphere cleaner
. Jan.
P
lesochra pyrmaea ' 27 226 | x X Sept. |[(4) sphere cleaner
Mesochra  sp. 1 36 106 ® | =% ) Sept.
Orthopsyllus sp. 1 2 x| X July
Arenocaris sp. 1 2 x| = March :
Enhydrosoma bhuchholtzi 7/ - 7 X x| = M.z;zx.l & (4) rubble sorter
Enhydrosoma
longifurcatum 175 869 x x| n] % Sept.&| (4) rubble sorter
Nov. .
Rhizothrix
minuta . 3 11 ) Sept.
Heteropsyllus npunni 138 749 | x = Mar.& |(3) sand filer .
; May ’
Leima vaga 197 891 x | x| X% May & (4) sphere cleaner
— . July
Pseudonychocamptus . N - e
proximus " 5 7ix % x?], March : ,
Heterolaophante :
discophora , * 18 34 % ] 1% July [(2) rectilinear edge
Heterolaophante b gleaner .
capillata 227 1632 | x| = X x | Jan. ](2) cylinder and cdge
\ ' gleaner
7
N~ .
r4 .
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.
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1} Hacro- s .
. R o Microhabitat Feeding Type
Specivs o i o |habitat 5
Claw § el |
d8w 5 UH e ~ | Notes on Microhabitat
£ AR jwdo . x )
g ﬁ? g ‘: '5 ol w8 (1) point feeder
8 e g 'E;( ‘:j .g v o g o o 5 g (2) 1line f(‘.@dexr
g ~n I 8' oA I K-t (3) plane fecder
()l-’)vgi‘l ?h ry 2 wtiile vl g ,g zé 'S gg'd
w5 Py SOBTAIEE (S (Ead| (4) solid feeder |
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- Q% O i 4 0 ja] v j3) (29
.0 o oo w o1 LB LS I AL A
£ et vl PR e n o
- e 6 O a o L
U ek I BwE L . e 2o
Paralaophonte macera 1 1{ » % x7 May
sarajaophionce maccra .
Platychelipus sp. 1 11 17 | x Ix x? Jan.
Pilifera gracilis 5 6 x|x x? » July . )
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The habitat distributions of the 28 most abundant species

3

at three points in tHe sample period are piotéed'in figures
-
13 to 16. 1Included in these figures are the number of stations

in which each species appeared, their density in both the
g ' )
flocculent and cdﬁpact subsamples and the sediment facies of the

3

statjon. From these data four species-habitat groups can be
R R . p
defined (Table 2)» . Within each of these*g7oss categories each :

@

.

‘species occupied a specific micro-habitat. Some harpébtiqpids
are ndtant, others live on the sufface of the sediment, some
burrow into the floccui}nt layér, some are truly interstitial and v
still others live clutching to cylindrical tubes and algal debris

(see also functional vanatomy to follow). These habitat=t&me '

>

occurrences are summarized in table 2 . '
] J
. &
In addition to this semi-quantitative classification, 19

]
' 14

species, each xeﬁresenting more than 27 of the annual sum of

o

species occurrences,were classified using discriminant function

" ¥

»

L)
analysis with, all envirommental factors as discriminating

- -
. %

variables. A stepwise solution method was chosen. It should be

noted that the species included in this analysis over-represent
t &

the mixed sediment facies where species abuhdances were greatest. )

Mud and sand assemblagés were'tharacterized by many speéialist

"species with densities too low for inclusion in this analysis.
Thus the true number and'composition of species groups in the

estuary cannot be discerned by this technique. §everthe1ess, the
\ ",
- . ) P '
information obtained is instructive. ) !

\ ‘
. »

N /



Figure 13. Semi-quantitative classification of copepod assemblages
\ " based on their gross habitat distributions: sand assemblage

' with minor. distributions in mixed‘sediments. KEY at bottom

indicates tabular construction.

"
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Figurelik.

I 4

Semi-quantitative classification of copepod assemb
. * 3

based on tﬁeir gross habitat distributions: mixed sediment

0]

assemblage with minor distributions in sand.
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Figure 15. Semi~quantitative classification of copepod asseblages

N "

based on their gross habitat distributions: mixed sediment

;
assemblage with mimor digtributions in mud. -
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°Figur9:l6. Semi-quantitative classification of copepod assemblages ’

) ©

based on their gross habitat &istributions: mud assemblage

- L4
i with 'minor distributions in mixed sediments.
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[

Analysis of all ;pecies over all months, stations, physical
factors and, of the granulometric statistics, using only percent
mud, percent fine sand, percent coarse sand and grand mode as
discriminating %ariables reéealed a éoherent bifurcation o% the
spécies assemblage (Fig. 17). +Granulometry was most important in
discriminating the speciés. The nature of these assemblages will
be made clear later.

The results ofﬂth' nalysis for each month are given in

Figures 17 to 23. Three points are immediately important.

1
f

1) Sediment properties dependent on‘grainhsize usually contribute

L]
1

most to the discyiminant functions. 2) Two assemblages of

N3 [ .

species (sand and mixe&~mud) can.%e clearly’recognized only in

July.” 3) Some species change their places relative to other

"3
- @

species during the year. For exémple, Amphiascué minutus, A.

.

probinquus and Amphiascoides debilis, ali closely related members
of the-family Diosaccidae are grouped together when all months

¥
are considered at-once. However, when each month is considered

»
)

separétely,jé. minutus and A. propinquus are seen to alternate

in time (See alsé Figs. 13~16). A. minutus and Am. debilis’ change

a-“’//yéﬁ£tats relative to &ach other. First they are grouped apart

(March and May) and then together (July). The meaning of: these

changes cannot be clear without reference to the trophic ecology
of these gpecies.

-~
-

Harpacticoid Trophic Analysis

Complementing the habitat and seasonal distribution of

LE]
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Figure 17. Discriminant function analysis of 19 harpacticoid

species over all months and stations with ail physical

A n
s

factors considered. Abbreviations aré as in Table of

+

\Abbreviations. Lines around centroids are visual aids
2

indicating directioms of covariance.
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Figure 19. Discriminant function analysis of 19 harpactieoid
. species inm May 1975 at all stations with all physical
factors considered. Abbreviations are as in Table of

Abbreviations. Lines around centroids are visual aids

*¢ dindicating directions of covariance.
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1y
’

Al

Figure 20. Discriminant function analysis of 19 harpacticoid
species in July 1975 at all stations with all physical

factors considered. Abbreviations are as in Table of

Abbreviations. Lines around centroids are visual aids

indicating directions of covariance.
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Figure 21. Discriminant function analysis of 19 harpacticoid

.

species in September 1975 at all stations with all physigal

- < §
- factors considered. Abbreviations are as in Table of

N ~

Abbreviations. Lines around centroids are visual aids

indicating directions of covariance.
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species ~in~January 1976 at all stations with all physical®

factors considered. Abbreviations are as in Table of
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" divided with 10 setae.

67.

harpacticoids is their feeding and locomotor behaviour. All

i

descriptions below are based on observations of at least 15

3

gravid females. Males differ amatomically and morphometrically

L

from females and were not considered. The description of Tisbe

furcata gives a-complete architectural analysis of a typical

(
harpactico%d's mouth.

Family Ectinosomidae

¢ -

HALECTINOSOMA SP. 1 (Fig. 24 & 25)

¢

Architecture

/

' Dedcription based on adult, gravid female, 234 um long<
&

Body ~ fusiform, brown coloured’

Al - 7-segmented. Aesthetasc on segment 4, is 2.5 times

-longer than last # segments combined.

A2 ~ with basis. 2~segmented endopod and 3-segmented exopod

of which the second segment is shortest. Endopod withmedial

thérng, surface and 1 barbed seta, terminally with 4 barbed setae

and 1 smooth seta. Exopod terminally with 1 barbed and 2 smooth

setae.

[

Md - with 7-dentate cutting edge, coxa-basis with 2 setae.

¢

Eﬁdopod with 3 setae., Exopod with 2 plumosé setae., -

Mxl‘- Arthrite with 2 unguiform setae. Basis indistinctly

4
[

sz - Syncoxa with 3 endites, middle small with 1 seta,

&

proximal and distal endites with 2 plumose setae each. Basis with
Ny .

1 spine in mid-apical region. Endopod 2-segmented with 4 nakea,
- :.\ h
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» A3

Figure 24. Halectinosoma sp. 1. SEM of oral region. Distance between

adjacent white tick marks is 30 um. -
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*upward. Magnification: 2500X. Ay lies beneath curv

e

SEM of oral region, anterior end

Labrum with horn. Posteriad are A

)
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Md,. Mx
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»
‘w"gap between adjacent somites. Legs were collapsed and pressed

-~

72. .

and 1 plumose seta. .
» N ' - ,
Mxp - Basis short. Endopod 2-segmented. Proximal segment

', .

Y

“

with 1 plumose seta. Distal segment with 2 plumose and 1

hY

naked seta.

Labrum - reduced to a stout dermal horn.
» &

Legs - well developed as typical for genus.

. L
- Caudal Ramjy - apposable with slender terminal setae.

-

Kinematics

‘30 - 40% of H. sp. 1's, time was spent in the water column ,

ahove the bottom. They swam rapidly with strong perpendicular
s R }
strokes of their thoracic legs. Their path was a spiral directed

>

by abdominal flexions. They-dove into sandy sediments burrowing
in the top several miilimeters. When entering,;he\sediment they
epened their caudal rami slowing their pace and directing their
movement . When;in the sediment, they walled on their knees; as it

were, using the setules on the second and third exopod segments

to purchase the sediment. Their Al was sometimes used in soft ,

§ediments.

N
w 5

When approached by a vibratfng proﬂe (to simulate the
approach of a predator or other gource of disturbance) they darted 7

forward, When touch&d, they contracted their body segments,

a

closed their Faudal‘rami and dropped like a stone through the

I}
‘ 1

water. In-this position their body was crescent-shaped. Fine

-

L J 3

setules on the posterior margin of each body segment covered the

‘e, Y

' a .

k4

"



g

l, 73.

%
. against the belly. The animal did not move from this armadillo-

like stance for at least 6 seconds after tactile stimulation

i

ended.
When feeding they movedvover a small grain of sand and ”
cradled it in their mandibular and maxillary palps. They *

abraded its surface with alternating sweéps of their Az. Jerky
head movements were pfobably related to use of the horn on their

-upper lip as a pick. Food particles, whole small diatoms and

oIganic debris, once removed from the sand, were sucked into the

esophagus by rapid periséﬁltic movements of their syringe-like gut.

.

PSEUDOBRADYA SP. 3 (Fig. 26 & 27). :

Architecture

~

Description based on adult, gravid female 1.2mm long.
Body - fusiform. Tan to dark gofﬁ in colour.-
~A1 - 5—segmgnted.‘ Aestheéasc on segment 3, extends 2 times

the length of last 2 segments beyond end of A
4

' A2 - with allobasis. Endopod l-segmented with thorns and 1
L 2

barbed setae on medial edge, terminally with 4 barbed and 2 smooth

setaef Exopod 3—ségménted, first and second segments with 1 smooth
\\{iifiiizch, third segment terminally with 2 barbed setae. : )

‘ - precoxa curved with 2 plumose setae at base of 5-dentate

parg incisiva and digtal edge y}ith serations. Coxa—-basis'with 1

’ barﬁ!l.and.i‘smooth seta. Small exopodite with 3 plumbse ‘setae.
Endopod with 7 setae as figured. A chitinous, wedgé-shaped_flange

extends from the junction of the precoxa and coxa-basis. :
1 % &

3

-
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Figure 26. Pseudobradya sp. 3. ,SEM of entire oral region. !
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Magnification: 1900X. Figure 27 gives appendicular details.
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v Mxl - Arthrite of precoxa with 3 hnguifqrm setaes proximal
. plumose, middle armed .with 2 rows of barbs, distal plumose with

- - a large hilt. 'Remaining portion of appendage‘indistinctly

. seguented with ¢ smooth and &4 barbed setae as figured.

