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. The feeding habits, energy intale, and prey preferences of
B - ‘ . ...

q

. . : A ' ~ : '
Homarus americanns wefre examined im the laboratory. Preference was,

s

ot

; . determined by placing varicus animals inm tank;\bith lobsters. This
< . : ] : - . '

confirmed that sea urchins, crabs, mussels .and periwinkles are readily’

eaten by lobsters. Feeding was obserued at high%:using an infrared -
. - .

llght and the feeding actions were desgribed Tﬁe-cnloric'intake of »

1 . . . .
.8

four lobsters maintained’ for one vear, twg at 15 C. were measured.

t ! ‘

It varied diréctly with fluctuatlons in. the water tenperature. It was -~

1earned that a sea urchins ability to grip lt,s substﬁgte depends o oo
. . ; . .
directlv on the 'sea water temperiture. Thus as lobster food they ‘are

, o . ;: , : R 3 .
more easily acquired ﬁuring tﬁb cclder inter ©o oatis.. )

. . . Y
. . e L N .
A distribution study cdncidered boqﬁ food and bottom type. It

-

indicated a direct 'correlation between landings and distribution of b
lobsters; and between lobstérs, bottom tvoe and food. . .
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INTRODUCTION

» . . - - . . -

. .
° = 3
« .

e ' Homarus americanus (Milne-Edwards, 1837), bccurs on the rastern coast
;\‘/ - . . ) . N ) . > ~
. af North ‘America from North Carolina to Henley Harbour, Labrador

| . .
(Templeman 1940). p It is most,, undant's in the centre of its»range;

\r-

'the most productlve areas (from“the 1950, commercial 1and1ngs cited by
Wilder, 19_54) being'southern Nova Scotia, southern Gulf of .St. Lawrence

and the coast of-'Maine.

.

q}]xl&Newfoundland the largest landings (also
probably the greatest ab ndange) are on the West Coast and in Notre
Dame Bay {Canada Fisherles Statistics Annual, 1956-1969).

0 i ) A ’ . S w
In spite of the fact that the lobs;:er is commercially quite

valuable (cash value in Newfoundland is 9/ of the landed vglue of

" fisheries products Temp.leman, 1966), there is very 11tt1e 1nfo/at&en’//

®n it's food hablts and how thesé influence it's local distribution and

A a ! e . i .

C abundance .(Levwis, 1970). .The objectives of this imvestigation. were to

©

-

determine the composition of the diet of lobsters in Newfoundland; their
prey'preferences; mechanisms of feeding; yearly nutritional requirements
- o e - o ’ toe

as related to the Sea water temperature; their relationship with sea
. <G ¢ . T

»

urchins; and the influence of kh}t‘tom type and nrey abundance on their
‘ populat;Lons. - .

! ’ - 9“ A +

In addition to the economic benefits of tfhe fishery, lobsters

alsofcan have a great effect on their environment. For instance, in
_— ‘u”’ .
areas with a high den'sity of lobsters the sea urchin population is -
reduced and kelp and other algae that the sea urchin feeds on increases
. * a .,

(Himmelmann, 1969 and Mann and Breen, 1972). ﬁonversely where lobster

1
populatibns are I§w, sea urchins are abundant and the rocks are bare

- . .
- v R N v eakedl Ay



. '}y of kelps and most other algae. Consequently, it would be: expected that
. ’ lobsters might red‘uce populations of their other prey species e.g. crabs, .
TR < . . . . - e ) . . '

L mollusks,etc. = ' : '

. . A

- affecting the amount of algae present (Mann ‘and B;reen, 1972), but.'.tbey‘

e

‘compete with Cancer Borealis and irroratus. in Nova Scotia, C. irroratus
be‘ing found commonly on sand here (Scarratt and Il'owe,"1972), rather than
B ‘ . L -’ . . ‘ . . ..

'~ on rock. St ' ) —

v . \
.

S ' - )
'To- cognize the importance of the lobster on the ecology of the

P . subtidal "areas in Newfoundlapd, it is imperative to determine both the

.‘, composition of lobster diet and any preferences/in this diet Als.o
s ' their feeding behaviour could indicate why one prey species 1€ more -
T ,-“ ' popular than another. Fo; instance, because C. irroratus has weaker
i S e ‘claws than C. bqrealis‘-_and_,,'so is easier‘ to captu_r.e, it is more of‘ten

. » . o . ’

C e . utilized than C. borealis as ].jobsterb food (Weiss‘, 1970).

ot . In light of the close association between lobsters anj sea

.', s.ourchins, studies were done to ‘ascertain the force‘ with which a sea

) urchin grips it's substrate and how t}i:i\s yaries with temperature. Thi's
” - . will in@icate if sea urchins"are more‘ readily available ac any; one -time

.~

of the yeaiz as prey species for lobsters. ) ‘ ) 9 ,

\J‘ ) . ] ' t Lt - /

. : ’ The yearly nutritional requirements of, lobsters are 1mportant

for two reasons' first how much of one species does a lobster con ume

3 ° -

- - at various temperatures and secondly, does the temperature control

much it consuges . From this something of the energy fiow" can be deduced

and also the pressure on the invertebrate prey species.

Last is the correlation between the 1aborat:ory experiments ’

»

« - ¢

— . . Not only do 'lobsters control sea urchin populations hence \

o e ~a‘,nd what occurs in the environment. While laboratory stud:[:es are . /.



el -
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‘Worthwhtile, they can not be applied in somgt cases to the environment.

Ennis found that the gro‘wth increment wikh lobsters kept a'nd fed in
cages in the sea was highe}./ than in the environmént (Squires Tucker

and Ennis, 1971) In addition to this, the question of whether 1obsters

1

are located in certain habitats because of the bottom type or presence

of food was invegtigated. Templeman and Tibbo ( 45) statée that' |1obster

distribution is governed by larval drift but the 'presence of food aqd

v

hebitarvcou'].d also influence this. . \ ) . 3 V.-
s ¢ \' - & . . ,
.- Since lobsters - are W1de1y distributed, they can be expected to

" have variable behavioural patterns over this wide range. Thus, a study‘

. " of the above mentioned facts in Newfoundland is imperative both for ‘the ,

-

"lobst'er fishery and for 'the ecology of the marfne environment; both~of

. . . N
v - - v i

which could be affected by the.removal of large numbers of lobster.

N /
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& J v ? ; " . g " . .
-4 « S . - . :' v " . 5.
» . u &' I8 . ‘.“. 5 ' "" 4’
.. . / - . L ~ .r
. - . '+ MATERIALS AND METHODS .. . . =~ .7 = =«
. . fe b - - : . . o
7] o : : . N
" Prey Preference . S . _“.L Ce e
¢ T ’ e T v '
, Lobsters were . obta’ined for the preference experiments by Self .
- (; \ W !

'_contalned" underwa.ter breathing,apparatus (SCUBA) and by purchasing them

©

. frdm local fishermen (sée Appendix A)y all of the. sampling sites’ belng

N \a_/

located on the Avalon Penips:ula (see Figure l) A permit all_ow1ng

:

«

lpbsters . to be- sampled _using SCUBA ‘téch’niques Was obtaihed. «from th'e"'-,a

[ o

..Department of, Fisheries (now Department of the Environment) coVerlng

. |
the periods from Aptil to September 1971 and from Juné to Septemberb

b ] * ®
.1972. Food for the lobsters was collected from both Logy Bay and "
s o
0uter Cove (see ‘Figure 1) at. two week intervals throughdﬁt the study

period and thesé were kept alive in continuousl}% flow1ng iea water at

en B . 4

-

the Mar iences Research Laboratory (MSRL). T ',i.,, ..

' . The lobsters were placed in tanks (86x77lxx17cm) at the MSRL

- .
. - -

The sea water in these tanks was never more than *2 0 different from

‘. ' .. ‘\ " .

ambient sea water’ at a depth of10 meters in Logy Bay. " The tanks were

LY

- ‘ [ -

. \

from the 1aboratory." Each 'of these tanks was divi'ded in half us:.ng a ‘

» . \l. ° o
meshed-in frame (built by M$RL technical staff), Art1fic1al burrows e
~ * Lo ! i, o
;nade of fie;d tile ’w,ere added ‘to the tanks. » _ i{‘\ i
° - e . - . s o= .
. , . L Sy
A known weight (to' nearest 1/10 of a gram) of live+food was

Tooe . . 4 i )

added to thae tanks with the lobsters dnd- left there-either for two weeks
' . ‘ 4 LA - . . o

gt
¢

- > ) Lo o oo
or until it 'was consumed.’ Food was added "quan:ft-itatively to approxtmates

- - O . 3

numbers in the environment - (eg five sea_ urchins at a time) .The :]tanks~

were_usually 'inspected'dﬂaily for leftover mate;%a,l, and at no. ti:fne“ did_
' e R \’:‘:}.’l :L- l\ -

more than two days pass between inspections. . . ' S

S

Ry

covered over with hlack plastic garbage bags to reduce-\visual disturbances
- .

(8

o’



.- .. Figure 1.’ .Lo'i:atj;oné'.frc}nj which '}Jbsi:e;r'é na'nd pre

i F B s -

"fot"bl_:"e"ferenée"'studies. =

. 1., St. Thomas ..
.. 2« Portugal Cove*
. - Baulime -% * '
4. Logy -Bay .
.. 5., Outer 'Cove

~
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4

i Consumption of 'prey was rarely\observed, and ‘therefore had to

be deduced from what was left in|the tanks compared to what had been: -

'originally placed there. An animal wds considered consumed when- it 5 °
. S § ' . \
shell had been broken open and the insides removed or in tﬂ% case of
- a
softasheil inﬁertebrates (e.g. Bryozoans)-when the animal was missing
[ | Lo ’ ’ ! ©
| 3 ! '
‘from the tank. The preference graphs (see Results) 'consider that an

LY

] ! e o - . ~7
aninal was consumed after it had all been eaten. For example, Figure 5

\l

shows bojh a percentage of Mytilus edulis tested against Strongylochntrotus,

-
v

:‘ droebachiensis and the number of tests (67. BA,and 31 tests). This means

° ?

“that M. edulis would be consumed over S. droebachiensis 67.8% of the time

or that out of 31,M. edulis was consumed 21 times.

‘

N The diet and availability of prey to lobsters were determined

- - ° - [N

: - By
from the labor%tory preference experiments. For instance, lobsters

: - . - :
‘selected M. edulis over many' other organisms. &nd §‘6 }gtilus is o

* o

consideredrto be a major-item of -their diet. "Some of the othér,organisms'

% N k) -—

tested ie. Lunatia are not found commonly with lobsters but prefer sandy

v 13

bottoms and so wh11e lobsters will cqnsyme them thqy weren't cons1dered

to be a major food source and so are listed as minor prey. Other animals
\ : ' .
because the lobsters were unable to break through their hard shells (eg.

[

-Placopecten) were not eaten except in the case of very small individuals

or if only fed viscera. -

\ ’ '
&Qbster Consumption

] ‘For this portion of the study, lobsters and $ood mere obtained
o ) w Y

R AR
as aboveugsee Appendix A). As before, two lobsteré&“wetre kept in

]

partitioned tanks. ‘One tank had sea water at ambient tempgratures ' !,
A

Y . . Q .

(see Figure 9(b)) flowing :Rrough it while the other had heated (ISOC,)“

.



e ) R L . o . A _ 8. . %
s sea water flowing, through it for most of the year (see Figuré 9(a)). . I
: . . o i
P - ‘ N S . A' R . . - - f ’

: The sea water 'was heated by a'device designed and built by Teckmicakl

- . i
b "

. 4 fad

1
|
. ‘ M Ld + ' ‘ ‘
— Serviges, Memorial University, e ‘ \

[ - e e

oo 7= A

oo fﬁi“ -, For one year, one lobster in each tank was fed bnly Strongylécen—

trotus droebachiensis while the other was fed only C. irroratus. These

0 N N N . - R L - . . ©
N species were chosen because they appeared to be the mdst common food of .

3

-

H. americanus,® Material was wet wéighed as before and the tanks waie
— ——————————a w afe :

i . ’ . e
checked every two days at which time more material if required was added.

