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' leers enter freshwater 1;Jyewfoundland later and

£

at larger 51zes than in- mcre S

therly areas. The

.Erowth of eLvers and-juvenlles was much slower in ,

-~ e i
" .
freshwater»than 1n=the marlne env1ronment.

\,

" The food of elvers and Juvenlles conslsted almost

entlrely of benﬁhlc 1nsects. Dlpteran larvade and annelld

worms ‘were the groups moSbnﬁEequently utilized as food.

fqn.c

_Elvers formed aﬁ%ﬁpprec;ﬁbie part of the food supply of -

. #’i

'Brook -trout and large eels durlng the months of July,

“

_ﬁwﬁ’

August;and September.~ The food of elvers and Juvenllel

eels corresponded closely to the benthic portlon of the

{ o

‘ldlet of small salmonlds.

4 o . . ) .
' Late suqmer‘mlgratlons of juveniles from the marine

N . ' L

‘-environment into freshwater were .common ‘in, some areas of:
enviy Lo : \ . .

mhe island.. These migrations contributed subgpentiéllyﬁa

"to the eelfpopulétion’ofesome Newfoundland "streams.. .
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1. INTRODUCTION

. The fmerican eel, Anguilla rostrata (LeSueurQ.is

oné of the most common North American fishes, distribu-

ted"from Greenland. in the north to Central America in

L

‘ tﬁe south. Studies on the details of its biology have

;: been. few, espeCLally ones- deallng with the elver and

i
T

;

juvénile stages of its life hlstory,f"‘ﬁ
f

The eel is abundant in many ‘areas of Newfoundland

‘. and the potentlal for a commer01al flshery appears to

'\_‘,"J.

be good. Unlm-two studies have been gonducted on adult'

L]

. .- eels in the province, (Gray and Andrews,'197d and 1971
and Vladykov, 1970) ‘No literature could be found
dealing spe01f1cally with the elver and juvenile stages:

o f- -~ of Angumil&‘rosprata in Newfoundland. o -

A thurough knowledge of the biology of the eel is
essential 1f a commercial flshery is to be a success.
i, This study was undertaken in view of the commercial
'f} ‘ potentlal and because of the apParent lack of 1nio{matlon
on the early llfe hlstory of the species in Newfoundland.
The purpose of this study was to examine ‘(1) the -
gFQWth of elvers and juvenile eels in the'freshweeers

", ".of Newfoundland, (2) the food of elvers and juveniles

r



"%

in the.freshwateré of'Newfoundiand (3) the competltlve

-and predatory r%;ataonshlps between other flsh and elvers

and Juvenlle eels in inland waterg and (4) the growth of

—

marine elvers ‘and _]uvenlles and };helr mlgratlon 1nt.0

.freshwater.

~Studies on the develonment and growth of the eIVer
5

are rare. The only detailed work appearing in the

':literature-is that of'Vladykov?(l966 and 1970). =~ . .

e

In the present 1nvest1gat10n og/lf/ﬂs were used for

age determlnatlon.\PThe only sgydies to use this method

=

to age the American eel are’'those of James and Vladykov .
; p 1

(£§67), Vladykov (1970). and Gray and Andrews (}971)}

L

Few studies have beén condicted which examine the l

;fdod'of the "American eel in detail, Most of the studie

' of the food hablts of the eel have resulted from invest-

igations 1nto 1ts competltlve -and predatory relatlonshlps
with the salmonids (Elson 1940b, 1941; Godfrey 1951,
1957 a.nd Smith 1948, 1952a and 1956). No wofk appears .

in the llterature e:c.amlrungr the food . hablts of felvers

“in freshwater or of Juvenlle eels in their first few

years Qf'freshwater'ﬂife. In addition no work has begn
reported_examining the’ differences inifood habits of the

American eel as it matures.and changes from elver to ..

-juvenile to aduit. 4

-y

L+l
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11

of. this type was 1nvosb1gated in thls study.

» * _t.‘ ¥ ’ h . .- 4 3

There have, been varlous records of 3almonids ang\ )
largc ecls fcedlng upon clvers (Day 19&1 and Godfrey
1951); No study could be found wH1ch examines the im-
portance of‘elvers ‘as a food of these groups. -In thlsl

\
1nvestlbat10n an attempt was- made to determipe the

degree ‘to whlch elvers were eaten as a seasonal food. of

-«brook_trout, aalvellnua fontlnalls and of large eels.-*

. Specific studies.on competition between large and

& . ’ F : T ’.g ¥ L = - '
small American eels and brd%k trout'are limited to

brlei comments in the laterature (blsod 1940a). Thﬁs

L "’ *

study attomptcd to examing the ieedlng relatlonshlps

" f

of large and 5mall eels and brook trout and to determine

the similarities in their diets. '
Secondary-upskream movements of - juvenile eels from
the marine environment have been reported in the’ ¥

literature (Godfrey 1951) . Because such movements can.

: 1nvolve large numbers of eels their effects on fresh-

water pOpulatlons could be sub tantlal A mlgratlon

:
(o e

* n -a

By



features which made then suit

' ical positions of the three

~ IL. 1.

some collectiona‘were made. Uther-collections and

Figure II. 2.

. II. METHODS AND MATERIALS

7 oy
- N o ]

A. Description of the Sampliry; ﬁre\as.

| The samﬁling areés chosen for this inveétigaﬁioﬁ
were, (1). a small tr‘ibutar‘y of Tailrace ‘Brook at the
;etty Harbour hydro—generatlng station; (2) B05warlos

on the Portl @i PoEe Penninsils and (3) Traln. Brook

v

near Port aux ququ?§g6//the southwest corner of the

Island, Collectipfis at, thEﬁF sites were made during
the summer of 1971 arnd 1972, These sites were selected

on thre basis of -their geodgraphical

e for the collection
and observation of elvers afid juveniles. The geograph-
1 " N

ites are+shown in Figure ,

The Tallrace Brook area -was chosen bacause‘the

T .

penerating statlon prOV1dcd a man—made barrler where

-

b,
spe01mens could be collected and thexr-behavour-observed.

o=

Tallrace Brook ltself is a shallow:(O 5 m ) stream r,i

l

.approxlmately 150.0 meters in length. ;A‘iarge pool is

located at the base of the generatlng‘stataon where

observations were made in the small tributary: flow1ng

'flnto Tailrace Brook. Detalls of this site are shown in

1 b " r vy
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The brook at Boswarloé'(Fig..II. 3.) was selected
because of its small‘sizejiéhallow water and because in
its,lower‘reaches it. meanders th}ough a sandy salt water

beach. This creates ideal conditions for collecting

Lo/

recently arrived elvers as well as for observ1ng

enFrance into freshwater. Near its mouth th' stream is

— T e,

] slow moving, approxlmately 2,0 meters wide and has an T

»

kY

P 11 ti a d the- ence of a waterfall a ra ~- ' _
o~ e&na ccation an pres . PP '§¥4 R

'~ imately 200.0 meters from its mouth., This waterfall

——
.

average de_pth of about 15.0 cms. ° - .-

Trainvain Brook was chosen because of its geograph-

created ideal conditions for collection and observation -
of elvers and Juvenlles. ‘Thé brook ié’cold and fast~"

flowlng wlth ‘an average depth of O p) meters and an
4U
average width of 5.0 meters. .Details.of this site ares

F] LN

shovn in Figure II. 4.

-
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B, Sémpling-ﬁethods

Sy =
oo

Durlngrthe summers of 19?1 and 1972 elvers and
jﬁveniles were collected by use of a hand dlpnet design--
- ed by the author-for,this-pﬁrpbse_(Eig; 11, 5). The

standard hand neéts available were not suitable due to

their size and _shape. Because elvers newly arrived from. +
the sea spend most of their time hidden a net. was needed_ Y

v o7 -
whlch could cover fairly large areas.of the substrate e

and gather bottom materials rapidly.

. In areas where elvers were observed cllmblng

obstructions such as rock faces and walls specimens were '

collected by means of a special scoop constructed,from

a section of rectangular heating duct (Fig. Lis 9

- ™
¥ -
.
- . . . |

C. Mgaéurements

The length in"mm and weight in gms of al}»
specimeﬁé'gere recorded immediately upon returning from
the fielde To fa01lltate measurlng é%e’spec1mens ;ere‘ *
anesthetlzed using a O. 5p solution of urethane (Gerklng
1949) . Total length was measured from the tlp of -the’ )

Lofver jaw to, the. end of the'qaudal fin, This measure- AL

ment was obtaihed by using a measuring board which e

R

‘closely resembled a conveptional fishery méasuring board.
‘Wleight was measured to the nearest hundredth of a

q P

gram on a Mettler top~pan sciertific balance. Excess s

K b . "( . ] N ) -
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D, Stomach AnalVSis':' ) Lo

region was removed. . The contents of:- eac

.formélin solution. This Qfeatment was needed beéaﬁse

~12-

- . | > o S : o
water”was peqpved-from the surfacelof the fish by means S
6: Absorbent.ﬁaper béfore'the weight was determined.

The specimens‘wer; piaced in ihdiv@duélly labelled vials

which were then filled with water and frosen for future

study.

-

For stomach content analysis the frozen specimens,

collected earlier in the summer were thawed ank the

gntiré stomach from the lower esophagusfto the pyloric

- "

stomach was

ga 5.0% .

then placed in a labelled vial containi

the food material was found to be too soft to be exam-

ined and some agent was needed to make the individual

- food organisms more rigid and thus, edsier to separate

3 A

.and count. | : S - . I :

During examination the gut contents were emptied

into a petri dish and examined under a dissesting

- : ) :
. microscope., In cases where soft parts were digested,

heads which could be identified were counted-as a whole

organism. Food an&lysis was undertaken by (1) the K

. number method, (2):the_occurrence métbod and (3) the ary

weight method (Lagler 1952)f



. some cases 1o spec1es. Identlflcatlon-of 1nsects was

13-

Orpanisms were 1dent1fied usually to Order, but 1n;

assisted by reference to Pennak (1953), Needham and

_Needham (1962), Ward and- Whlpple (1959) and Uslnger
(1963) .

»

2
E. Age Determlnatlon

-

Slnce scales had not yet appeared on the specimens

4

examined in this study the otolith method was adopted

for determination of age. The technique used for aging‘

follows the standard termlnology and notation- fOr

“otollth readlng (Jensen 1965)

The otolith used most’ frequentlj'for age studies.
is-ehe'saggita because it ie the largest and contains
the most easily interpreted markings., -After removal .
from the spec1men the two saggitae ‘Were cleaned by

immersion in 70 0% ethyl alcohol’ and also by rubblng

" them between the fingers to ensure that all remnants

of tissue were removed. They.were stored dry in -

‘labelled vials for future. study.