[
-

Mxi - Syncoxa with 3 arthrites: proximal with 2 smooth and
. * =« 1 barbed seta, middle with 1 smooth and 1 barbed seta, distal

with 1 plumose, 1 smooth, and 1 barbed seta.

)

Mxp - Basis small with 1 long, plumose seta. E pod 2-

. segmented. First segment with 2 rows of thorn's, Second segment

14

with 2 smooth and 1 barbed seta as figured.

Labrum;v redgced to a ridge. ,

| I l . 4
\ Legs — well dave} ed and with spinules on anterior surface
L
@ ’ 3
of segments.
r N
Kinénatics- - . b

+ ’ 1 -
/”J//i . Pseudobradya sp. 3 spent moresthan 50% of its time in the

e

water column above the bottom swimming in spiral paths using its

, ﬂi.:t abdomen as a rudder. When appré&eﬂé; or touched by a vibrating

- . Iy . >

~—— /ﬁzobe, it usually dove into the sediment and burrowed deep 1nto

»” N ’ .
-~ . the top centlmeter.

.
A _—
:
.

using the paddles of its ‘Mx, and the palps of the Md and Mx It

2 1
K3
- scraped food from the sand w1th the barbed setae of its A2 and
) ® N '

4
f"“ o swallowed suspended particles with strong peristaltic sugtion.

-

o iy -
-~ »

-

- Family Tachidiidae (- .

. , ‘MICROARTHRIDION LITTORALE (Fig. 28). 6 ] e a

. !
. Desgcription based on adult gravid female 630 um long.

*
E v

. , It fed on large grains of sand which it cradled in its mouth

78.
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Figure 28. Microarthridion littorale. Detail of oral appendages.
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Body - deeply segmented, coloured white and often dirt
covered,

A1 - 6—segﬁented~with.numeroqs thorned, barbed and rake
set§e oriented gentro—anteriorly. Last segment with aesthetasc.
A, - with basis. Ehdopod 2—segmented, last segment with 3

2

plumose setae‘medfally and 2 plumose and 3.smooth setae

L~

terminally. Exopod 2-segmented. First segment with 1 plumose

sifgar;gasasegment with 1 plumose, seta medially and 2 rake seétae \
. Lt

terminally. .

Md - with 8-dentate pars incisiva and a crowned, bidentate

!

pars molaris. Coxa-basis with 1 seta. Endopod l-segmented with

6 setae. Exopod l-segmented with 4 setae. Precoxa with lateral)

~ [

triangular flanée.

A

Mxl - Arthrite with 1 spinulose, 2 bifid and 7 stout, smooth

setae. Coxa with 2 naked setae. Basis with 4 satae.

w

sz - Syncoxa with 4 arthrites with 8 setae.as figured.

Basis with 6 setae as figured.

>

’

N L4

Mxp - basis elongate. Endopod terminally with rake-claw and

1 smooth seta.

Legs ~ 4 swimming legs ver& setulose, extending from laterally
»

displaced bases. 'First segment of endoped reduced. Both rami
. #
curve ventro-medially pfoducing a vaulted space’circumscribed by

intercoxal plate, inner mound of bases and endopods. Outer, exopod

girdle, thorn covered with stout setae.

- oy .
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3

e Kinematics
& ('“’ ! M. littorale swam most of the time,alighting on soft
: sediments to feed. To eat, it ;aked detrital rubble from the

sediment with the setaewpf its Al

-\ ‘ *  arch of %tsaAz to. the Md - Mxl

.0 from the ruybble.” Discarded rubble was moved by the sz’within

and passed it within the

complex where food was sorted

3

- the archway made by the claws of the Mxp and passed to the

vaulted space between the swimming legs. The debris was then
s . M

L6 <:T,/, . ﬁhpidly and émoothly moved qu? this passageway by strokes of

, the enaopods and bases and ejected below the abdomen. In this

way, the animal, initially with its back toward the sediment

- surface, dug several millimeters into the bottom.

3 £
@

- Family Tisbidae .

Y ' TISBE FURCATA (Figs.,29-to 47) °

a

<i . Architectural Aspects *

. &he harpacticdoid copepéd, Tisbe furcata was a raptorial

9 -
Co ﬁeeder -—w it grasped fqQr food rather than filter it from the .

1

- ’
water, + Its morphology was adapted to grab, crush and poke

. 3
food into ‘the apimal's mouth. T. furcata fed oh nematode prey

1

and balls of detritus.

~ . N . The appendages of the oral regioh circumscribed a frustal

-

space véntrai to tKe mouth (Fig 47). This space was bordered:

p7)

L anteriorly by the proximal segments of the A (Figs. 29, 30

and 31), A basxs and endopod (Figs. 32, 33 and 34) and the T

2
. labrum (Figs. ;ﬁ‘and 35), 2) laterally by thp lateral and distal

»
- Ry

& * . L4
1

4



Figures 29, 30 & 31. Tisbe furcata. First antenna. Arrows

indicate
, “ S
direction and extent of appendicular movement.

Figure 29. (upper) Posterior view. Scale: 401 m.

Figure 30. (lower left) Lateral view. Scale: 10 um.

Figure 31. (lower

2

right) Ventral view. Scale: 20 Um,

i
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Figures 32, 33 & ¥4. Tisbe furcata. Second antenna. Arrowd

.

direction and extent‘of appendicular movement.' -
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Figure 32. (upper) Posterior view. Scale: 40um. |

Figure 33:‘(lower left) Lateral view.
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Scale: 104 m.
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figure 34. (Loﬁer right) Ventral view. Scale: 20
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Figure 35. .Tisbe furcata. Posterior view of labrum.,Scale: “Ym.
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Figures 36, 37 & 38. Tisbe furcata. Mandible. Atrows indicate

.

directions ard extent of appendicular movement. .
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Figure 36. (upper) Posterior view. Scale: 40 um,
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Figure 37. (lower left) Lateral view. Scale: 10 um.
. T
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Figure 38. (lower right) VFntral view. Scale: 20 um.
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Figures 39, 40 & 41. Tisbe furcata. First maxilla. Arrows indicate

\
direction and extent of appendicular movement.
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Figure 39. (upper) Posterior view. Scale: 40 um. .
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Figure 40. (lowar left) Lateral view. Scale}ylﬂ um. ® #
Figure 41. (lower right) Ventral view. Scale: 20 um. ‘_ »
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Figures 42, 43 & 44.

indicate directigé\qnd extent of appendicular movement.

T#sbe furcata. Second maxilla.
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Figure 42. Gupper) Posterior view.-Scale:.40 um.
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- \\s»Figgre 45.

* Figure 44.
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Figurés 45, 46 & 47. Tisbe fu%cata.‘Maxilliped. Arrows indicate

M .
direction and extent of appendicular movement.
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Figure 45. (upper) Posterior view. Scale: 40 um. :
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Figure 46, (lower left) Lai:eral view. Scale: lO‘ym. i
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Figure 47. (lower right) Ventral view. Scale: 20 ym. -
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and 31),. 3) Eosteriorlz by the proximal region of the sz :

portions: of the Mx protopod (Figs 40), the body of the Mx

1 2
¢
(Flg,‘ﬁS) and the laheral margxns of the carapace (Figs. 30
\ ]

"

(Flgs. 43 and 44),and Mxp (Figs.“46 and 47) protopods and“ o

.

the 1ab1um”(Fig%\i9) and 4) ventrallz by the distal and - N

* medial setae of the A endﬂ’bd (Fig. 34) and the claws of the °

v

S v Ly

Mﬁa and Mxpu(Figs. 44 and 47). The vplumetpf thiswfrustum of
¢

4 3
'a ramid was a roximatel"4.7 X 10 um aﬂVOlume 31milar

to that of a+*sphere 100 um in diameter or. the' size of a fine

graln of*sand. 'Thig volume varled Wlth the size of the g

¢ 30

)

1nd1v1dnal copepod and with the p051tion of the mou}h parts.

a ‘. *‘% i

Its»volume seemed to, control the size of detrital ephere fed

.t n -~

ypon.s (A p031tive correlation of body size and food size has T~

Y ‘\’
been found by Fpyer (1957a, 1957b) for raptorial cyclop01ds) .
*\} . .
- The A 'seemed to be primarlly a sensoryaand swimming
%l . 1 Y .
orgab. Al setae»of the A1 were tgpered and smooth (Fig. 29) *

There were nd setae on the posterior su&ﬁace Bf . the A (Figs. 29
§; and.3l)3 i.e- no setae‘projected tpward the mouthu

v AZ - The A2 was used directly in the feeding pgzcess; Its
endopod arched up to 75 Hm below the ventral sufface of the- heaﬁ

l~

(Fig. 337‘and was equipped with long, strong, naked\setﬁe which

.
recurved medio—ventrally (Figé.‘32 "33 and 34). ‘Aﬁépur lay on the
L Y oo
median, distal corner of- tﬂe A endopod (Fig 32) The’A2 exopod

o i #

closed the gap benpghith the arch of the A2 eﬁﬁopod (Figs.‘?z 33

and 34). L e

L} ’
r




oo

. b ‘ . g‘ . 98,

+
K
t .o T e A

Labrum—Md-‘Mxl - The Labrum (Figs. 30, 31 and 35) proJectéd

33 um below. the vent¥al surface of the head. In the space

-
1

1mmed1ately below and posterior to the labrum, the Md and Mx1

were compactly arranged. The cutting or biting edges of the

\ .
Md*apposed directly pdsterior to an® area of reinforged exo-

v

skeleton on the ‘inner surface of'thevlabrum. This aXea had ~

, .
two crescent-shaped buttresses and”a system df ridges am\ groves

| .
similar to those on a file or washboard.

was grooved to fit the surface setae of the Mx, (Fig. The )
flat surface of the distal blade of the Mxl protopod wa
turned laterally and was couched in the hollow of thefMd palps ‘

(Figs. 38 and 41). The prox;mal portion of the Mg /protopod,

P - %
was medially concave, creatlng a'cradlé for obje’ts entering t T
mandibular area. . . . - '
. sz e- sz was equipped with large prehensilq claw ’
Y e

which curved in all three dimen51ons (Figs. 42, 43 and 44). ' This

S

claw was fitted with a stbut, spinulose seta at lits base. This
seta seemed to act as a pressure sensitive stop or hilt (see . “
kinematics, below). There was a fine, lash-like seta projecting

from an endite on the sz protbpod. This seta projected anterio~

| ' “ , -
laterally from the resting sz and may have served a sensory
- N . - hY

function., *“

v ]

Mxp - Thé Mxp, with its prehensile Eiaw, sat on a basal

| . -
segment which projected from the midline of the head. The

- e i wasmssndhevusnmeny



1
\
1

volume swept clear by this claw. lay behind and ventral <o .
* 4

that éircumseribed by the claw of the Mx

. ' . s
-

2n. 3 v "~

.
° ®

- -

Kinematic Aspects . ’

-
L]

Tisbe funata is a fast swimmer spending much time moving ,

from epibenthic to epiphytic habitats. Its leg movements

involved no lateral displacements. Poda were simply ‘moved

forward and backward at appro%imately 4080 times per second.

Feeding was observed to take place only on a substrate surface. .

