SELECTED ASPECTS OF THE BIOLOGY OF THE
RADIATED SHAMNHWY, ULVARIA SUBBIFURCATA
(STORER] 1639 (PISCES: STICHAEIDAE

CENTRE FOR NEWFOUNDLAND STUDIES

TOTAL OF 10 PAGES ONLY
MAY BE XEROXED

(Without Author’s Permission

|

J

BEVIN R, LEDREW







334622







SELECTED ASPECTS OF THE BIOLOGY OF THE

RADIATED SHANNY, ULVARIA SUBBIFURCATA

(STORER) 1839 (PISCES: STICHAEIDAE)

by

BEVIN R. LEDREW

A thesis submitted in partial fulfilment of
requirements for the degree of Master of
Science in Biology at Memorial University

of Newfoundland, St. John's, Newfoundland

August, 1972



6€8| (1940}G) DIDIINYIQQNS DIIDA|N




ii

ABSTRACT

Collections of Ulvaria subbifurcata were made by

diving at several locations on the Avalon Peninsula.

The diet of fish less than 55 mm total length
comprised mainly copepods; larger fish, nereids. ?olynoids
and amphipods were eaten by fish of all sizes. These major

food items were eaten during all seasons.

Tagging studies showed that U. subbifurcata has

restricted movements and will home to the capture site.
Larger (> 6 cm total length) fish are nocturnal; smaller

fish diurnal. Activity decreased in fish of all sizes during

the winter.

Spawning occurred in ﬁay at 4 C with fish first
spawning at age three to five years. No secondary sex
characters were noted. During each breeding season females
spawned once, produ ing a demersal egg mass (mean - 2706 eggs).
Males spawned up to four times and subsequently tended the
egg mass (or masses). Incubation lasted 35 - 40 déys.
At'hatching (6 -~ 9 C) larvae (mean - 6.58 mm total length)

were positively phototropic. Young-of-the-year settled on

bottom by August.
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Age determination by scales was validated by the
Petersen method. Few fish exceeded an age of seven years.

Theoretical L_ calculated by a Walford line was 130 mm.
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INTRODUCTION

The radiated shanny, Ulvaria subbifurcata is a

common inhabitant of the littoral and sublittoral zones
along the coast of eastern North America from the northern
tip of insular Newfoundland to the Nantucket Shoals off

Massachusetts (Leim and Scott, 196F%).

Despite its abundance, the biology of this species
is poorly known and, except for a recent study of agonistic

behaviour in juvenile Stichaeus punctatus (Farwell, 1970)

no studies have been done on the life history of any of the

western north Atlantic members of the family Stichaeidae,

to which it belongs.

The present study was therefore undertaken to
provide information on the life history of this little known
species. The thesis is organized in four sections each

dealing with a separate aspect of ‘the biology of U. subbifurcata:

Food and Feeding; Activity and Movements; Reproduction; and

Age and Growth.

Data were obtained from October 1968 to March 1971
from Bellevue, Trinity Bay and various other locations on the

Avalon Peninsula of Newfoundland.




DESCRIPTION OF THE STUDY AREA

Monthly collections, tagging experiments, and
observation dives were conducted at»Bellevue, Trinity Bay
(Fig. 1) in a shallow cove (maximum depth 2 m) at the ﬁouth
of the estuary known as Broad Lake. This cove was named
Collection Cove (Fig. 2). From‘enlargements of aerial
photographs and measurements taken in the cove a maé was

drawn showing the gross features of the bottom (Fig. 3).

. The cove changes from sandy bottom in the east to
rocky (rubble-boulder 10 - 100 cm diameter) in the west with
a bar of rocks (the remnants of a fishing stage) proéruding
into the centre. A ridge of bedrock marks the western
extremity of the cove. Shannies abound in the rocky areas
of the cove especially along the western "ridge" as well as

outside the cove along the side of the gut.

Because of its location strong currents run along
the cove with back eddies occurring when the tide is ebbing
and flooding. These currents keep the cove ice-free in the
winter. The cove is relatively protected from the wind and
only with a northwest or north by northwest wind is there

any heavy wave action.




Figure l. The Avalon Peninsula, showing diving
sites where u. subbifurcata was collected
and observed.
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Figure 2. Collection Cove, Bellevue, Trinity Bay
(looking west from fishing stage).






Figure 3. Collection Cove, Bellevue showing areas
of Fucus sp., rock and sand.

Cross hatched lines indicate shoreline (MHW).
Note ridge of rocks at west end of cove
and location of Morleys Hole (insert).
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- Salinity readings indicate that the waters of the
cove are brackish (Fig. 4). Temperatures fluctuate from a

low in January of 0 C to a high in August of 14 C (Fig. 4).



Surface water temperature (October 1968 -

May 1970) and salinity (October 1968 -
June 1969) records from Collection Cove,

Bellevue.