The efoliths examinei in this study were friom
elvers or small eels and therefore could be read‘directf
ly'withdut'being greund-dewn or’tiéa;ed with -an acid
solution to make ‘the growth zones more v151ble. One

otolith from each spec1men examined was mounted, L

e A



-1i-,

- - h B ‘ 1] -
convex side u in "Permount” mounting medium on a
! - ’ :

I3

* depression slide.” The mounts were permanent and could

be rcad immediatley or stored{ﬁaf subsequent study.
When examined, some of the otoliths mounted whole

on depression slidés could not be read with regasonable

. accuracy. An-alternate method was needed to check those

etoliths whose growth zones were not completly visible,
Chrietensen (l964)‘successfully used the ﬁephed of heat-
| and® breaking otoliths to determine age and this
metﬁod Was followed wieh excellent results in the
presenL otUdY. l' _ - | s

The otoliths were placed in a 2,0 mllllllter
beaker and heated ov;; a pasflame. DUr1ng the burnlng
process tga'color of the otolith changed irom white to
asglgray and at’ th;s p01nt was removed from the flgme.”
The burnt otolith wes theﬁ broken by preséing a needle
very carefully toward the crack through 1ts center,

whlch develops as a result of the,heatlng.

In the burnt otollth two different types of ienes

were found. A wide white summer zone-of inorganic

materisl and a narrow black winter zone of organic

materiel were visible. Examination of Bbth whole -and -

P

‘burnt otoliths was carried out by use of a binocular -<f
_mlcroscope at approxlmately 20X magnlflcatlon. Best

,results were obtalned by usding reflected llght on a

w .



o A

blapk background. The burnt btb;ifh'was mounted temp- -

- , ] '

orarlly in "Permount" and discarded after the age of the

-

. speslmen ‘had been determned. . . -
A typical otolith is shown in diagrammatic form

in Figure II. 6. Examination on a dark background would

A

show the summer zones as whlte opaque areas (whlte in

[3

-dlagram) and the winter zones as. dark transparent . areas
(cros ed in diagram}. The nucleus or time spent in.
;the,sca is defined in the diagram, Iﬁ this study the
winter zones are considered anngli\and age'is:counted

t . -

from the time the elver enters freshwater. An eel is
LN

considered to have spent one-year .in {reshwater if one';
completed summer and winter zone is presént'in add%tioﬂ
to‘thg‘nucleus. In‘the.case‘of;an eel which has lived

four winters and. five sumhers'ih freshwater and.the

Iflfth wlnter zone has not as yet been laid down the

specimen is classed as a four year old. The otollth in ‘ !

%he'diagram (Fige*IT. 6.) would represent this age

group. : ' - L




. or r
Figure II. 6 Dlagram of a typlcal eel -

- " otolith from a four. year
old” juverfile as seen under
ed light. The five.
ér zones are shown as -
ite and the four winter
zones as cross—lines in the

- - / diagram. These zones were

"/ ' formed in freshwater -while”
- : . - the nucleus was formed in-
the sea.

o

e



r

. . b . : w. - "
R 2
1T * _ CE ! B -7 J B . .. ‘
‘._ ) s ’ .5 R . . )
: ‘ S . A
. <w e L
.o - , LB . -
- - .. X

o_-aff:-..:-. :..:-:. 1 l-..._.le_a
LU Tt R LT TTrr ey TN Z.

Ay 'fd.‘f-nﬂn--:-_ (7119

Ny
tll..._ & .l’:-_: LELLIE TR

L

sV,
L 4,
~ \\.

s
T _‘/.- L]
. _ H : .
.o .
T e -
- o .
% \u - 1 "
.
. A - 1 . »
' - - . - " .
A . . . .
' . . v .
. .t | R . s
P . N }
. MY e .
.
. . + " h *
i -+
’o N -
E ) - R
N * 3
, E -
. - : - M -
- - . -
. . .
'
R B .
. L]




s
"'17-' N ,—*—: » -
- . - -
R S
a
' . - R
¢ e L 3 o
o 2 3
LY
' s [

o _ III. RESULTSe

- A. Growth Studies
G LY

1. Frequency Distributions of Klvers

L

Length frequencies for the elver samples are shown

in'Table ITI. 1. and Figl;uré'III 1. The Boswarlos 1971

-

:_ sample ranged in length from 55. 0 to 88.0 mm and had ‘a

an length of- 63 5 mm. The 1972 sampie ranged in

69.2\mm. In the 1971 sample thé‘ mode oOccurred at the

mark while thg. mode of the Boswarlos 1972

L]
*

Weight fequenc_:ie_s for the elver populations sample&
are shown in {able III. 2. and Figure III, 2. The
E}oswarlcs' 197_1 elver sample ranged in. weight from 140,0
to 850.0 mg and had a meay weight of ;'260 0 mg. ' The
1972 group ranged in weight from 90 ¢ to 640.0 mg . and_'-
-‘had a mean weight of 330, [¢ mg. The mode of both the ’
: 1971 and 1972 samples occur'red at the 2&9 5 mg mark. ‘

Tables IiT. 1, and 2. and Flg,ures III 1. and 2, are -

based on 1h3 specimens collected on August lst 1971 and

200 collected over a three week perlod = July 23 to

s 7.0 mme ’ . - - s

August I3 ~ in 19724

s, o

- S 2



Table IITI: 1.

Hean length, range im length and. percentage length- Erequeucy fcgjr: elvers of .

Anguilla rostrata (LeSneur)

g

el
T . i

El

Area Year of . Length._of‘:elvers (mm. )- : Frequency of length classes in % n
e collection  Mean Range 55 59 60—64 65-69 70-74 75-79 80—84 85-89
- ' - g o . ’ - -
L e e gt _ L e . =" 3 o ]
‘Boswarlos "1971 63.5 - 55-88 - - 14,94 52.29 24.07 4.15 1.66 1.66 0.83
= . . 2 .2 : : v " o) . g
. Boswarlos"® 1972 = - ©769.2 . ' 57-82 4.08 18.36 32.64 23.46 18.36 3.06 ;
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2. Length-weight Helationship of Flvers

_ The length-weight relationships of both saﬁples
were calculated by converting the data to-ﬁﬁé log
regression form ofithe equation W = aL®, The relation—
ships defived are expressed by thé fbllowing'equations

‘artl are shown graphically in Figure III. 3. S

. . Boswarlos 1971° - _ |
log W = 1.0293 + 1.0L02(log L)
: 'Boéwarlos 1972 - .

log W= 1.0576 + 1.8791(log L)
. : S - )
The fastest growth pattern expressed by this

}%lationShipbOCCurred in the' Boswarlos 1971 grdup.
The 1972 sample grew.somewhab slower but the difference
‘was very slight.,

- -

ﬂ3.' Geographical Differences in the Lenﬁth'ﬁnd‘

veight obelvers

a., -Mean and Range’ in Lengph of'Elvers ﬁlong

the Viestern Atlantic Coast

The results of this analysis appear in Figure III. 5.;

Figure III. 4 shows the areas from which the samples

" were taken, ranging from Florida in the south to New-
L foundlaﬁd in'the northy - | o |
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As shown in the graph (Figure III. -5. ) the mean lenéth
of elvers ingreased steadily from_éouth to north. The

length range over which Newfoundiand'elvers were spread

is also much greater than for any other lpcality sampled.

b. Léggth Frequencie’ of Llvers Along the

westérn Atlaqgic Coast _

The results of this analy#is are shown in Figgfe
I1I. &. Florida occupieq an extreme ﬁégiqion'wit tlass
I predominating while in the Maryland sample c}.as?II
was most numerous. In,ﬁhe'Nova Scotia-sample class 11
predoﬁinatedfwith some claés 111 fish éppear;ngu Class ~%

TII was the largest group in the Newfoundland sample,’

_ This sample also 1ncluded‘ﬁla s IV fish.for the first

! _ .
t;me. - . "

. -

, ‘Ca - Variation in Mean weight of Elvers Along

the ilestern Ablantic Coast .

The varlatlons in mean weight for elvers collected
from: south to north along the Atlantle coast 'of North
America are shown in Figure III. 7. ‘

The weight variation with‘geogfébhical location
can be clearly seen as substahtiai inéféasas in.weight
are noted from south to north. The mean weight forl ‘
Chesapeake Bay was’th 0 mg and for Nova Scotia 169.0 mg.

This represents an inerease of 65.0 mg.

a "o
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Newfoundland elvers increased substantlally 1n
weight over the Nova Scotia sample with g mean weight f
.

of 295.0 mg. Thls was an increase of.126.0 mg OVer -

Tt

the Nova.Scotia'sample. _ ' ‘ g

?h}.bVariation in Elver Size at Progressive Stages

of Development

a, Variations in Iean Lenpth and Weipht of .

Elvers Collected in Newfoundland ' S
Differences in length and ﬁeight in early and late,

collections of elvers from Newfoundland are substantial.

:.Elvers from one run were sampled over a period of. three

weeks beglnnlng at the ‘time of flrst entry into fresh-
water. Length variations are shown graphically in
Figure Ifl. 8, and weight variatione'are.presented in
. blgure III 9. . . S
When the run first entered freshwater the elvers

sampled had a mean length of 72 Bmm. This dropped

substantlally within a week to a mean of 65.7 mm. The ,:f;
£ .-

. third week showed a recovery in length_to a mean of 70,0

mm which remained stable, ' o -

Weight varlations also followed thls pattern. bpon = 1

entry into freshwater the mean welght of the sample was -’

s

380.0 Mg« Th;s decreased to a low of 255.0 mg during
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'
the second week. The third week showed a recovery in
weight to a mean of 360.0 mg - which remained approx-

imately stable.

b. ariations in Length. Frequencies due to v

. Stages pf Development

v ". )
Variations in length frequencies ovep three weeks
B

¥

of sampling are presented graphically in Figure IIY. 10.

At the time of {irst entry into freshwater the 70.0

!
to 79.0 mm class was most numerous.- The second week

prodﬁced a. markKed change with the 60,0 to 69.0 mm class

'becoming by far (90.16%) the most frequent. The third

week resulbpd-in the 70.0 mii. Lo 79.0 mm class' increas—

ing to 56.25% of the sample. The last sample foliowed
the trend sét in the preévious week when a further in- °

crease to 6ﬁ.56% was noted in the 70,0 to 79.0 mm

' |

class.' ) ‘

Ca bariations in Weight Frequencies due to
I v ) . .

Stagés of-levelopment ’ ‘ :
| -

Weekly_éamples from a sidgle run of elvers were

collected over a three week period. Variatipns in .

: weight freque.gies;for the samplinghﬁjme appear graph-

P

IlI. 11.

At the Qim

of entry into freshwater the 300.0 qf
" - N : - ) . , i .

I
f

]
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to h99 0 mg class was most frequent. The second week
of sampllng produced a sharp change w1th the 100,0 to

299 0 ng “class 1ncrea51ng to 77. 2Sp of. the sample.

vt \
The th1rd woek was the.opposite-of the second-with the"

' 300.0 to L99.0 mg class fecobeying}to a Ireqaency of -
68.75% while the 100.0 to 299.0 mg 'class dropped to
31.25% of the sample. In the last sample the 500 0

to 099.0 mg class 1ncreased from zero.to 18.16% wh11e_

—

the 300.0 to E99 0 mg class decrcascd conslderably.