¢ 3

. - 3 ' N R h R

In this manner the numbers of crabs and sea urchins consumed was
; ) " o ' '

determined. , . . . ' )

+Bomb Calorimetry. "After observing what porfions'of the common

. . L3 r . ' . »
prey species lobsters consume, these fractions, were burned in an oxygen
o -

[y . -

3 . bomb calorimeter. The invertebrate specimens were obtained at the

!
(%

regular two week collection periods and were used in the bomb calorimeter

-as soQn as. possible after collection. All animals were dried to a gonstant
. 4 n . .

a : "weiéht in a Fisher Isgtemp'0ven at 45°q. and ground to pass through a

" ", number 60 mesh sieve. "Approximately one gram 'samples were combusted
’ L : ‘ ‘ .
in a Parr adiabatic.oxygen’bomb calorimeter. The samples were weighed

19

: %
on a Mettler Type H15 balance (Parr Instrument Co., 1964). After each

combustion the;&pid and fuse wire determinations were made. -In additioq&??
. Y ' :“:
\ sulphur centent corpections were determined if necessary (above 0.1%).
13
A Y : ~

=

2
L4

The sulphur methdd used is that invélving precipitation of barium suiphate by

, _ the addition of. rium chloride to a golution containing elemental sulphur.

-r _ . ' All material yas found to be feasily combustibie except~Bryoioa
. probably due to ﬁl's high carbonate chntents -

. . : The ash ‘from the calqgimetry studies was test?d for complete

N . : .



.-‘{_f . . 9.

3

L ) burning,b& comparing weights before and afteréﬁbing placed in a Dubuque

P

) . . . S :
IV Type 10500 Furnace for 3,24 hourk?eriod at 6000C. The ash free weights

were determiﬁed by comparing weights of the‘bamples before beinyg combusted and

after Sting gshed as above. The cycle of calorjc intake was determined from
the calories in that portion of 'the prey consuméd by the lobsters.
. : & -
> Sea Urchin Holding Force-

. . ‘ o
. To determine the force with which @ sea urchin grips it's
L]

éubstréte, one hundred sea urchins (Strongylocentrotus droebachiensis) were

; held in a flat wet Xable through which .sea water was continuously flowing.
e R
.

Not more than twice per:dax;(mofe.than this affected the holding force) they

ﬁéré'pulled off of the substrate usiﬁg'a\Chatillon 0-5kg spring scale hooked
. - L4

onto a harness which was. attached around a sea urchin. By pulling

. . 1]

on .the handle attached to the spring balance, force was exerted at right

-
-

anéles to the substrate. Immediately gfter being removed fxom the

substrate the sea‘urchiqs were wpighed. All sea uréhins that left their @

- -

pod&a attached to the substrate were disposed of ¢ The sea urchins were

€
w -

- collected frbm Logy Bay just prgo} to tgstiqg. They were tested at the

same temperature as the sea water flowing into the MSRL. .A 48 hour.

-

L .
stabilization period was given the sea urchins and the experimept ran
-~ 4 - .

approximately one and one half weeks at each of_ the temperatures used.
The iSOC. éemperature was reéched using the'above mentﬁoned heating |
fet épparatus. Thg temperatures and the times the experiments were run are:
o 0%, - February 8-20; 5.0°C. - Apr1-1'7-14;'9-11f’c. ~ July 16:§3; 15.0°¢c.
| - August 15-23, 1972. - ' oo ’

- 0
Feeding Habits ‘

This section of the study was done using Infrared light at night

L

- W



-

e

: 10.

L4

Q'.

enabling observations on undisturbed lobsters.: Kennedy and Bruno (1961)

have described (see Figure 2) the seﬁsitivity of lobéter rision.’ It °

ranges from 450mu to 600mu peaking at about 510mu. The filter used on

-
" [}

the safelight for illumination of the tank was a 1A medium red Kodak

Wratten Filtéf~which transmits light at greater than 1% above 615mu.

he4 "v-n a s

-

This_ is above what' the lobster can detect visually and ordinary noverlent

of thé observer seemed to have no effect on it. VYowever, it was noticed

-

during the exneriments that excessive movements of the obstrver could
.

disturt the lobster: . <

P

A lobster was placed in a tank (divided in half using a wooden

)

d1v1der) w1th a glass front through which it could be observed. The

i
I4

foods of the lobster ‘used were S. droebachlensis, Pagurus spp., Buccinum

’

~

. undatum and-C. irroratus. In between observation periods the lobster

was starved. The typical feeding actions were recorded from these

observations.

Field Experiment ' : : : -
. _ _
‘- - nf lobster habltat was set up in Logy Bay Gulch at a depth of
e"' Ss l'y\"}\ e -
JD metefsﬁysing SCUBA) By using the walls of a natural crevice for

nl

suppogg{\three 49m,pipes vere teleseoped out _against the wall. Over
this fre@e a herring net was stretched enclosing the area on all srdes.
Into this enclosure were piecea.large rocks and field tile to act as -
lobster burrows. _ .

Lobsters were gntrodqcéd-inro this a;ea (marked with paint and
holes punched ;J“the telson and uropods) on July 6, 1972. After this
certain numbers of prey spe01es were to be introduged and their numbers

recorded. The hab1tat was v151ted every other day to count prey present‘

- . s

+ el . .
! - . v)
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. and- introduce more if necessary. .m.;#ﬁéﬁ% . ) .

' Unfortunately, the net was ﬂamaged by a-summer storm and the -
.. ) ; :
" lobsters escaped. The habitat was rebuilt 9nly"to be broken up again

by anpther storm before more lobsters could be introduced. Due to

iﬁcighent,weather'conditions the experiment was abandoned August 15, 1972.

o -

Lobster Distribution . a

. SCUBA is a goda technique for studying 16bster~dis§ribution and

habitats (Scarratt, 1968). This method also niinimizes "bias in the

;pverall lobster pgguldtion measures due to gear selectivity or catchability," )

1 ] ©

(Stewart, L9705: In gddition, lobsters have been found to migrate only

very short distances (Stewart, 1979;.and Thomas, 1968); and during the
colder months lgbsters are basically inactive (MLeese and Wilder, f958).

-

Any SCUBA study of distributions of drustacéans should be eonducted over

a short period (ensuring a stable temperature) such as during the
o . ' ., - ' T
summer or winter so the results will be comparable. o o ;n@w~
1 :"E

For this portion of the study,71 diving sites (see*Figure 3)

» - -
.around the coast of Newfoundland were chosen for diversity of bottom

" typés (sand-bedfoék or boulder etc.), ease of accéssibility to divers - -
> " ” .
and varying lobster populations. The number of lobsters present in any

< 4

“
.....
g

v P Y . ’\
one location were censused by. counting the numbexr of lobgfers sighted 0 )

Py A

per diVercEGBr. This&thod was cﬁosen because of its ease of use' and
fairly valid }eéults, (Scarratt, i968). Also subsequent dives to the
~same areas resulted in similar numbers of lobsters being sighted. Numbers

of pref species preseht'and'bottom type were classifiequon a scale of

- 0=t - ' B ‘
. L :
Bottom Scdle: 0 - sand bottom, 1 ~ sand or mud substrate with scattered
- . o ¢ - . R



-

. Y - D . ) .
rocks or bedrock; 2 - bedrock bottom interspersed with areas of sand,
L ‘ . ! :

. o 3 - loose rubble on’'sand or bedrock substrate, 4 - much loose rubble Yy

vy , : '
. ‘ assoclated with a steep slope. '
I_' -/‘\

“ Pre Scﬁie. Prey.species are thoge from the prefereﬁce experiments in -

]

the laboratory. 0 - no prey species bresent, 1 - few'préy-species wefe .

prESEnt elther in species or- numbers, 2 - mgﬂerate numbers o{)prey

species present»either in species or numbers, 3 - good numbers of species ;

» .

werg present eithe; in species or numbers, 4 - high numbers of 'species

E)

\
) LY

were present either in specieg or numbers. . »
g ‘ ’ 4

Also nine dive sites were chosen on the“Labrador Coast to study . ..

e the distribution there (seéhFigure 4)., The diving was condﬁated rom
. - - m - "
¥.v. Chris;ﬁﬁ;:éeal chartered by Mr. R.A. Prince of the Newfoundland “

¢ . i v . -
. e ~ Fisheries Agyfhority on loan. to Memorial University of_Newfouﬁdland.
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Fiéure 3 Di‘ving sites for tho-a. dis\-t’:ribution stu'dy around.
| Newfoundland.. | T \
1. (Torbay ‘ nl J 25, ,I‘slingto,n CL,
II 2. Mid(ile_. Cove - . i 26. ,Spreadéaéle Cove ’ '
.+ 3. Outer Cove o 27, .l}elléjvue Beach
4. Logy Bay , o 28. SouthrWest 'Arm’ o
5. A,Fr'eshwater Bay 29, Bon:\{ista Bay‘(Clo,c'ie, 'S'bt‘md) g
. 6. Boone,_PoAirit ” . . 30. quavista*Bay(ﬁastporb)
7. | Bread & Qheése, CO\_'re | 31. 'I\Iqtfe Da;lle‘ Bay(Camel Is.)
8. Bay Bulls \ 32 Cottrell's Cove. -
- 9.' 'Toy.s- Gove ' ) ( 1_13.uCrouse
", 10. Le Manche e 34. Groais Is.
11. TPortuggl Cove ‘ Y ' 35, St. Ani:hony Bight .I(T. "
12. Por'tug%l Cove. . ‘ 36. White Lace Cove |
'13. Beachy Cove- RV Po.r‘tland' Creek
] ' ° : .
14. St.Philtips . 38. Trout River .
15 St.Tﬁgmas 3 . 39, ﬁottle Hr. -
A i6. -S.t.Thomas o 2;0. Bois Is. v
. ‘_17.' St\.Tﬁc;mas . o 41, Riche Is. ’ .. 3 .
: [ . ) o
. 18. ' Topsail’ ' 42, Roti Bay
19! Hvb;vlyljoo_d‘(re'finery)' " 43; .St. Alban's .
v 20. Holyrood(fiéhpfant? s 4h. Fortune Bay (Grand le Pi::a;re)
. 21. Holyrood(South Arm) i 45, St._Pi;arre o 4
"‘22: €hapel Céve o i_ 46. Baine Hr. . o
23. Salmon Cove B ‘ 47. North Hr: - -, e
* 24, Nérthe"rn I’.ay‘_v Sands L ‘) 48. A;'nolds Coi;e o .



“
co'ntin_ued. -
49, ~ Fairhaven i
. .. +50. Ship Harbour " <’ ‘.
51. St.Mary's Harhour (Branch)
;—5‘_”;’"52. Salmonier Arm_ ° ‘ .
;i—z:/ 53. Sa‘lmoln‘ier Arm -
| 54'. femeuse "
55. . Burnt P;J;nt\\lll ) ‘
56. Burnt Point #2 :
57. Bumnt Poin't.jf_3 '
.58. Pa;me"s Cove .P‘tia_int-'
( 59.‘ South Head B
_60. Gadd's Head - B
, . 6l ]‘)eer Arm |
62. Shoal Point - . - -,
5 63% Pinnacle ,Pointf )
.64, Shagg Cliff _
..65,‘.' Li.t'"tle Bell TIsland _(Ba;:athoi;s Pond)
66, Little Bell Islgn;i ' '
67. - ﬁoddeﬂrﬁi\e o |
68. 014 Bona\;qnture . o
69. Biscayne Bay
70. Bonne Bay | )
,, 7.1. Flatrock -
- .
t )
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"E. and Mytilus edulis are-equal then C. irroratus should be selected ovgr

- . 9’,~ - N ) - ) . “—20"
‘ ‘RESULTS - N 5 .

Lobster Pfey and Preferences

P " In the experiments Cancer irroratus was generally preferred
’ . “ 3 r] . . -

"~

[C -, i T ) ®
over other organisms (see Figure 5). Only Strongylocentrotus

‘droebackiensis (52.6%) qu Mytilus.edulis 150.02) were comparatively . -

N ¥

%el&cted when testéd with Cancer irroratus.

. “ )
The other crabs (see Hyas coarctatus Figur@ 7 and Pagurus spp

o

- —_

see Figure 5) were selected quite regularly although not as frequently

as C. irroratus (. irroratus over H. coarctatus 87 57 and 93334 over;
m - tik w

Pagurus spp ). H. coarctatus was selected equally to Pagurus spp.,

3
in 50 07 of cases, 5. droebachiensis over H. coarctatus in only 25 0%

, bu q¥er Pagurus SpP. fn 58 6% of cases: Astérias vulgaris was selected |,

»

i requently in only 11.17% over Pagurus SPp. Note that Mytilus edulis

0

was selected over Pagurustspp. 100. 0/'wh1ch is rather anomolous in that

A

Pagurus Spp. was selected 26. 7/ Qver C. irroratus. If C. inroratus

2]
3

Pagurus spp. 100. 0/ ‘of the time. It is 'not however, beiqg selected

"

.

only 73.3% over Pagurus spp," ' | : ' .