Figure 4.
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FOOD AND FEEDING

INTRODUCTION

The study of feeding can be divided into two
major components --food habits and feeding habits. The
former refers to the determination of the type and quantity
of food items eaten whereas the latter refers to behavioural

aspects of the search for, and ingestion of, food.

A study of food habits based on contents of the
digestive'tract reveals information on the types of matter
ingested, i.e. the diet. This information is affected by
differential digestion rates of aifferent food items and
the time of feeding. It is therefore useful in such studies

to know the feeding chronology of the fish.

In this study four aspects of feeding were
considered: the diet; the relationship between diet and

fish size; seasonal changes in the diet; and feeding

chronology.




METHODS AND MATERIALS

Monthly collections were made at Collection Cove,;
Bellevue, from October 1968 to December 1969. Stomach
content analysis was carried out on all collections made

in 1969. Generally specimens were collected within one

day but in July they were collected on four seperate days -
July 23, 24, 26 and 28. The collection made on May 3 is
referred to as the April collection; the May collection

being taken May 29.

Specimens were collected with a slurp gun and dip
net. Collections generally were made in the afternoon and
usually took less than an hour. Immediately after being
collected, fish were preserved in 60% ethyl alchohol.

The body cavities of larger specimens were injected with

preservative.

In the laboratory, specimens were individually
marked by placing numbered paper tags in their mouth.
Total wet weight of each specimen was measured to the nearest
.01 g on a balance (Mettler Model no. P1l60N). Surface
moisture was removed by rolling each specimen in a paper
towel prior to weighing. The total and standard lengths
of each specimen were measured with dial calipers to the

nearest .l mm. Measurements were taken as described by

Hubbs and Lagler (1958).
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The stomach contents of indi&idual'fish were
removed and volume determined by displacement in a 5 or 10 ml
graduated cylinder. The contents were then placed in a
glass petri dish, indentified and the proportionate volume
of each type of food estimated. A count was then made of
each food item. The small volume of food confained in the
stomachs of many shannies less than 6 cm total length was'
not detectable with the method used, hence volumetfic '
analysis was done on only those smaller fish whose stomgchs
were distended with food. If a stomach contained a large
number of one food item (e.g. copepods) the total number was
determined by counting an estimated proportion. For certain
items occurrence only was notéd. Algae and tube feet often
could not be discerned.as individual food items and hence

numerical analysis was not applicable to them.

The intestine of each specimen was examined and
any food items were recorded seperately from the stomach
contents. Accumulated chitinous parts (e.g. mouth parts of
scaleworms and nereids) or shells were frequently found and
theée often aided in identifying the stomach contents.

Food items from each specimen were stored in individually
labelled vials.

During a 24 hr period, June 25 - 26, 1969, a total

of 12 collections were made at Collection Cove. Six radiated
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shannies, greater than 6 ¢m total length, were collected
every two hours and immediately preserved. During each

collection observation was made of fish abundance and

activity.

The stomach of each specimen was subsequently
examined to determine the amount of food present. Each.
stomach was described as full, part full or empty: a stomach
distended with food was considered full; one containing
food but not distended was classed as part full and one
devoid of food, or containing minute quantities of ingested

matter, was classed as empty.
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RESULTS AND DISCUSSION
Diet

The length frequency of monthly collections
including those used for stomach content analysis is shown
in Fig. 15. A total of 389 ;pecimens were examined of
which 304 (78%) were found to contain food items. Vblﬁmetric
analysis was carried out on 178 specimens, representing 60%
of those containing food. The only noticable fluctuation in
the percentage of specimens with empty stomachs (Fig. 5)
occurred in July. This may be because of an increased
digestion rate during the relatively warm summer months.

No difference was found in the proportion of empty stomachs

between sexes through the year.

Table 1 shows the combined results of stomach
content analysis for all collections. No single food item
predominated in all three analyses. Copepods dominated in
frequency of occurrence and numerical abundance while nereid
polychaetes comprised'over 50% of the food volume. The
only other food items of volumetric significance were

scaleworms (Polynoidae) and amphipods.

These four food items form the basic diet of the
radiated shanny. Two other food items comprised a significant

proportion of the total volume. Two occurrences each of

-



Table 1. Stomach content analysis of radiated shannies collected
January - December 1969 from Collection Cove.

Food Organisms Frequency Numerical " Volume
no. £ no. $ cc. 8
PROTOZOA
Foraminifera - c 2 0.67 C 2 0.07 - -
COELENTERATA
ANNELIDA
Polychaeta
Polynoidae - . 30 10.00 44 1.47 4.67 21.60

Lepidonotus sguamatus
Harmothoe imbricata

Nereis virens .
Nereis pelagica
Oligochaeta - 11 3.70 28 0.93 0.45 2.10

ARTHROPODA -
Amphipoda - 111 37.00 179 5.97 1.36 6.30
Gammarus oceanicus
Ischyrocerus anguipes
Corophium sp.
Pontogencia inermis

Isopoda - ‘ 17 5.60 21 0.70 0.02 0.09
Decapoda .