. r
:‘_‘ N
e "

b

5% FrequencvaDlstrlbutlons*of Juvenllcs in
Preshwater ' . . - o h

k]

in Table 1II. 3. and Figure III 12.

¢ : i
Both the 1971 and 1972 samples of Juvenlles from the

' Boswarlos area ranged in age from bne. to four years. The .

meaﬂ aées of the specimens were 1.39 and 1I17 years .
respéctively. The modal group for both the 1971 and 1972
.samples werc comprlseq.of one year 0ld eels. . Eels of
this age-size groupéwe;e very prevaleﬁt‘an-thessappliﬁg

area while the mid*age group (5 to lU.years) ﬁas'scarce

. or absent altogether.

.»",’Ih'

The Petty Harbour sample f juveniles produced a
"l'.o- - . . - .

“brbader age group;ranglng from one to seéenb}ears‘with

N S . . " - -

- Ape frcquen01es for the three arcas uamplcd are shahn. :
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. " 'a mean age oﬁ 3.39 years. Tﬁe,modai‘group consisted"‘
¥ of-three‘fear“eld eels. <G .
Length frequen01es for the three sampllng areas

; are shown in Table 5 o and Plgure III 3

The Boswarlos 1971 sample ranged in length from
56 0 to 8? 0 mm. -In 1972 the range was from 61.0 to

85,0 mm. The mean lengths of the Boswarlos 1971 and
k- L3 L ]

1

,197 semples were167 0 and‘73 0 mm reepectivelye.

- "~ The modal group of the 1971 sample was represented

by the 62,0 mm group while the 197? sample'had its

s e st b s A s 7 -

- ) mode at the 67 0 * mark.

P

"The Fetty Harbour sample ranged in length from'
64 0 to 129.0'mm. - The mean length of “the sample was
91.0 mm and the mode occured at ‘the 87.0 mm marg.
- # I A" | e & b
] Weight fpeqeencies for.the‘three sambling_arees
in. which juveniles were taken ate.shoﬁe in Tatle'IIIJ',
'5;__and Figure 111. e p , [‘***
- The: Boswarloe 1971 sanple ranged in weight from ]
0. 17 to 1 07 gms. A sample taken from the same 51te C
*  in 1972 ranged in welght from 0.13 to 0.94 gms . The
mean welght of the Boswarlos 1971 Juvenlles was U 36
gms. and the mode occurred at the 0.242 gm mark. -

- Thejeample taken at Boswarlos in 1972 had a'mean:weight

!
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Table II1: 4. Perctatoge lengeth frequency for juveniles of Anguilla rostrata (LeSueur) ia f:;es‘hgal:er,.‘ "

™ -Locations

0

©$5-59 60%64  65-69 70-74

15-79

80-84 B85-89

90-94 95-99

‘1007104 Fo5-109 110-11a

115-119 120-124 125-129

. 1 -
_ Petry 0.37 2.22° 2.96 11.10 15,54 18.50 14,80 ‘9.62 : 8788  4.44 5,92 2,59 1.48 -, 1.48
- Harbour + = (1) (6) (@) (30} . 2) (500 (&O)  (26). (24) . (A2) {16) 4 (4) %) .
. : N . . . . - - . S
, . Boswvarlos 17.36 30.38 zl.inéi;gz- 8.68 4.3 4,34 - ) .
o 193l (8 N (5) | {2) (1 -~ . .
: - - Boswarlos, 6.86 38.22 39.20 13.22 1.96 ' ’ B
1972 - (7). (39) - (40) (2)- N . _‘
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O ...‘y.' . . . ] .. .
" of 0.35-gms* ahd the mode occurred at the 0.345 gm

mark. - _ _
The Petty Harbour sample ranged in welght from
0.22 to. 2.09 gms, The mean weight for this group_was_l.
0,7? gms and ‘the modal grgup‘occdrréd at the 0.445 gm
- mark. | . : | - |
The.number of spe01mens examlned are shown in

qI)rackets below the percentages in Table III 3, III1. L

and III. 5. -~ - .. L

6. Age-length Rélationéhip'of‘Jﬁveniles
Mean length, calculated length, range in length

“and annual increments in length-are.sﬁ;wn in -Table III.
6 a-c. The mean length fér each age groupland apﬁual
increments are also showﬁ_gfaphically InaFigupe III. 15.

After phé first year-of frefhwater life the ;;ls
from the Boswarlos 1972 sample- showed & ‘slightly faster

:growth fate than that of the sémple takenhin 1971,

" The 1972 sample had a mean length of‘?lmo.mm' at age
one.while the 1971 sample had é mean length of bb.£ M g
Thé'1971 sample, however; showed fasﬁer growth in thé

second year of freshwater llfe with an annual 1ncrement
of 6.3 mm. The 1972 sample grew slower with an annual

increment of 5.l-mm,

o
. .
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Boswarlos 1971

Range in length

and an

Age grpﬁp' . 1 ;

IT

I1I

Iv

v

Mean length. 6,92-

Calculated length '~ 6.62

Annual increments - -~

) yo; of\sbecimens;‘ g} :18‘

T 71

7.25

7.36

o

0-&3' s =

7.75
, 7.83"

1.7

7‘.8'

0.50

[}
A
L

' Table ITI: 6a. Mean length, calculated-length, range in, léngéh._“
: ‘increments in lengths for juveniles
. - . “of Anghiilla rostrata (LeSueur) in freshwater.
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Table II1: 6b. Mean length, calculated lergth, range in length
’ . -and annual increments in length for juveniles of
Anguilla rostrata (LeSueur),inlfreshwatgr.

Age group iy ¥ .. I ° T . I

_/ ! - ”

- 4 ‘__~ o - ol . - = =
Boswarlos 1972 E .
Mean length.  ~  7.10 7.61° 8,07 - 8,50

Calculated 1ength‘ 7.10 7.70 8.07 8.35 .

LA Range in length 6.1--  7.5- 7.9- B.5-

8.1 52 # 7 B
p s - Hi ) . . L ) ] ‘..'\:.- : i
Annual increments ¢ - £.51  0.46 °  0.43
g - 3 : . . . _ L N :
No. of specimens , - - 91— 6 . 4
.'./ \I A _".
| =a f j .

L)
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. Table III: 6c. Mean length,'caICulatednléﬁ h, range in length and -
S annual increments in length %Zor juveniles of B :
Anpuilia rostrata (LeSueur) in freshwater. o -

a

..\

Age group b s . w v oyi- o Tivine

PétEyJHarbour
Mean leng;hl e 7.99 - 8,51 .~ '8.80 953 10,03 - '.id.;a . 8.2
_Calculated length & 7.62 . B.sL . 9.08 . 950" 9l8s . 10.14 . 10,40+
%ange‘in length 6.4- 6.8~ - 6.5- 6.9- . f;s.lf R 's.éil‘ S

h ' .9.73 ;1.0' - 12,9 | . 12,8 12.3 ;_12.? . 8.8

. Annual increments - . o552 0.29 . ' -0.73 0,50 - 40,11 -

No. of specimens - 16 - 38 .96 .. 80. . .27 Lt 2
e S : v |
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Beyond the second year of‘Hieshwater life the 1971

s sampkejérew faster than those taken in 1972 A% age"

- four, lengths were .almost identical., The l971;$amele

had a mean length of 82. Qemm while the mean‘length"
[

“of the 1972 sample was gg O mm.’ In general growth : g
’ ] 1
was 1rregular and rather slow. . ‘ , :

- *

The Petty Harbour sample was larger than the- Boswarlos

P r_.P

samples after one year in freeﬁﬁaten with a‘'meéan length

of 79.9 mm. as shown by the. aﬁﬁual 1ncrements, ﬁTable T11.
6 a=-c). However, overall growth for this sample was
;lower than for the two Doswarlos samplesd . In addltlen,

growth of Petty Harbour eels was more irregular than .

for:the other areas sampled. N :

' .-
. Calculated growth in length {or ¢ach area and age
group is shown in Table 11I. & a-c and in Figure III. 16,

¥or easier graphical comparison and to obtain a
mathematical Expresiifn for érdwth in length the age-
length data was transformed to the log regression form.

Log L.= log a+b (lpg A) is the logarithmic form

Qf the exponential L ='aAb._'The calculated age-length

B | b . N . .
relationship is represented by the Tollowing equations,
T f'. . LI

Boswarlos 1971 -
lqg L = .82uy +M11520(105A)

* -‘_,'

BOswarlos 1972
: log L = .8513 + .1165(logA)
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etty Harbour = =T

My

4

1z i B log L = SQTQ + .159)(logA)
The Boswarlos 1971- sample showed the fastest growth - ;
pattern followed by the Boswarlos 1972 sample and Ilnally ‘
the Petty Harbour group.: At age one the Boswarlos l97¥
group was 5 2 mm. shorter than the 1972 group but by’ - | "
- age seven both groups were the same 51ze. - 8 )
- As shown 1&_the graph (blgure II ‘16, ) ‘the . Petty

L
. Harbour populatlon wage larger at age one bgf-subsequent .

™~

. growth was slower than the other samples producing a
-y . |

graduai‘convergeece'of'the growth *lines,

»

¢

7« Age-weight [telatvionships * .

. Data on mean weight, cdlculated weight,.range in

(SR £ B d oy . ’ L
weight and annual 1n%rements‘1n weight for &he samples
'+ p 'y ‘. ?

' oi Juvenllee collécted appears in Table II1. 7 a-c and'

L . " . ¥

1n bmyure lil 7. - : _ L

+ T . i

-, v . o

X "After the first year of freshwater 1ife the Petty_'
_‘Harbour eels were larger than the one- year old flbh

'.contalned.in the Boswarlos sampleéf_ The.fastest.growth‘
'J

. . :1n welght oﬁéfall was dlsplayed by the Boswarlos
19?1 sample,,’The annual increments for this group were

llghtly larger than for the. Boswarlog 1972 5ample and

-

- L3 3 - -
s - b -X L3 . U
- , v = A
- ™ . = -
-

. !! . * 4 -
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Table "III: 7a. Mean we;ght, calculated welght range in weighf
' .and annua%blncrements in- weight for juveniles of
- Anguilla P™¥strata CLeSuaur) in freshwater.

=

° Age group, X i TORRN : - : : IV

_Bpswariog 1971 ' ’ S g
" Mean weight - 0.34. _ 0.61 ° - Q.B9' ' 1..07

-Calculatéd weight "0.34

6
' Range in weight ° T - S ) 0&57-."';'0 85~ .1.07-.

- . . £ -

Antiual increment

. 098 - 'o.&é’- 0,93 - .