0
o

The more intermediate prey in selection- preferences are
' . s -

' Strohgylocentrdtus droebachilensis, g&_edulis, Thais lapillus; and -,

Buccinum- uﬁ/etum.. M. .edulls was séiected over §. droebachiensis in
’ ] LA L f

67. 8/ of cases, Asterias vulgaris only 11, 1/ B undatdhmjr 55.6%,

-

- Pagurus spp. in 41;44, E, coarctatus in 75.0Z and C. irroratus in’ -

~

47.4%. C. i}roratus; §;_droebachiensis, Pagurus spp., and M. edulis were

A
-

<
-

.
t

-
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‘eaten by H. americanus,
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‘sélectedﬁovergihais lapillus in 51{7% of cases, Buccinum undatum was not -
1 ’ ° . . .
selected as regularly as ‘the above, two species since Mytilus edulis,was’

selected over it in‘60.0Z of cases, sea urchins in 44.4%, C. irroratus

Iy \ ’

66.6% and bagurus spp. 44,4%. M. edulis was the most popular of this
; - £ .

intermediate group since B. undatum was selected over it in only 40.0%
of cases, Asterias vulgaris 12.5%, sea urchin 32.2%, C. irroratus 50.0%

A

and Pagurus spp. not at all.

- '

A.‘vulgéris, Volsella modiolus, and Halocynthia pyriformis

”afe overall rathéf tnpopular. .H; edulis was selected instead oflé;
[} b R ﬂ
vulgaris 87.57% of the time, T. ldpillus 83.3%, sea urchin 88.9%7 and

C. irroratus 100.0%. C. irroratus, sea urchih, Pagurus 'spp., Hyas

¢ -

: 4 .
coarctatus and B. undatum were selected instead of V. modiolus 100.0% of

"
.

tHe time. C. irroratus, sea urchin, Pagurus spp. and M. edulis were '

gelected instead of H. pyriformis 92.0%Z of the time. (With V. modiolus

W

. and H. pyriformis it may be the gred(‘difficplty that lobsters have & \

-

.'penetrating the shell of V. modiolus and the tough skin of H.-pyriformis

that gives them their low preference.

’

. Another aspect of lobster diet is can;ibalism. Dead lobst%Fs
will be consumed by other lobsters; 'and if they are in close quarters'

, 1.e. lobsfér cars they will kill eaéh other 'and eventually the dead
will be eaten, (Templeman,xIQAd). In the laboratory,’lobste¥s wéuldn't

attack each dthq; if food was réadily avallabte, but would under conditions
’ B . . S .
when food wds scarce. Five lobsters lived together ‘in the laboratory

on two separate occasions for two weeks without attqcking'each other.

. o . . oL
At this time food was made readily available. .But a lobster that had been,

starved for two weeks attacked and . killed another.

Tﬁgré is also a noticeable selection By lobster for certain

s
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Table 1. - List of the majof‘and incidental food of H.

~a
3
ro

.

[L I

’ " americanus plus those species that the lobster will not eat at all. .
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Major Food . A -

Cancér irroratus

Hyas coarctatus . .

Pagurus acadianus

P. longl cargﬁs
| e N

, P. pubescens

; P. arcuatus

i ’
i

Mytilus edulis - D ) .

Buccinum undatum

. Thais lapillus ‘. *

Littorina 1ittor&a j

- Volsella modiAxse
. . 4

Hiatella arctica

“Fish:

Strongylocentrotus droebachiensis

’

-Balanus balanoides

Pseudopleuronectes americanus

27.

Incidental

-

Corallina officinalis ‘.

’

Hydroids:

Thuiaria eupressina ™

Bryozoa: Eucratea spp.

Tunicates: Ha‘logyr:thi_a pyriformis

Onhiopholis aculeata .

*

-Amphipoda: ' Gammarus lawrencianus

o

. Po.lychaetes:. Nereis pelagicah

Echinarachnius parma .

<

Lunatia heros

.o -

Lacuna spp.

-

Ischnochiton ruber o

Acmaea testudinalis

P
-

-Leptasterias polafis

o

Asterias wulgaris

*Mya truncata Y /

Never Eaten’

i’lacopecten magellanicus *

Cucumaria fronflosa

* Psolus fab ricii'

Gersemia spp.

oot .
<

Coelenterata: Mitridiﬁw senile and Ac.tiriu{xge rugosa

N

Porifera

. ;\lgae:

R

\ . _ R
Flustra foliacea '

- n

-Fucus spp., Alaria SPP ., Lémina:ia spﬁ.’ ) . L Y

L
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V. ‘size prey. For instance, a 120 g lobster was able to consume up to

e a 20 ‘gram sea urchin but o larger than this.” Another examplé is a

13

*1623 gram lobster that wouldn't consume C. irroratus any 1‘arga- t -

- A Q

about 110 grams.

———— N

. -/ Also of noteworthy ianortaflce' (see Table 1) is algae. Althﬁugh-

3

it is common in many ardas inhabited by lobsters they” do not appear to
v .
‘selectively consume it but do ingest some accidentally while eating

other prey. For instance, they remove algae from Iilztilus shells
I ! - ' .
enabling their claws to grip. and break open the shells easier. 'Also

lobsters would not eat Fucus spp., Laminaria spp., Ot Alaria‘s‘pp. even

'
. <

when they were z-itjved for two to three week periods in the presence of

. this alga.

L ’ the food of the lobster is listed ir Table 1. - This table is

arranged as closéJ.-y"as’ possible in an order of preference-although there

are no definite p:referenc_es;\ The table shows--both those.animals that

lobsters wil'l consume and those they will not. In the laboratory,

+ - lobsters would not eat food that was older:than three days; even if they

’

had been previously starved. Polychaetes proved impractical"to test in.

this manner amd so ar t included in the preference tests but are
h .

I

. . found listed in Table 1. .

Food (se\e Table 1) listed as incidental includes that whi.ch is

"low in abu}dZn‘ce around lobster beds ie. Lunatia heros (which mostly

d Pu

inhabits sand bottoms); that difficult for lobsters to scrape from the

° +

. N
The lobster foqd over a yearly period changes only at ecdysis.,

Lobsters discontinue feeding about one day before moulting and for a

. 4 4 7 .
. &5 ' °

) ‘ . N .

K ’ vocks ie. Ischnochiton ruber; or that eaten on1¥ if -starved ie. Tunicates.
o . . ) \ . .
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week‘to two leeks after they have moulted their diet is’ quite' different.

At this time, they demonstrate a marked préferehce for material containing

Ca fons such as it's own shell (always the first food consumed on com~ oo

pletlng the moult), Corallina officinalis, Mytilus shells, Cancer shells

P
‘and sea urchin tests. By eating these they would 'be‘1 increasing the CaHion

.

. content of their new shell., They do not feed on live animals at all due

to the fact that their chelae are too soft for breaking into hard
b . v

invertebrate shells and because hard shelled animals such as Cancer would- ~

definitely have the advantage. . ) .

n

In the seé,‘ lobsters were observed (from diving) eating C.
) ! (4]

irroratus, S. droebachiensis, M. edulis and calcareous material from
these species is found in great abundance around lobster burrows.

Force Reqixired to Remova a Sea Urchin from Substrate

‘before consuming them. Thus, a lobster's ability to eat *a..certain silze

In most cases lobsters removed sea urchins from the substrate

sea urchin—may depend on it's 'ab:llity to remove it from. the substrate? : -
Irre;;pective of . the sea water temperature th;a heavier, the sea -

ureh@ the more difficult it is to remove from the subsfrate (i.e: the

slopes ’:Ls from left to right). Also: by‘ 'comparing'/tl’fe urves at different

temperatufes (see Figure 8), it ‘is evident that it pecomes more diffitult

\ .
to ?enove a sea urchin as the water temperature increases. Also in a
number of cases thdatube feet (podi?) weré left on the ;ubstrat'e be'fpre

being eaten hy lobsters.

Caloric Intake ‘ _ . ' S

K ‘ »
\ : . ..
Comparing Figures 10 and 11 (graphs of the );earl'y ‘cycle of /

caloric intake at ambient and the sea water temperagure graph) ‘we see -

, .
‘e .. \
* . . ,

s/

-
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represent this force at dif'fe_rent: temperatures. See Appendix B for more

information. . ' s ' 4

t Q g, T .
« - v
. . - f
. ’
N
'
—- .
* ,
.
’
. - R . *
. - .
. B . v
B . ° - '
- . '
. ° N
.
« .
3
. . .
. . . , H
f .
’
.
" ‘e
’ . - K .
. "
. .
. a -
. - 4
. . k
-
. -~ . ' ~
2. .
. —

Bl - o
R -
N '
- . -
B} .
. ‘v
. .
.y -
t N
. Al -
. M ' -
‘ . R
. )- N
. " - . .
N f h )
. ‘
' - * .
- \ » S
¢ - - - - -
¥
-
! c
' . ’ .
, . - - .. A
- ' R +
e '- ‘ -
~
. -
. -
. . .
.
. * !

S . t !

.on the forée required to.pull igroff of it's ‘substrate. The four 1ine;

)

L]



L8

(grams) < x 100

Force .

" Sea Urchin
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. that }9(a) and (b) are very similar to eachsethér. They both have low

- . R X 2 N ‘ -
points during February, March and April with highs occurring in September

~$o Nowember.’ The caloric intake corresponds closely to the sea . e

.
uﬂ-

- temperature (Figure 9(b) with 10), in it.s fluctuations over the year.

~ -

The peak in temperatures (September to Octobe ) corresponds toLthe high

point in caloric intake in both Figures\lO(a) and (b): As well, the
low points also confprm closely.. In bbth Figures 10(a) and (bs; ghere
is a drop in. caloric intake of .39 and 80 in August, which is about the

time of moult. The preference portion of the study showed that lobsters eat

very little before moulting and for-ahgut two weeks after. After-ecdysis,

_ the caloric intake rises‘again and then drops off during the wintes. .

.

" Figure 10(a) shows a second smaller peak and a low occurriné in October

and November. Since Eignre 11(a) also shows this peak at about the

same t1me, it is likefy due’ to difficulties encountered&in findlng,
enough crabs to feed the lobsters during this period. Lobsters - ' -
. LI R ' . . l

feeding. on S. droebachiensﬁs do not show‘this.low in November.

)
.

The 15°C. tank was maintained at a constant temperature for éight~

and half months only. Since the‘control equipment was .being fnstalleg

Q [} -

and adjusted from September to ‘mid-November the water temperature was

not stable. The effect of this//s shoWn in Figures 11(a) and (b)

LY

. -

which have lows during this period of temperature fluctuations when '\‘f/t}
}

the MSRL water system was not wor&ing well. This also causes a ‘.

-
. - -, .

'drop in the caloric intake at each of the'temperature fluctuation

L3

points. Figure 11(a), and (b) shows another drop in caloric intake - :J

Figure 11(a) - September anﬁ Figure 11(b) from 3uly on. Again this is
- ) . ’ ¢ .
Qa
the reproductive and moult period. .The lobster Figure 11(a) was a
berried female whose ‘eggs hafcﬁgd in May. It didh't moult however, d

’ ; P ¥
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.Distributidn

" conducted while aboard M.V. Christmas Seal tend to eonfirm that Henley's'

3 . o | | ‘
P ' ) . , ‘ . - ) 41.
until September when the caloric intake alsd dropped. In Figure 11(b), -

the animal appeared to bé starting to moult in September but didn't

(died when the water system was shut off by TechnicaldServices). - AT

In Figures 1Q(a) and 11(a) versus 10(b) and 11(b) the average

< A\
value of caloric intake differs. In both cases of C. irroratus the values

¥

are higher (Figure 10(a) - 222 and Figure 11(a) - 630) than in the case

.of gL droebachiéﬁ%is (Figure IO(b) = 127; Figure 11(b)=461).

\ ’ 12
.

o
’
- . .

Northern Limits of Range. Templeman (1940) fepbrts'tﬂat'lobsters are =

- .

. found in Labrador as far north as Henley Harbour and in Newfoundland upl‘”

to Cape Norman. Mr. R. Hooper (personal communication) reports that

lobsters also occur at Red Bay, Labrador and south. Observations

Harbour istheitr northern limit: No indications of any lobsters were ) .

seen on eight dives from Fox Harbour (52°21'N) to .Ice Tickle (56%24'N) .

- s -
.Digtribution of Lobsters with Respect to Presence of Food and Bottom

L .
Type. Where lobsters are not present there is also poor bottom type.