Hyas araneus - 2 0.67 2 0.07 0.63 2.90
Copepoda - ' 143 47.80 2053 68.47 0.14 0.64
Ostracoda - 68 22.70 208 6.90 0.03 0.14
Acarina - 19 6.30 22 0.70 - -
Diptera -

Cricotopus sp. - 24 8.00 39
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Table 1 (contd.). Stomach content analysis of radiated shannies
collected January - December 1969 from

. Collection Cove.
Food Organisms Frequency Numerical Volume
no. % no. % cc. %
MOLLUSCA
Gastropoda - 47 15.70 66 2.20 0.43 2.00

Acmea testudinalis
Littorina obtusata
Littorina saxatilis
Buccinum undatum
Margarita helicina
Cingula aculeus

Pelecypoda

Mytilus edulis - 10 3.34 13 0.40 - -
ECHINODERMATA

Strongylocentrotus

droebachiensis 25 8.40 n/a n/a 0.53 2.40

CHORDATA

Ammodytes americanus 2 0.67 2 0.07 1.30 5.99

Fish eggs 8 2.67 227 7.60 - -
ALGAE

Ptilota sp. 22 7.40 n/a n/a -0.23 1.06

Number of stomachs‘containing food - 304
Total volume - 21.65 cc.
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Figure 5. Percentage of stomachs devoid of food
in monthly collections from Collection
Cove, 1969.
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the sand lance (Ammodytes americanus) and the toad crab

(Hyas araneus) in large fish gave disproportionate importance

to these as food items.

On two occasions Forminifera were found in the
stomach and three times they were found elsewhere in the
digestive tract. Anemones (Actiniaria) occurred in three

‘medium sized specimens. Small Mytilus edulis occurred in

several fish from the September to December collections.

In June and July fish eggs comprised a significant
numerical proportion of the food items, rising from 4% in
June to 89% in July. Eggs were found only in fish less
than 8 em total length. The eggs corresponded in size,
color and general appearance to those of capelin (Mallotus

villosus). It is during this time of year that schools of

capelin are inshore spawning.

The only part of the sea urchin, Strongylocentrotus

droebachiensis found in the stomach contents was the tube

feet. Pieces of the fed algae, Ptilota sp. occurred in some
specimens. This alga was observed to wash ashore in ;
substantial quantities after storms and heavy seas. Because :
neither algae nor tube feet could be distinguished as seperate

items, they were not included in the numerical analysis.

-
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Diet and Fish Size » .

Figure 6 presents the relationship between diet
and fish size for selected food items. Note that volumetric

analysis refers to the 60 mm and larger fish only.

Nereids are the major food item of radiated
shannies 75 mm and longer, and are absent from the diet of
only the smailest size class; all three methods of .analysis
indicate that as radiated shannies increase in size they

feed almost exclusively on nereids.

Copepods exhibit a trend directly opposite to
that of nereids. They comprise the major part of the diet
of size classes up to 60 mm and decrease in importance with
increasing fish size, none occurring in specimens larger
than 95 mm. Ostracods follow a similar trend and were

almost always found with copepods.

Although amphipods show a decline in percent
volume with increasing fish size they increase in numerical

abundance and occur with relatively high frequency in all

size classes. These trends indicate that radiated shannies

consume a fairly consistent number and volume of amphipods

throughout life.
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Figure 6. Relation between diet and fish size for
selected food items from samples collected
from Collection Cove, Bellevue, 1969.
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Scaleworms (Polynoidae), like nereids, are not
eaten by the smallest fish. They are most prevalent in
the 90 mm size class, tending to decrease in importance

as food of larger fish.
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Seasonal Changes in the Diet

Figure 7 shows the breakdown of food items for
each of the monthly collections. The major food items
(nereids, copepods, polynoids and amphipods) occur year
round. The volumetric prgdominance of nereids was replaced
in the September collection by anemones which accounted
for 49% of the total volume of food found in that collection; .
The only other month in which anemones occurred was October.

when they contributed 3% df the total volume.

Copepods were abundant in all but the July
collection. No fish less than 55 mm total 1en§th occﬁrred
in thié collection (Fig. 15) and, as seen in Figure 6,
small fish consumed the greatest numbers of copepods. 1In

July, fish eggs accounted for 89% of the total number of

food items.

Scaleworms (Poiynoidae) occurred year round
except for the June collection. They tended to be more
abundant in the months of January, February and March.

They were a moderately important food item; percent volume

was small but consistent.

Gastropods occurred sporadically and only comprised

a significant proportion of the food volume in December.
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Figure 7. Seasonal changes in the diet for selected
food items from samples collected from
Collection Cove, Bellewvue, 1969
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Diptera (chironomid) larvae occurred from mid-
summer to the end of fall. These midges belong to the
sub family Orthocladinae, which contains several species
whose larvae are restricted to intertidal rocks on seacoasts

(Mason, 1968).

s -

Isopods were found in six collections with no
seasonal trend apparent. They did hot contribute
significantly to food volume. Acarina occurred from mid-
summer to the end of winter and ﬁere absent from March
until'August. Their contribution to the total volume of
food was insignificant. Tube feet, oligochaetes and algae

all occurred irregularly throughout the year.