Latx

"—j . : 'l
¥ . (3 3
;f\\ No. of ®pecimens 18 - 2~ 2 |5
o W 1 ° . B
P - o . =
- N - e ]
& T ! g S . ) il
s O o . -
i \ " g 3
. .
. 3 e, ‘E- 5
a. - -
3 < i % -
» ' -
---;_._______‘_:‘-_‘ ?I‘ . X
‘ \ ) + v F .
‘ M L ol = . =
- ,‘ ‘Ni\‘\.__“_ . - o = . . - . .
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e 5 B ' -Table III: 7b. -Mean weight, c:alt:ulated weig‘nt, _range in welg‘nt and
' j "_ g. - e annual’ inc ments in weight for juveg&les of .
i ' by - , Anguilla rostrata (LeSueur) in freshwater. .
) i - & .t ’ s i H“H—Hh"“‘-m_
R . =4 = R S
T e - Age“group A . T wmr - 1w
N R S
oy . . . ‘
L Boswarlos 1972. o, me
B ik P “ o n v A E T " N .
) w . - . * .  Mean weight . v B.35 '0.38 .+ 0.83. - - 0.94
- ., .. calculated weight ‘ 0.35 .0.58- . 0.78 -  0.96
L h-‘ - i 3 S &‘ . : o p . N -. ’ g
A Range .in weight - 0. 13-. ‘0.51- - 0.74- 0.94~
. e . ,’ E 1 e . . i
G g e TR L s : - i 0.67 . 0.69 0.85, . o
3 7 - .0.23 0.25 0.11 -
. N ] " 9 & & g L.
S8 a= T - " ' _ g 9
- N L , 1] 5 - ‘\{
ar 5 - ‘ . - ..‘,. Lo F



by

\‘\

" ﬁ_-(LeSueurLifh freshwater.

.~ Table III: 7c. HMean welght, calculated weight, range in éeigiﬂ: and annual
- ' - increments in weight for juveniles of Anguilla rostrata

4 - l
. L -
Agg group ',} 1. II III Y Y VI VIf_
LT '
- 4
.Petty Harbour _ f _
Mean weight . 0.56 ¢ 0.61  0.67 . 0.90  0%7 . 1,11 0,53 °
Galdulated weight -0.42 = 0.61 .  0.76 0l8y  1.01 - 1.11 1.21°
Rdnge in weight -~ 0.22- 0.31- ~ 0,30~ - o 0036~ 0.45- . 0,60~ 0.43-
. - - . L o
B : 0.77 . 1.29 1.59 1.98 * 1.81 2.09 - 0.62
Annual {ncrement = 0.1 . 0.06 0.23 0207 0.14 -
No. -of specimensA 16 .38 96 80 27 ST 1l "2
£ . - - l
: L;-W T -
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ols

_ t%pded Lo grow more sluwly d.Ild 1rregular‘ly than t,hB

-

* considerably largér than for the Petty Harbour eeis.

'J

Both Bbs'wai‘loc sdmples gr'ew rapidly, Ththe 1 to III

year range attaln:{ng mean welghts of U, 89 - and 0.83 gms

respectlvely. "The same.age group in the Petty Harbour *

J

. sample had-a. mean welg,ht, of 0. 67 gns».

.t

L.r'owth slowed for bo"t.h Bonwarl’t& usampleg from age

three to iour' while the, Petty Harbour _sample showed a’
) v

rapid 1ncrease in weight. = At age four Lhe: Boswar'loa.

1971 and 1972 samples welghed 1.07 and"Uq% gms ect—
els \

1ve.Ly. For the- We group the I"e.tf:y H‘a'rbour' e

¥

had increaged! in weight to a mean of U.9U gms?. ‘R W

Y

. " . . b t e .t_:_/
shown by the annual increments the Petty Harbour eels” .~

w

) »>

other populatlous samplcd. ’ : L

A

- Calculabed g,r-owth in welght for each age, J__,r-oup of

.Juvem.les sampled appears 1n}qple Iil. 7 a~c and in: -~

LI

Figure 111, 18, . -\ L

LA

Log r‘egress‘ion transformatlons of the 1orm

log W= log a+B (log ‘&) were used' to ca-lc:L.tlate growth,

i weight. "The equations cx\)res sing 'th;is f'-élabionsh_ip

for the three populatlon., studied are as follows.

\joswarlos 1'9“71 - o o .
: i ' :

log M = 1,/5 1) + I. 8432(101;:\)
Boswarlos 1972 - .. ‘ o
\ Log U = T5641 + T.7286(Logh) I

-t
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S S -
'ﬂ“Petty Harbour —_‘ I . : {fz/, L S ‘ A
log w's-1.6205 + l.5h76(logﬂ) PR

, Thé'Boswarlos l97l_éels showéd fhe‘fastest groﬁth
rate followed by the Boswarlos 1972 sample -and flnally
" the Patty Harbour sample.- Up until age three growth '
“lin weight was 51mllar,for_all the pqpulations sgmpled.n
In subsequEni years, However, the two Doswarlos samples
_continued to’ grow at the prev1ous rate while the Petty
Harbour sample showed a considerable decrease in its
rate of growth in we;ght.- ‘ . - o ' | “’

-

8. Lengthﬁwelght Rel tionship of Juvenlles

Length-weight relatlonshlps were determlned by
" log regre551on transformatlons Qf the form log W-=
loga’+ b(lrgﬁ) Thls relatlonshlp 15 expressed by
the following equatlonsfand is shown graphlcally in

- 1

' Figuré 111 19 and Flgure IIL. 20,

Boswarlos 1971 -
: log W = 1. 1320 + I. 8835(1ogL)

e O

Boswarlos 1972 —i\ g : , \
“log W = 1. 3&2& ﬁﬁl 5627(logL)

Petty Harbour - o -
Yog W = 1.1501 + T1.8515(1logL) "

N o n
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The fastest grqyth pabtern in the obserVed data

was dlsnlayed by the Boswarlos 1971 sample followed

~by the Boswar{os 1972 eels and flnally the Petty Harbour

.saﬁﬁle. As gfowthfpfogressed‘the two Boswarlos samples

howed a decrease inlgrowth rate whtle a correspondir

i crease ‘was noted for the Petty Harbour group..

The fastest growth pattern derlved from the cal-

¥ -

culated relatlonship occurred in the Petty Harbour sample
" followed by .that of -the Boswarlos l97l group. The growth'
_patterns of the two samples discussed above were approx—

.-fimafe_but growth of the Boswarlos 1972'pqulation'was‘

apﬁreciably slower.,’

%

- e

B. Food of Elvers aﬁg_ﬂuveniles

The food of elvers and juvenilés from the various
localities is listed in‘Table III. 8 a-e. |

' Benthic organisms were the dominanf food in all

¥

rareas sampled. Ghironomid larvae were most frequently

ol
._utlllzed in all but One of the samples. Lesser food

types were'leeches (leudlnea) and -caddis flies (Trich-

optera). Pelagic -fauna was not important in the diet

- 6f elvers and juveniles ffom'any of'the areas sampled.

'-5__.../
The most common terrestrlal food were adult Dlptera.

Ll

Items such as vegetatlon and unldentlflable materlal of .



TABLE III:  8a.

L

The food of juvenile eels exnressed as percentages of

occurrence, nunber dry weight. Petty Hatrbour 1971.
.. P - / |
Frecuency_ occurr. Number % Ht.ygms.)__ % Wb,
BENTHIC . | -~/ T
- Chironomidae (Larvae) 68 25,16 270  86.4C 0.C102 49,99
Hirudinea “ -1 .37 1 - G.32 0.6007 3.43.
TOTAL ~ ° ~ -~ 271 86,72 ‘0,01C9 °  53..1
PELAGIC o ‘
Amplripoda , — 0.37 1 0.32. G,0001 0.49
TOTAL - — 1. 0.32 0.0001 0.49
TERRESTRIAL | . o
Dolichopodinae 20" 740 30 9.60 ©.0060 29.4L0
Cercopidae 1 0.37 1 G.32 G.0006 2.94
"~ Culicidae 7 2.59 8 2:56  G.000L - 1.96
*OTHERS
Veggtation - —— - T — .oT
Indlstingulshable 30 11.10 - -- . 0,0025 12,25
Empty : 171 63,27 - - T— -
- TOTAL —— —e - -~ ... 0.0025 12,25 .
-.GRAND TOTAL == - 311 100.00 ©.0205 . 100.00
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TABLE III: 8b. The food oE elvers expressed as percentages of occurrence,

e

Boswarles 1971.

Nz

E]

Frequency ‘occurr. Number % 4t (gms. ? wt.
BENTHIC . g 4 , :
Chironomidae (Larvae) 108 - 89.64 1995 99,70 0,0551° 97.85
Culicidae (Pupa) - 6 L.98 < 6 0.25 0.0002 0.35
Trichoptera . - v 2 3 1.66 2 0.05 .trace 0.01
TOTAL . - . - A% ' ' '
PELAGIC 4 » o
TS —— . % ‘ - - - — -

TOTAL B - - - —— -

o TERRESTRIAL g , ;
TOTAL . T - . e - e e -

. OTHERS _ B .
Vegetation G 0.83 - -  trace:  0.01
Indistinguishable 12 9.96 -~ --  0,0010 e

Empty . - 8 6.6,  — S -

. TOTAL - ' Lo - - -~ 0.0010 .. 1.79

: 'l ral 5
 GRAND TOTAL( =~ == i {2003 100,00 0.0563  100.00
. : 3 ———>\;‘“ ke .
» } o & : L
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TABLE III: 8c.

"BENTHIC

-

The food of Juvenilé eels e
occurrence, number and dry.wée

ght. Boswarlos 1971,

Q%essed as per§§ﬁ€hges of

" Frequency occurr,

A

Number %

:l'l{to' (ngQ) u% v,

-

GRAND TOTAL ~ . - ==

Chironomjdae (Larvae) 23 1GC.GG 330 99.90 0.0091 C 99,97
Cu11C1dae (Pupa) _ 2 8.68 ‘2 0.10 trace 0.1
TOTAL o - o 332 100.00 0.0091 99.93
PELAGIC § . ~ L
. TOTAL’ R — - — - -
TERRESTRIAL ' . ,
— v e . 2 - - — —— --i{;—g’l T e Y m——_
TOTAL g - -— -= - = A, T
' EX
OTHERS . PR
'Vegetation - -— - - - -
Indlstlngulshable ) 3 13,02 -~ - trace 0.02
Empty ’ :'_-' — - —— - ’ - .
TOTAL ' - - = - trace C.02
racs— a —
- — 332 100.00 0.0091.  100.CO

S

S

9



- . . = = 5.
e H

- ' ,‘ =1 ) =
TABLE III: 8. The food of elvers expressed as percentages of occurrence,

number and dry weight. -Boswarlos 1.972.