.and a marked reduction in prey species (Figures 12, 13 and 14). There

. . - . - . .
is no sequence over -the province but a mixture of good 'and poor arqag
v o ' ~ .
(except perhaps in Bonne Bay which was consistently good, see Figures

‘ / *

13 and 14). The West Coast areas however, did seem to have more lobsters

than most other areas (see’ Figure 12). » : -

Figure 15 shows that as the bottot type improves so does the

number of lobsters’ but coincidentally or otherwise, so does the amount
8 - | - , , =
of food present (Figure 17). Also as the aﬂbunt(gf food increases $§¢

T does the number of lobsters (see Figure 16). However, note the great

. e ° LY ' ¢
qﬁ“?—*—~’_fﬁb1ease in numbers of lobsters at food scale of 3 compaféd to dther values.

[N
4
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In Figure 15, there is also a similar increase in lobsters at bottom

- N e

scale values of 3 and 4. Bottom type and prey species ate also related,
since prey increases as the bottom improves. >

From Figure 18 it can be séen with bottom tgrpes of ‘liand 0 that’
:m increase in food does; very little to increase the number of lobsters,
present in the area. With. bottom type 2 howeygr, note the St;bgtantia]w
inéreasé (Figure 18) in the; numbér ‘of l/obs,ters as prey improves. BottclamK,
type and prey species are' also relat.ed,‘.sﬁ'ice prey increases as the

bottom imp roves.

Feeding Habits ' ' . .=

r

With the infrared llight source the feeding behaviour of lobsters,

was easily observed. The amount of time spent in the three stages of

capture, immobilization and oi)ening, and consumption is depictéd in .

Table 3.‘ ‘<

’

Table 3
The amount of time spent by the three animals'in each stage of

feeding. All of the times are in minutes.

Stage ' " Animal

C. irroratus §. droebachiensis M. edulis

’

I- Cap-ture = 9 | 25 . 10 .‘ 2
II - Immobilization 5 33 . 38 ' \ 3 ¢
& opening the shell _
.. III - Consumption 58 38 " : , 60 .
Total '.["ime . . 100 . . 101 - 1.1(‘)0

Number of Trials ° 15 20 , 10

[

The only species that'can' actﬁally, defend itself by claws or

. ’ - L. J .

~ .
. /

A e



" S. droebachiensis and M. edulis but with them more of the time was spent

57.

, ‘ -~

by moving rapidly is C. irroratus and o the lobster mist.move in and
capture it fast. Their capture took a very small percent of the total -

feeding time.

-

There is a long capture ﬁeriod for S.droebachiensis above the’

a
M,

other species. This is clxused by th'g fact thélt the lobster has to remove
it d—,;from the subst_:re'lté'which at t{mes_ can be difficult. -For instance, a .
56:0 grafn sea urchin c;;an hold.onto the substrate with an average force

‘of 174Q grams. y—f edulis in the wild would be ihai:'der to cai)ture since

the individuals I used didn't have much of a chance to anchor themselves

and they weren't in a largé compact bed. : /

Immobilization (Stage II) toqk about the same time with

Le

'opening rather ‘then immobilization of them. With C. irroratus however, :

~most Of this time was spent in immobilfzation. Once immobilized Cancer

€

shells are much easier to open than the others.

Consumption® of 5. droebachiensis was much quicker than that of

- the others probably because once opened they are easy to eat. The meat

Qs

"isn’t stuck to the shell as it is in C. irroratus and M. edulis.




- DISCUSSION -

Lobster Sources of Food and Preferences
\ ’ a

-

‘" The omnivorous diet of Homarus americanus has been known for a

long time but some workers in “the field also unjustly accused lobsters

. F . ’ .
c_)f})eing scavengers of decayinng debris (Buchsbaum, }951).

. _ A . .
However, as early as 1875, Wheildon wrote, "the statement that the food

.

6f the lobster is seaweed, filth, and garbage is untrue". 1In fact,
lobstermen have stated .that lobsters cannot be caught with anything but

. , .
fresh balt (Wheildon, 1875; Templeman, 1940; and,personal communication

from Mr. Art Spurrell, Trinity \Bay). While lobsters readily cohsumed

_}.’resh fish in the laborato.x"y*: ‘they would ha\;e nothing to do with
dead longe'r than_:ab‘out three days. Méo'live anlmais_that-wezg_l.) a
ip the -tanks with 1;)bsters and subsequently killed by ,fhgm you-ld not b;a
consumed once they had begun to rot. . _ ) | S

Lobsters eat al,JQ of the material listed in the Results (Table 1); A

the common food items of the lobster in thé laboratory environment are

C. irroratus,-H. coarctatus,Pagurus si)p., S. droebachiensis, M. edulis,
and B. ‘undatum but there“is little pteference.w_ithin tl;is group. The fl
other material (see Table. 1) waé either low as a preferred food or it

. does not commonly occur in the same aréas as lobsters. Somé of the

material listed'as incidental is readily consumed by lobsters but does ° .

o
not occur in the same areas and so cannot be considered as a major food

-of the lobster. For example, moon snails (Lunatia heros) and sand - ‘(’ :

rd

dollars (Echinarachnius.parma) are most commonly found on sand far from

any lobster habitat. Whi:le 1_obsters'wou1d‘ readily consume th'eu‘1 in the .

laboratory, they woulda't have -the opportunity to eat many in the .

LR ]
environment, - ) .



‘

Waterman (1960) discusses feeding Brachyuraps in relation to

N
v

moult stages. " He has divided the moult cycle :Lnto five stages: Stage

- newly moulted (7 8 days) ; Stage B =~ hardening of shell (29 days),

Stage C - hard shelfed (224 days), Stage D - premoult (91 days), and

-

Stage E - moult (1 day), The animal stops feeding at stage D3

’aga:l.n at BZ' -There is no feeding at stages A or E with full feeding

-):., .

during Stage C: The period of no feeding lasts about 9.5% of the year
a

or about: 4»5 wk‘eks. * L,

The lgbsters‘kept at’ the MSRL, stopped feeding 12'—2‘4uhours

before moulting (Stage Dl,) and started again just after they~moulted

(2-,-3. days or Stage Bl). It was about itwo weeks before they resumed

W
.

feeding on .1live animals ($tage BZ) . The shell heca'rne hard in about

. +three to four weeks.

Regarding the moult cycle, it was observed while diving in

) B(,nne ‘Bay and Bottle Cove, Bay of Islands during the last week ,in g

August (26-31) that out of 150 lobsters examined about 140 (94%),_ had

recent'ly moulted. ~ Squires, Tucker and’ Er;his. (1971) from their e;l(ce“llent

4

Sstudy in Bay of Islands report that 89% of males moulted -(this was also

'during August). Templeman (1940) , reports that St George s Bay in -

- -

. Y
1938 - 96% of the lobsters caught were new shelled.‘ This  study also

N 4

was during the later part of August. : . o
' There is also a size preference by lobsters in that they wi:ll

only attack and, eat a certain size of prﬂy. For .instanee y, a.120 gram

]
v

lobster could not consume a sea urthin larger than abof_' 20 grams.

Generally, ‘the large lobsters can consunie the larger size of prey.

This size selection oceurs with all of " ‘the lobster's hard shelled prey

-
) - ‘—j’.: P v )
, P o
— - i .‘_r’i‘ . '
. — s r
L .
'
v f i
- - . 1
/:/ -
Gy © - v "
e . . ' .
. Lo .

- e

A

and begins

and is



ecause of thé diffi\cult?f\;gﬂf opening the animal, ‘ o,
- ° - \\\'\\‘. . . * ) - '
The \feedin}h\\ its of\the lobster have “heen dividegl_"into three

actions: capture, opening ancﬁi‘mm\lizatio}p of prey, and consumption. ‘ .
' ' . : i

.With S. droebachi

sis feedin occurs’ag follows: the _seaé urchin is . -

v pried from the substate

sing the chela and walking legs (see Figure 21,

Plates | and 2). There was, o one instance of consumption, where a

lobster failed to zemcve a sefa urchim from the substrate first‘. 'In that
.. .case the ,sea’u’r—chin was suc@essfully consu ed by opening it while it was

. still attached.® Prior to op ning 1t the -Bea urbhiq is carried around -
] \

| by the 1obster using Lhe fiq:s pair of wa'lking legs aqd the maxillipeds

-"‘

(see Figure 21 Plate 2). The sea urchin s manipulated uSing the T >

maxillipEd the first- pair of walkin'g ~1egs, ~and the chel'a inte a. position

s . . where the crusher claw can. grab }t w‘ﬁile it is supported by the pihcer

N

claw (see Figure %1 Plate 3). The shell is crushed 1n half (see L “

Figure 20 Plate 5) if the sea urchin is small and if large compared to

-

the lobster a hole 8t holes are worked into the test (see Figure 20

"Plate 4) and the, shellZ split until the holes are Jomed * The shell 18”7

t—ay Y

Py .
D, then fully opened by pulling pier.)es off with either claw (see Figure 21,

Plate 3. and 4) Another method although seldom used by lobsters was to -

,,,,,,,,

break ‘the anzmal .open by en*‘ering through Aristotle s lantefn T he, “ v _—
broken pieces of thq shell are held against the mandibles while be1ng
manuevered by the first pa1r of walking legs," maxlllipeds and. claws =

the flesh is systematically scrapped off _and fed ;Lnto the mouth by the - N

.t

mandlbles The flesh is spl;t into small pieces by the mandibles and

the maxilllpeds (sc_e F'.rgure 21 Plates 5 and 6) _
U Capture of C '1rroratus is made difficult by the defense ‘ C

. (
® . - ' 0. . .

[P
l"

,
© - ) L \



T / ‘g oo 'mechanisms of ‘the crabs.' They either run away and they.can: easily
[ B »
.‘i N V -
' ' . outdistance a lobster or if the lobster succeeds in backing it~into a

A‘.l’ B . L

'corner it wfll defend itself with it S claws. The crab backs into a

0

-l * lobster attempts to grab the crab on the body witb the %Fusher claw

;oo :\seﬁngbs the legs with the pincer. The . crab if small compared to the
H\_/.‘: W lobster is ghen immediately killed by. crushing the body (see Figure 19

o s Plates 2 and.3) and then the legs:are pulled off ' If the erab ‘is large,

s - . - < "

.'! . :

—— o the walking 1egs cradle the crab (see Figure 19 Plate 1) Once the
SCINL ‘;' N
oo \ o legs have been removed the crab is broken open‘and killed using the

. v
»

d ' crusher claw. The crab is sometimes left alive once ‘1 bilized to be’

e . v P

, .eaten at a‘later date. The actual consumption is similar-to that

:

-~ . . ) q . ) . . . -
described in the sea u¥chin, °
- L. T i

e . o - M., edulis is pulled off of it 8. substrate similarly to sea’

. . oo

oY e

. ' ‘urchins by using the chela and &he advantageOUS use of gravity.. The

N . -

mussel is manipulated\by the first walking legs andmaxilllpedSprior to"

; opening. It is passed back- and forth over the mandibles which appear

>
. -
s . ‘ / ‘ . “

LR

°
. . .
. U

T crusher chela, and broken in half (see,Figure 20 PIate 3) When the*

T

. shell can not’ be crushed the lobster scrapes ‘at the algae Some’ more and

then tries again. ‘The mussel is broken into small pieces and ‘the meat-

- , >

» " N A . ’ " ) "
' e scrapped off by the mandibles and maxillipeds (see Figure 20, Plate 3) .

[ w .

' With B. ‘undatum the only defense is moving to higher ground

AR R ' The 1obster however _moves fuch., faster and knocks it off the substrate

/) e N with itis claws;//Th7/Whelk is. then tpyed with.for some minutes beforé -

L L4

t

[P wn P

‘ . - - . .

¢
cdrner raising it ] claws and body towards the direction of attack The

, €]
’ " .the 1egs are pulled of £ first by. the large chela or the maxillipeds while

T %o remove’ the algae from ghe surface. The mussel is then placed in the'

a
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-

.