Some miscellaneous food items were found in single.
collections or during definite seasons. Small mussels

(Mytilus edulis) occurred from September until December but

were absent the rest of the year. Forminifera were found in
the stomach contents in November and March, however scattered
occurrences in the intestine were noted in other collections.

A small crab was found in one individual from the January

collection.

To conclude, major food items were taken throughout
the year. Minor items occurred sporadically either because

of their incidental nature or because of seasonal availability

related to stages of their life cycle.
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Feeding Chronology

Diving observations indicated that ;dult

U. subbifurcata are active at night. Rarely were any but
small radiated shannies seen out.in the open during . the
daytime. After dark however radiated shannies were éommonly
seen sitting on rocks or out on sandy spots between the-
rocks. The result of the 24 hour collection cénfirms:that
larger radiated shannies feed at night (Fig. 8). The number -
of specimens whose”stémachs were enipty increased from noon
until 2200 hr at which tiﬁe'ény food items present were at
an advanced étage of digestion. The'nﬁmber declined to |
zero at 0200 hr. Laboratory studies indicate that adult
fish are most active just after dark and just before light

(Green, unpublished data).
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Figure 8. Degree of fullness of stomachs from
specimens collected at Collection Cove,
Bellevue, June 25 - 26, 1969.
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ACTIVITY AND MOVEMENTS

INTRODUCTION

For any population whose movements are restricted
?wo terms have been used to describe the area over which
movement occurs. The first, home range, was defined by
Hayne (1949) as, "the area over which an animal normally
travels". Nice (1941) defined the second term, territory,
as, "any defended area". This latter definition implies an
agressive response for the protection of an area whereas né

such response is assumed for the term home range.

In natural populations it is difficult to determine
whether a fish is defending an area, so that studies of fish
movement, especially those based on tagging experiments,

generally deal with the broader term, home range.

Attempts to determine the size of the home range
have in general been unsuccessful because the investigator
rarely has any idea of the magnitude of the home range before

the experiment begins. Hence, if the sampling area is

large in relation to the area over which an individual fish
moves, a high proportion of recaptures will occur within the

sampling area. Conversely, if the sample area is small in

relation to the home range a high proportion of strays will




- 26 -

occur. Williams (1957) stated that any quantitative
eXpression about the size of the home range and the degree
of straying describes the techniques of the investigator as

much as the behaviour of the fish.

When studying the movements of a particular fish
species Gerking (1959) stated that; "the best we can hope to
do is to determine whether or not the movements of a
particular speciesvare restricted, to get a general idea

about the degree of movement, and to base experiments on the

population upon this knowledge."

The term homing refers to the choice that a fish
makes between returning to a place formerly occupied inétead
of going to other egually probably places, whether displaced
experimentally or by natural (reproductive or non-reproductive)
migratory habits (Gerking 1959). This definition encompasses

most of those presented in earlier works (Williams 1957,

Allee et al. 1949). Homing, according to this definition,
covers the distant spawning migrations of salmon as well as
the activity pattern of reef fishes which return to a

particular location after undergoing a daily feeding migration

(Winn 1964).

This study was undertaken to determine whether the

movements of U. subbifurcata are restricted; to investigate

the possibility of a homing behaviour; and to determine daily,

as well as seasonal, activity patterns.




METHODS AND MATERIALS

Anaesthetic

Because U. subbifurcata is quite active when

handled it was necessary to use an anaesthetic during tagging
operations. The reaction of radiated shannies to the
anassthetic MS-222 (Tricaine-Methanosulfonate) was tested.

A known quantity of anaesthetic was dissolved in 4 ¢ of

sea water. Fish placed in the solution were considered
unconcious when they remained on their sides after being
nudged and displayed no.signs of motion other than opercular
movements. They were then removed and placed in fresh sea
water to recover. When fish resumed swimming they were
considered to have recovered. Water temperatures ranged
from 2 to 5 C during the test. Total length was measured

while specimens were unconcious. Results from 12 specimens

are given in Table 2.

The recovered fish were kept in a separate aquarium

for five days. During this period no mortalities or changes.

in behaviour, which might have been due to the anaesthetic,
were noted.
It was concluded that, during field operations,

concentrations could be approximated provided fish were

removed immediately after they became immobile.
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Table 2. Effect of various concentrations of MS-222 on
Ulvaria subbifurcata.