% ' L JE

. = o Frequency oceurr. Number Nt Ute.lgms.) % T
" BENTHIC e , A
Chironomidae (Larvae) 18 ~ 1i8.36 . 108 ° = . C.G351 9.ulL
Enchytraeidae ” 32 32.64 3 - e I2YE 345,30
TOTAL - S me e 102 -~ 0.1626  43.74
PELAGEC " @ \ R o
TOTAL i - - == = - o
TERRESTRIAL - . B v 3=
TGTAL i — . = e
OTHER S il ‘ e~ 3
Vegetation : oo L L.08 7 _— - 0.CO0L " 0J1C -
Indistifguishable - - c0 . O TGO T = —  (.2087  56.15
Empty. N 3 {7 S R (A
.TOTAL = - o —~  _0.2091  .56.25
GRAND TOTAL © " e - == - G717 100.00
i
‘ ;
™ ] ‘



AR E . : R oL . . e L
X ] . -‘ . . b . :"u_’--\-c':‘\‘ - . I -' ) . ) . . i _.. B
. TABLE III: Se.&ZT,,h“é food of juvenile eels expressed as percentages of .
N _ T “occurrence, number and dry weight. BoswWarlos 1972.
S _ Frequency occurr, Numbér % - Wt.(gms.) & wt..
. BENTHIC B L S R '
. Chirdnomidae{Larvae) 19 - 18,62 129 - <.0370 9,66
Enchytraeidae 36 35,28 - .. R 0.1283 33.51
C OTOTAL . - - -- 129 - 0.1653 - 13.17 .
_ (FELAGIC —_ A . . T
g - Gammaridae - : 1 Q92 1 - . trace .01 -,
3 o ' - . , , :
ST _TOTAL . S L= - . 1 - - =zrace ... 0.0l
- a . - = - T i = '- -
- » TERRESTRIAL - - SRR
- Muséidae - 1. o+ 0.92 2 . = 0.0C0L  0.02
'{’ s TOTAL . v R 2 - - 0.000L @ 0.02
a Vegetation - L 3.92 - == 10,0002 - 005
Indistinguishable T4 72.52 e 0.2172°  56.73 .
| R - 0.98 - - = e
——: Lo \—- ' Bl ) -;_ . 0021715 56 078 ! E
> - - 132 100,00 ~ 0.3828 . 100.00
- \\
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T - T
o Chironomid larvae wh;ch rated.higest in the threeILypes

food value are 1ncluded under . the headlng "Other"aln _

Table TII. 8 a~e. . -, e o s

to-

1. Petty Harbour (Table jes Sa) o T

o fhe domlnant food organisms in thls .sample were;‘a »h .

'of analyeis'in the table. 'Terresﬁrial fauna ﬁere of "

- B - [] Vv T

o Legser importance as food with two famlllES of .the ... - . -

. T v . * - - 3 ,.‘. -

.- true’adult. flies (Dlgtera) belng present in small hum- T
bers, . “1 3 B b 3,.‘. . ,t_'k

The humber of empty stomechs was lange with 63,0%

. of the Eieple havlng no stpmach contents.‘ The number

. u
.o«

of §tomachs contalnlng no 1dent1fﬁable materlal was

-

- very lew., ‘ - o . T

"

. 2 Boswagles L9?1i§lvers (Tab;e'III.-Sb) o f!f

., . ; - ; . . s

o Tn'this sample. the dominant food organism wéé'_' e

£

Chlronomld “larvae whlch compfised approximately 90. 0% ' "*;‘f“
] . :
of the ijd taken.. " L c-

Othe food types repreeéﬂteduwere eeddie-fiiee

i £

(Trlchoptera) and mosquito pupae (Cullcldae) but ‘these’

were Qu;te unlmportant, occurrlng in lgss than 5 0% of Co

- the stomachs examlned The occurrence- -of- é@istlngr

-y ‘ * : - S e o
‘ulshable gut.contents(d;ebrls and empty stomachs was... -

L . o

avery low ip’ this sample. . o = : .
g I q ' . . - B .
r % . . -
) - _' - / N * ?;r ‘ ! ' . - s
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SRR "fjj:'Boswarlosflffi Jﬁvénilgg.(Table IILg'SQl
b?hironeﬁid'larvae which‘eecdrred-in eherygétomach

‘mogqulto pupae’ (Cululcldae) There were no, empty stomachs

T - . T
. — L -
. a -67 - s . _‘% ] . ',
- . N . . -
. ‘8 v s - T .
. - .. ) . B P
° ' - : *
L ' H
4 ' L & £ .
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' The most important food :in this sample were the ~ - = f’~\\

eiamihed. The only’ Oth?f fooﬂ type occurrlng was'<_‘

- - "t

“in thls sample.- L .; : i _ AT 5
i+ - Boswarlos 1972 ‘Elvers (Table I1L, 8d). . .
| - .

Annelld worms (anhytraeldae) were the domlnant' B

ieod organlbm 01 thl sample. These worms occurred ine .. o - o

A . . ,
32 th of thé stomachs examlned and* were also present“ . ~ o
1n bhe largest numberg as well as hav1ng the largest e
-percentage dry nght (Jb JU‘%) Their :meortance as o - W

‘a food is omewhat biased - by the large number of stomachs

o

l‘n w;th 1n stlngulshablé content% It 15 hyspected that Q.

food occurrlng in 18 )Op of the stomachs exa 1ned ‘
Y Vegetatlon and debrls‘were preqent ‘in ”
number of stomachs. It is-suspected th '
o
was - ingested 1nc1dentallyialong with, the ﬂnnelld worms ) .
- dlscussed above, T AR ?' - .
.'-. /‘:-‘ - o -
e T ’ : A
L3 ".. :‘. _.u.' I.-n - - - . - -
- _ ? .. {'_l L] ’ - :
! S / 4 s o



‘-mlned. v oL

G Com})etltlon .':md Predat.:l.on -_ - o . /

-

'trout (balvellnus fontlnalls) whose stomachs were exa=

5. Boswarlos 1972 Juvenlles (Table III Se)

L As in the elver : sample dlscussed above Annelld

WOrms were th@ domlnant food occurlng 1n ‘35, 28% of the -
1}

StOmaChS.“ ) A " " o -:n-l I .. - '-,. V - . .;‘. ‘. ‘o‘l.
. " * : i, : T ~ C

Large numbers of stomachs with. unldentlflable
P A
materlal in them were’ characterlstlc of thxé-sample..

&

. Chlronomld 1arvae were -the - second most 1mportant

food Food organlsms were somewhat more varled in this.
k

'-samplc._ Spe01mens of the housefly (MuSC1dae) were

pres$nt as. well as an amphlpod . Less than 1.0% of the '

stomachs in thlS sample were empty.

-

F

l. S A Comgarlson of the Food of Elvef&, Juvenlle

Eels. Adult Eels and Brook Trout. collected at
s ~

Boswarlos . . . 1 . : ;

.

‘Table IIL, 9 lists the foods taken by 79 brook

L )

: Table III 10. shows the food of 20 adult eels ' ) 3“11 :
1 .

'also taken as part of the same. 1nvest1get10n. ThlS was ¢

‘;compared with the- food taken by elvers and Juveéﬁle eelS-

(Table_ III. 8 a"e) . o
The trout examined raqged'}n lengtﬁ from 10.0 to

29.0 ‘cms: and_ccnsieteddof 35 males and 44 females.

e L, -~



Table IIYI. 9 The food of 79 brook trJht,(Salvelinua
' fontinalis) ¢ollected at Boswarlos

Port au Port Penninsula, Newfoundland.

-

.

Freqilency occurr; Number %

GRAND TOTAL

_ ) Ht. (gms) Z wt
P
BENTHIC . _ . ‘ ) , _
Chironomidae (larvae) 50  63.29 203- 27.21 0.0145 - 0.48
Trichoptera (lartae) 34 43.03.. 93 12.47 .0.1081 3.61
Culicidac (pupa) 21, 26.58 T 27 | 3.62 '0.0024 0.08
.Amnicolidae- ' 25 31.64° » - 66 . 8,85 0.1284 4,29
- Ephemeroptera ﬁnymph) 5 - 6.32 . ;) 0.80 0.0008 06,03 ..
" Ceratopogonidae 1. 1,26 1 0.13 trace o.0f
Corixidae 7. . -8.86 7 0.94 0.0146 0.49
.Buridirae 1. 1.26 1{ 0.13 0.0060 0.20
Odonata (nymph) 14 17.72 . 24 3.22 . 0.101% 3.40
TOTAL —= . -- - 428 " 57.37 0.3767  12.59
PELAGIC | T .
A. rostrata (elver) .11  13.92. 17 . 2.27 0.6505. 21.73 |
6. aculeatus 9 11.39 .., 12 1.61 0.7640 25,52 .
TOTAL . == == " 297 3,88 1.4145  47.25
TERRESTRIAL _ .
Formicidae 46 58.22 . 256  34.32 '0.1632 . 5.45
Arachnida -5 ~ 6.32 6 0.80 0,0015 0.05
Culicidae (adult) 3 3.79 -3 '0.40 0.0004  0.01
.Muscidae {(adult) 6. 7.59 - 9 1.21 0.0606 2,02
Pyralidoidea 8 10,12 9 1.21 - 0.0138 . 0.46.
Limacidae 1 1.26 - 1 0.13 0.0117 0.39
Cercopidae iS5 0 6.32 5 0.67 0.0079 0.26
e £ . . ' i
TOTAL = -- 289 38,74 0.2591 8.64
Vegetation 5 6.32 " - -~ 0.0210 0.70
Indistinguishable 23 . .29.11 - - 0.9224 30.81
. Empty ’ 10 12.65 Co=- - Ut -
- . .
" TOTAL .. - - C - - 0.9434 31.51
- -- 766 100.00 2.9937  100.00
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TABLE III%

™

10, Food of 20 eels collected at Boswarlos Port au ort
Penninsula, Newfoundland, - 8 . -
. 7 . ’ . S
A Frequency occurr, Number s dt.(gms.) . % wt.
BENTHIC o
Chironomidae (Larvae) 15 75.0u 23 38,60 0,0069: 0.95
Trichoptera {Larvae) <15 75.C0 59 2744 00,0591 3.17.
. Culicidae {Pupa) - .« 3 ¥ 5,00 3 S 1.40 0.0001- 0.01
Amnicolidae 10 50,00 21 9.78 " 0.0352 L .87
Odonata (Nymph) "“qu_ 35400 18 _-8.37 0.09%L 13.3;
~ TOTAL - - 18, 85.%9--T71977 . -
PELAGIC | . o
A, rostrata 6 30,00 11 5.12 0.,4210 53.19
" «§, fontinalis 1 .hW.GO 17 .. 0.47 0.0897 12.40
TOTAL- ' - -- 8 5.5 0.5107 @ -=
TERRESTRIAL A
Formicidae 7 35,00 19 8.8, ©€.0128 ,
TOTAL, . | - - 19 8.8, 0.0128  1.77
OTHefis s : |
Vegetation . 2 1C.00 - -—  0.0001 - 0,01
Indlstlngulshable ‘- L .9 45,00 . - -~ 0,0022 0.30
Empty -1 5.00 ° - - _— -
TOTAL . PV e - -~ . 0.0023 -
‘s GRAND TOTAL ° - - | 215 | 0.7235 - 100.C0
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Thé® eels ranged in length- from 17,0 to 79.0 cms.

A comparison of the freshwater life of the eel and

brook trout shows that both depend heavily on Chironomid

' - larvae as food. This is especially evident when examined

by the frequency of occurrence and.number methods.