"

When a food particle was first encountered, it was either:

-

1) impaled or grabbed and pushed to the mouth directly by the

sz or. 2) was embraced by the body and setae of the A2 and

secondarily manipulated to the mouth by the Miz . In either

case the A2 was important in holding’parfic¥es within the

.oral frustum. When a food item was first encountered, there

‘was no activity in the Md or Mx.. Mxp seemed most useful in

1. .

. *
guarding the posterior and ventral most margins o# the oral

frustum against escape of 'reluctant' food and in twirling balls
. -~

of detritus, The Mxp also‘helped the ﬂxz by pressing food to

»

the dor;alusurface of thg mouth. At no time was the claw of

the Mxp fully apposed to the body of the appendage. Throughout

ay “

the feeding process the 'Mx, seemed mosé dextrous and useful. '

2
Its body ‘could pivot on its"basal segment circumscribing an arc -
L

which extended from the base of to. the lateral edge of

1
the basal stalk of the Mxp. At the same time the claw of the

¥

the Mx

R “ ey — " ————
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° ”Mxé chid be,sﬁﬁng anteriorly and ventrally to the medial

a

edge of the Md palps. When used to grdsp or impale an oﬁ}qpt, o

- -

the body of the Mx,

"The claw was.then closed'in a strong dorso-pgsterior thrust.
. L a

4 4

“

The ,extent of this lunge seemed limited by the presence of

9 claw, After the claw was

t
'

)
closed, the bddy of the Mx, was pivoted forward ramming.the

the seta ‘at thg'base of the Mx

‘

food item into the heretofore quiescent Mxifhnd Md. o

" Once”a feod particle was oriented with its' long axis
parallel to the méin,axis of the copepod?s body, the Md;and
P ’ ’ .
Mxl were, trfggered into action. The sensory physiolpgy, of this

i

‘

event is unknown. However an analysis of the structure of the

oral region suggests that the two spinulose setde on the medio—ﬁ
4 (

postérior margin of the Mx., arthrite (Figs. 39»i§d 41) and/or

1
'the spinulose geta op the medio-dorsal face of the Md cutting

edge (Fig. 36) are the most likely candiddtes for sensory organs

v

in this area.

The Md and Mxl always act in ¢\ cert. The Mxl moved

8 . ) .
rapidly ‘and repeatedly through an elljptical pagh; thesmajor axis

i

‘of which was transyerse to the major axik of the copepod’s body.

The effect of this ,movement was to d}fect d, perhapé, %ropel

e Md.
. 4

The movement of thg Md was very difficult to &éfine. Most

food directly into the biting edge§‘m~

R ,
of its movement was in the transverse direction. In addition to

ar

3

A4

& / - hd .'u » M ‘m
was swumg to ‘its poster;or—mos{ position: ¢, s,

*

ETY



s .
* transverse biting, the cutting edges appeared to roll across
L4 a

. o -

‘<o “gach other just as they were fully apposed. From a study of

v

Y A i
the anatomy of the Md amd labrum, four mabticatory events seem ™
;. F likely. \
1) The slight roll may crush and squeeze food items

between‘iheaeutting ngés and pars molaris: of the M@.

- %
v o
.
.

2) The transversé apposition of the biting edgeé may

e .
.

shear ,large food items into smaller ones: .,This shearing action

may be either facilitated by the rolling motfon of may, in

: i

fact, cause the apparent Toll. ‘

voe ¢

] 3) The transverse biting Way abrade anteriorly directed

food partjcfes against the ridges
I3 ‘ ¢
slabrum thus crushing them further.
* ’ . % .
4) 1If the partes molaris of thg Md's are fully appose&}

n the posterior face of the

during transverse movemegfg of the Md, food items dorsal to the

L4

‘aksia cutting edge of the Md could be squeezed dorsally to‘thqd ’
iy oesophagus. Food particles onde, crushed were swallowed by power-—
' *

ful foregut peristalsis. ese/waves of contraction moved

4
&

posteriorly throughout the ingestion process.
x o

Tisbe furcata seemed able 4; reject a prospective food item

at three times in Ehe iﬁgestion process: 1) when approaching

stationary detritus or plant particles, the copepod could reject‘

¢ the item after it had apprehended the‘rarticle Wwith .its A,

i) after the ‘particle had made contact with the Mxl and Mdrand

* 3) after mastication. The last two rejection events may have an

i

101.
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identical sensory basis. Rejection after mastication was
facilitated by reverse peristaltic contractions of the

foregut, rapid transvegée movement of the Md and Mx, and very

1
delicate manipdlation of the tip of the sz claw at the

-

ventral border of E?e labrum to remove the unwanted particle
from between the blades of the Md. The ecological significance

of this last type of vejection is unknown. The peristaltic’

1

contfaptions which attendeld this event seemed violent and

néarly arhythmic. This activity. seemed very strenuous and may

be an exceptienal occurrence.

Family Thalestridae

’

DACTYLOPODIA-SP. 1 (vulgaris) (Fig. 48)

>
Architecture &

Description based on adult, gravid female 750 uym long.

Body - rotund,‘ red coloured.

1

A.l - 8-segmented. Aesthe::zj/ngSegment 4 extends twice
the length of the 4 terminal seghénts beyond end of A Many

1°

smooth setae anteriorly directed. ‘\\&
A, - allobasis with 1 smooth, medial seta. Endopod 1~

2

!
isegmented with 2 medial spines, terminally with 1 bifid, 3

recurved and 1 plane seta. Endopod 3-segmented. First segment
with 2 setae, middle with 1 seta and'end with 1 medial and 3

terminal setae.
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sétae, exopod with 3 setae
1 1 .b

» ¢ 3

Basis-with 2’ setae, endopod with

as figured. . -

»
@

Mxl - Arthrite with 4 unguiform setae and 6 smooth setae

and barbs. Coxa with 4 setae. Basis with 4 setae. Endopod ‘

l-segmented with 4 setae. Exopod l-segmented with 3 setae.
. y "
I’Mx2 - Syncoxa with 3 arthrites, each with setae as ;i%d.

Basis produced into I robust claw. ”

.

3 Mxp ~ Basis with 1 seta. dopod 2—segménted, prehengile.

z

First segment with 1 seta, secopid segment terminally with 1

claw. ) »

.

- =
P, - endopod robust and prehensile. Exopod robust-with

ITarge outer spines and hyaline aréa at joint of second and third
exopod segments.

Kinematics 2

s -

a
N 1

This species.inhabited algae, especially flat surfaces. It

swam strongly but not swif%ly. 1t a;&\py sweeping diatoms and
organic debris from the surface of the algae into its mouth with

its A, aided by the palps of the Mx The terminal setae.of

i

1
the A2 were often held and cleaned of attached debris by the claw

of the Mxp. TFood was crushed with rapid movement of the laige,

fl:at—-toothed Md. .o & .

.
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Architecture. " T o , R

N

v", e - = » ' . " *
. Description based on adulgp gravid. female 527 um long.
PR N “ - N - -
e e '

» Body — rotund antdfiorly, white colaured. - .

%
o @

» ' Al - 8-se§mg@ﬁq@, Aigghétasc ?ﬁ'sggment é,aextendin% ' . B
_ only once tth;engfﬁ of let 4,segmeht§ bejond,qu of A1: ﬁ(ﬂ
S Numerous smooth qetagfﬁhfgxiorly directed. , ' ) N 8
- A, - All%@gsisﬂwﬁfﬁ:l\§gla: Endopod I}fegpented, medial%y

. \
With*t;orns aqﬂ‘l segé, tgr&;hally with 3 smooth, 2 recd}vgd and ‘
1 barbed seéd. ‘Exopod 3~seéméntpd, first and middle segments with_
1 seta each. Third segment witﬂ 1 média1 and 3-terminal setae.’ o

Md ~ Precoxa proxihallflwith 7 setae. 71d;ntaFe paréh ‘ .

g 5 inéisiva, bidentate 1ac£ni§ mobilié ;ith small dermai croyﬁ.‘

Basis m?dially{;itﬁ 4~smal} séfae, terminall§ wiéi 3 large setae.

En&opod l-segiented wiﬁiméglseta;; the inner mbsF one prolQnged .

) »

forming a lateral border to oral region. ‘Exopod l-segmented with

v

4

6 setae as figured. o .
A w

Mx, - Arthrite tefminally with 4 unguiform’setae and with

2 surface setae. Coxa with 3 setae. Basis recurved posterio-

- ’

e
Egntrhl%y witht7 setae. Endopod l-segmented with & setae. ,

&

P L4 .
Exopod l-segmented with 2 setae. .

I3 B
.

“ Mkz —~ Syncoxa with 4 arthrites with setae as figured. Basis
* . f —
R4

with 1 strong and 1 small tefminél'sqta. Endopod with 2 smooth

1,
s ?oa

setae.
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Figure 50. Stenhelia divergens. Detail of oral appendagbes. Sqahie:
i

32 um.
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. with 1 sﬁ%aclaw and 1 seta. ..

- »

Mxp -* Basis with+2-setae. Endopod 2—ségmented. First

‘ségment thorn covered with 1 large seta. Last segment terminally

e

* -\

: )‘Labrum - curved posteriad-with thick frings of micro-hairs

- 1 .
)

at its ventral-most tip giving it the appearance of E{bﬁﬁber'so

. W .
brush. s , . g

- L]
Kinematics .

N . 3
« 4

_§: dibergens burrowed deeply into the sediment and %ate free-

4 T

living, pennate diatoms. 6 It swept the diatoms up anidﬂushed them . **

-

1 covered the .

T . {
ventral surface of the mouth preséi%g the diatoms to the mouth.

v -

toward the mouth with the@Mxp. The palps of the Mx

Below this fan of setae, the sz, Mxl arthrite and Md ¢rushed and

~

- 3

sheared open the diatom frustules. ‘The contents of thé‘&istoms

1, .
ere moved and sucked toward,the mouth below the hairy frill on

-

he lgbrum (Fig. 49).° This species was never seen eating foods

other than diatoms. However, another, undescribed species from

St. Margarets Bay, N.S., which inhabits fine muds, was seen
I 1y

eq;ing surface material from balls of detritus. This second

*

species has an oral mérpholégy'which is quie different from that ,

of S. divergens. SEM examination of S. normani polluta Monard,

S. palustra (Brady) and S. longicaudata Boeck from the

Mediterranean Sea, Bermuda and ﬁasterﬁ‘North America showed that
all these species have oral morphologies similar to those of ‘L!

A
S. divergens and, from evidence of diatoms fixqé‘fn their mouth

r LI
parts, appear. to eat diaths in the same way as S.‘'divergens.

oy

’ +
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) 112.
AMPHIASCUS MINUTUS (Fig. 51 & 52).

.

Architecture .

Description based on adult, gravid female, 540 um long.

: Body - white coloured.
: Al ~ 8-segmented. Aesthetasc on segment 4, extends far
” 2

beyond end of Al' 1 medialf plumose seta. All other setae .

smooth.
A2 - Allobasis with'l medial seta. Endopod l-segmented

with thorns and barbs medially and 6 terminal setae. Exopod

-

3-segmented with 5 setae as figured.
»

Md - Cﬁtting edge with 1 proximal, seta, l0-~dentate pars

.

incisiva and 3-dentate lacinia mobilis., Basis with 4 sétae

o
one of which extends across the anterior face of the labrum.

Endopod l-gegmented with 7 setae. Exopod 2-segmented with 3
setae as fiéurgd..

I3

. - Mkl -~ Arthrite terminally with 4 unguiform setae and 4

. N

X

slender setae, surface with 2.setae. (Coxa with 2 setae. Basis

wit@rgxsetae. Eddopod with 5 setae'.
N . sz — Syncoxa with 3 arthrites each with 1 spinulose,

~ »

T - unguiform seta and 1 fine seta. Basis prodhced into a claw. .

