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ABSTRACT

Elner, Robert W., and Stephen L. Hamet. 1984. The effects of ocean dumping of dredge 1s onto juvenile
7

lobster habitat: a fleld evaluation. Can. Tech. Rep. Fish. Aguat. Sci. 124

Two hundred cubic meters of noncontaminated sand-silt-clay sediment were dumped onte a presurveyed
juvenile American lobster, Homarus americanus, habitat in Halifax Harbour, Wova Scotia. BCUBA divers carried
out five surveys of lohsters and crabs on tﬁgréump, the adiacent hard bottom, and on a control ares over a
1Z-mo peried. 1In addition, the divers charted the extensive changes in the topography of the dumped sediment
and monitored the invasion of wmacvofauna and macroflora. Both lobster and crab demsities on the dumped
sediment remained low, relative to the adjacent hard bottom and the control area, over the postdump monitoring
periocd. The few macrofaunal and macrofloral species invading the dump appeared either sedentary and
constrained to settiement on exposed boulders above the spoil, or errant species. We hypothesize that dumping
can adversely affect lobsters and crabs by decreasing shelter and prey availability and, thus, increasing
inter— and intraspecific competition.
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RESUME

Elner, Robert W., and Stephen L. Hamet. 1984. The effects of ocean dumping of dredge spoils onto juvenile
lobster habitat: a fileld evaluation. Can. Tech. Rep. Fish. Aquat. Sci. 1247: iii + 12 p.

Deux cents métres cubes de s&diment sable-vase-argile non contaminé ont &t déversds sur un habitat de
jeunes homards (Homarus americanus}), habitat qul avait Bt& préalablement Btudié, dans le port de Halifax, en
Nouvelle~Ecosse. Des plongeurs autonomes ont effectué, sur une pricde de 12 mois, cing relevés de homards et
de crabes sur le lieu du déversement, sur les fonds durs avolsinants et sur un site témoin. En outre, les
plongeurs ont cartographi& les changements Importants qui ont pu se produire dans la topographie du sédiment
dévers®, et ils oat sulvi 1'invasion de la macvofaune et de la macroflore. Durant la période d'étude d'aprds
déversement, la densité des homards de mBme que celle des crabes demeurdrent faibles comparativement 3 celle
des fonds durs avoisinants et du site témoin. Les quelques espéces macrofauniques et macrof lovales qui
envahirent le site du déversement ont semblé &tre soit des espdces sédentaires, contraintes de s'établir sur

roches expos@es au-dessus du d€blal, soit des esplces errantes. HNous émettons 1'hypothise que le
et les crabes en rendant les abris et les proies moins
ugmentant ainsi ia compétition inter et Intraspdcifique.







INTROBUCTION TOPOGRAPHIC SURVEY

The experimental arez was surveyed by SCUBA

The American lobster, Homarus americanus, divers, using a grid method on March 10, July 7, and
ithabits a wide range of substrate types in inshore August 25, 1982, and February 19 and March 21, 1983,
waters but is most with overlying The divers laid bottom transect lines at 5-m
rocks and houlders {Cooper aund Uzmann 19807. intervals within the experimental area, perpen—
Although newly obsters (stages IV-VIIL) can dicular from the scuthern bound to the edge of
construct tunnels mud (Berrill and Stewart 1973; the dumped sediment. The depth the dumped
Botero and Atema stage IV lobster larvae sediment was measured with a graauafeé probe at 5-m
usually prefer a gravel substrate to onfe of sand ov intervals along each of the transects. In aéditisn,
mud, and may delay molting te the benthic fifth 10 permanent markers were randomly po the
stage until "faverable (rocky} conditions are experimental area on March 10, L982,
reached” (Cobb 1968). Pottle and Elner (1982) monitoring changes in the Qam@ed se
demonstrated that, in the laboratory, early-stage Fach marker consisted of a heavy iron

ste -%) show a preference resting on the o al substrate, with

deposited plastic meter stick protrud

Uwpa ed to silg~ ng vertice

of juvenile ers in the dumped sediment. Thus, divers cou
E *
i ore aress assess sediment depth at a marksr by
st of Nova Scotia leads to meter-stick scale at the sediment-wa

sueh

of flowever, vandals removed the markers
[siet : between March and July 1982.