However brook trout take a much greater variety of species

" from all three food types (benthic;_pqlagic and terre-

strial) than do any‘Bf the eel stages. The benthic

food of adult eels and trout is very_similar with a

L}

‘total of five types of. food Being'common to both sgpecies,.

The strict benthic feeding habits of the eel are apparent,

“however, when its intake of terrestrial food species

(1 species) is compared ‘with that of the ﬁroﬁ%_(? specis®) .

. Elvers and juveniles are unable, because of size

to také fish of .any kind as food but larger eels and

trout commonly utlllze stlcklebacks (Gasterosteus_

acyleatus) and elvers themselves as food. .

Caddis flles (Trlchoptera), snails (Amnlcolldae)

‘and dragonfly nymphs.(Qdonata) were also Important food
- species for adult eels and trout. These species were

of very little importance as a food for the elver and

. L
juvenile stages of the eel.

In one sample elvers and Juvenlle eels fed heav1ly

_on Annelld worms (Enchytraeldae) but thls species had no

importance as a food for the larger eels and trout.taken

in the sample.

t )
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2. The Importangg of E: Elvers as a Seasonal Food

- of Adult Eels and Brook Trout

As shown in Tables III. 9 @nd III. 10 elvers were

-important as a seasonal food of adult eels (30.0% occ.)

and trout (14.0% oecd). . . ) '

k When.ﬁnalyzed by tﬁe number. method their 1mportance
(5. 12% for eels and 2. 27% for trout) seems to be some-
what' decreased. Thls‘decqease 15 attribuﬁable’to the
large numbers of insects, espécially Chirenomid ;arfae
and aﬁte (Formicidae) taken as foedlby the fish examined.
Howevef, the dry weight ﬁephod demonstra}ed Fhe import-l’
ance of elvere as a seasonal food as, they cemprised
58.2% of the dry ﬂeigi’}t of- all food taken by ecl_ult«eels
and 21.3 % of the weight of 511 food ﬁakéﬁ'by trout.

Tl r .

i . a

D, Secondafvljpstreem Movement T

1. Age and Growth . ;

a., Frequency Distbibutions of Marine. Juveniles

Age frequenc1es for the Tralnvaln Briock site (Flgure
II. b ) are shown in Table III. 11 and Figure III. 21, -

The mean age of eels.at this site was 2.94 years
and the,modal group was comprised -of three year old eels,
The. one to four year old group waé prevalent in this

-sample while the five to eight year olds were scarce

"and represented only 8.99% of the sample.
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“Location <

I <. - vV VI VII

Age groups

| VIII.

Tctai-

Fish

-Ttaiﬁvain'B;odk

17.25 19.32 ) 35.19 . 1&.63 2,07_' 3.45 . 2.07.
(25) ()  (51) QN () ) @): -
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Length frequencies for this samplé are -shown. i

| i ) KR

Table III. 12 and Figure III. 22.

The eels ranged in length from 67.0 mm to 162, O mm.

The modal group was represented by the 104.5 mm. mark

-and the mean length of the sample was.112 O mm.

-
»

’, Weight-frequencies“for the Trainvain Brook sample

D
are shown in Table III 13. and graphlcally in Flgure
1T 2 '

o

The specimens ranged in weight from 0.24 gms o
oy . , ) ) .
L.28 gms. The mean weight of the sample was 1.74 gnms

and the mode occurred at the 1.245 gm mark. ' o

The number of specimens examined are'shown in

brackets below the percentages in Tables III 11, III. 12

-

and III. 13 : 4

-

b. Agé - length Relationship

“E Mean leng%h calculated length range in length
and.annual increments 1n‘length are given in Table II;.
s .The mean length for each aée group and the annaai
increments are also‘shown graphically in Figure III, 2l

t
_ Presuming that’ the elvers which remained in the

o

! marlne énvironment and those which migrated to fresh—

water were the sane size upon arrlval in Newfoundland

waters this sample, (which remalned in "salt water) showed

L
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'2. ' Percentage length frequency for marine juveniles of S -

Anguilla rostrata;(LeSueur). - Ca N .

— s ‘ — ' ' —
deatioﬁ T '

60-69. 70-79 80-89 .00-99 100-109 110-119 120-129 130-139 140-149 150-159 160-169 Fish

- ' Lo Length classes - ‘ . -Total ;

s Trainvain Brook -0.69 1.38 6.21 12.42 31.05 25,53  9.66 - 4,83 ° 2.76 ~3.45 138 144 .
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- Trainvain Braok.

‘.I‘..ocation

’ We:l.ghl: classes

0-.49 50— 99 1.00-1.49 "1.50-1, 99 A 00—2 49 2, 50 2. 99TOU~3 49 3.50- 3 99 fn 00—4 49

Total
6.50-4.99 Fish:

a-

L 2
-

2.07° 1035 32.43 ©.27.60 -~ 13.80 . 5.52 2.07 " - 2.07 2.07".
(3) a5 en .6 @) @ (3 @@

s iR |

- —

1,38 L44
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Table III: ‘lé4. Mean length, calculated length, ranéﬁ in
v length and annual increments in length for

mariné juveniles of Anguilla rostrata ;LeSuehf)._' .
Age group I I, cIro- WV vi - VIT ' vIID
frainﬂgin Brook T ' ) '
_Mean length 10.06 ‘16.45. 11.15 - 11.54 12.63 , 12.9 15.03 15.60
' Calculated lemgth  8.78° 10.21 11.15 11.87 12.46 12.96. 13.41  13.80
Range in length 7.0~ 8.4~  7.5- . 8.8~ 10.6- '10.1-> 14.2~ 151~
‘ 12.8 15.0 - 14D 15.6- .°16.2  16.1
" Apnual facrements’ .- 0.39  1.09 ..0.33 207 ° 0.57
'~ No. of specimens 25 27 .3, .' 5 3,
PO -7
d 1 ‘\ ' : - -
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especlally ra£1d growthlln the flrst year of post—elver \
life. At age one-the spec1mens in this sample were
almost twice as long as that of an average elver at

‘the time of entry into freshwater. |

In subsequent ye€ars growth slowed con51derably ;

" and averaged about 5.0 mm per year. As’ in .the fresh— :
';lwater samples growth was 1rregular-w1th?annual increments
ranging from 3.3 mm to 20,7 mm‘.per }eaf. Qver a per—
iod of, eight years in salt water this sample increased_
in length from approximaeelyxﬁo.o mm to about 155}0 mm.
This represdnted a gaih of 105.0 mm ‘over an eight year |

period, - | | '

. Calculated grownh in'lengﬁh for this sample is shown.
in Table III. 14 and Flgurc 111, 25. For easier graph*

-1cal comparison’ the age - length data was transformed
_ to the log ‘regression fofm, log L = loga + b(logﬂ)a
The‘caloulated;age -~ length relationsnip is represented.
oy the following eqnation. ." '...I |
log L = 9434 + .2175(1og A)

‘This sample showed a faster growth in length than
any of the freshwater populations sampled, At agé one.,
‘thelcalculated lengtn,was'93.0-mm’ as- compared with
79.0 mm for the fastest growing freshwater sample. At
age eight the Tralnvaln Brook eels had 1ncreased in length
to 138. 0 mm wnlle the fastest growing sample of resident

-
A
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Calculated growth in.length
of marine juveniles of
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For comparison purposes
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freshwater eels had a calculated length of 108 O mm.

| ~While growth in salt water was fastest overall it
would seem that the very fast, growtnﬁzﬁ'the Pirst year
of post elver life was chiefly reseoﬁsible_fof_the
higher length yaiues reéorgea for t@ie coliection ag

opposed to the freshwater poﬁulatiohs'sampled.

c. - Age — Weight Relationship

zj}a,on mean weight, calculated weiéhf, range in
. weigh and annbal increments in weight for this sample
appear 1n Table 11I. 15 and are presented graphlcally

hln/blgure 11T. 26.
: R =
The ‘rapid first yeéar growth of the marine sample
‘ ‘is reflected in tﬁ% weight data with age one specimens ..

/

having an average weight of 1.25 gms.  The fastest

© growing freshwater sample averaged 0,50 ghs' for the

ABE one’ roup.
5 one &

After the first year, however, growth in weight

*

was slower and more irregular;-never exceeding 2.0 gms
per year aqd withﬁen~ave}age yearly increment of 0,50
gms} Uver a period of seven years this sample iﬁcreased
from a mean weight of 1.25 gms at ‘age one to a"mean of.
LeR5 gms at, age seven, ,

Calculated growth in weight for the Tralnvaln Brook

sample appears in Table Ill 15 and Figure III. 27.
. ) .. ‘

o
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Caléﬁlat,e_d ’ grovth in weight
of marine .juveniles of

‘Anguilla rostrata (LeSueﬁr) .

’ "+ "o similar data-is shown for .
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’ examined and- is signified
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A log regre351on transformatlon -of the form log

W= loga > b(logA) was used to calcu ate growth in welght.
: 4
The equation expressang thls relatlon 1p is as follows. -

1og w = L0245 + .hSL? ogA) ‘-
- Calculated weight»corredﬂﬁhded oself with the .. b
observed flgures up tb the hge six ggbup, At this \

p01nt the observed welghts 1ncrease sharply, prqbably

due to the fact that ‘the few spec1mens avallablo for .

] thls group were of exceptlonal welght ‘thus giving hlgher

values than would normally bé expected ‘
¢ This marine pOpulatlon dlsplayed a faster growth
in weight than any of the freshwater samples. At age
one the caloulated welght was 1.06 grs  as ‘compareq. '_H'
with 0.42 gns. for, the fastest grow1ng freshwater sample;'
&t age six the Tralnvain group wolghed more than double
that of the nearest freshwater sample with a mean of ,
.2 é9'gms as opposed to a mean weight of 1.11 gms for
the freshwater group. I _ L

| Beyond the ffrst year annual fncreméhts in weight
were similar in both the fresh and salt water groups.
ThlS suggests that- the .fast growth of the marlne sample
_in the first year of post elver llfe was largely res-
ponsible for the hlgher overall welghts in subsequent
.years. T

1



,'2.‘ Foodﬂoﬁ Secondary Migrants

' . ;39_

' “ . . *

' d. Length - Uelght Helatlonshlgs

¥

- Length ~ weight relatlonshlps-were calculated by

the use of a log regre551on transformatlon.‘ The relatién=~ -

sh1p for thls sample is’ expressed by - the following

" equatlon and is shown graphically in Flgune III 28

“and Figuré 111. 59, - | o
. v log w-= 1. 2u92 41 3010(logL) l |
The eels collected at this szte dlsplayed the
fasteSt growth pattern in the observed data. Oﬂ the
freshwater samples:the Boswarlos 1971 Juvenlle group }
showed onlyCh sllghtly slower growth rate for all years

except the first in fresh ter.

The fastest growth pattern ‘derived from the cal- .
—

' culated relatlonshlps occurred in thls sample. The..