. cut uﬁ using the first walkin&‘regs,-chela and the maxiilipeds and them

size range of.sea urehin (see breferenqé).- This may be because a

lobstercpould not remove from the substratevthose sea urchins that are

. 68.
N . K - )i

being Erushed by the large chela. 'If it is extra iarge'it is epenedhfrom

! 3

‘the. foot end ome piece at a time until (usual method) the meat cén.be

pulled out by the maxillipeds (see Figure 20, Plate 1). The meat is"

. | _ ; St

L]
eaten. -

o This portion.of the stuqi showed that lobsters did not 'gat all
. re s - i T\:g
of an animal but only the soft material on the inside of the shell ! W1th

Q

C. -irroratus it was found that only 23/"§f the total weight of the crab

(40 avernged) ‘'was 3ttually consumed. With S. droebachiensis only 117 (106

averaged) of the animal was consumed. . -
- . s o .
s are

. . . .. N © -
The sea urchin force experiments showed that sea ur

.more difficult to remove when the sea watér temperature is warm than

cold. .Also the larger the sea urchin the more difficult it is to remove

-

- from it's substrate. A certain size lobster can. consume only a certain

—

t00vlarge. In a populatlon of lobsters that is overfished re\glting in

e .

the removal of the large lobsters there would be selestlon favouting

the consumption of smaller 51ze§ sea urchins. Also sea urchins could -

¢
5 - )
be a w1nter food 51nce they would be easier to remove. Once a T

sea urchin has been pulled from the strata it would have little chance

to escape since they take about two houré’at a minimum to attach
; ) , .
tiemselves.

a

Both Herrick (1911) and Templeman (1940) from analysis of

-stﬁatb contents similarly stated .that lobsters eat mussels, sea urchins,"’

-

) .
siarfish worms, crabs, small fish crustaceans (ie. isopods) and some

»
a”

, .
.
Il
- ‘ . »
. .



)

o, X : K

algae. Naither one, ncwever, discusses his s?mpling procedures or sample

sizes, . 4 - . ' /.

Weids (1970) found that C. irroratus was !the most predominate food

in the stomachs of 553 lobsters that he examined Also occurring with
. et

- greag frequency were the Gastropods 1‘Lacuna vincta,and Mitrella’lunata,

: . . )
'Polychaeta - Nereidae, and plant material. Incidentally, ﬁé found’other
' !

brganisms such as other CrustaCeans (Libinia, Carcinus meanas, and C.

va
borealis);'GastrOPOds (Polinices'spp. and Littorina spp.), fish, Hydrozoa,

. Ascidiacea, Echinodermata, and Ectoprocta:

"t
In Newfoundland, besides® the early work of Templeman (1940),

1 4

cited above, Squires (1970)'has"ana1§zed the "stomachs of 182 lobsters

from Port au Port Bay and ‘the Bay of Islands, Newfoundland. He states. .

that "Fish bones present in 507% of the stomachs were possibly from fish --

bait?.;.l Periwinkles flittorina spp.) occurred in significant numbers.

" Bivalves were fairly common . . . In about RY of the stomachs examined
« 9 , ‘

hermit crabs (Pagurus SPP. ) brittle stars, sea cucumbers, sea stars,

—
amphipods hydroids, and brown seaweed were found attestlng to the

-

omniverous feeding of 1obsters . S ‘ \ -

* Théere are severaliproblems innerent in this method qof. assessing

1 l

lobster diet. First, the use of "1ndicator particles (Welss, 197d)

. N
could,be,very misleading for ascertaining the diet. Also this method

would be invalid for determining the diet sigce lobsters do not seem

to actively consume shells excep* at the time of moult. Any "indicator"

A

particles found would be thoselpiecesuof shell.accidentally ingested

while feeding. .For)instance, with sea yrchins, they eé% only the inside of

5



a

»

70.

the_test and nothing else (see Figure 20, Plate 5). With other prganiéms

ie, crabs it is possible th@t mére-shellffragménts are accidentally

ingested with food so further biasing these results. According to
. ’ o

Herrick (1911) and Templeman (1940),‘thé§e fragments remain in the

|

-~

a i
I

stomach tq provide calcium carbonate for the shell after the lobstér ~ “+';

has moulted &nd as such would give an incorrect picture of g

he diet,
i -

[

<

Also fome researchers refer to an unidentifiable mass found (Weiss,
R -3 . "

. 1970) in tHe stomachs which is the viscera of prey animals.

'

The other problem involved with this is the sampling techniques.

1

This includes both the time of year that the collectipn was made and ths

method itself. If the gpecimens were collected over a year then the

results would be’fair}y'valid. But if they were collected at the moult

period; then the experimental results will be. biased by the presence of .

W .

calcium particles from the food eaten at this time (sea urchin tests,
. \ - . . . - .

Cancer "shells, etc.) and may not be an accurate representation of the

"

qiet. if coﬁﬁercial gear was used rather than SCUBA a hgit must be used

to attract the lobster (commonly fish). ‘'This would account for ‘the

presence of fish bones reported in the lobster's diet: ..

»

Herrick (1911):and‘Templeman (1940) -do nofﬁdiscuss‘their

commercial gear. 'This would explain their placing of fish in lobster

. ne
sty

diet,

~ 1
n f

. Squires (1970) reports a 50% value for ingested fish which [

feel is quite an inflated value since he used fish for baiF (samples

not collected by SCUBA) and only the insides of invertebrates are
- . ) '

' .eaten whereas bones,“scaleé etc. of. fish are consumed. Squires' (1970)

2

. o (

E%?mpling procedures, but it can be presumed they dig not uge SCUBA but
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N

stomach content values are assumed to be occurrences of indicator

particles; but nowhére does he actualiy dgggribé’his methods. He also

e

reports a cucumarian. AgéiﬁMSquires listed a low valye for echinoderms

P - -

-

of 4% which is probably a underestimation since lobsters only consumed

the insides of these animals and there would be very few indicators of
sea urchin presence in the diet (except at moult which-is only a small

! percentage of the time sampling took place).

* Weiss' study was carried out“over a full year and so will not

a

AN RS

be biased towards those animals consumed-after,the moult. He also used

- 3

SCUBA to collect his' samples. However, he does use the "indicator

bartidie" method thus biasing his results. He reports low values for
> } ,

2

Echinodermata and Gastippoda.which'this study indicated high values
- : -

for. He used SCUBA and so iists fish as incidentallyuoccurring.'"

-

Scarratt (unpublished data from Milter, Mann.aﬁd Scarratt, 1971)
.circumveﬁted these problems by analyzing the/conQents by percent of stomachs

containing material. These values are: mussels 67%, rock crabs 507,

- -

pd;ychaetés 427, periwinkles 367%, sea urchins 237% and starfish 5%. This

1

compares well with my data ip that mussels, roek crabs, periwinkles

and sea urchins were all readily eatem in the laboratory. Polychaetes

.

were not examined too clogely in my study since preliminary investigations
showe&'that while lobsters would eat them (see Table 1) they were difficult
for them to obtaiﬁ~aqﬂ low in caloric value (Brawn_gg_gl; 1968). . N

»
Distribuation

'.Digtribution of lobsters is influenced by a great many parameters; '

: © o ‘
such as bottom type, food and .larval drift. ’ '




72 %,

The distribttion map of lobstefs (see Figure 16) indicates that¥
. . . <

the hest areas are the West Coast and Notre Dame Bay. The Canada

' Fisheries Statistics Annual (1956-1969) shows fhat these areas have

. . . . hd
always been among the more productive areas in Neyfoundland% For

instance, in’ 1969 Area M (covers from Cape St. Gregory to Point Riche

incluﬂing Bonne Bay) had 15.2% of the total catch for Newfoundland; Aréa
. : , . . \ .

L (Port-au-Port Bay and Bay of Islands} had '15.9% and Area B 21.9%2 . . s
. , '\ N
(Notre Dame Bay) which conforms quite closely to the abové. Lesser

~areas being Conception Bay (Area E) 1.07%, Trinity Bay‘(Area D)'2.17Z
and the Avalon Peninsula - East Coast (Area é):0.34%; all of which, e
copresposd to my more general data on abundance (seEﬁFigure 16):. This

can be related to the recruitment of émall lopéters on the bottom, which

is related to production of larvae and their drift. The latter is

’

determined by water movements and the duration of larval life.

Reproduction in the warm water tank was also affected. One .

! . % s
lobster in the ambient and one in the 15°c. tank became berried in early

)
'

August of 1971. The eggs in the warm tank hatched on April 24 the others
not hatchiﬁg until pl}‘26.- a difference ofvfﬁree months. Approximately
60 larvae were obsdrved as they passed through theistages; Ist. stage -

9 days; 2nd. stage'- 9-days; 3rd. stage - 12 days (lobster larvae died
at_th&s point). Herrick (l911) lists the time spent in the stages as:

N,
A .

1lst. stage_?—B_days and no more than 5; 2nd. stage 2-5 days‘no greater

thaﬂ'sldays and 3rd. stage no greater than 5 days at 80°F. Templeman (1936b)

compared the length of‘time the larvae spenf moulting to the fifth

stage. He states‘that‘at.l3oc. with the hatching by mid-August "should

reach the sixth stage before w?pfer, thus gnshring a. better ‘chance of
P 4

survival than if winter caughf them in some earlier stagé'less fitted

*
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/

‘“lobster is free swimming and does not retreat from danger and_seemingly-

-»

' herg)ggf’§;;*?ﬁe successful moulting of the adult lobsters (Stewart and

~ Squir

« 5 . - .
» <

for bottom life". He also says that during "the first three stages th

’ .

>

has no awareness nor fear of enemies". Any lobster caught in these stages
L[]

once the water becomes colder than 6°C. would have'very little chance of

. / ) .
survival, Extrapolating to the Labrador condition - the water there will

14
a

be colder than in Newfoundland because of the Labrddor Current, the

-

-

temperature not }ising to much above 10°cC. by.-the end of August. If the

"larvae hatched at this .point, according to Temblemanl(1936b),.they would

take 105 days to reach the fourth stage. But water becomes cold fast -
it was S.ORF. close to the surface the first week of October in 1971.

At this temperature larval moulting qusn‘t occur at all' (Templeman, 1936b}°
'Stewart and Squires, 1968) and so it is unlikely that the larvae would
' s’ ‘

E) . N b : - N
pass the third ‘stage. Chances of their survival over the winter would

be slim.

Templentan (1937) also states "Sinceifhe larvae spend ruch 6f

&

their time at the sﬁ;facelthey are driven by the wind and ‘offshore winds’

~

may carry them many kilometers offshore with the surface water".

: . B

Scarratt (1964) .agrees with Templeman and also states that survival .
Lo , )

s

“'rate is quite low even under the best of  conditions.

3

Lobsters are nat found any farther north :than about Henley
Harbour, Labrador. 'The reasons for this are twofold; one being that
. g -
‘the northern waters are just too cold (Templeman, 1937) -for the
»dengOpmené of the lobster larvae (Labra&or Current sweeps in through
s, 1968)., In addition, the predom{ﬁately westerly winds and

downflowing Labrador Current would tend to drive the planktoniq larvae



e | ( L Th
. awgy from the coast and southward. Food and suitable bottom type arei L
- - - g quiha abundaht in Labrador and 80 wouldn t be 1imit1ng. Henley'ﬁarbour

" \"'-\‘_knl
is the<most northerly position on the Labrador Coast that could come

)

. under the influence of.the warm current from>the Gulf of‘St.Lawrence. !

c - -

Q 1 . . -
t Lobster populations also vary around Newfodndland ie. high on

]

: Sy : the West Coast and in Notre.Dame Bay and low on the East Coast. Again

. ~ 'the reasons for this ire twofold; being temperature and larval drift.

a a -

,/*\\' S In Newfoundland, the wind diregtion is predominately South West West
; - xand Bouth during the months of July, August and September (Templeman and .
'Tibbo,'1943) As larvae hatch they will be pushed inshore ; -only a few

7 will drift offshore. When the larvae settle at the fifth stage they':

remain (Templemap”andiTibbo, 1945) in the areas where they were hatched.

o
*

"Another aspect of thfs is sea water teﬁperaturel The temperature here is.

s ) ‘ 16°c. durin&LtHe summer (Templeman and Tibbo, 1945) because of warm currents

c

" from the Gulf of St.Lawrence andithe shallowness of the water. The larvae
. o ,° . ¥ " o ‘ ¢
‘develop faster enabling them to settle earlier than elsewhere

st

' (Templeman, 1936a Templeman, 1937; Templeman and T1bbo, 1945 *and also

-

. see previous discussion of larvae) and;hence more survive (Scarratt,

: : i
e . 1964)0 This is.not the case however, on the East Coast. Not only is

& -

the water colder (Labrador Current wateg{temperature - 13°%.) so that

»

the larvae have to spend a longer period in planktonic stages plus the

winds tend to push them offshore. This results in less larvae develoning

-

inshore and hence a lower population. : o,

o1

The qther.high return areta mentioned was Notre Dame Bay. This = .

2 ' ‘] .
area is anamolous compared to other areas .because the ‘many estuaries

and islands prevent the larvaé from being blown offshore holding .