Prov ces,
es A major port
a. Ocean dumpsite

e absence of comme
ty of the s
ters appear si
parts (Homarus gemmarus) in that
they may hat are different from & predump biotic survey of both the
thelr adult conspecifics (Howard 1980}, current experimental and control areas w

A oo yuﬁer ﬁfbé&&ﬁg was used to illustrate

of the dumped from the

wastes dumped at se
i

bhased largely oun £
and the physical s
juvenile Americ:

European

BIOTIC SURVE

o

conducted during

ocean—dumping practices could result in smotheriag daylight hours on February 3, 198 A S-m trassect
juvenile lobsters. Ouy study line was randomly laid out along the bottom and two
ted to field-test aspects of the Potile SCUBA divers searched a l-m wide strip for lobsters

1682 hvpothesis that dumping of dredge and crabs on each side of the line. Lobsters and

adversely affect juven

le lobster habitat crabs that could be captured were brought to a

tme, have a detr ital influence on support boat on the surface for species identifi-
rhe fishery. cation and measurement. We determined lobster size

by measuring carapace length (CL) from e posterior
~clay sediment edge of an eye socket to the posterior edge of the
om which had carapace paraliel to the longitudinal axis. Crab
lobsters and size was determined by measuring the carapace wid
mapped the {CW) between the tips of the distal marginal testh.
onitored lobsters and crabs, as well The sex of each animal was also recorded. Captured
and macroflora, within the animals were released in their home are: i
area and a control ares over a ld-mo after recordings were completed. Lobster

po 1 i that divers located on a transect but failled to
capture were noted for 1ncgugion in estimateg of
density. Further biotic surveys in the experiment
RIALS AND METHODS and control areas weve conducted during daylight
hours on the same dates &

\!‘

o V,‘

hlc‘
A& total of 93, 10-wf tra mpicd
The experimental and control areas v logated study periocd February 3, 1987,
te shore in Fe?gu@@n’s Cove, on the western sddition, macrofauna and ent
f ipproaches to Halifax Harbour, Nova area were recovded by éivers met 181y se:

were gelec

}- The the bottom along random paths sampling

and physical occasion.
an&hg% apart {300 m)
¢ ad of exchange of dumped RESULTS AND DISCUSSION
natural substrvate of the twe areas
WAs a hard bottom comprised of boulders and cobbles The 200 md .4 onto the

el

on a2 sand-clay base. experimental area in Mavch 1982 were subject to
onsiderable flux, ke rm and leali*w

“

fach area was 1000 w4 (40 w 25 m) and ranged induced water mov : In consequence, substrate
in depth from 5-12 m. Area boundaries were defined smothered by the initial dumping was aLbbqugpg
by wmarkers on shore and with anchored buoys. Two uncovered and conversely, substrate originally
tundred cubie wmerers of noncontaminated sediment, missed became smothered. The substrate covered by
originating from the channel adjacent to a wharf in dumped sediment within the experimental area was
Fastern Passage (¥Fig. 1}, werse dumped from a barge estimated to be 400, 360, 270, 350, and 488 m? in
avaer the experimental area on March 3, 1982. The
composition of the dumped SQGL@enL was 41-50% sand, T
41~43% silt and 9-16% clay.® IRCRIDEL: A surfac genevation program for

representing nonun

G.ALP. Black (1981
Zpnalysis %; MacLaren Plansearch Ltd., Dartwmouth, St. Andrews, New B
Nova Scotia.
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March, July, August 1982, and February and March
1983, respectively. The maximum depth of the dumped
decreased from 0.60 m in March 1982 to 0.21
m (July 1982} to 0.11 m (August 1982}, increased to
0.35 m (February 1983) and then decreased to 0.24 n
(March 1983). Changes in the distribution and
profile of the sediment over the course of the study
are shown in Fig. 2. Between the March 10, 1982,
and the July 7, 1982, surveys the surface of the
dumped sedime wi ﬂhaﬂé d with the original gray-
colored material becouming covered by a thin layer of
fine brownish silt. SCUBA divers observed that the
silt was also deposited on macroalgae and substrates
in shallow areas untouched by the dumping.