Y

FExopodi%ith 2 setae. - .

.

; Endopod with 4 setae.
R lMxp ~ Basis with 4 setae. Endopod 2—segmgnted. First
segment with 2 setae and 1 row of spines. Last segment with
';' terminal claw.

' Labrum ~ flat, plate-like.

Legs - well developed.

. . / / )

¢ e
1 L\\
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clustered below ventral tip of plate-like labrum, (centre).
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. 117.
Kinematics )

A. minutus burrowe}kthrough the surface; flocculent layer .,

(0.5 cm deep) with frequent excursions into deeper sediments. It

fed on balls of det fé;g when observed in the lab. It held the
ball in its mOUER with i s A2 and Mxpu It spun the ball aboﬁt,
élowly fondling it with its sz. It cleaned' particles from the

ball using its Mxl,and Md. ’ “

VA , : -
™ AMPHIASCOIDES DEBILIS (Fig. 53 § 54).-

Architecture »

~ Description based on adult, gfdvid female 378 um, long.
£

écdy*- white coloured.

A1 - 8-segmented. Aesthetasc on segment 4 extends only

’9

0.5 Eimes‘leng&h of last 4 segments Beyond end of Al. All setae _
~ ) ) .
short and smooth. . “ ,

%
»

) A, - with allobasis as‘figd}ed. Endopod 1-segmented, with .

"

? 8 sétae as figured. Exopod 3—ségmented witlr 4 setae as figured.

-

‘ Md - Cutting edge with proximal seta, 4-dentate pars incisiva

and, bidentate lacinia (?). Palp indistinctly‘divided. Basis with

3 setae. Endopod with 8 setae. Exspod with 5 setae. b

o

Mxl—— Arthrite with 2 surface setae and términally with 8

Jgtaq as figyred.  Coxa with claw and 1 seta. Basis with 5 setae.

ki

)
Endopod with 4 setae. Exopod with 1 seta. .

Mx, - Syncoxa with 3 arthrites as figureé with basis and

Endopoqgéi
v &,

T

Mxp - Bagis with thorns and 2 setae. Endopod 2-segmented.

*
w

i .

Last segmgntayiﬁh terminal claw and seta. .

Labrum - flat and ﬁlgte—like.
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Fighre 53. Amphiascoides debilis. SEM.of oral region. Distanece

-

between adjacent ‘white tick marks is 30 ym.
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Figure 54. Amphiascoides debilis. Detail of oral
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- ’ " Kinematics
[y 4 R , .

e This animal burrowed into the flocculent layer of the

\

sediment, often éenetrating to thecompact Iayef. It fed on

"

v balls of detritus cleaning food bits from the surface. These
. . o

' balls were held in the mouth by the A2 and Mxp. The palps

of the Mxl,and Md were used to balance the particle in the ¢

. oral region. .

—_— " Family Aweiridae : .
o * AMEIKIA PARVULA (Figs. 55 & 56)
S .
Architecture
&
. Description based on adult, gravid female 376 um long.
Body - thin, opa&ue white in colour. o

.

M 4

Al —- 8-segmented. Aesthetasc on segment 4 extends 2

times the length of the last 4 segments beyond end of A

©

1’
j - Cooe
robust and surrounded by setae which seemed to guide the course ,
.o

- N »
of its extensibn. , .
’ i
.o Aé —qﬁm#ll (vis 4 vis Al) with basis. Endopod 2-segmented,
LT A x . 'S
., last segment’ with medial thorns and 2 large setae, terminally °

3 « M
} with 4 recdrved and 2 smooth setae and 1 thorn. Exopod 2-

* N

segmented, first segment with 2 setae, second sSegment much smaller

than first with 2 setaé.
‘Md - Cutting edge proximally with 1 nude seta, 6-dentate
pars incisiva, tridentate lacinia. Basis with L, plumose and 1

¢ * .
* spatulate seta which extends to the anterior surface of the

labrum. Endopod with 4 setae.

L
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Figure 55. Ameiria parvaila. SEM of oral region. Distance between

. - -
-

_vadjacent white ticK marks is 30 um. Note:-three parasitic .(?)

Iy >

ciliate protozoans lie on intercoxal platé between Mxp and Pl.
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—

. Mx, - Arthrite with 2 surface setae, terminally with 1

trifid seta, 2 unguiform setae and T™ine getae.‘ Coxa with 1

&

. -

terminal claw. ~ Basis -with 4 setae. o .

. .

sz = 1 arthrite with 2 stout plumose setae. Coxa with 1 °

[

quadrafid and 1 smooth seta. Basis with 1 claw and 1 smooth

setd. « Endopod with 2 setae.

Mxp - Basis long. Endopod 2 segmented, first segment with

.
&

1 smooth seta,. last segment terminally with 1I* claw and 1 seta.
y

i

Labrum - with two rows of spines on posterior surface.

1

Plate-like. * : KN ‘

Pl - PrehensiIe~endopod armed* with thorns.

.

'Large inter—coxal plate separates Mxp from P This region
’ ’ ! ' R

1
iate parisites. (Fig. 55), . .

was often colonized by

Md, Mxl,

plate~-like labrum. Becafse the A, is.morphdmetrically'reduced,

L

Mx, and Mxp]|form a small compact mound below the

this complex is well osed to the surface of the énimal's

1 o

substrate. These appendages were organized to produce a single

’

Hpint of activity at the ventral tip of 'the labrum.

Kinematics

- »

s . .
Ameiria parvula and A. longipes were often found in coarse

sediments along the road at the edge of the estuary.  They 15caéed
¥

food items by constanfly sweeping the surface of their substrate

with théir long Ai. Once food was locaggd, the animal moved its
mouth over the area. With rapid picking,-their Mkz and Mxl

removed particles from the surface which were then ingesféd. Their

4

v

*
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i

-

A,

r N .
Pl and Mxp seemed to be used only to steady the animal on the

substrate. - These species appeared to be very selectlve epi~

' “ b .

strate fgeders. The tr1f1d and quadrafld setaé of Ehe Mx

and sz may act as tiny files in thls mode of feedlngt

Family Cﬁetodidae o .
ENHYDROSOMA LONGIFURCATUM (Fig. 57).

. , . '

Description based on adult, gravid-:female 468 um long.

Body —_Wbrm—like, somites distinctly divided by membranous
3 3 M 3 N

regions. Golden-brown in colour, often dirt covered. Body

v
"
1 & N »

. sometimas covered in spots of red and black mineralldeposi;s.

L\

- 5 (6?) -segmented. - Aesthetasc on segment 3. With 4

bl

4
barbed setae, on segment 5 and 3, directed anterio-ventrally.

A2 - Aiﬁgygsis with 1 seta. Endopod l-segmented medially

with 1 seta and several é%%nes. Terminally with 1 iargg,

i

barbed seta, 4 smooth setae and a spine. Exdpod l-segmented

.
£ ®

with 2 plumose setae., .* vy
- L
N :

X :
Md - Cutting edge with 1 proximal seta and 5-dentate

4
r

incisiva. Basis with.l r?izr?pg 2 smooth setae. '
o 3

o . q . ' ,-
Mx. .~ Arthrite 'with 3Winguiform setae. Coxa with 4 smooth

l -
and l plumose seta. LI P
b4 .
sz - 2 arthrites with setae as figured. Basis with 1 ’/{

5

.

claw and 1 seta. Endopod reduced to 2 setae. -,

, .
Mxp - naked, 2~segmented endopod with a gimple, terminal .
- - f ) :
claw. : .

Legs — All 4 "swimming" legs ve;y setulose. ‘

[
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Figure 57.° Enhydrosoma’longifurcatum. Detail of oral appendages.
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Iy

Endopod reduced to 2 segments, distally with 2 sensofy &)

spines on inner edge and 2 plumdse setae. Both rami curve

ventro-medially producing a vaulted space circumsribed by the
# 2 . . .
: intercoxal plate, ingﬁ; mound of the basis and endopod. Outer

A}
(

: exopod girdle thorn covered with stout setae. Coxa of P;

-

connected tJ'iqtercoxal plate by a laterally ifteaded ball and
socket joint. Lateral fflexion pgssible. The P, coxae composed
. a ) of unfuﬁed dermal plates multiply-connected to intercoxal

i

¢ . : 03‘ v - - ¢ foe
/ ’ /// plate,” Some'lateral flexion observed. P3 to P4 (unfigured)

% . witlr fused coxae and intercoxal plates. [Little lateral flexion
- l A Y ¥ L ,

- H o

-

: Hossibles Y .

v

‘o

, Kinematics z ’ -

]

‘ E. longifurcatum burrowed deeply into ‘the sedimen%,often
N ;

¥

penetrating reduced, compéct layers. It swam downward without

PN

G >
A -

s rest until its back was cavered with some object, sediment, ¢

v

fine piece of wire, Ftc., Once covered it slowed its movement and

- 4

) would stop all motion for several minutes at a time.

&
g

It burrowed by raking fine sediments from its path with the

* barbed setae of its Al, passing thé rubble within the arch of the

i .

A2 and over the oral appendages. The rubble was carried withih

the arch of thé Mxp to the vaulted space bétweén its legs. Then ~
with rapid beats of the endopods and bases, the rubble was carried

down the legs and ejected beneath the abdomen. When feeding, food

was sorted from the rubble as it passed over ‘the Mx,4 Mx) aﬁg Md.

4
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. LEIMA VAGA (Figs. 58, 59 & 60) \

Architecture , . )

~
4 «

3

. ‘Descrlﬁtlon based on adult, gfavid female 720 ym 1ong

‘Body - Wﬁlte coloured _ sometimes covered with minéral and

o

organic detritus. * )

¥ ' b ‘
Al - 6~segmentea. Aesthetasc ar%ging from 'bifid seta on
*
%
segmént 4, Nuherous plumose, ‘barbed and rake setae.
< Allobasis medially with 1 plumose and 1 smooth seta.
¢ -

-

2

"\Endopod 1—segmented medlally w1th 2~setae and thorns, terminally

I

v

w;th 1 plumose, I rake and 4 smooth setae. Exepod l-segmented

d " ! - "u.

® o

' »
- ¢

[}
4 .

with 1 rake and 3 plundse setae. -
Md -~ Cutting edge w1th J-dentate incisiva and 4-dentate

1ac1nia. Palp indlstlnctly divided With 1 very large splnulose

+

seta which extends over 1abrum and with 5 other’setae as figured.

:
? T L .

“’ Mx, - Amthfite#with 10 terminal and 2 surface setae. Coxa '
A .

with 2 setae. Basis'ihdastinctly divided. Terminaliy“with 2
H

barbed setae and with 6 other setae as figured. '!, )
’ ¥F
Mx, - 2 arthrites with 3 sétae each as figured. Basis with
) S W7 ’ )
6 setae as figured. N !

-

. .
] 4 .
setae, Endﬁ’ d 2-segmented. First segment with numerous hairg%

I -

and sﬁines. Last segment termifflly with 2 setae and one rake-
Hy

- like claw. ‘ 5 A g

w,

. :
Labrum - with setule frill at tip and reinforced chitinous

ridges; on posterior surface.

. “

e ’ 5
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Figure 58. Leima vaga. Ventral view of entire head. §cale; 32 yum.
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Flrst Antenna

5

Flrst Muxilla
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Figure 60. Leima vag'é. Lateral ~iew of entire head. Scale:32 um.
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Oral rim of caripace with setule frill.
JLegs ~ Swimming legs well developed ‘and setulose. Basgs

lay at angle to midline so that ‘legs create a groove down the

. ]
thorax-abdomen when closed. Bases, &xopods and endopods

P

capable of substantial lateral flexion in P4 and progressively

less in anterior legs except Pl.