- 12 ) =

. 4] " . , ‘.* g - ! . - Y ‘ . ) .‘
them in the bay. 'Also’due fo.it's shallow nature ‘(Templeman and Tibbo,

~c

o

L o S e N
1945) the water attaihs as highxa temperatufe as recorded on the West R

' .
e . ® PR - N

Coast s0 ‘endbling the fast development of larvae .and’ higher surv1val L e

R -

-

",.with lobsters and'so would be expect d to increase since as lobster habitat‘

- : Lobster prey Cancer, Strongyiocentrotus, etc. are: commonly found .

v
¢ ‘ff.\.-

MLk ' ) i ’ ", o P '
improves so does prey habitatf‘ The pumber of 1obsters also increasés

[ »‘ . 'y

.
v
o

with improved batiom type and: incfeased abondance of prey (see Figures

. > , @
.

. . -

P .
15 and 16).. At bottom type 0 as preyrincreases\robstersfremain the .

same, that is O With a bottonléype of 2 ay 1ncrease in prey causes an . T g

..

increase in lobsters of quite substantiaL numbers?,so prey would be
- .
. - 4’. 5 L -
limiting in this environment. However, con51dering bottom types 3 and 4, . °
-

i o o -

a

as the amount of prey increases the number—of—lobstets_degxééﬁgfi__ylth

10

bottom type.3 it is quite signlficant with 4 not so mhch so. What -

~—ndy - ) LI

would limit lobsters here then I don't know but lobsters are very -
. - . 9
limitinguto their prey in that with,less lobster presen& there are more, .

B

prey (See,FiguranG)., This.could be iqfluenced’by 1obster fishing that
- . : : . ' PEL.Y . T

wouldlreduce the abundance substantially at diffeleht'localities_that.
. R . . - . . . e T . N

[ . o - ! i . e s

T 'were sampled o L o .l : - : N -

[
b

¢ ~ ¢ -
g (’Etill increase individual lobster Weight. o o T,

* increasé lobster‘pet.yield. From the above I feel this would,work'

- . . -
w oo -

In this connection Squires suggested (Squires, Tucker, and ) .

Ennis, 1971), that cheap fish offal if spread over the grounds would : .

.«

o well in'sbmé«afgés with éood bottom type (type 3 andi&)ﬁﬁhere food,

-
.t

couﬁd»be limiting.: Such.areashas these are commonly found on” the

v
»

West Coast (see Figure 18 Results) Elsewhere, 1t wouldn' t be very ;
‘e . A . . - a- : o

useful, since food doesn"%‘limit numbers of lobstﬁrs. ht couf%;however,

4 -

A Himmelman (1969) ?eported thit from Novembe% 22 1968 to
. ; \ - 1:} *

. . . f o -
u e . P L .
. . . s s © b ° c . & . N . f ‘ roa T
i . [ M . ‘. . . - N
- Y |‘ k3 e 2T . .
P i . "
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- June 24; 1969 two large male lobsters were able to consume 7.0 grams of
[V € . . -

-
L

.sea uyrchin per lobster’ per %ay. He also statgs that "it may be that

: >
: . s

lobsters are more destructive inithe natural nvironment." For instance, :

«

<

[T * . .

in areas with a high density of lobsters the séa urchin population is

vastly reduced so that kelp and pther algae that the sea urchin feeds on ,
|

increases. "So important»environmentally is‘the lobster that Mann'and

? c

{ Breen, (1972) feel that "the ‘1lobster 1SBa key spec1es controlling sea

-~ ’ ‘A R @ hd

;uchln populat1ons in eastern Canada. Lobsters can also adffect their

)

ather co- 1nhabiters such ‘as Cancer (see introdutt1on), by competlng

4%or niche space or by chang1ng it's habitat. (Stewart 1970, Scarratt

- and Lowe, 1972). ° . . . IR :

In Newfoundland, this could be very significant to the
environment. For example, it was noticed while diving in Bonne Bay R
that in.the presence of -a large lobster population (living from 4=25,

’, I M

r - N .
mefers) tHere was' a marked reduction in S. droebdchiensis, B. undatum, \T

. -

IEH edulis and almost a total absence of.C. irroratus. This'gréatlf,

~

affected the algae populatlon whlch is extremely abundant simllarly to o

that suggested by Himmelman (1969) and Mann and Breen (1972) In contras’t
oA ) -
to this consider the-s%tuation at Outer. Cove near St. John's on the Avalon .

- ’ - > *

Peninsula. Here there are no lobster and there is a large population of 4
C. drroratus. Also S. droebachiensis are far more abundant than in Bonne'Bay.

Lo s . . . N IS J

- Energeties . : o St L

L N “ ~ ‘

’

oo e, Lobsters being poikllothermic, beth growth and metabolism-are~

. v, e

d1rectly confrolled by the temperature of the sea water env1ronment (see’
1

Resultsh Figures 10 and ll)» The average consumptions,per month 4
a . : ' -

..over a year for the lobsters in the ‘ambient tanks are 222 - .

%

er

Caloriesipér‘gram of lobster per:

.
- L4 - °
. .
,

- .. : . oo A

2,

o ahy
VN
IR

-
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. The other fluctuaqions in the warm water tank are due I feel to .

_intake .at-15°C. was greater than at ambient tempetature but‘sinde the . - .—

; 17,

‘e .
. -
K b _,c ‘ »

month when fed (C. irrordtus) and" 127 (s. droebachiensis) and 630 (C. 1rroratus)

l\ * v . ]
and 470°(S. droebachi en is) for the 15°¢C. tapksn(each value is for a

single lobster). At both temperatures, the monthly average of C. irroratus -

-was conSiderably higher'than_for S. droebachiensis .(ambient - 95; warm - .

.

170 higher). This could be because the lobster espends more energy

in capturing and consumlng a crab than a sea{urchln (see Table 3
Discuss1on).. LJIn the cold water tank ﬁhe caloric intake fluctuated

- - -

directly as the water temperature varied except at the time of moult ¢~ -

wifén the monthly calories consumed dropped although the tempefature

. ! .

remained the same. The warm water (15°C.) tank drops at this time-also.
4 . )

~ L
fluctuations in temperatures during the perlojgbf Match and the first of o
Juné (see Figure 11(a)). The drop in November‘— December (Figure 11)
. - ST ' o .
occurred during the period the warm water was being set un. , ) .

I't has”been proven that the lobsters at higher temperatures do

grow faster (Hughes, 1971; Hughes, Sulliuan and Shliger, 1972). The caloric

P

a -

‘

consumptlon of calorles would be proport10nate1y less (M Léese and

Wilder 1958') there should be mo° calories avallable. for growth at the

s

v

N higher temperature. Also the growth of lobstexrs in the lab can't be.-

‘applied to 'growth in the environment (Wilder;.i958) and neither can . ,/

[l LS

caloric intake. Feeding“rate may be higher than in .the 1lab but more

calories are used here because of -the added area to move around in. 27

a = 4

"Ennis (Squires, Tucker and Ennis, 1971) suggestgd that’"growth increments 2

r »

are dependent upon the rate of feeding and that a relatively high- rate .
of feeding in cages'v1ll-g1ve a greater moult increment than “on the . (//f,'
'lobster grounds''. It may well be that the feeding rafe is srmilar but higher. »

use of caloriesd%f free llVing lobsters results in a decreased growth rate.

Also Ennis' study was conducted using -opened mussels and scallop mantles which~

N L Lo , e, R _ Y

' . . -
- )
b



': the” experlment failed due to 1nc1ement weather conditlons.

. applied to the fbllowing formula:

lobsters) and respiration was calculated ‘Using O;

I's '

D C ' ' .

are not natural 1gbster‘food so adding further to the” difgferences.

- , . . oy
What is needed is a growth study in the environment including

-,

feeding rates and caloric intake. This was attempted bx the author but
. ‘ \

‘e

A paper by Miller, Mann and Scarratt (1971) gives an energy flow

1

study for a seaweed - 1obster community. In 1t,_they compute an .

-

es®imated consumption by lobstens&kcelories per mszer year) usiné \\&
. . . R

. - . - .

L4 . ‘ . o
stomach content data by Sdarratt and caloric content of invertebrates

from Brawn et al (1968). Thercaloric content is measured,for the whole

1nvertebrate and nota %ﬁe portlon consumed (see previous discussion -

-

Sources of Food and Preference)'and thenefore their analysis underestimates

+

the calories consumed by the lobsters. This 'study considered the caloric

oo ]

' content ‘of  only that portion consumed and 'so should be more ‘accurate.

»

Another aspect ‘to congider here'is the cycle of feeding from

L : :

the warm and. cold water tanks. Most obvibus in this is the drop in

c

‘calories per gram of‘@obster taken durlng the nwult cycle. In all of the

cases (at embieﬁu-or.ISOC;)'the number of ealoriés drop quite drastically

just’before moult and' then rise again but slowly at ‘first for two
. * o, . » ) -,

weeks after.

‘ For-analytical purposes the calotic intake of the lobsters was

. N o ' ] .
" -Input = Growth + Respiration-+ Egestion «(Teal, 1957) )
For,thig'formula, the input is, the values froh-ﬁ§ldéta, egestion'is

' * . ' ".’
50% of the total input (using the value of 50% assimilatign for the = -
5 consq?ptlenﬂof )
M°Leese (1864). Oxygen conéumption was converted to céloties with the

.

L
i
N /'/
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. average‘oxycaloric‘coefficient=of-lvlev (1934) ,, which is 3.38 calories
. Yy : - LT
_.per milligram'of 02 consumed (see sample calculation, Appendix 0). .
£ : . . . . "

. . i : .
This average. éoefficient was used as the respiratory quotient was not

knowam The 50% assimllatlon value 'is the work of Phill1pspn (1960)

~."'(v- e

" who found w1th Mltopsis morio (Class Arachnida) that it varied from

.

. .
~25.0 - 89. 2/ in the male and 38 0 - 98 07 in’the female. This averages

cloge.to 50%. M. morio is a carnivore and so is comparable to H.' .

N - . ! )
americanus except that gne is a land invertebrate, the other marine.

' Miller, Mann and Scarratf (1971) used a value of 80% asslmilatlon .

'efficiency (from.Winbgrg, 1956)£. This value is however for cagnivorous_'

Pl . ”
- R

fish and not invertebrate carnivores and s6é I felt it was better to-use"

. . * - .

the value of Phillipson, ! «

r—————

»

—_——
-  ————

A}

The most salient difference of course is between the warm and
. q( . : .'
cold tanks (see Appendices, P, Q, R and 8). The lobsters in the warm
tanks consumed 1832 calories per-year (C. irroratus)"and 1095 (S.

s

droebachiehsis) left over for groﬁth and reprodyction after respiration

and egestive loses were donsidered' the cold water tast'consumed 716

-

" calories per year (€. irroratus) and 158 .(S. droebach1ens1s) leftover.

Thls is probably not very oomparable’tr 9K€j;atural situation since many
v . \

more calorles would be used due to the

yin the environment, they. would have to cornsume more prey.than’ in the
. R L - y . -

QA

animal's increased mobility. Thus-

laboratory. These value$ would be higher'therefore than in nature. This

increaséd feedlng rate in the warm water also agrees with grﬁwth obser—

vatlons 1n that lobstefs daq grow faster in warme{\yater (Wllder, 1953).,
3 e
Miller, Mann and Scarratt (1971) report production of 1. 8 kilocalor1es<(

' A
per m2 in a lobster eommﬁnity oﬁ 5.4'grams peg/mz or: aktotal of Lo
. - ’,:-n I A
333 calorles per "year. This seems to be: lower than my data = - K
3 RN - . .
H H '.' " rd "l : . ‘
¥ e Ce o,

g

Vo,



‘warm most- of the.year. o : S

@

" but 1s due to using‘caloric-éontent based on' whole invertebrates and e

' ¥ Y
not on .the portion lobsters do ‘consume. : ‘ -

a - , ' . 7

[y

¢ ) ‘ .
‘o . 'Alsg,this would indicate an increased growth in the warm tanks

over those in the. cold tanks.. Lohster consumed sea urchins at- 14% of
- : . )

that consumed in the warm tanks and 38.2% with crabs. This also
. . .. . ) (_/\—‘ . s , '
demonstradtes that crab is more suitable prey for the lobster since more

‘

calories resulted from copeuming‘this.species.. T .-

-

In the amﬁieqt tanks during the colder “months (February -

March - April - May) there is very little 1eftbvervfor;growth 6, 6, 7,

.

and 3 dalories’withﬂgsudfbebachiensis and 27, 14, 31 andoﬁﬁ.calgries.
@ h ¢ .

wifh C. ffrofa;us. Ihe best growing months for .extra calories are, - <

1 -
L)

September to January with 24, 93 17 and 54 ﬁor S. droebachiensis and"

..124 41, 14_~§EH'138 ealories for C. irroratus (see Appendices P an Q).