The macrofauna and macroflora preseant on the
control srea, hard bottom, and dumped sediment
portions of the experimental area over the six
sampling occasions are shown in Table 1. Gene
the macrofauna on th
»xpevimental ar
unal and macrofloral

ally,

e control area and hard

we DO

urchin, Strongylocentrotus
-1y assessed as the
ganism in terms of rnumbers and
rappearad Cﬂ(ixﬂl} and
starfi terias
the postdumg meﬂzvgfing perlod
i ared included molluscs,
reguently encountered

a and lobsters {Scarratt
tr 1980: Einex 19813.
sp., which adheved to boulders
ugh the shallow layer of sediment at
the periphery of the dump in February and March
1983, no macroalgae were found on the dumped
sediment despite thelr presence in the predump
sUIVeEy a;d continued presence on the remaining hard
ilarly, Metyridium senile, a sedentary
on the dump from the first
located exclusively on
Ruccinum undatum, Cancer sp.,
aris and Ophiopholis aculeata
resent on the hard bottom
The sole
at its extreme edge.
and Pseudopleuronectes
ware noteworthy in
the dumped sediment.
of the ?Lﬁ@ﬂS‘Oﬂ

mogt macrofauna
ermenaai
avch of food

gfatruﬁirg ta

sampli
[ER el it

The mean size and rvange of lobsters and four
spend pled on the areas over time are
2~6. There was no statistical

@ o = 0,013 between the mean slzes
Lobs the prerlmenbaf area and the
control area in the predump survey. Similarly, for

any subseguent sampling occasion following dumping,
there were no statistical differences (t~test, p >
9.01% betwesn mean lobster sizes from the two areas.
The mean size of rock crabs, Cancer lrroratus, did
wot differ significantly between aress for any given
sampling in 1982 {t—~test, p > 0.0l}. However, in
February 1983, rock crabs from the control area were
significantly larger {t-test, p << 0.01) than those
From the hard bottom of the experimental area; no
rock crabs were found on the dumped sediment. In
March 1983, rock crabs found on the dump were
significantly larger {t—test, p<C 0.0l) than those
on either the control area or the hard bottom of the

experimental area. There was no statistical
difference (t-test, p > 0.0l) between mean sizes of
rock crabs from the two hard bottoms in March 1983.
The reason for the differences in mean rock crab
size in February and March 1983 is unclear.
Gverall, male:female ratios were 0.533:1 and 1:0.96
for lobsters and rock crabs, respectively.
Statistical aznalyses on mean sizes of jonah crab,
Cancer borealis, green crab, Carci

Us maenas or

toad crab, Hyas COdf"{atLS, were not perfermed
because of the small sample sizes involved.

Prior to the dumping, the densities of lobsters
on the experimental and control areas were
0.24/m? and 0.07/m%, respectively. Subsequently,
except for a single lobster found in the first
survey following dumping, no lobsters were located
on the dumped sediment (Table 7). Lobsters were not
found on the hard bottow of the expevimental area
until August 1982; afterwards, densities closely
mirrored those of the control area. Separate
predump densities of rock crab and jonah crab are
anavailable as these specles were classified only to
genus. Rock crabs were rare on the dumped sed
compared to both the control area and hard bottom of
the experimental area throughout the study period
(Table 7). Similarly, jonah crab densities,
aithgugh lower than those for the rock crab, were
much reduced on the dump compared to the hard
bottoms (Table 7). 1In general, densities of Cancer
crabs on the hard bottom of the experimental area
were higher than on the contyol area. However,
given that predump densities of Cancer crabs were
alsc higher on the ewperimental area than on the
control area, more fundamental ecological factors
than an indirect impact of the dumping may account
for the differences in Cancer densities between th
hard bottoms. Both greenm crabs and toad crabs were
found only on hard bottom (Table 5,6). Figure 3
illustrates the lobster, vrock crab and jonah crab
density patterns over the study period and,
notwithstanding the variability, reflects the
prolonged depressive ilmpact of the dumpiag on the
density of these decapods.