.

Kindmatics . ;’} ,
L. vaga lived in the water column and alighted on the bottom

only to feed. It was probably the fastest moving harpacticoid

- ! 14
«

on the,marsh. When swiqming the legs were brought forward in a ¢

folded state, closely hugging the contours of the belly. As the

[y

bases became erect the legs began to fall from und¢¥ the body.

Once fully peipendicular (terminal s%gments and setae lagged T
&

behind a bit) the legs were fanned out laterally with the P

14

oﬁtermqst then, in order, P3, P2 and Pl grading inward. s the
. . 1 .

legs reached their full 1ateral'extent they were thrust

4 -

¥

ventrally and backward. Once fully back they qollapsed against .

the midline of the belly and the stroke began again. In leaps
to escape the approach of a vibrating probe, the Al.was used with )

u -

the legs and the P1 was extended outward overlapping and even ’

exceeding the lateral’ teach of the 34 .

’

To feed, the animals alighted upside down, on the sediment
and picked up balls of detritus with their Al' These balls were
picked up by the barbed setae of the lasg 3 A segments and

‘
passed to the A which ébved in a diagonal path from the outer-

' most &ﬁge of the Al to the sides of the labrum. The ball was




e

N

140.

, - gulded in its posteriad movement by the spinulose setae of the—

Md. Once in the region of the Md and Mxl, the ball of detritus
was rapidly twirled beneath the arching setae and claws of the

A2 and Mxp by rapid movements of the sz. Once the surface of

the ball had been cl€aned, it wés tossed down the_groo&e formed

{
by the swimming legs «and kicked upward and away.

+
N

Family Laophontidae

HETEROLAQOPHONTE CAPILLATA (Figs. 61 & 62).

Architecture
Ve \ 2 ¥
Description based on adult, gravid female 720 um long.

Al - 6-segmented. Aesthetasc on segment 4. ' Numerous. smooth

setae, . -

.

A2 - Allobasis with medial thorns. Endopod l-segmented with
medial spines and 2 setae, terminally with 4 large and 2 small

setae. Exopod l-segmented with 3 setae.

Md - Cutting edge with proximal seta. A4-dentate incisiva’
and 6-dentate lacinia. ‘Pélp'with 4 setae,

Mxl — Arthrite with 6 large setae. Coxa with 2 setae.

i

Basis with 1 claw and 3 setae. Endopod with 2 setae.

a

sz - 2 endites with 1 large setulose claw and 1 seta each.

i

»
Basis with 1 very large setulose claw and 2 surface setae.*

Mxp - Basis with barbed sefa and spines. Endopod 2~

’

Qegmented. First segment with lateral seta. Second segment

with terminal claw. ‘

. Pl ~ Endopod with terminal claw and small seta, prehensile.
Coxa ventrally prolonged. Exopod recessed on outer edge of basis.

+
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Figure,6l. . Heterolaophonte capillata. SEM of oral region, forward- * ‘

™

looking, oblique view. Magnificatdon: 2000X., See Figure 62 for

details of appendage structure.
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"‘body between theg P

backward, the basis and endopod forward and the exopod ‘back-

Kinematics .

° )

H. capillata fed on gdges of detritus and on cylinders
|

of bluegreen algae agg worm tubes. Thoﬁgh found in sand,igb
microhabitat—dem%pa for a linear edge or cylinder was‘profopndt

Without a lihear object to clutch, specimens would move about

. R
without resting. Tegs were thrust in spasm-likeé movements !

< J
and the body undulated like a worm. Once such an object was

-

provided, the animal grasped it within its P, and Mxp .and

1

slowed its movements often to a complete.hhlt.“gOncg on a
linear substrate the animal could feed.

- ) N

To feed on a cylinder, the copepod maneuvered its body

[ . \
to place the cylinder perpendicular to the long axis of the

.

1 endopod and oral appendages. The Pl‘waé

)%poked around the cylfndef by tilging the coxa of the leg :
N“ - ' - e o . “ R

v
¢ s
'

ward, thus taking the exopod away from movements of the'Mxp.]

AN

-
.o

LThen, using its other walking legs, the animal swung its body

around and

S

around the cylinaerrqgfing slowly albngna path which
spiraléd around the cylinder. '
When fgeéing on rectilinear edgeé, the Pl‘and‘MXp were.

1

used as grappling hooks to steady the beast as it eithér walked

along the edge or moved the edge down the long axis of its body.

In both cases, food was picked from.the surface using the

claws and crushed with the Md. -

sz and Mx E

1

P



&

1

\ H. capillata and H. diséoghora were capik}e of delicate

/ a
asymmetric"anipulation of their oral appendages. In oth@;

'species, Tisbe furcata for example, movements of the two A2

K]

]

or Mxp wefe coordinated bilaterally across the mouth, In

Heterolaoghonte these same ébpendages were often coordinated

”Summary of hérpacqicoid feeding types

diagonall cross the mouth. Th%; may manifest a hig@gr
level of nervous integration in the laophontids. ' ‘

H. capillata and H. digg%ghbra have the same feeding
habits and microhab%tat ﬁgéfereﬁces eﬁ%ept géat g,:@iscophora’:

preferred muddier substrates. SEM observation of H. sigmoides
. s

‘from Bermuda indicated, that this species eats inxthé same way

as the others. Thhks Bermudian species was collected on mats

L *
of bluegreen algae and worm tubes. , ' .

. -
-

& t LY
. « Ve

-
-

*,Thése feeding data can be used to define ﬁm%deding groups

(Table 3). 1) Point ¥feeders. Selebtive‘epistragé pickers,

like Amediria parvula and A. longipes have a broad labral plate

C

and small oral appenddges compactly arfanged about its ventraly

tip. The long Al

(Chemoreceptor ). The A2 are allometrical&i educed. The }

has. a disproportionately long aesthetasc

animal carefully locates a food site on large mineral igd organic
) . e ¢
surfaces and feeds only from that spot. The world of these,
. %
cbpepods dppears to be a series of trophically meaningful points

»*

surrounded by undesirable, unselectjd "noise",

X

rd
bv

13
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. 2) Line feeders, like Heterolaophonte capillata

énd H. discophora, remove food from th% edge of regtilinear ,
Dsolidé and cylinders using the tiny hooks and claws of their
qrél appendages while clutchiné the  substrate with the
grappling hook o?_the endopod of Tkeir Plz They can
asymmetrically move their oral appendages. ‘Their world is

a line, a rectilinear.bdgé or a cylinder. On'it theynlive
and from it they obtain their food. For them points, planes
and tiny solids seem‘complete%y unperceived, unsought and
unused. .

1

%
3) Plane sweepers.and sand filers. This is a hetero-

geneous group. Of the fifst type, Nitocra typica and

1

Dactylopodia sp. are the best examples. These sweep food |

*into their mouths from large planar surfaces of organic

AN

debris using their Az. Sand filers, like Halectinosoha

. -

sp. 1, Pseudobradya 'spp., and prabably Heteropéyllus nunni ,

.

scrape their food from pits and faults on grains of sand.

v

For all beasts in thiff second class, food is a fine grained

resource spread richly over the surface of the small particles
on which they feed. 4In larger sand sizes, foodibecomes a
coarse.grqined resource, as pointedyout above, and point
feeders become common. In short, for plane feeding copepods,
the world is 2—dimensiopa1} points, lines and solids are little

appreciated.

. 4) TFinally, there are those copepods that eat only from

149.
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‘particles perceived to be solids. Of these there are three

kinds. (a) prey crushers, like Tisbe furcata, are large ,

have Al's lacking barbed setae, have prehensile sz

and proximal sensory setae on the arthrite of the Mx

and Mxp

1’ Md

.

cuﬁb@ng_edge and"M’x2 basis. (b) Sphere cleaners for example,

Amphiascus minutus, Amphiascoides debilis, again, T. furcata,

<Mesochra spp, and Leima vaga, twirl spheres, organic floccules
! %

of various sizes in their mouths cleaning food from the

I
surface. These organisms can either have barbed setae on their

*

Ay (L: vaga) or lack them. The A, is well developed. The

setae of the Md palps often cross the anterior surﬁgce of the
S

labrum, probably serving to locate and guide the particle

entering the oral region from the A1 and A2. The Md cutting

edge usually has a well developed lacina mobilis, especially in

sggcimens that encounter diatoms (see also S. divergena'below).

28] -

'Y

(c) Rubble sorters, like Microarthridion littorale and

Enhydrosoma longifurcatum sort food from rubble, which is

émoothly moved over their mouths through yhe action of the oral

)

appendages. They are characterized by barbed setae on their'A1

and a vaulted space running down between their legs. Diatom

feeders like Stenhelia divergens must/be considered a kind of

rubble sorter but specially adapted to feeding on Ffree-living
diatoms. The descriptlon of this species, above, will designate

this feeding type.

This classificafion‘scheme can be judged on four criteria:
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/
parsimony, homogeneity, specificity and continuity. (These
o
criteria are similar but not identical to ones advocated by

! : . )
Kant. in his Critique of Pure Reason and Critique of Judgement.) )

8

(a) Parsimony requires that the fewest possible classes be .

used. Class distinctions should have few theoretical

s

-

» -~
assumptions while being as theoretically heuristic as possible.

‘

- The aboggéf::?nomic system fulfills this demand in extremum,
A
It define th the habitat and trophic relations of harp-

‘acticoids in one simple, four part scheme. (b) homogeneity

%
o

. demands that members of a.class have morphological,

behavioural or other éharacters in common thus allowing generic

designation. This requirement has been satisfied only for the
’ fauna of West Lawrencetown. Since the behaviour of organisms
can chang? without morphological manifestation (see\cdﬁpetitiom
in Tisbe below), the homogeneity of each of the above classes
must be checked each time a new community ié survgyed. For this BN
' reason, no key to the feeding gygups of harpacticoids is
proposed. (c) Specificity demands that each class be capable
of‘natuéal division into FubSpqcifiE categories. This serves

as a check on ove; generalization., This has been done for three
of the four groups (it is difficult to imagine how the point
feeders could be subﬂivided). (d) ContiFuity demands that a
gradual transition from class to class be possible.ﬁ This last
5bpect is the forte of the taxohomic system proposed above. It

o

must first be recognized that continuity does not demand a
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hierachical 6der%ng of class‘es. In the p;:esent case, for
egample, point feeders probably did not arise from line
feeders but rather arose fr;m plane sweepers. Line feeders
probab1§ arose from solid feeders whose food particles Became

s0 large that only rectilinear edges (corners) could easily

be fed upé%.
. i .
-In short, 'the taxonomic system proposed above is

e ! : .
parsimonious, homogeneous, specific and provides a functional

basis for understanding-copepod’evolution. In the future it T

L)
can be used to propose hypotheses concerning systematic ’

<y
» -

relationships among harpacticoids and between the Harpacticoida

and the other copepod orders. b

"

L3 -

Harpacticoid Habitat and Temporal ﬁ&stributipns, II.

@

Returning to Fig. 17, a final point can now be made. ,

“

Although discriminated by physical variables, the two ‘assemblages

appear determined.by past or present biological interactions \
j TN .
vidence the fact that most similar feeding types do not overlap
. O “
in-Qabitat or time. For example, the two epibenthic sphere .