Elapsed time (minutes)

Specimen Conc. Specimen
, MS-222 total to v
no. _ (gm/2) 1en9th succumb recover
1 0.025 9.5 * -
2 0.050 9.4 5 8.5
-3 0.075 10.8 7 6.0
4 0.075 5.6 7 10.5
5 0.075 6.1 7 10.0
6 0.075 9.8 7 7
7 0.100 6.9 7 10.5
8 0.100 10.8 7 10.0
9 0.100 6.1 7 9.0
10 0.100 9.6 7 12.0
11 0.125 13.6 5 8.0
12 0.125 15.5 7 8.0

* — Did not succumb after 10 minutes.
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Marking Techniques

Two marking techniques were tested. One was an
electric-branding technique similar to that described by
Owens and Gebhardt (1968), the other utilized embfoidéry
beads attached by monofilament nylon. Both methods offered

the advantages of conspicuous individual identification and

easy application.

A comparison of these two techniques was made on
12 fish. BAnaesthetized fish were placed in a pan containing
gauze soaked in sea water. The marks were then app;ied, |
total length measured and the fish placéd in fresh sea water
to recover. Subjects were held for 33 days with observations
being made on their condition after 4, 15 and 33 days.

An electrodessicator (National Electric Model
no. 710-13) was used for electric branding. Fish were
pléced on their right side and the area posterior to the
anus was dried. A numerical mark was then applied with a

fine tipped probe. No visible sign of the mark could be

discerned immediately after branding.

After branding was completed, with the fish still

anaesthetised, the bead tag was applied. One or two embroidery

beads (2 x 2 mm) were tied by a loop to a short piece of

nylon monofilament fishing leader (4 1lb test). The end of

O T A

-
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the leader was threaded through a fine ﬁeedle and the needle
passed through the musculature of the'back jusf under the

dorsal fin, in the area of the fourth to the sixth ray. The
bead end of the tag was thgn pulled close to the body of the

fish and leader end sewn through the beéd, knotted and

trimmed.

Table 3 shows the condition of the marks during
the observation period. The brands took several days to
become clearly discernable. All but one of the bead tags
" stayed on for the full study period. No_chafing of the flesh

was evident and the bead tag did not seem to hinder movement.

Because the brand was not immediately discernable
this marking technique was rejected and embroidery bead

tags were used in field operations.
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Table 3. Results of test application of two marking techniques on radiated shannies.

Specimen Electric Branding Embroidery Beads
Total Electrodessicator Condition of brand Number of Condition of tag
No. ' length (days after marking) Color (days after marking)
(cm) Setting Brand 4 15 33 beads 4 15 33
1 11.0 8 2 nst ns c 2 2 clear ok'® ok  bead
blue (F) (6) missing
2 6.5 7 3 P c(3) b(4) b 2 dark ok ok ok
green
7.5 6 4 p C b c 1l orange ok ok ok L
15.5 8 5 P cC c c 1 pink ok ok ok - -
_ ' (F) 1
5 7.5 6 6 ns c c 1 clear ok ok ok
4 pink (F) .
10.5 6 7 p c c c 1 red ok ok ok
9.5 7 7 ns 2 yellow ok ok ok
8 10.5 5 9 ns ¢ c 1 ‘clear ok . ok ok
red (¥) :
9 11.5 7 11 b c c 1 clear ok ok ok
green ‘
10 8.0 5 12 ns c c 1 clear ok ok ok
) brown (F) _
11 10.5 7 13 ns o] .C 1 pale "ok ok ok
green
12 7.0 5 14 b - ¢ “C 1 dark ok ok .ok
' brown
(1) n s - no sign of brand (4) b - brand visible but blurred
(2) ¢ - brand clearly visible (5) ok- bead secure no sign of chafing or fungus growth
(3) p ¢ - part of brand visible : (6) F - color of bead  faded

R T I R N




- 32 -

Field Tagging

Specimens for tagging were captured by slurp gun
and dip net and held in a plastic bucket containing
approximately 18 & of sea water before being individually
removed and placed in a bucket'containing the anaesthetic.
Strips of monofilament with beads attached and loops set
for tagging were prepared prior to.taggiﬁg. Once anaesﬁhetized,
the fish was removed, placed in a dissection tray partially
filled with sea water, wrapped in cheese cloth and tagged as
described previously. Before being replaced into the open
water, fish were retained until they had completely recovered
from the anaesthetic. On June 21, 1969 three specimens were
taken and tagged as controls. They were placed in Collection
Cove in a minnow trap, fed and observed every seqond day for
ten days. The tags remained well affixed and the fish

appeared to be healthy throughout the observation period.




- 33 -

Field Experiments

Site Preparation

Group and individual tagging experiments were
conducted during June and July, 1969. For group tagging,
square grids (3 x 3 m) were iaid out. Labelled cork marker
buoys attached by nylon cord to a weight were placed at the
corners of each grid. Rocks labelled with a felt pen were
placed along each side. The borders of a grid were visible
from above and below the water surface. Grids were laid 6ut
on two types of bottom. Areas covered at least 90% by loose
rocks of a size sufficient to provide cover for the largest
radiated shanny were designated as rocky. A sandy bottom
was defined as an area consisting of a least 90% sandy bottom

with no available cover. All grids were placed below the

extreme low water mark.