This means that anlmals in nature [Ain Newfoundland waters will

gro® very slowly, 31nqe the only months’ they can really inEtease in
weight are September to-January. During gpe winter months, éipgg_yery
littde is ingested there'gan be little groq&h: How%;er; in warmer waters

”

¥

~ than Newfound}and (i.e. Notthumberland Strait, southern Maine, etc.)'

3
]

. €
.growth would’ be much-faster since comparsd to Newfoundland the water is .

(9

r.\

+
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Mean force (grams) required to remove a sea urchln from it's. substrate at different

Values are averaged from not less than 25 tests. .

Sea urchin weights were

grouped: 0- 19.9,. 20.0-29.9, 30.0-39.9, 40,.0-49.9, and greater than 50.0. ThHe total
weight for each group\is then averaged . . o :
. Sea Water | L LT : . ‘ v
Temperature . Sea Urchin Weight (grams) / Force (grams)\
"o ‘ N .é>\——“/: R
. 0°¢C. ‘. '16.3/344 . 26.5/548 & 33,0/545 46.3/753+ )
N . N . . PR & e
SPC.. 13 7/546 24.3/791 34.571001 42.0/1085 63. 0/1673
9-11°¢. ) .316 2/559 . 26.5/917 34.3/1170 44.3/1159 . "55 5/1313 x
i > < . > . < )
15°C. j% }6.5/816 25.2/1211 . 34.8/1259 42.9/1458 56. 0/1694 T .
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Example' species is Pagurus spp. - , s

~!;-5Hg = (tW) -e
: C.' m >

-

1

=-1.0003 ograms ,
—686001"'.—_,.'- ’
= 717055°F. o .
= 6.60 milliliters - .
=O - . S .
= 13,00 centimeters ’ Lo oL
1360 79 calories per gram per degreec

where: S . B
Hg - gross heat of combustion

t - temperature change (t tl)

W - energy equivalent of,calorimeter’ -

e ~ milliliters of standard alkali- solution used in tit:ration N

e - perceatage of sulphur in sample
e~ centimeters of fuse wire constmed in firing

¥ - mass of the, sample in grans .

]

'A sample calculation of caloric cont’ént'.'
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Apéendix D. -

<§hlEhpr,Z:= yeight‘BaSO4.x 13.734°

. N

* weight' of sample

N

weight of BéSO4

weight of‘saﬁpleES 1.0002 grams

= 0.0831 grams
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=16

.. sulphur;% = 0:0831 x-13.734
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_ " Halocynthia p_yriforn{is ., 15 ‘
- : N . v ., N
Halichondria spp ' CoL s .
S B “ Y R
SO
. . o : ,
. n
N . P d
¢ .
. he ) v 3 - . ’
’ ’ '
. K " «
’ ' E ' v
' L w ‘e ! & N - z
- £ - ’ S8 . * ¢
- o ) < . 1» ) n ' 4 ’ J
» vo- . - » ' r 3 ’
- . ., N ’ .
’ . » i .t E v ' ‘ . -
a
° ! “ P ¢ - PR *
. e .
. B . ' s M- N 1 - s, v © v W i
* ' a i ” - ' ~\ 3 " ’ © ’ et
" . ] R4 ' " -
i y ! . .- v ) 6 .
’ |. ) { a v ‘ . . )
. \ . ) r 0 / e
L . " / ' . $ -~ . ‘_;', R R e,
e : v - . 2 2 - e .
. T T AR LA A L ’
. . o . . @ ! ) o e .
- Lo e ) ' ‘ S
‘ ‘4 > - - ' [ @ ! ® ’
- A K .} , . . . ",
y g R -, . { . . ‘ﬁ
; ’)« , oL Vs . ., . N g
- . . » '
i . * ‘e PURE . - ' -
o 4 f' : .
. - ‘ [ ’ L s . -
» R . . 4 : . ) ) & .
. [ ] L ) d ’ L .“ Lo ." \ ety e 'T - . 0.' . "“:. ,
v , 0 < . . ‘ AR s -
o ' s “ ) - . .
-7 A | ' Co P . o
Y . . " . A" , ) :l v i , ; " R J ’ N e ] 1 (
- . ; <A " . . .
= 00, + . . . o . ‘n ! . .
. . . o , L . P
e, . - . , RNt .
o . ' . ’ g ° o
‘z - [ '.v q,_1‘ > .
s \ . N . s ',"' . . - w [ P N '
o . H . & . - , v‘_
B - 1 . ' i
’ . | .S S ’ . LT
. o - El ~ . o - - ’
. - y ° “?‘ " + - ) " )
w . ; Y ) - © T . ™y ; . N o " o
‘ < ' » ¢ ! ‘ " Ta i PR \ [




. ."".: T - AppendixE- . SR
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Results of the complete comtustion of the eamplee from the - .-:;;
bomb calorlme;ry : . x ’1

3 , v
“'Saqple '.'wei%ggaggfore ' Hﬁeifg%éﬁgfer ‘Diffefenee ’%' COS-_ P
S. droebachiensie N.83448" 0.8020 o 3 0.0528 | 3.93 +(§light5

A wilgapts < .2.5243 - 1.9000 0,623 24}73 (excessive)

" T. cupressina Wiliigdt ;ire.at ;11 | A +(gxee39}ye)'t‘
ﬁ-:éQEéié‘ A . not eequgh’asﬁaléft to ‘do this test - |
c. irroratue Cowsdy ‘8814 o u':.‘o.o'eos', 6.4 4.

. Pagurus spp. .1.4Zﬁ3 . 1.2829, ‘9.1314”? 12.98 +(excessi§ef
B. undatup " 0.a955 - - 0.092 - 0.0029. 3.04 - &

“ H. coatctatus '0,.2396 °  0.2205 T ololel  C7.97 - N
Alarid spp. ¢ 0.1929 :  0.1802 - | - 0.0127 6.58 +
Halichondria spp. 1.0682 . 1.0568 0.0113 ’1.“06 + '

’ L "z - . ' . "
v Siwce ash was_the pre;e;r;olour ie. white grey despite the above

changes I feel the results are still’ accurate. In ‘the above cdses were
‘the change 1s excesslve it can-be attributed to the formation of CO2 and

hydroscopic changes in weight. )
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o 3 ~_Appendix G. i1
. . ] S, ' :

. oL - Tabulated values of thi'number of calories of: C irroratus~

- : .+ consumed monthly per gram of 1obster at ambilent sea Water temperature.

e The ldbsters wet’ weight was 1623 grams. T

; e . : _‘ N ) .o - .
: S o Month . Calorles per gram of lobster per month
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. - ) . ! [ o’
. . v, ' v e . B
' ' . . Aqgus t i R 225 - :
A ' ’ ’ . ’ d : ; :
. . v 2 ) -
. . »’ a
. . . L. . Y .
. [l - - ’
Mean T .. 222 s -
s - - - . B
‘. A o . ' : R o
T Sl . e
t - - ‘e N ! . M . ‘
[ . ' - ’ :
s’ A N ! ‘ . b -
. .‘ ‘
“ .y . d
\ - .
v - . * ) '
. - =
-, . . ‘
N ) .
- < ~ 9
> ) *
s
. : . )
. \ « 2 I ®
, W [N . s
o ‘ . :
. b : -
- L A
. f ' ’
- . .
. . N
, "> ! . .
) o L. i s
. - .
\ "
’ —_— ' - A ~
ON o ' . ¢ _,;.:/
. s
- - ‘:- - , - 3



Tabuqlated values of the mumber of calories of S. droebachiensis -

) ABEéhdix H,

consumed monthly per jgram of lobster at.gmbient sea water temperature.’

The lobsteré wet welght was 845 granms,

. Month

These‘values are for one lobster.

[y

Callorie.s .per gram of 1obster’ per month

September
Oc tober
Novembgr
December

- Jahuary
February .-

March. .
April-
May
June

- July

August

Mean

. 341 °

" 375

Y 132
101°
'54.2°

19.9

¢ -33.2
‘., 58.2
223

t, CoTin 14,:?

o
. i

*127

',‘.

. . 22,17
A ) 21)-4"’
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. _ Tabulated values of the number of 8&101‘125 of- C. irrorzﬂus
consumed monthly per gram of lobster -at 15°C.

The lobster we‘ight

RN was 684 and 813 grams. These wvalues are for ‘one lobster. . T
1 o - - - )
y Month Caloties per gram of lobster pef month. ..
¢ . - ) . N .t
~ i) . . s : .
’ September . 387 : o
- Il A - N
' —_ Ottober ) 42 _—
, " November . 337 . |
, .December . o 667 T / AR
) Lt January . 634 . R - ’
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Y N P ]
. . March: = °° 666 : CoT
‘ " _ . - - : v . = . ! .‘ ] ~ ‘e
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~ 3 April . 548 :
TN . “ .
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‘ 0y [l . - ) ] !
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i:. . H.' americanus.
' ‘v awe ¢
.‘ 4

“'Table of thé percentage of C..irroratus .,coﬂ'éumed by

Total Weight(grams)®~ Percentage 3

f".Agfhn&ix K.

b . (S I

e,
‘.

A

109.3

' s 95.5 . . .
. T VYAV

v

23.56%
¢ 17.86%
- '24.06%

o . 133.5 25.39% . "
- N | 849 21.67%
}212.0. . "o 25.14%
-y . 110.9 - ;. - 23.62%
; . y . 96.2 - 21.93%
. ' RIS ' ;5.5_-‘_ . NS 790 § A
- O . §5.6. « 7 : Y 23.95%
- . . » 7./-‘ A A K ) > L . '23.14%
N , 28.2 - =» ' 25.53%
. v -, 197.7 ‘ =0 21.70%
S . 7 89ls . 24,94%"
‘ o ;. 103,60 T L ot 18.44%

s +"193,7.
e ST 127,48
o RS <. 115,6
: T '112.4

L 76.1

ST 24,94
122,227
21,89%
\ S0 © 1 20,46%
‘ . . 20.76%

.. 4 " h . -
- F) - N N
g : C . mean = 22.67%
" . o
, . e =23 ,
- .t il ’ . 7, N .
. s
< LS
/ 1 . -
’ r * ~ J
» S . K -
, ? L e - . _ .,
4 - »
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“ " ‘ ' Appeadix L. ..
"-Table of the percentage of S, droebachiensis consumed by
, o v, - ra ' ’
.+ H. americanus. - . Ty a
- i ,
. Total Weight (grams) Percentage
N .. 18.64 . Y 4,777
: o 16.59, T “1.71%
, 26.33 . W 11.01%
R 125.91 . 9.96% -
R 26.71 : ' 7.04%
A ‘ 125,48 6. 79%
S . 25.79 , 7.40%
. 24,50 o 19.59%
o ° 22.70 v © 7.05% .
Y U 26.90 . - 5.957%-
‘ ‘ . 21.10 | 14.69% )
: 2@;70 ' 17.77%
S , 29750 . . 16 .27%
e - 28.60. L 11.54% -
N .29.50" . 16.27%
et ©. " 28,60 v .. 11..54% -
. G 24,80 e e R 17.74% "
S *36.00 - 10.837%
NS 39.50 -12.66% o
T © 30,20 A 11.92%
: : . ... 30.80 ' 11. 36%
v T - 34.80 14.08%
T © 0 31.50- 20.00%
' . 36.70. 17.71%.
"38.57 7:31%
37.18 . 8.04%
. 31.27 ot 7.997%

. o e 33,12 3.41%
S ‘ 111,20 - -, v "11.60%
ot 82.40 - o S'17.96% ¢
: 63.80 . «010.34%

: 58.52 ©10.22%
’ - ..t % 51,32 L 19,474 -
L - . 58.70. ) 7.80%
: - : 52.50 ‘ 7.050 -
. 54.20 9.2%
C © 59.60 . 17.62%
oo T . 41,10 - 13.98
a _ .43.50 . 9. 8¢ .
' - ' 46.60 T 10.30%
- - ¢
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** ' CONTINUED from Appendix L.’

44, 30
44,00

" 46.00 ’
46.50 - .
41,30 .

4,60 "
40.40 - ’N\x\\“
47.78 . o

40.38 : :
44,61

" 47.30
34.50 © .

39.30
o o mgén:ué\ 11.29%
I §
e
;(
N
2
. ’
AT
tﬁ\ ' Lo
. . \‘ ) ]
L.