~ .
cleaners (Tisbe and Leima) are in different assemblages. So are

the rubble sorters Microarthridion and Enhydrosoma. Ameiria

longipés and A. garvula appear to share the ‘same habitat but
A. longipes is present in spring and summer and A. parvula

occurs in the fall. Similarly, the congeners, A. minutus and A.

propinquus are sepfrated by time. Of the three congeners of

-
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Mesochra, most M. pygmaea occur in the fall..'bf the others,
M. sp. 11is éﬁall and ggnegglly lives deeper in the sediment
than does M. lilljeborgr.' 0f the co-occurting species of
Pseudobradya, P. sp.‘l occurs abundantly during March and
* May, P. sp. 2. during November and January épd'g. sp. 3
occurs abundantly in July and September when the others reach

their numerical minimum. The other, smaller, sand filer,

Halectinosoma sp. 1 reaches its numerical maximum in winter

when the IhrgeQE speéies of Pseudobradya (sp. 2) is most .
\ . : .
abundant.

»

. ’ These data imply that biological®interaction is imbbrtant‘

in understandink ?atterns of harpacticoid habitat and temporalw

distribution. The large number of adaptations related to ’

habitat isolation and trophic specializétion, describe& abqye,
¢ imply that there were strong’competitive*press;res in the past.
The present segregation of feeding types int? two habitat and
teméoral ensembles manifest this history. Tﬁe influence -of
physical variables on harpacéicoids seems reduced to the
sgcogdary role of'préviding sand for sand filers, etc.

There i; one contemporary example of e;oloéicél overlap
that will be used. to substantiate the importénce of biological

interactions (competition) on meicdbenthic community Structure:

Amphiascus ninutus and its systematic reléfiVe, Amphiascoides
. Y

x

debilis. .

P I Ty e ———
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‘Competifion

.
&

_Competition is a process occasioned by ecological overlap.

It can involve exploitation of a limiting resource or inter-

[3 v

ference with access to a limiting resource (Park, 1962; Miller,

1967). ° Its end rgsult is a_change in the probability- of the

ccmpetlng species persistence (fitness). It is,this change

i

in fitness which mediates habitat sélection and resource

allocation. “

The result of competition is not unique to its process

(Lane, 1971). Changes in physical variaBles, and biological
e , \ A} - »
interactions such as predation, mutualism, symbiosig and

parasitism can also affect fitness. Indeed, it is this whole [ 4
“~ '}

set.of interactions that condition patterns of ecological

distribytion anq.occésion changes in moiphology, physiology,

behaviour, demographiﬁg, etc. However for any particuiaf ' '

v | * 4 .
species ensemble, competition (pairwise of diffuse) may be a’

“

primary influence on their ecology. ] »

LY

The process of competition can be defined with regard to.

»

o
1) the subjects of the interaction (iritra- and . interspecific)
x 2) the kind of interaction (direct inferference or indirect
exploitation) and 3) with regard to the’ object of the inter-~

actfon (e g. Andrewatha and Browning, 1961; MacArthur, 1972b)

s

Wiegert, in'press). In so far as objects seem to empirically -

Qeﬁﬁrmine the kinds of interactions appropriate to them, a

* »
reduction of ©lass 2 terms above to kinds in class 3 is posgible
'

’

i . ) (j [,\,
- ' . ‘. "
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{Bohrer, personal communication). This notion has been only

marginally discussed by‘bthers (Nicholson, 1957; Andrewatha

and Browning, 1961; Case and Gilpin, 1974; Gill, 1974;

kY

Wiegert, in press).
" N Resources hazz two properties; they can be renewable/

non~-renewable and conbumable/non-consumable. Thus there can be

N
N P

« four kinds of resources (Table 4). .

¥

Type I. Food is a renewablé\snd'bonsumable resource,

When it limits the growth of populations; exploitative

competition can occur. Exploitation has been described as

L] s,

regulating such diverse populations as bl:wf]ies (Nicholson,
. 1957) and protozoa in laboratory cultures (Gause, 1934). .This
mechanism was described by Nicholson (1957) as a "scramble"
in which factors other, than thé"activity of the’ competitors
determine the rate of resource supply. \
Type IV. Space ;s a non-renewable, non-consumable resource.
) Direct, interference competition can occur Qhen space limits
populations' growth. This limiting resource can be, for example,
the surface of intertidal rocks (Connell, 1961), predator-free
L space (Huffaker and Laing, 1972) éf space free of chemical
(allelopathic) agents (Gill, 19 ..

1

Type 11. Some habitats grow but ate not consumed by
t .
organisms living on them. For example, cryptic communities and
decapod crustaceans living on corals (Jackson ahd Buss, 1975,

* Abele, 1976; Abele and Patton, 1976) appear to compete within
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habitat through interference- mechanisms

Exploitation may
AN

ThiS\§§§§Ct has
{

\

occur with competition for new habitgts.
not been studied. .

Type ILI. The rock and wood habitats occupied and @
%

eaten by boring bivalves (pholads and teredinids) can

'be, with respect to the animals life time, a nop-renewable

)

but consumable resource., Competition within and between '
4
habitats has not been extensively studied in this important
group of animals (Turner and Johnson, 1971; Turner, 1973).
It appears to involve explo;tatfbn within and interference
between habitats, Brooding of larvae may have evolved as a
mechanism of exploitation. Planktonic larvae and rapid
occupation of new wood surfaces may enhance interference
ability. Another example, cited by Andrewatha and Browning
(1961), is the natural history of blowﬂiesinhabiting anim
carcases:in Australiaw(w;terhouse, 1947).

r

In this report two cases of competition‘(Type I and I

¥

above) are documented. The cognitive status 6f“the data
adduced should be- understood. ‘

» -
'Field observation of direct interactions are necessary

and. often sufficient substantiation of Type IV competition.

However, Type I competition, by its very nature (indirect

" interaction), requires experimental verifiecation -- which is.

beyond the scope of this study. Nevertheless, voluminous ,

evidenée will be advanced from field data to defend the Type I
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hypothesis. Such circumstantial evidence, though, per‘se,

’ \
unconvincing, satisfies the purpose of the present study.
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Type T Competition
Hypothesis: Am;%iescus=minutus and Amphiascoi}es . RN ™

* 1) the body size of the copepods is related to the.size of

\Z food particle eaten as is true of raptorial cyclopoids

Evidénce:

debilis can live in the same place at the same time and “eat

food attached to detrital particles in the same way.

their body size (and thus’ oral size and food size)

»

distributions overlap, they compete. This\hypothesis ass
\ .

(Fryer 1957a, 1957b) and 2) food limits the growth of the two

populationk. -

[y

" 1f this*hypbthesis is correct, then the species' numerical

w N\

and habitat distributions may be negatlvely correlated during

periods of body size overlan. ) C

A PO B

1 . . .
Figﬁ 63 indicates the body size distribution of the * ,

- -

9 L}
- "two species as a function of seasonal temperatures. kl{ote;“ :

nauplii are not inciuded in any of these analyses) Fig. 64

A

gives the relationShip between body size and the area of the .

N ¥

base of the oral frustum:for,both speciesg . -

¥ '

During March, 1925.the body-size distributions .of the

'pr £l -

two specﬁeScWerlapped Theabundanees of ,the two’ species were

. -
s .
. ¥ ©
‘e
»

. negatively cCorrelated (Pearson coefficient 4 =,2034). The-

»

habitat Qf A minutﬁs was reduced to three/&ud stations'at one

end df the estuary (Fig. 65) v i ) ‘ . .

! During’ the summer-months of July and September 1975 the Too,

»
P . - * ¥ Y
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Figu¥e 63. Mean body sizes (with 95% confidence intervals) of

Amphiascus minutus and Amphiascoides debilis as a function

of seasonal temperatures.
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Figure 64. Morphometric development of the basal area of the

) oral frustum ofsAmphiascus minutus ard Aﬁphiascoides debilis’

as a function of body gize. Nauplii and first and second

copepodites are omitted.
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Figure 65. Estuarine habitats of Amphiascug miputus and .
Amphiascoides debilis in March 1975. . , .
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. Figure 66. Estuarine habitats of Amphiascus mimﬁs and
’ Amphiascoides debilis in July 1975.
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Figure 67. Estuarine habitat% of Amphiascus minytus and

Y

Amphiascoides debilis in January 1976.
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Figure 68. Seasonal abundances of juveniles, males,
Pes o ’ '
s and gravid females of 11 harpacticoid speci
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. Figﬁre 69. Frequency distribution of adult and juvenile (excluding
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debilis during March and July, 1975.
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mean body size of A; minutus increased and that of Am.

debilis decreééed (Fig. 63) The 95%,confidencé igfervals
of their body.size distributions did not overlap. Their N
numbers became positively correlated (+.4085) and their

. habitats almost completely covaried (Fig. 66). Ag this time

’

, both species reached their yearly density maximum (Fig. 68).

Y

’ As! temperature declined in the fall ai inter, .the body

= size distribution of the two species *econve¥fged and, Am. R

Id

debilis was lost from the estuary. A. miputus inhabited

all sediment types sampled (the total area sampled however

. 1

was reduced byigce cover). This interaction seems to,have

fx

affected thékieproductive pattern and allometric development
&§ both ngcies. -/ .
[kt . . & -
In March 1975 the body size distribution,of A. minutus

¥

, '

N

was bimodal due to the presence of a relatively large number
of small copepodites 6F{§;/ﬁ©) (sécondary bimodality of . v

adult distribution is due te differences in the sizes of males

-

-

and females). Thus the body size distribution of,é; minutus

circumscribed that of Am. debilis. A. minutus may have been

able to exploit both larger and smaller food sourceé than’ could \/
Awr debilis. . - _
v e In the summer “of 1975“{Eigt'69f the body size .distribution k

[

of the two species no longer overlapped very much. Am. L

debilis adults were smaller than during the previous winter and |

* copepodites were abundant, thus shifting the size Hikﬁribution
A v
i T
1) J

2
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downward even farther. The body size of adult A. minutus

were unchanged, but no copepodites were observed.

T The allometric development of the oral frustum (Fig. 64)
. ;

deserves further comment. The size of the oral fruspum of

A. minutus remained nearly constant during copepodite stages .
x r - "

and rosL rapidly with adult growth. Am. debilis did just the’
opposite, growing most rdp}dly as a juvenile and remaining
almost constant in its adult life. The asymﬁfote ;f Am.
debilis' ;ral growth correspoﬁded almost exactly to the in-

flexion region on the growth curve of A. minutus. Thus the

allometry of oral growth in A, minutus circumscribed the

®

région of greatest exposure to competition by adult Am.

debilis. This may be either a result:of present conpgtition,

or a developmental adaptation to avoid it.---

°
A
] 'S s

Consequences: s

4 i
. 1) In the summerof 1975 when the two populations appeared not

to compete, the oral size ratio (larger to smaller) separating

’ -

the speéies'waé 2.5, In the previous March when theix numerical

. § *

distributions were very negatively correlated this ratio was.

‘lxﬁi . ‘

In the following winter, as the species' oral size ratios

again passed thgough the 1.6~1.4 competitive threshold, Am.