For individual tagging experiments plastic seine
'buoys, labelled with a felt marker, were used. These were
tied to a weight by nylon string and placed on, or immediately

adjacent to, the rock where a tagged fish was first captured.

All specimens used for tagging experiments were

greater than 6 cm total length. Tagged fish were observed

at the time of their release to ensure that they reached

bottom.
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Group Tagging

The purpose of the first experiment (0) was to

determine whether the movements of g. subbifurcata are

‘restricted.

A collection was made within a marked grid, the
fish tagged, and replaced within. the grid. Recaptures were
made within ﬁhe grid one and three days after tagging.

The grid itself and the surrounding area for a distance of
4 m were thoroughly searched. 2all fish recaptufed after
one day were replaced inside the grid. The two tagging

series - 0(a) and O(b) were started on June 20, and June 21

respectively.

Experiment (R) was carried out to determine

whether U. subbifurcata will return to an area after being

displaced. Twenty fish were captured within a grid, tagged
and placed within a similar grid (i.e. same bottom
composition) some distanée from the capture grid. Recaptures
in both grids were attempted one, three and seven Qays

after tagging. All recaptures were retained.

Series R-5 was started on June 22. Specimens were

transplanted to a grid 5 m from the capture grid (measured

between the nearest boundaries of the two grids). In this

series no recaptures were attempted on the seventh day after
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tagging. Series R-10 commenced on July 16, with the
transplant grid being located 10 m from the capture grid. .
Series R-20 was started on July 18 with the capture and

transplant grids being located 20 m apart.

The final experimenf (s) was similar to the one
just described except that the transplant grids were in a
sandy area. The purpose of this experiment was to determine
whether radiated shannies would return to a rocky area

after being transplanted to an area which provided no cover.

As with series R, three transplants were carried
out over distances of 5, 10 and 20 m. Series S-5 was
Earried out on July 16 with 20 tagged fish being displaced
5 m; series S-10 was started on July 17 with 20 tagged
specimens being displaced 10 m; series S-20, with 19 fish
displaced 20 m, was started on July 20. Recaptures were
attempted after one, three and seven days for series S-5

and series S-10; one, three and nine days for series S$-20.




Individual Tagging

Individual tagging of radiated shannies was
carried out in an attempt to acquire information on the

activity pattern and extent of movements of U. subbifurcata.

Five fish in each of two experiments were marked
along with their initial capture location, and each was
returned to the capture location. Various colour combinations

of three embroidery beads distinctly marked each fish.

The first set of five radiated shannies (Experiment 4)
were tagged on July 22. It was hoped to observe closely the
movements of these fish throughout a one hour period during
daylight and another one hour period after dark. Checking
all the sites took approximately ten minutes so that six
observations could be made in each one hour period.

Unfortunately because of bad weather only two observations

were attempted after dark.

On July 25 another five radiated shannies

~GXh ok

(Experiment 5) were individually marked. On this ocecasion

!
i
y
3
3
N
“

an attempt was made to locate the subjects once every hour

throughout daylight and twice after dark.
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Diving Observations

In addition to the tagging study, observations
were made during dives at Collection Cove and other sites
(Fig. 1). Dives were made from Oc£ober 1969 to March 1971
during all seasons, several of which were during the night.
Observations were made on abundance, activity} and movements

of U. subbifurcata as well as any other species encountered.

Subsequent references to dive numbers refer to the physical

data on 81 snorkel and SCUBA dives contained in Appendix 1.
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RESULTS AND DISCUSSION

Group Tagging

Table 4 shows the results of recaptures from the
two replacement series (Experiment 0). After one day 54%
of 38 tagged shannies were recaptured in the replacement
grid. This represents 87% of the total recaptures fof‘that
day. On the third day only 32% of the number tagged were
recaptured in the replacement grid, however, this represents

the total recaptures made.

The humber of recaptures was not high. Because
of the nature of the bottom, even the most thorough search
would not expose all the hiding places for radiated shannies,
hence limiting the number of possible recaptures. Another
factor was the disturbance caused by moving rocks, etc.

during collections which could be expected to encourage

dispersal to other areas. The results verify that U. subbifurcata

exhibits restricted movements, that is, it has a home range.

Table 5 shows the recapture results for the three
' series in Experiment R over the recapture period. Twenty-two
out of 23 recaptures were made in the capture or O grid.

The total recaptures represented 38% of the number tagged.

The data were subjected to a chi-square test based

on the hypothesis that if fish distribute themselves randomly
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Table 4. Experiment O - Replacement - Record of recaptufes.

No. _ Recaptures :
Series one day three days
' tagged iithin grid elsewhere within grid elsewhere
Oa 20 9 1 5 o
Ob 18 11 2 7 o
Total 38 20 3 12 0
% of number
tagged 54 8 32 0

% of number
recaptured 87 13 100 0




Table 5. Experiment R - recaptures from Transplant to Rocky grid.