ities in our study are

o

The range of lobster
comparable with estimates for Nova Scotia, the
Northumberland Strait and Rhode Island but fall
below that given for the substrate supporting the
greatest concentrations of juvenile and adult
lobsters in the Gulf of Maine {Table 8). The
densities of rock crab on hard bottoms in our study
were, generally, higher than that found in a survey
of the Northumbevland Stralt but less than the
estimated vock crab density in a kelp bed off
Callahan Island, Nova Scotia {Table %).

We believe that the dearth of lobsters
dump was most Iikely due to the lack of sui
shelter afforded by the soft sediment. Shelt
facilitated by the presence of embedded stones,
overlying rocks, gravel or other solid objects for
lobsters to use as "hides” or as supporting
structures for their tunnels {(Berrill and S%ewart
1973; Cooper and Uzmann 1980; Pottle and Elne
19823. Although eaviy-stage juvenlle Ievstars are
adept at tunnelling into cohesive mud (Bervill and
Stewart 1973), the density of lobsters in mud
substrates without surface objects tends tfo be
relatively low (Cobb 1971; Cooper and Uzmann 1977).
The absence of lobsters on the hard bottom of the
experimental area over the first two postdump
surveys, despite the presence of apparently suitable
shelters, suggests that the dumping affected
lobsters not only on the actual bottom smothered but
also on the adiacent hottom.




CONCLUSTIONS

The movement of dredge spoils throughout the
study suggests that dumping can have a multiple
impact on a series of adjacent habitats over time,
the impact of the original spoil material being
magnified 1if it is subsequently redeposited by tidal
currents. Our study demonstrates that hard-bottom
assemblages that become smothered by spoil from
dumping can suffer drastic macrofaunal and
macrofloral changes. For the 12 mo following
dumping, most invasive macrofauna were elther
sedentary and constrained to settlement on exposed
boulders above the spoil, or errant species.
Lobsters and four crab specleg preseant on the hard
bottoms were absent or relatively scarce on the
dumped sediment. We suggest that lobsters and crabs
surviving the actual dumping moved away as shelter

was destroyed and prey availability reduced. Cancer

crabs, green crabs and lobsters are known to overlap
in their natural diet and habitat requirements
(Cooper and Uzmann 1980; Elner 1981). Thus, the
removal of shelter and prey could further increase
inter- and intraspecies competition amongst lobsters
and crabs in habitats where such resources are
limited. A lack of suitable shelter could result in
lobsters becoming more vulnerable to predators and
suffering a rise in mortality. In addition,
iobsters could exhibit a decreased growth rate from
reduced food intake, due to decreased availabilicy
of suitable prey (Aiken 1980} and from crowding due
to spatial competition {Cobb and Tamm 1974; Stewart
and Squires 1968). Studies by Scarratt {1968) for

limit leobster distribution and abundance; if such is
the geueral case, reduction of existing lobster
habitats by ocean—dumping practices can only
exacerbate the situation. The variocus postulated
effects of ocean dumping on subsequent recrultment
into the lobster fishery are summarized in Fig. 4.

In summary, while dredging is vital to the
economical operatlon of most ports in the Canadian
Maritime Provinces, our study indicates that spoils
should not be dumped elither directly onto Jjuvenile
lobster habitat or onto sites from which the spoils
may become trausported onto such habitat. Surveys
to monitor the dynawmics of the dumped sediment and
the succession of species in the Fergusoa's Cove
experimental area ave being continued.
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Table 1. Species of macrofauna and macroflora present on the experimental area and coatrol

area during the period February 1982-March 1983.