T 12.42% . -

8.18%
14.57%

14.19% .
.10.41%
13.00%
-15.10%

10.097
7.06%
12,337

6.13% |

11.88%

. 10.947,

5
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ot Appeéndix M. - . :
# ° ' Table of distrlbution of lobster abundance of food and type
~of bottom at each of sampling sites. i

? o \
?

._Locatio‘n Lobsters ' " Lobsters 'Food'  Bofttom. Type:
o * (nubber per diving hour)  (scale) < , . s
S . _ \ Lot
/""/ . - 15\“'\;
Salmon Cove - O o @(;’{;‘; .0 0

-, Beachy Cove 2.5 . 1 e oo 1 1
St.Thomas® 2 N 2 1
Logy Bay. ., L- S 1 1
Bellevue” Beach © ° 0, ' 1 .0 :
Bay Bulls. | 2.4 I R | y "1 :
.Bay~Bulls 4 i a2 I EINLS
Partugal Cove | 2.4 1 i 1 1 -,
Middle Cove ° 0 . -0 ! 1 0
Salmonier _ 0. o 0 | 0 !
North Harbour * O " . 00 1 , 0 AL

+ Soyth West Arm &4 ’ N 3 -3 A [

, . Holyrood South 2.4 1 T P -~ 1
" " Refinery P~ -0 0 « -0
"', fish plant -17 3 22 2 -

.. Freshwater Bay 2 ’ RS 1 2 ..

.'Eastport 3.6 - 1’ . 8 1
Clode Sound , 0 " ¢ . <1 1 -

" Chapel Cove . 2 . 1 - 2 . 2
St.Thomas 5 - ) ~ L2 S B 1
Tors Cove -1.5 1, N SN I X

! Outer Cove . 0 . -, 0 1 - 1
Baine Harbour 2 1 1 1.
Arnolds Cove 31 4 3 4
St.Thomas . 13 . 2 1. 1
Le Manche 2 S 1 | 1Y
Portugal Cove 26 . S 4 | 3

~Topsall Beach 6 . k) 1 2
Trout.River 30 . T ' . .3 2

' St.Anthony BightO C e, , 0 2 . 1
Crouse ) 3' 0 B S
Port Saunders® 62 , b .3 . 4
Portland Creek 5 - * *- , ~ . 1 1 1
' Bonne Bay 31 K s 4 2 : 2 J
St.Phillips 3 ‘ o -1 ! -

. ' Northern,Bay"Sands 0 ' . .0 ’ .0 0
. Notre Dame Bay 22 - - e a3 2 K
Fortune Bay 0 : o 0 -0 0 0 -
Grouais Islar\d 0 .. 0 2 | B
Flatrock 0 e : .0 .2 ) V
Torbay 0- T 0 2 -0 !

& . o . -,

‘ v
s - L
R ’ . \
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' Appendix M.- continued. . . " _
. Spreadeaélé Cove 0 . . o. [ 1 e )
» .Fairhaven ° 14 ' 2e 2 . 1 2, ;
1 - ' . Fermeuse 0. N .0 1 ‘1 ‘
o ’ "Islington = - 0 - . . 0 1 1,
' ", St.Albans” 0 . 0 . 0 0
V - Roti Bay 16, 2 . 2 3
‘.Rilche Island 12 2 - 1- 1 .
" Cottrell's Cove 31 i 4 - 2 3. . :
* Ship Harbour 0 ) . 0 . 0~
.St.Plerre 0 0. 1 . -2 R T -
Salmonfier ‘Arm ‘2 - oo e 1 1 1 v
... Biscayne. Bay 0 - ‘ 0 v 1 1 ®
: 01d Bonaventure 0 ‘0 - 2 -, 0
Hodderville ’ 14 ' 2 3 .3 — .
: E"’"’% - ' 0 1. LS Tk
L a§ Ba ES (mouth) 2 . : R -1 . 1,
le Bell I L 1 ' | | .
o ket BeRRf 0. o o o 4 P S
. . Burnt Point#l ' 51‘ - 4 - "3 4
. Burnt Point#2 42 -4 2 4 ,
i *Burnt Point#3 36 ° 4 ~ 2 N
..~ - ‘Payne's Cove Point'. 9 2 1 2 E
o South Head 6 . 1- 1 !
" Gadd's Hatbour 38 ) : 4 -2 4 8
*Bb"t_tle Harbour 30 - 4 3 4
. Deer Arm .12 2 1 I-
, " Shoal Point 15 2 ol 27
Pinnacle Point 60 . 4 2 . b
Shagg CIiff 24 ‘3 2 2
. T - . ‘ O 'ﬂ
Cx s%h‘c?r_kel rather than SCUBA was here ’
A " . .. .o
v . ’ ~/
0 t. : T [ . . =
‘ ) '\ ' . : » B
: T —— Ny , , ' '
. : s ‘;,_ : 5, ' “
o o
\\ ’ . : K
o . ) .
. "/‘ : . ) ) '/“




“ ’ ° \/J -
N - _ - . -
] 5 N ” R s ¢
3 ' ’ - 99, ¢
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.- . ) | . ppen ix . - A i
) Table of oxygen consumption and calories used per mont:h calculated L
v as O consumption/gram of 1obster/month. ’
. Monthl | Tengperature 02 Consumption* .zglalories burned
- N . N |,
\ - September 12°c. - . " 36 L 146 - | ' S
L} . s 1:’ Kl A : . . - ) .
- October 8°c. C o 2205 . 9% oLt
- November 5°¢. i 12 E .49 ‘ {7 -
. December °c. - .3 o 13 T s T
. s \ ¢ . . ' “/ - : ) . 3
January’ 0 wlooL . e L5 - Lo )
S i ! SR S, . . .
ca C Fe'bruéry .- =1%. . o 1 - - 4 . . . ¢ ~
March - 0 -1 - ’ 5 . ‘
B April . 1 o 1 4 ; . - ,
- ’ ’ U ' . * N ‘ . f ~ C .
. o May 2 R 3 C- 13 ' o o
/ . * [Ad . ° . ' . ) ) . . ’
‘ _ i June ) 4 .o 10 .., 40- )
‘July' . - _‘ 8 o : 22,5 : - 94 / ' "'.
= \ ' * ' ' . . . ‘ v
- August 12 co T -, 36 ' ' 151 . L.

' *M Leese (1964), values are milligrams Sf 0 consumed per 1000 grams per hour

Appendix 0. )

3

s .8 w _'Sample calcdlagt?ion of theé calorkes respired per gram of 1pbster’
© J1, ~month. , ) - T ' . C e
Ce R ‘ o ° o f
Ve 1;:{;\* . Ivlev,(1934): 3. 38 calories per milligram of oxygen consumed.,
C ", 7 M%Leese (1964): the number of milligr“ams of oxygen eonsumed R
v . at various temperatures. ‘ g o
- ) , 39.5 mg 0, / 1000 grams of fobster‘ -
- . lobster weight = 1666 grams
hours in 31 day month = 744 hours: "
L. . . ) ’ .
‘ R W Calories burned = 39..5 x 3.38 x 1666/1000 x 744
S o + - v C o= 1@5‘1( - calorieg/ 1000 grams
’ T * or 165 calories / gram ¢f lobster.
. . ‘
g} Sy
’ ¢ . ’ to . v N . .Il : h ’ , [
' . - ’ . _}'1 ) . -y . L. .



" total calories intake.-
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E Agg'gndix P. -

Table of the number oflcalo'ries per .gram of lobste\r of

respiration, egestion, and growth and reproductlon.

" 100.

Also' s'hown are the

The table assumés a value of 50% assimllat:lon

efficiency ,for egestion ‘(Phillipson, 1960) ,. respiration was calculated

(see sample calculat:ion Appendix 0) and the calories left for growth

and ‘reproduction are shown. . In this, taable the lobster weighed 1623

grams s

consumed G,

15rpratus

The table is based on the equation'

and was at amb1ent sea ‘water Eemperature.

£xs

Ll . 0 ° v 3

Growth -+- Reprbduction "-"Intake - R}Tsﬁratxon - Egestioq

v Montf Calories pér gram ° Respirat:ion_ Egestion Gfowth%—Reproduction Q" :
A - lobster 1ntake . I . v o g : . :
B September 532 © 146 . 262 © ;. 124 e e
. October « 271 N - 94 ° <136~ 41 S ) :
: November . 394 ° ‘. 49 L 197 A48 " 7 .- Ce
©  December 302. - "t -18 o U1l -, 7 138 L e
+ ‘Janyary 300 5. , 150 . . 14_5 ; -
Febtuary .62 & REETIC ) SR 27, e
Match, R R 5. 20 SR U
. April 700 o 4 - 35, ° - 31 LT T
) May 17. ' 13 w39, T L 25 E Com
\, June 127 ° - 40, 64 - 3 S
. - - July 264 9%, 132 38 SRR S
) -August | 225 151 - ,113 ‘ _—38 ' CERE N4
N . . . ' l ° N . 1,“‘ —% " B
Lo L : . Total =716 - e
' ? N ¢ '...\ 5 ! - . . b ’ , -
*  Appendix Q. - ‘ a L
, rSimilar ‘to. Appendix P "excep:t' S. droebdchiensis was éousufned . .
. and the sea water tempera‘t & vas ambient. The lobster ﬁeighe; 845 grams, "
« Month Calories per gram Respi!;ation ‘Egestion’ '¢i;roth+Repro°du€:tion . e '
i Llobster intake : : ’ ’
< Septelber 3410 SRS VT3 Y .
A . Octobef 375 . o T - 94 . 188 ' 93 .- _ :
.Novembéer 132 49 ' 66 - IR YA '
December =~ 101 ) e 130 .51 .54 s
c _ Januaxy K13 Por Do o 27- oL 22,
. * . PFebruary- ~ 19.9 4 PR T+ TR 3 K
R March 22.1 ‘ CTeS, RTINS B E I T 6 .
st April 21.4 R RNV (¢ I : 7 . , °
\Myy 33.2 13 1{/ G 3 \
June 58.2 40 - 29 <~ - -11 N
July . - 2237 9% . % mz. 17 "
) *August 143 51 72 R
o, : - ~  Total = 158 N
o n v < e " « .. .
. pg :
b o -,
"; . ' e v ?
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. Appendix R, _ e

RE ‘ .:(,’,ﬁ"_'.
D ,..‘.: T 4

"y,

. Ed
%,. A.‘ , f¥milar to- AppendixoP except C. irroi ohsumed
e L and Ehe sea watef'temperatgre’was '15°C.  The lobstey weighed 684 and
%S . 813 grams. © : R "jf‘ e E .
,Ef " 7 Month Calc»ries per gram Respiration Egestion Gron th+Reproduct‘ion
. L] : ’
. ) lobster intake - \ . ' .
. September - 387 160 - 194 33
© vy October o 442 - .. 165 | 221 56
oo o November 337 160 _ 169 ' 8 .
‘ " < December 667 165 33 . 168 \
January '~ 634 165 317 - a2 .
. '~ . 'February 648 149 324 175 * e
S March " 666 165 333 7 168 '
April 548 160 274 114
May - 898 165 N 449 284
- 4 June . "7 607 160 304 143" _
o Juby 699 - .. 165 350 184 po "
gt © August . 1024 AN 165 512 347 - .

T ‘\Tx Total = 1832

RO Y : : 3

. 7 .. Appendixs. . -
\4 ! o > I

id

and the sea water temperature was 15°C. The lobster W81ghEd 1666 grams

. o
: Sirr;ilar to Appendu.x P except S. droebachiensis was consumed

v

: Month < Calories per gram ' Respirati‘on Egestion Growth+Reproduction
Ty : lcll/asteg intake - - .
. ‘September 351 . i60 176 ° - 15 .- ‘
, October 280 -, v 165 ° 1o - =25 .
¥ November © . 387 . 160 194 33 . -
. December. - - 367 . -~ ' . =~ 165 184 . 18 ) o
pJanuary.’ 350. 165, 175 15 \
‘February ° 0484 . -, T 149 <242 93 .
. ) « March ‘545 . . 165 273 107
" April 545" .+ 160 273 : 112 .
‘ . May ., 1103 ., 165 552 * . 368 - f
'T‘ ' June ¢ 656" © . 160 328,. 168 -
o b July 598 « 165 299 134 - :
) August . 409 . 165 . 205 39 - N
! o \\ . : o Total = 1095~ B
v A, ] .ol . . . , “
"" : ‘\2“ :a ) -
. t . = . .
1] ¢ T “ . 3 ’ °
"2& . | . q' ’ - ' . i .
1 ) 7- e ’ u- n. . ‘ ’ - - ' -
e . N , . ’ﬁ; . .r\q'\ e '. . - pl
° ' e - LIS “(Q . .
. N
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