ﬁo One day Three days Seven days : Total

Series 1 2 .
tagged o T (o) T o T o T both grids

n () n (3) n (2) n (%) n (%) n (8) n (%) n () n (%)

5 20 4 (20) 0 (0) 7 (350 o0 (0) 3. S o-on (55) 0 (0) 11 (55)
10 20 4 (20) 0 (0) 1 (5) 1 (5) o© (0) o (0) 5 (25) 1 (5) 6 (30)
20 20 1 (5) 0 (0) 1 (5) 0 (0) 4 (20) 0 (0) 6 (30) 0 (0) 6 (30)
Total 60 9 (15) 0 (0) 9 (15) 1 (2) 4 (7) 0 (0) 22 (37) 1 (2) 23 (38)

~1l. = 0. Grid of original capture
2. - T. Transplant grid
3. = No recapture attempted

R s L TR R R S S
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their probability of recapture (allowing sufficient time
for dispersal) is the same for any grid in the study area.
Hence the number of recapﬁures in the 0 grid where-the
fish were originally caught would be expected to be the

same as the number of recaptures in the transplant grid T.

Results were accumulated for each series and for
the whole experiment (Table 6). Data from the seventh day

of the R-10 series are omitted since no recaptures were made

in either grid.

The grand total values confirm that the hypothesis
must be rejected. Movements have occurred in the direction
of the O grid. This is presented as evidence that radiated

shannies do exhibit homing behaviour under conditions of

experimental displacement.

Table 7 shows the recapture results from the

series of transplants to sandy grids (Experiment S). There

were no recaptures in the transplant grids. A comparison of

all values of percentage recaptures was made between the !

S and R series, however no significant difference was found. {

it is possible that increased susceptibility to
predation caused by placing tagged fish in an area some

distance from cover cancelled out any effect of encouraged

dispersal caused by this lack of cover. Specimens transferred




Table 6. Results of chi-square test on data from Experiment R

Series : Recaptures
—— ——r Chi- Degrees
(day of Grid "0 Grid "T" dquare gof sig.
recapture) ghserved expected observed expected freedom
R=-5 (1) 4 2 0 2 4.0 1l 95%
(3) 7 3.5 0 3.5 7.0 1 99%
Total 11 5.5 0 5.5 11.0 2 99%
R-10 (1) 4 2 0 2 4.0 1 95%
(3) 1l 1l 1l 1 0.0 1 n.s.
Total 5 3 1 3 2.67 2 n.s.
(3) l 0.5 0 0.5 luo l " n.s..
(7) 4 2 0 2 4.0 1l 95%
Total 6 3 0 3 6.0 3 n.s.
Grand
Total 22 11.5 1 11.5 19.17 7 99%

_Zp_



Table 7. Experiment S - recaptures from transplant to Sandy grid.:

No. One day Three days Seven days Total ﬁ

Series ot 7 0 T o T 0 T  both grié
tagged - ?

n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n | (%&

5 20 0 (0 0 (0 3 (15 0 (0 3 (15 0 (0 6 (30) 0 (0) 6 (30
10 . 20 1 (5 0 (0) 2. (100 0 (0 1 (5 0 (0) 4 (200 0 (0) 4 (zo)f{;;._
20 19 0 (0) 0 (0) 3 (15 0 (0) 3 (15)° o (0)_3 6 (30) 0 (0) 6 <30)§: ‘
Total 59 1 (2 0 (0 8 (13 0 (0) 7 (12) 0 (0) 16 (270 o (0) 16 (27)

1. O - Grid of original capture
2. T - Transplant grid '
3. - Recapture after 9 days

CrE ey YU R MR ek (RS PR pwE e R
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to sandy grids were apparently just as capable of returning

to their home area as were those transferred to récky,grids,

Table 8 gives the results of two way analysis of
variance of the study variables; recapture time, transplant

distance, and type of transplant grid.

The nine day collection in series S-20 was
considered the same as a seven day collection in the calculations.
A value for the seven day collection missing from the R-5
'series was derived from fhe equation described by Steel and

Torrie (1960) from Yates:

rB + tT - G

X =
(r = 1)(t - 1)
where r = number of blocks
t = number of treatments
B = total of block values
T = total of treatment values
G = grand total of all values

The value thus derived does not affect the results.

None of the study variables can be shown to account

for the variation in recapture rate in the original capture

(0) grid.

i O
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Table 8. Results of two way analysis of variance on recaptures

in the "O" grid expressed as percent of the total
number tagged.