P . .
debilis was lost. :
N -

3

. 'In the study of species interaction many authors have shown

o
: R

At

L]



o

177.

that cqnggneric‘sgeéies aré more similar when allopatric
than when symp;tric: Thus these mﬁﬁéhometric‘changes with
:;ympatry are called chara;ter displacement and are taken as
evidenice of present or historical competition. (e.g; Brown
& Wilson, 1956). ‘The ratio of size displacement usually
found is 1.6-1(.4\ (Hutchinson, 1959). o

Grant (1972) c;itized the inference of competition
showing that latitudinal changes in morphometric characters
can not shbstantfate a hypothesis of conteﬁporary competition
unless anomalies in the size géﬁdient oceur in the regions of
geographic overlap. .In the present study, the morphometric
threshold of competition was vbserved to-be-a ratio of 1.6-1.4,
In the present study, the gradien; of Qorphometric‘éhénge
was not latitudinal but temporél. It can é t ge cléimed‘that
the morphometric changes observed were caused by competition.

v . |

Rather, it is claimed that the winter body siié’tonvergence\
occasioned competition. Grant'g critiqué of latitudinal
gradients n;twithstanding, the morphometric thresﬁblq of -
1.&—14. seems to be a real empirical touchstone fof'gompetition

theory. . Y ] ¢

qx\/JJNE}\;JEfEE;>pinter of 1975 when the abupdance A. minutus

fell precipitously, its body size distribution becamé strongly

bimodal. There were many c0pepodiggf occupying oral and body

_size ranges below that “of Am. debilis and adults of A. minutus

with bodies and_mouths much larger than thésewgf’%?; éebilis.
LAY N i * ;_/
4 ' N ,

v -

L / L
. .
. o
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In the region of body sizes between juvenile and adult A,
' !

minutus there were few representatives. It seems reasonable

I
to conclude that for A. minutus in the winter of 1975, there
was a selective advantage to staying youhg, i.e. morphometric

o

growth would mean passing through a body size range leading
inevitably to competition. Althodgh there were many gravid
A, minutus females present all year round, the retention of _

large numbers of juveniles in thé population only occurred ’
N =
when the two species were present and competing, i.e. the

3
t

winter of 1975 (Fig.68). |
If this tendency toward bimodality, due to the selective

a i “ >

advantage of staying young, persisted, neotenous events might

’ ~ 3

be favourably selected. The Family Diosaccidae, of which these

»
-

species are ﬁart, exhibits many instances ofaégéumed neoteny
(e.g. Marcotte 1974). Competitive interaction of the type
outlined here may be one mechanism leading to selection of such

events. 1 N

[y

~./



Type IV Competition

- ] During April, 1976 the number of Tisbe sp. in a small

marsh at Cranbérry Cove, N. S. rose above 1,500 individuals -

-

-9 we - . :
- . . 10 em ~. Upon observation,_ two behavioural morphs in the

pqpulétion became evident.  .Since the reproductive status

«

= - of these morphs is hnkpown; they are designated by colours
3 (Green and White), not.species names, Tisbe Green (Table 5) 55

4+ . . . Y
. spent 94% x-3% of its time gently walking on the surface of
the detrital sediments. Tisbe White spent fully 1/3 of its

time swimming in the water column. , It alighted on the bottom

only long enough to feed. Both "colours" fed on organic
* £

3]

. spherest approximately 125 ym in diameter. Their oral
morbhologies were identical except for a 1.25 difference in
L S - ' 4 . '

the length of their respective Mxp claws (Fig. 70). However,

. . , their fgeding behaviour did differ., Tisbe Green, the ground-

: ’ ‘dwéller? carfully located food items on the béttom and th

5 twirled its égbd slow%y in its mouth often stopping to chew at
one épot on the surface for up to 3 @inutes~at a time. Tisbe
Whi;é, tﬁé swimqer, dgshed onto the bottom, Fapidly chose a
food iEem, épun it gbout in its mouth énd-quickly flitted back
idto the water. It never sta&ed on the bqttgm long enough to,

, . feed on more than 3 items without swimming away.

; ., These differences in feeding and locomotor behaviour may
I ) ) ;
: have been a result of competition for space. Tigbe White is
i . - . .
3
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Table 5. Tisbe White and Tisbe Green. Comparison of their
behavioural morphologies.
» *
Sy, f
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7% of time

on sediment

Sediment

trelations

£

Tactile
response

»

Feeding
behaviour

LY

Table 5

Iisbe White

Dives aqd burrows

" into first mm

of sedimentj
disrupts gediment
texture. .-\ i

Immediate response
to touch or approach
of other copepods
especially T. green.

v

.

Grabs detrital yalls
in rapid succession
and spins them in

Vo

.

¢

e

mouth gleaning particles
from surface indiscriminately.

\

3

-

Tisbe Green
94%

Modes gently though
swiftly on sediment
‘surface; seldom
disrupts sediment
texture. .

Immediate response to
touch by some other

pepods and large
nématodes; usually
upaffecsed by

+ white. ° .
=

-~

Grabs detrital balls
at leisurely pace

and feeds only at
selected sites on the,
particle.

ok Y
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Figure 71. Tisbe Green
- [ -
i .
t
’ .
A Y
f
w N ,
. .
v 4
: 4
hd -
/ J/ 4 .

and Tisbe White. Detail o£ P
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Figure 72, Tisbe Green'and Tisbe White.
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- This habitat isolatiagm seems‘go be reflected in the

a - : ‘ ’ 188.
1 ’ l - ¢ ) M
very sensitive to the approach of touch bf,other\copepods K

L

especially Tisbe Green. ’When stimulated, it swims upward, , - ,
——— y .

away from the sediment. Tisbe Green, on-the other hand, -

is relgt?vely insensitive to pa%;ile stimdii from other,
copepods. It can even be fre&uenﬁiy walked on without a
locomotor response.’ Tﬁis, competition for ' (copepod’ free)
space led to habitat dispi;cement. Thege,wab no morpho~ J
logical evidence of trophic competition. Tﬂé changes in

feeding behaviour seemed commensurate.with the changes in

o

pf

14

. habitat. - . ,

\ regroductiYe morphologies of the two é;lours (Figs. 7%,’72): \
'&here_appears to be a,dbherent pattern pf genital :
differentiatisy{fm;exugl isolation may be either' incipient
N o; qomplete. Thus it appears that com eaition for space ¢
. :>‘ a direct\interference mechaqism (diff ?ﬁtial response to
(tactile stimuli) has resulted in partial habitat iéalation

A
and incipient or complete sexual i .z}ion.

.
& ,

~Consequencés
> . ’ 1) If this is an intraspecific interaction, it is difficult

. into fhe water €olumn when approaghed by I. Green since by

swimming it uses more energy and is more likely to be preyeq

upon. An ultimate advantage might be enhanced dispersion of T.

.

to imagine the proximate benefit accruing Tisbe White by fleeing -
. » ————— -
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- ) A o o
- : White's offspring. The so%éal intolirance of T. White may
: J in fact be limited to only:pefiods of time when a female is : '
. «<

v N

gravid (this was hot'examined). Similar behavioural patierns

. { ) .
have been reviewed by .Chitty (1967) who‘sugééstgd they could

regulate, population numbers in terrestrial mammals. The .

. - ri» 1
genetic mechdnism by which this regulation might be achieved -
- %

- » N R
is.unclear. . .

1
v

“ v w’ 4
. ’ %) Jhere'have been numerous\studies of the genetic make-
: : * )
. up. of species in the genus Tisbe. ny sibling species have

- .

been demonstrated to co-ocdcur. The ecological consequences

N ~

»
v

-
of this co—occur' nce have not been studied. The present. *

L3
A A : - 1

report provides a basis for understanding the "kinds rof ecas

S
logical adaptations co-occurring specles (colours) of this genu@L
y ,
may exhibit.
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SUMMARY

v g N
- T

r

. ’ . .
in their physical ehdvironment. Sediment'gij%h size, temperature,

.

. .
salinity and ox¥ygen conceq;raf&?ns have aliNbeen shown to be

-

5 2 .
!important factors "in disc}iminating faunalvéssemblages (Smidt, .-

944, 1951; Kanwisher, 1955} Noodt, 1956; Capstick, 1959;

«

@ “ .

1965, 1966, .1967; Jansson, 1966, 1968; Coull, 1968). The , |

[N [ -

correldion and de %iption of meiobenthic communities éﬁco;&ing =
L T » -

s+ ¢ . ’
to physical varigbles has consumed much efforF (e.g. Remane,,

~ L]
¥a

1933; Noodt, 1956; \Lyester and Coull, 1977 and the preseﬂt repért).)

b4

) Still, little is %nown of the bilological meaning“o% these

@ * 4 -
correlations ——— how the variables are experienced and how the

organisths change in respomse to their perteptions. Further the
& - .
. >

biological .factors affecting peiobenthic. community structure ~

»

K4

have been little studied. Predation is known to occur (Smidt,

1951; Muus, 1967) b&t knowledge of IFrs effect om populatiod and
K F - .
community structured is limited to the work of Heip and Smol

o

. (1975) in which a single p}edatbr-prey model was evaluated.

-t

' w
Compet}tionﬂhas not been documented in nature, although .Fava

(1971), ﬁoz&iﬁg'with”cglture populations of Tisbe spp., has”

n

shown that local ektinctions can occur im one generation. - -

2 o

o

. - This study has approached the meiobenthic communities'of L

_Yept Lawrencetown in twiabays: perceptual and interactfga.

- 1) Perception: Studies which correlate meiofauna with

o f )
Wieser, 1959; Delamare-Deboutville,, 1960; Swedmark, 1964; Gray, , -



~

Al

» °

physical varia%}es assume that because a physical variable is
» measurable, i. e. available to’ human perception, it can.

affect meiofauna. Correlation coefficients somehow measure
. ) A <

I i
this effect. Lack of perfect correlation is duelto (a) an

unmeasured variable, (b) d;%endenf variables (c) biological
w
vagaries, e.g. response lags.and Seproductive-§tochasticity.
' ’ . ¢
\Ehe assumption is false.

¢

Harpacticoids perceive their enviromment organically

L

with their legs and body size as much as with their senses of

s

tasge and touch. Their organic'ag%‘sensory perception .

mediates their‘environmental experierce and determines which

-

factors will influence their divérsification. In short,

3
’

copepods not only adapt to their environment, they define it.
L

» .

[
. For harpacticoids, organic pexception h2#s made subktrate shape

+

an environmental imp%géifve and chemo - and proprioreceptors

'

have made detection of resource grain possible. These two *

modes of perceﬁ%ion condition éhe ecological distribution of

LY

the animals. Pattérns of correlation with derived and

covarying physical factors may be trivial.

¢ - 4 .

There are maﬁ§ implications of these results. For

¢

vexample: a) Meiofauna live at a scale efitirely different from

our own. Correlation of preserved faunas with variables
) :

m%ﬁsured at human scales with methods developed for other

-~

I

purposes (e.g. sieve analyses of sedimeng particle sizes) is

insufficient for understanding meiofauna and the environmental -
& ‘ ] )
( v

*

L%




¥

L]

1
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L3

factors which contribute to their:ecological distribution and

. A

1ong—term persistence. b) Individual metabolism will be .

strongly affected by the presence ofgreferredsubstrates.

> . - \u; - \

Heterolaophonte capillata and Enhydrosoma 1ong}furcatum, for

' lack 'of success may be related to the absence of microhabitagé,

food partjcle shapes and food distribution%l patterns

¢

example, will be energetically more active without their

’
3

preferred, sédiment preseﬁt than with it. c) .Laﬁorator§
. “ '\ t ‘

culture of harpacticoids has been successful for only a few

species* (Battaglia, 1970; Coull and Dudley, in press). This

Y

L4

©

gpgrop;iate to the .species, to be cultured.

*

¥

2)* Interaction: Competition appears to be a primary

\

force leading to the diversification and ecological .

distribution of some harpacticoids. Populations insthe same’

»

»

feeding group(did not)co—océur in habitat or time Withoutﬁ \
$ S .

showiné some demographic, behavioﬁral or morphometric change.