:Lnext fastest growth.occurred._in the Petty Harbour

populatlon Wthh was re51dent in, freShwater.

. A e
.

jﬁ} Data' on the food of ‘the Trainvain Brook sample

‘comprlsed 68.0% of ‘the total number of;food items;-'

e

- appears, in Table, I1I.-16.

' The dominant. organism utilized’as food in this

‘sample was mayfly nymphs,, (_phemeropbera) ThlS food

occurred  in 40 ?1% of the stomachs examlned and
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TABLE III: 16. - Food of marine Juvenlles exnressed as nercentages pf-
: occurrence, number and dry Helght-

*

,’r'c

™y

W ' Frequency occurr. Number A Nt.fgmsf) % Wt
BENTHIC ‘ , - ] ' ‘
Chironomidae (Larvae) L2 23.92 0, 30.60 0,0119 .  3.62
Ephemeroptera(Nymph) 59 - LOLT7L 200 62,00 - 0.3050 92.73

" Huridinea 1 0.69 1 0.34  0,0C20 .61
. Trichoptera (Larvae) - 1 >.69 1 0.34 ©.0C01 0.03
POTAL ‘ m—m=n 2927 99,28 0.3190  96.99

PELAGIC N | - , S -
‘Coleoptera (Adult). 2 0 1.38 . L4 1.36 G.0026 - Q.61
TOTAL = . S -~ 4 . “1.38 6.0020. - .61
'PERRESTRIAL

TOTAL I - . — - e ——
OTHERS | - '
Vegetation - S == - - - -— . ﬁ
Indistvinguishable, T 24 16,56 - --  C.0C79 2.41
Empty o &40 33.81 - —-— = -
TOTAL - - ~— — 7 Z- 0.0079.  2.41

GRAND TOTAL - -—' 296 100.00  €.3289  100.0C
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Chironomid larvae were the second most -important

food group.occurring in 28.98% of -the stomachs examined

aﬁdrchprised 30.60% of the total of all food-org?nisms
taken.' '
“Qther benthic fauna taken were leeches, (Hirudinea)

F

and caddis flies, {Trichoptera) but these were unimport-

ant food types comprisiﬁg less than 1,0% of the tota;

values for all three types: of analy315 performed on

the food.

" Terrestrial fauna yas not utilized &t all &s food '

.and only one pelagic group, (Coleoptera) was taken but

in-small numbers. - ' -" . _ - N
- Vegetation did net occurr in any of the stomachs

examined and debris.of no féod value pccurred only

once. Indistinguishable material was found in 15.87%

of the stomachs examined, Empty stomachs EOmprisee

33.81% of the total number examined.

"'3.. Tagging of Secondary Migrants

In an effort to detefmine‘the effect that an obs=
truction = such as a waterfall - has on an eel migration
a tagglng expefimént was conducted : ThlS experlment
attempted to debermlne the number of eels that paseed

the obsbructlon and .if "‘a partlcular size range was

: espec1ally successful.

A total of 87 eels ranging in length from 10.0

s



[

to 29,0 cms were tagged and released at the base'qf
the fall. Tﬁe stream was barred and trabs were installed
in‘a suitable lpcatiqn about 30.0 meters above 'the |
waterfall. - . . . - N
?he:tyaps'were checked daily but no eels ware
cqptﬁfeq by‘tﬁis methﬁd. On tﬁe foufﬁh'night of tﬁg'
expériment a;thorough search was conducted of the area .
between the waterféll and the tpaps.' Numerous small
eels weré Eaptured, aﬁong them four of the tagged speci=-
" mens. These fish ﬁere_ll.ot 12.0, 12,5 and 17.0 cms
.in length and represented a recovery of h.66% of the
‘#otal nunber tagged. o E
None of the tagged fish were observed climbing
the fallg during the four nights that the experiment :
was.in progress. The fagging experiment was dis-
- continued after the fifth nighp'becaﬁse’of.heavy rains
which gaused a marked ;isé-in.the water level of the

stream,.®

E., Field Observations on Elvers'Entéring_Freshwater

!

The observations described in this section were '
carried out during the 1972 elwer run éﬂ-the Boswarlos
sémpling site (Figure II. 3) & e west coast of the

\

Island,



- =95~

-

In its'lower-reaches this small stream meanders'
thrOquﬁf broad sandy beach and empties into’ the sea, ’

At high tide salt water encroaches into the stream up

to a point approximately 25.0 meters inland from its

‘mouth. This creates a brackish pool with a maximum

dépth of approxlmately 0 5 meters and a wldth of
about 230 meters.' At low tlde the stream flows rapldly-
down .across the beach havlng a maxlmum depth of no

more than 20.0 cms. Turbidity in the stream wes,slight

- allowing easy observation of incoming elvers. The’

brackisﬁ-pool created at’ high tide provided a suitable
area in whlch samples of ‘elvers c0uld be: taken by ‘means
of a large dip-net. _ S 5

' In 1972 the first elvems were. observed in this
stream on the l4th. of July but did not appear in sub-
stantial numbers qntil\tﬁe 20th. of July. This arrival
is substanti&lly later than for other areas‘of the
marltlme prov1nces.

The elvers at Boswarlos entered freshwater only

at night. The inward migration.occurred ;lways on a
rising tide. The flrst elvers frequently appeared- in
the mouth of the stream at low tlde and\\he inward
movement continued as’long as the tide was rising or

until most of the elvers in a particular growp had .

entered freshwater.,:
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- LElvers entefed thg stfeam individually or in_émall

=groups swimming activeiy against the current but keéping

qiosé to the sides ef the stream. While observatioﬁs‘

wefe in progress the. density of fish enteniqg fresh-

: watér was never more than 10 per minute. Day (1941)

obée}fed elver migrétioné on the Moser River'and re-

porﬁed‘thét-phe eels migfated during the day and in a

céhcentr ted run (up to 500 per minute). He reported

ﬁhat théy seemed to move inE;\TTEﬁhwatef on the“rising

tide. - _ T | :

Llvers were observed in sélt water near the ‘mouth

of the stfeam. They appeared to be-swimming randomly

alt.h:o.ugl-m some. elvers were entering fréshwat_er-at the \/

time. Large éels were also observed in the area ad-

jacén? to the mouth of the stream. It is suspec;eq

that fhe? were ?eediné on ﬁhe'concentratipn'of elvers

in the area but efforts to. capture a sampie were

.unsuccessful. C - . _-,
.'Upon_reaching the brackish pool described above’

. the elvers remained active until dafligpt. Durihg

the day they reﬁaineé in the bottom material and when

disturbed would immediately seek a new hiding place.

This behavour agrees wi the findings_of Godfrey | ‘: P )

(1951)

*
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The étémachs of Specimens entéring freéﬁwater
*were empty suggestlng that Qbey had not Ted for some:
Itime whlle at sea. beedlng did not start until a day
or two after the elvers had ent!red freshwater,

-

Benthic invertebrates 1nclud1ng Annelid worms and
; 4

Chlronomld larvae prov1ded tqelr Tirst freshwater food.’_

In the -shallows upstream from the brackish pool
"elvers who were not feeding spent most of the nlght
lylng,quletlygon the bottom. Hundreds, were observed

on several occasions, at night, lying in large groups-

in approximately 4.0 cms of water. Pfedation by adult,

-

eels and trout was not observed in the above areas

where elvers were concentrated. T

ot
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1¥. DISCUSSION

A. Growth Studies .., . R .
1. Elvers R i ; : : J .
. From the results' of this=study it would appear

. that size varlatlon among elvers o{ Aggullla rostrata

at the time of entry into freshwat r is due to geog-

]

. raphical locatlon. It seems apparent that as-you move_

from south to north along the Atlantlc coast of . North

5

‘Amerlca the sizes at which ‘elvers enter freshwater
increases. This is reflected not'only in the ;ean :
lenéths and weights of specimena taken but also in the‘“'
mefkea variation of length classes. The 55.0 to 66. .0
mm class 15 always present although its abundance
| ;ﬁ&les sqmewhat with locallty.. From south fo north ’;,
the importance of_the AS.OIto 54.0mm class’ decreases -
while the percentage values for-the 65.0 to-?h.o mm
_ class arelincreasing. -In the most northerly sample
‘(Newfoundland) a new group, the 75, 0 to 84. O mm  class
appears for the flrst time. -
@Elvers-asgend inte streans as earlf as January
in Florida (5mith, 1968) and enter freshwater progress—-
ively later ae you travel north, Elvers ascend the _

streams of northern Newfoundland as late as early August-:



e

If young eels were in the elver stage when leav1ng

the hatchlng area in the vac;nlty of the Sargasso ‘Sea

‘increasing size could be attributed to growth during

the northward mlgratlon. Howevpr, from hatching they =~ -

are‘characterlzed by a series of preQelver (leptocephalus)“

stages ‘and’ remain in thesé stages untll they near the

LY

areas where they move into freshwater.
Schmidt (l935l has shown that the leptocephali
of the European eel metamorphose into the glass eel and

elver'stages as they aﬁproach the continental shelf of

Europe. The arrival of elvers at the coast ol Europe

becomes more retarded in the- areas which are character-

1

ized by a wide continental shelf, .They arrive at the

L -

coast of - Spaln in October ‘but do not enter the Baltic

'Sea untll‘the followlng May. By this tlme they are

completly pigmented elvers or have even,ﬁevelOped into

juvenile eels. Y

. ' n -

. In the Same manner that the North Atlantic current

carries the larvae of.Anguilla vulgaris to the European °

coast it is quite p0551ble that the larvaé of Angullla

rostrata are carrled north—ward along the Atlantlc

coast.by the Gulf Stream. = - ’

v

' Smith (1968) studied larvEJZmovements of Angunilla " . -
L . . o ) .

rostrata in' the Straits: of Florida and ad jacent waters.

¥
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e suggested that the lepbtcephali metamorphose into
:& L . - .

the eiver:st g¢ when they pass through the edge'cf the

Gulft Stream-and,ehterlinshore"watersl In more south-

here ‘the Gulf btream passes close to the

ashore the time 1nterval between metamorph051s and entry!

into freshwater is ‘relatively short. This could account
. v ' . ' L, L.
for the small size and slight pigmentahion of southern

elvers ' .

'}

The dlstancc from the edge of the Gulf Stream-

]

to the.coast increases as,rt flows north, In the":
region of Nova Scotia jts inward ‘edge variee_r?on 230.0
"to £420.0 miles offshore. |

In thls area Gulf btream water breaks away from
the”maln system and mlxes wath the water masses near
the coast. Many 'forms of marine life associated with '

ore tropical waters are 1ncorporated 1nto these areas

of mixed water, (Hachey, Hermann and Balley, 1954) . , .
. Elvers could possibly be carried near the’coast by these

]

' incurbions but ‘would, of course; have to travel a greater .
dlstance after 1eaV1ng the Gulf Stream than their mere '
southerly counterparts. The 1ncrease§ travellng ‘time

‘to the coast cbuld account for their éreater deﬁeloccv

N
mcnt if metamorph051s had taken placé“upon leav1ng

'the Gulf Stream as Smlth (1968) suggests.

h
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Thls would 1nvolve cr0551ng the varlable

~Gulf Stream (Flgure 7. 1).