Degrees of

Experiment freedom F Test F .05
S Blocks Recapture period 2 6.20 6.94
Treatments Transplant distance 2 0.72 6.94
R Blocks Recapture period 2 0.10 - 6.94
Treatments Transplant distance 2 0.48 6.94
S + R Blocks Recapture period 2 _ 0.52 6.94
' Treatments Transplant distance o2 ~1.84 6.94
S + R Blocks | Recapture period 2 1.11 19.0
Treatments Type of transplant 1 2.00 18.5
grid
S+ R Blocks Transplant distance 2 2.00 19,0
‘ Treatments Type of transplant 1 1.11 18.5

grid
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Individual Tagging

) | Table 9 shows the results of observations of
individual radiated shannies from Experiment 4. On several
occasions fish moved when disturbed by the observer and

consequently one subject (4C): left the observation area.

Subjects A, B and D were observed tHroughou£ the
daylight period. Almost no movement occurred and they
remained under the rocks where these fish were originally
captured. During the first night observation only one tagged
fish was seen (4D), and none were seen during the second
observation although an area of approximately 2 m radius

around each marker buoy was searched.

on July 23 at 1000 hr a check of the five capture

locations did not result in any sightings, however, on

July 24 at 1100 hr subject 4C was found 0.2 m north of the

55 SRR

original capture site.

Disturbance of subjects was a problem in Experiment 5
as well and only one subject (5E) was observed throughout

the daylight period (Table 10). Two subjects (5C and 5D) are

58 B T e VSRR R R Bt 3

known to have left the observation area after being disturbed

Tl

by the observer. After dark, subject 5D was observed on

sandy bottom 0.5 m south of the marker buoy. This was the

only sighting made after dark. On August 15, 1969 during
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Table 9. Experiment 4: ILocation of individuallylmarked
U. subbifurcata relative to original place
of capture.

Time
(22-07-69) A ] B C D E
1930 o o o(s) o) (0]
1940 .6m west o ns o .3m east (S)
1950 .3m s/west o ns (o] .3m east
2000 ..3m s/west (S) o ns o : ns
2010 .3m n/west o) ns o(s) n s
2020 .3m n/west o} ns ) ns
(dusk 2130)
2200 ns ns ns o ns
2215 ns ns ns ns ns

O - Under rock where initially captured

S - Observer disturbed fish causing it to move

n s - No sign of subject

i
%
5]
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Table 10. Experiment 5. Location of individually marked
U. subbifurcata relative to original place of

capture.
, Iime | Subject
(25-07-69)
(26—-07-69) A B C D E
1230 o) 0 0 (o]
1330 .5m n/west o (o] 0 o]
1430 o) .5m east o o) (o)
1535 n s n s 0 0(S) 0
1630 ns n s .5m west n s (o}
1730 ns ns .5m west (S) n s (o)
1845 ns ns n s n s 0
(dusk 2130)
2245 n s ‘n s n s .5m south n s
in open
0030 n s ns ns .5m south n s
in open

O - Under rock where initially captured

S - Observer disturbed fish causing it to move

n s -~ No sign of subject
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a daylight dive this same fish was observed under its marker

buoy, 21 days after its original éapture (Table 11).

The results of these two experiments indicate

that adult U. subbifurcata move very little during the
daylight hours. Radiated shannies leave fheir cover and
move further than 2 m during the night. They move onto

sandy areas at night but return to the rocks before dawn.
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Incidental Recaptures

Several recaptures of tagged radiated shannies
have been made in Collection Cove subsequent to the completion
of the experiments (Table 11). The most notable recaptures

were made after periods of 92, 114 and 259 days..

In all, 23 tagged fish were recaptured after
completion of the tagging experiments. A total of 167 radiated
shannies were tagged and 52 of ﬁhese were captured and
retained during the study leaving 115 tagged fish in Collection
Cove. Discounting tag loss and mortality, the recaptures

account for 20% of the available fish.
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Table 1l. Incidental recaptures of tagged U. subbifurcata
in Collection Cove. ' -
Experi@ental Date of initial Subéequent No. Elapsed time
series capture (1969) capture date caught (days)
o (a) 20-06-69 17-07-69 1l 27
18-07-69 2 28
22-07-69 1 32
0 (b) 21-06-69 19-07-69 2 28
22-07-69 1l 31
23-07-69 1 32
24-07-69 2 33
25-07-69 1l 34
07-03-70 1l 259
R-5 22-06-69 16-07-69 1l 24
25-07-69 5 33
R-10 16-07-69 15-08-69 1 30
08-11-69 1 114
R-20 18-07-69 18-10-69 2 92
5 (D) 25-07-69 15-08-69 1 21
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Diving Observations

Observations made during the 24 hr collection of
radiated shannies (dive no. 34a - 34%) indicate that larger
fish (> 6 cm total length) are active at night. During the
four collections made from 1400 hr uhtil 2000 hr fish were
found under rocks and appeared inactive. Dusk was at 2130 hr
and at 2200 hr radiated shannies were obgerved out from under
cover actively moving about in gravel-sand areas. At mid-
night and 0200 hr fish appeared less active and fewer numbers
were sighted out in the open. By 0400 hr no activity was
noted. Dawn occurred at 0500 hr and during the four