»

This understanding of the biological conditien of meiobenthic

- , ‘. -
cofmunity structure has been a major benefit of the present -
a 4 .-

repprt. : . J B

-

- ' Predation was not examined. However from the studies qf’

Willey” 1923; Muus, &967 Kazinski Feller and Cla&ton,’1973

Heip and Smol, 1975 Coull .and Dudley, in press, two effects

:of ﬁ?E&ation gr the meiobenthog are clear. (a) Epibenthic

_species (e.g. Tishe, Leima, Microarthridion, and peﬁhéps some

ectingsomids)'ére more susceptible to predation than are b

~ A

-

“
e




o

4

»

-

[ ’

»

) * , e -
inbenthic "species. .(b) Populations respond to predation with
demographic changes? ggdogenous > delayed-naupligr development

when juveniles are less susceptible to predatipn either because

-

of small size or inbenthos habitaﬁ; and»gxogenous - differential s

“a « g .
mortality of older individuals either because of large size or

.

epibenthic habitat. (A similarj demographic result of pre-
dation has been tgeported for iﬁ;ertidal macrofauna by Paine,
V4 -~

1 .
)

1976). ¥ ‘ - y

This strong demographic effect of predatiod can sub- .
Y

s

_stantially modify the outcome of compétition betwe® pOpulétioﬁs
¢ ~

which rely on demographic adjustments to structur® their inter-

" @

Y 1
actions, e. g:‘é. minutud and Am. debilis?l .

Epibenthic life differs "interactively" from inbentgas
life precisely insofarems the effects of competition and .
predétiontare compounded on the surface' and not below. Predation
can modify compétition; it need mot ¢liminate it (sensu Paiﬁ?,

»
1969). For example, MacArthur (1972a) has mathemdtically .

y

demonstrated how predation can modify the outcome of Eompétition
by.changing r and K thus altering the stability of the interaction

‘and its equilibrium point. 'From khe essay of Huffaker and Laing

v

(§;72) it

0

is clear that if two competfné species are preyed upon,

they can even come to-compete for predator-free space. The
* , .

L]

compound effects of competitiog apd predation have not been
studied for eith?r macrofauna or meiofauna. Harpacticoids seem

well suited fot this purpose.

v ' .




] A

4

With this unders.‘tanding of 'the pe'rcept‘ual’ ahd inter-

‘ actlve foundation bf*harpacticoid life in the meioBenthos,
' h v AR s

a new si;amination of copepod sy,ste'matics can ,?egin. .
’ »

« L
" r A [

N . - . . .
' Hypotheses concerning the mechanisms leading to tpe origin

. | .
. and mdintenance.of harpactitoid- species diversity c{he .

v
- l
-

. . franled. Fsi' exagple, the’ genus Tisbe is morphologi&.\lly
. 1 . <
) -, .conservative. TtLe_‘.fare martg, sets of sibling spec’ies . °
) . (?Ié_lkma,np,19.7“2a,. 1972b, 1973).. Bilateral synmetry :LS the N .
' s A .

1
Al A ’ - E
. 'S nule, assymmetries are exceptional. Adult population . " v
[ N . L " * ~ \ K »
. structures .are relatively ”inv‘arian.;:',, However, b'ehaviour i
’ e . >

i : is plastie. «In the case histor}; describéd above, o T . 41 .
l‘ t » Y
» + differences’ in behaviour resulted in part,ial habitat) {
L A4 e
isolation and divergence in éenital morphology was apparent. NI .
. ) AN e T é
v In theQdiosa‘ccid genera., Amphlascus and Amphiascqides, R ' N =
* ] ) Q 3‘ ‘ ¢ . L “"\
e behaviour seemed stereo—typed and ir@ai’iant. Here

v - \
) morphologyeﬁas plasti'c. Morphometric varlation was, the‘rule X .
- : Y » L )
. + and b11ateral assgnmetrles weré common especially in the ° N

L walking legs of 'Amphiascoildes debilis. » At the Eopulat‘ion‘
a N . . . , . . L] * - ) ~ @
1evel pubstantial changes occunred in the sex ratiosu‘aﬂd age ",c‘

1
-n -

class composition of the population ?:luring the atudy*‘period. . ' . i%:
*' v " - ] . - 'y
- ! In’ the famlly Tisbidae, morpho‘logical conservatism is L S
4 . ) . v e
, ¢ ‘reflected'“”in the low number of morphologically' ’defined g?nera. e X

~ e

3.
Behavioufal’ plasticity is reflected. in the lvarge,mmber of
., co~occurring congenexs, man& of themvs;i.bling ensembles I%n‘t‘he

.
d L) A4

‘L Diosaccidae, *morph fogical 'li:befality has led to many’ \...- .

. .
.
'y » \ v, ; ‘
»
v




. «

morphologically defined genera sdme of which are related

-

through neoteny. Behavioural conservatism has, in generalk

»
Y

limited speciation to morphometric mechanisms promoting °

neoteny. .

. %, -

-

to -

It seems clear from this that behaviour and morphology

- -

2NN

are not part of a hierarchical response system available to

v

all copeéods alike. RatRer, history (probably the selection

L]

-of an epibenthic existence by Tisbidae and 4n inbenthos life

for most .diosaccids) acts té direet #p

.
o

eciation mechanisms by

limiting the response potential’ of some whole lines of copepod

diversification. Familiad-patterns ar
¥

history and its limitations.

.

e the product of this

195,
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. , EPILOGUE . A

-

. There is a Grain of Sand in Lambeth that

Satan cannot find

-

Nor can his Watch Fiends fing it: tis.translucent

and has many 4ngles e "
But he who finds it will find Oothoon's
palace, for within

>

Opening into Beulah every angle is a iy

W2 Blake (Jerusalem)

- .

lovely heaven. v

-

Spatial metaphors such as "station", "place" and
"niche™ are usually éhe corner stone ﬁof ecological stuéies
which deséri@e qnimal or plant distributions. Thése spatial
concepts were used By naturalists in the’18tﬂ'Ceptury to

describe causes of plant oceurrences and extinctions (see

P

Lye€ll, 1832). With evolutionary theory, ecological "place"

]

becanie the basis for a model of adapfion (Darwin, l8§9§ see

'alsé Hardin, 1961). Thus intergst was shifted from extinction

to origin (speciation). With Grinmell (1917), Gause (1934)

L ¢

»
and Hutchinson (1957), "niche" became the model of competitionm,

the kernel of Malthusiangselection. o .
. K - . -

"




. .
L] [}

. a *

»

SN L This tendency to;rely on spatial metaphprs, as ‘

. =
B

¢ » \’
, ! repositories of'causalif&.is not ﬁnique to biology. Indeed, Do
. . t .- [ . &% 'y
° - it-has been a hallmark of science after Kant ge.g- Williams, ¢ .
. \ . ] : £ B
. - «1965). The present report has tried o mjnimize reliance omw ’

' N - kY - 9
ﬁg the .metaphors of niche for four reasons. J o .o )
2 \ , N ey g , £ N « ’

, . 1) The reductién of animal-environment and animal- ;L

' P » ¥

A} n L) \
animal interactions to an axial (causal) representation .

PR

i -
hd L]
S violates 1ei parsimoniae when, on an evolutionary :time scale,;

«

random.mutations endlessly, expand the number and kiﬁd of spatial i

‘ -

- dimensions required to "explain" an interaction. e v .

o 7.

. 2) Follow%gg from (1), it. seems impossibie‘to use

o

.
v

I ]
spatial representatibns to predict the trajectory of an-+s /°
3 - hie] -

“

' ¥
evolving system through "environment space" when'gven the number,

2 »
4

X . . . I3 » ! v
leavé alone the kinds, of dimensions are a priori unknowablé. -

With this model one at best can know only the rules.,according to °

» < "t

o 3
which ope organic state follows from some previous state(s). ‘One
. cannot predict either the direction or the intensity of the

transition. There are no laws stating the patterns according to *

, which these events can occur (but see below). '

3) More fundamentally, niche theory gnvites the fallacy

5

misplaced doncreteness when it ‘encourages al notion of "place! as-
- ) $
subject and organism (population) as adjective! This can lead to

"

two mistakes. (a) The "environment" (usually\defined by the

Y

3

- s /
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PR

, pol%ﬁ, Thus the méénigg of niche escapes definition by the '

»
LTI T

phenpgype and takes ‘on an empifiéélqgeality of its own.

(b). The Organism is redwsed to modifying the shape of

. ;;chqs gyvinteractions'along environmental gimensionsl Its
By '

role in }dafining the kir'lds and numbers’ of these dimensions

x can bé lost. 1Indeed, it is precisely insofar as organisms

A

createﬁheaning from environmental perceptions that

1

@ -«

~environm t is intelligible at all (Patten, in press)..

3
-~

!

as outlined in the introduction, can be an impediment to
A >

) . ’

2 4
understanding the marine meiobenthos. As described above

@ -
-~

(résults), the habitat and food source of meiobenthic niches

’ N
Mbbius strip, a cyclg on which behavio

.

gierarchical manner. » The time niche of thf meiobenthos is

.

the order of changes in coézziity structure, e.g. adjustments

’

; .
to competition and predation. . .

Instead of space metaRhors Xnd operational reductionsf

.

the origin and maintenance of\difrarsity in the meiobenthos

may\be best understood by seekin%¢the patterns by which these

4]
racting systems change. Ome touchstone must be the

-

empirical teality of éompetiti@e (morphometric) thresholds and

character displacement. Doés the recurring ratio of 1.4 -%.6

Lo § '

198. .
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(Hutcﬁinson, 1959; ﬁacArthnr, 1972a) wanifest Ehe pattern by

which selection pressures are propagated through a community? .

o

) - Are tates of evolution influenced not only by the force pf

-

natural gelection (Fisher's theorem) but a%go by its pat'tern

of propagation?
' A secoﬁd starting poift might be to ask not why there .

- are so many kinds ef-animals but why there are so few. At

stake is the relationship between the shape (patterms of
o .

) functional relationships) and the size (humber of functional

terms) of communities. Do communities, like the horse skulls .
. ‘ studied by D'Arcy Thompson (1971), undergo quali;ative
’ ) transformation in Eheir rélaﬁ?onal network when quanfitatively*
- expanding or congracting (i.e. when‘the fi;;éss,of al . -

fg%ctional group changes or when new functional groups are,

added) :” Are there discontinuities in these transformations

t

(i.e. are thgre»real, discrete communities)? Do demands set

! by the qualitative structure of commuhities limit their

quantitative expansion? Fipally, is there agny real, meaningful

*

-

distinction to be made between the qualitative and quantitative
2 .
. structure of communities, i.e. is the ond derivative on
d/ envitonment space isomorphic E}th the network shape of the

communities? This is similar to asking whether terms can P

(e

reduced to logical relations in an abstract formulation of
P .

) ecological theory. In short are the dance and the dancer one?

This present thesis grew out of normal, paradigmatic questions

about meiofauna, their environment and their relationships. It
i
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N -

>

‘ ends asking whether or not we even have a language in which .

LY

o

to frame them. It seems clear to this author that we may

. not. A new understanding of the terms and logical relatioms

4
Lo appropriate to theories explaining the origin and maintenance

© -

of organic diversity is necéssary. Perhaps this language,

like the one Galileo sought in the "Book of Nature" is

‘ » J

» written %n geometri¢ symbols. Perhaps this language,: like a

) N ‘ L4
the heaven Blake sought, lies in grains of sand —---- at the
) .

bottom of the sea.’ . . . .

4
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S ’ APPENDIX A .

\

The following instruments“re used in some of the

+

- environmental analyses, '

‘ A4

"

Dissolved 02 concentration

. [y

. . Yellow Springs ‘Instrument:?j dissolved 02 meter, model 54

Conductivity/Salinity . ' -~

.

Yellow Springs Instruments conductivity/salinity meter,

FS

h model 33 -

‘ . < pH/ Eh

. : ’ Metrohm portable pH meter and micro probes, models

. ~

E488, EA153 and FA259 ) .

- Low Temperature Asher ,
» 4 k]
¥

. International Plasma Corporation
. . » i
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