The most likely path- of
entrancewlnto tho Gulf would be on- tho Newfoundland
'51de of Cabot Stralt.

In thls area an 1nshore branch

i

EY
-

sl

0 . A

o r v
4

'cyclonlc trend of ‘the current withln ‘the Gulf 1t5elf
I} i .“ ' ‘ .
S 4 .
;i
A

a

Thelr mlgratlon from the Gulf Stream to the Gulf

o

of St. Lawrence is an exﬁenelve movement and p0351bly

]
e

atcounts for both the retarded arrlval of elvers at the.-

1 . )
RN

coasts bordering on the Gulf and- for thelr large size
and advanced plgmentatlon.

This corresponds closely
w1th the pattern descr1bed for the European elver in’

1ts mlgratlon through the unglish Ghannel or around
Scotland and into. the. North Sea,
... lt'." .

r
. o =

%
T e

¢
a

Sklower (1930) examlned metamorphoslng larvae of .

s
-

Angullla vulgarls and found that the developmentrof the
thyrold gland parallele the stages of metamornh051s.
He concluded from this that, the determlnlng factor in

the metamorph031s of ‘the eel appears to be a. thyrold
.hormone. :

<
a

. and subsequont mlxlng of the Labrador Current and ‘the .-
L #:,

of the .Labrador, Gurrent ‘causes ‘a strong 1nward movement.

Unce in the Gulf elvers-could be dlepersed by the gcneral

Elvers enterlng the Gulf of 'St. Lawrence would have

to Jleave the Gulf Stream -in the region of the Laurentlan
‘ y ) Channel._

B

currents of the reglon whlch are caused by . the confluence
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’accelerate this development

S -103-

..It would _seem that external Iactors only retard or .

'.

Stubberg (1913) ‘observed develOplng elvers of
the Buropean eel under varying' temperature and ealinlty

condltlona.\ He found that’ elvers kept in cold water

'-(8 U to 10.0%C.) developpd much more slowly than those

-notieffedtﬂderelopment SO Strubberg concluded that

'zooc.

"respect._

-

température was the most'important physical factor .
influencing metamorphosis. | »
: i

Lom temperatures effeéting-defeLOpment of Anguilla

rostrata larvae in norﬂhern areas could p0551bly explaln

the retarded entry of elvers in freshwater. This
I

'p0551b111ty is doubtful because summer surface water

temperatures on the Atlant¥c coast of Canada and in the

:‘Gulf of St. Lawrence range from approxlmately 10.0 to

»

" From the data of aklower (1930) iv would appear

that this temperatiure range would not appreclably effect

larval development presuming tﬁat Angullla rostrata Y

':‘and Angullla Vulgarls are closely related 1n this -

L]
u

-

Lo . I oo . a ‘. r ’
In any' event temperature would not-likely produce

the large size or advance pigmentation characteristic

of northern elvers.

‘ kept in warmer water (16.9 to 20.0 L.), Sallnlty did' - '
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In addltlon temperature does not adequately explaln the

retarded entry of Anguilla vulgarls elvers into freshwater

1d-some.areas Qflgprthern Europe or into the Baltic Sea.

., Deelder (1952) who did extensive work on elver’

'migration at sea found no correlation between migration

' and water temperature.’ /His results were based on studies

/ \
carried out on the European eel.

Elvers show size differences due to the stsge of

deveiOpment thfough which they are passing. These

phases wer'e first investigatedfand classified by Grassi

(1913) }or elvers of Anguilla vulparis and can be applied

to elvers. of Anguilla rostrata. -
Post 1arva1 deveIOpment can be dlvlded inta several

phases from the “g}ass eel” stage,(Grassl s stage V)

to the "early elver" (stage VIa)Tand "late elver”

(stage Vib). . - o

During ‘the Vla stage the elver does not feed and

-décreases in size. This decrease in size reaches its
‘peak in‘the early VIb stage but from that point’ on the
" elver feeds regularly and rapidly regains its'former‘size.'

- The VIa stage corresponds to the entry of elvers into

freshwater thus accounting for the. characterlstlc de-

* crease in size recorded for the early samples examlned

in Sectlon I1I. 4. Subsequent samples sh0w a galn in

Iqlength and welght which corresponds to the “Ib stage

dlscussed above.
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The'early collections were pigmented over. the back
and sides; abofe the ;ateralelane. Late collections N
displayed piémentation all“over the body except Barts
of the bellya Thls progre551ve coloration corresponds

to the pattern dlsplayed by Angullla vulgaris in the'

Vla and VIb stages..‘

2. . Juveniles in Freshwaten

. ' : . ) i ¥
Two factors seem to predominate in the results

of the studies on growth of Anguilla rostrata
jﬁveniies in Newfoundland., Based on his.work Vladfkow;
. (1970) . concluded that eels in Newfoundland waters ar;
slow growing [ish characterized by'irregular.growto |
rates. He stateg that‘in many.cases eel:growtﬁ‘was'
‘so slow that specimens of about 600.Q mm ké.O ft.)"
eould be as.oid as.l or 16 years of age. ) '
Gunnlng and Shoop (1962) reported similar growth ’
condltlons,for Louisiana eels.: Ogden (1970). also
Ireported slow irregular'growthffor ee;s 1nlNew Jersey-
streams. ) | | : |
These two factors are also well establlshed for

: growth in the- EurOpean eel and are recognlzed by Bertln

(1956 after rev1ew1ng Qata on sayeral thousand speclmens

. |

of Anguilla vulgaris.
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' 1n the present study both these factors arc apparent -
_in. the datﬂ for ahnual » length and we1ght lncremente |
'and for Lhc range in length and weipght . w1th1n each ape -
group, Annual increments in length varied from 1.1. to
7;j ﬁm wlpbln ‘the abe_grou;s sampled. Annual,lncrements_
in,wecight varied £rém 0.U6 to U;28.gms for the Iresh-
water collettions. ‘ - | o
. "Ranée.ih length and weipght within an age group
was highly vafiable. The-frcshwaeer semples Had a -range
ol up to 4,U cms 'in_}ength and. up eo 1.0 gm difference
in weipght. _ _
The data of Vladykov (197U) and ugden (1970) as
'well as the results of this study are not coﬁ%istent
.with the findings of Gray and Andreﬁs (19715. They
reported much faster grewth rates for juvenileleels in'
Newfeuanaﬁq, hHowever, their study was:concerned pri=-
marily with aduilt eels and very few juvenilgs were .
examlned whleh could account for the differences.
e ln the freshwater vample, examlned in this utudy B
.;//(fﬁEﬂBOQWdPlOSI197l eels grew slightly faster than those
' ‘takeﬁ in 1372 at the same site. The slewest growth . -
Irate-ﬁas displayed by the Petty Harbourleels. In that
the stream ffpm which tﬁe Petty Harbour‘saﬁple was taken
was fast-flow}ng-end contained few pools as compared

% the stream at Boswarlos the slewer growth rate of the
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1Petty Harbour samples may reflect this condltlon.-.-

e .
Eels appear to favour warmer, slow mOV1ng water (Bertln,

.1956, Gardner and Klng, 1922). A still or glow moving

water body ﬁaf'favour growth 'because less energy is

expended while feeding. This has been suggested by

" Bertin (1956) and Sinha and Jonés (1967a) for)the Buropean -

éel . ! N . i% T

L

" The feeding activity of the eel sh seasonal

cycle which depends on temperature (Bertin 1956).
P - T e

"This could account for the faster growth rate of more

" goutherly eel popuations which live in warmer water
/ - .

-

and have a longer annual feeding ﬁeriod (Gunning and

Shoop, 1962). An observation made by D*Ancona (1951}

'sdpports.this thgory. He placed equal numbers“of

- Anguilla vulgaris into two. tanks one of Wthh was heated

to a temperature of 5,0° ¢. above the'other. Bath

groups were'fed to excess yet the eels in the warmer

water showed more rapid growth.

-

Contlnous ‘temperature records were not kept for

the sampllng areas but from temperatures recorded durlng

.sampllng the Boswarlos ‘'stream was warmer than the stream

at Petty Harbour. Although the temperature differences -
between . the sampling areas were slight this factor could
have had some effect on the grbwth\af the eels inHabit-
ing these areas. -

L
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Afmain Tactor céﬁsing the sléwer gfowth fate at
Petty Harbour would seem to be food supply. Bottém
material consisted of solid rock or large boulders at
PettyIHarbour. The stream bottom at Boswarlos raﬁged
from g}avel to sand to mud providing éjmuch.more —
~varied substrate supporting a greater'vériety‘and number -
of insécté. This cﬁnclusion wéé‘réached after bottom =
samples from fhe two areas were examined.‘ The incidence
of.empty,stomachs in the Petty Harbour samples was
considerably higher than’at the other sites. . -

[
[

Yo

3. Marine Juveniles - - T

The most obvious feature of growth.in the maridé
collectioﬁs was th expeptioﬁally.fast‘éfowth in the’
first year of post-elver life. Spgcimens.in this age
group doubled in lergth and weight- while' juveniles
.living ih freshwater displayed, in most. cases, very
little growth during this period. After the first
jear, however, érowth in the marine environment was
mﬂch%slower but énnual incremehts kgre.still somewhat .

larger than for juveniles living in freshwater.

Sizes of metamorphosed elvers are approximately

seem Lo hold'true)

remain n thé sea.
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Therefore the marked differences in grpwth' rate between:

. freshwater and marine ;juveniles would seem to be environ-

~mentally induced. The most llkely fact.ors contrlbutlng

to increased growth in the marine environment would be’
more I‘ood and perhaps more space.

Both I‘actors have ‘been related to the growth of

" anadromous .and sea-run salmon::.ds 1n several st.ud:l.es,

(Wwilder 1952 and Green 1955) and may be equally appll—
cable to the American eel. Bert,q.n (1956) has shown, for
example, that h:.gh dens:.ty does adversely efi‘ect. the

growt.h of the European eel. Bellini (1907) and Fldora
(1\51), however, conducted experiments wit} Anguilla

vuigar_‘ls and found that the quant:.ty of foqd much more
than the amount of space was the dominant factor in the

growth of ihis species, While no data is available.

‘from the present study' on the types or amount of food

- eaten by juvenile eels in the sea, it would seem iikely

that an increase in living space could cause a decrease .

.in competition for food and this could result in much

' faeper growth. Why this increase in growth would be

-

most apparent in the first year of‘_lpost—e.lver life is-

not known. -
In freshwa,éer where densities of sm‘al'l‘eeJ_.s are

high after an elver run “competition for suitable robe_;

may occur. This .could produce slower growth than in a’

‘ : . Ty
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‘nearby mér_i:_‘le population in whj.é‘h cqmpetition” is low.
. In subsequent )'rea_rs the £ reshwater popul‘a’t.ip