Experimental area

Species Hard bottom

Dumped sedis

Control area
Algae
Agarum sp. ITL IV ¥ VI V VI LIT IV v VI
Corallina sp. ITL IV V VI ITL v v VI
Desmerestia sp. s 1L IV v VI Il v v vi
Fucus sp- T EI Iif v v vt ELD LEL IV v VI
Laminaria sp. LI IV ¥ VI LLL 1y v VY
Ulva sp- ITL IV v VI LIL IV v VI
Anthoza
Metridium senile IOIX I IV YV VI IDILL 1V v VI IofE LIE v v VI
Amphineurs
Ischnochiton rubey I IT [it v v vi I IL ILL ¥y v vi
Gastropoda
Acmpesz testudinalis L IL LED v v vl LI LIL IV v VI
Buccinum undatum I LiL v v vi I 11y v v vi I rE LI v v vl
Crepidula fornicata I 11 TIL Iv v VI PIL LEE IV ¥V VI
Littorina littorea I II LIt IV ¥ VI L IL IIL IV v VI
Lunatia heros vt
Pelecypada
Anomia aculeata I I¥ 111 1v v v1 I 1L Il v v VI
Hiatells arctica I I1T 1110 IV Vv VI EOLD LD Vv v VI
Modiolus modiolus I IT IID IV Vv VI T L Ifp v v vi
Polychaeta
Lepidonotus squamatus I TIE IV ¥V Vi I LD IRE IV ¥ VI
Hereis sp. IT ITE IV V VI I LD LtL v v VI
Crustacea
Balanus Ealanaiées IT (il ¥ v Vi PLLET IV v VI
Canc ITL IV v VI 1L [f1 Irs v VI
Car II 111 IV v VI IIL v v VL e ILe v v vI
. ILE ¥ oV 1Y
E I Iv v Vi LE LD Iir v VI
carctatus v VI
us Sp- I IL 118 IV ¥V Vi I ILY 1y v vI LEOREE IV v VI
fehinoidesa
Strongylocentrotus droebachiensis T II [IL IV V VI L I0L LLL ¥ v VI
Stellevcidea
Asterias vulgaris P IL 1Lt W v VI L OIEL v v VI P Ll IID Iv v VI
Henricia sanguinolentea ¥ Vi I W v VI
Ophiopholis aculeata I IIE IV v VI IT 1L v v VI I
Gelachli
Raja sp. 1L
v
czoagvees americanus i
Pseudopleuronectes americanus LR v vovi

Note: Period 1 = February 3, 1982, 4 wk before dumping;
I = March 10, 1982, 1 wk after dumping;
1L = July 7, 1982, 17 wk after dumping;
1V = Aogust 25, 1982, 24 wk after dumping;
V = February 1%, 1983, 30 wk after dumping;
VI = March 21, 1983, 55 wk after dumping.




Table 2. 8ize (CL) chavacteristics of H. americanus sampled (animals locared but not

measured are not included) (see Table ! for key to date symbols).

Experimental area

Hard bottom Duﬁ%éd sediment Control area
Mean o Mean " Mean

Period N {mm) + SE Range N {(mm)} + SE Range N {(mm) + SE  Range
I 30 39.1 2.3 20-66 7 37.4 3.0 26-50
1i 0 - - - I 43.0 - 43.6 8 45.5 2 28-65
1t G - - - o ~ - - 8 48.8 7.3 16-89
v 3 89.3 6.1 42-132 G ~ - - 2 63.5 1.5 62-65

v i 48.0 - 48 O - - - 0 - - -
Vi 3 48.7 $.8 31-65 0 - - 2 48.0 4.9 38-58

Table 3. Size {CW) characteristics of C. irroratus sampled (animals located but not

Experimental area

~ Hard bottom o Dumped sediment Control area
Hean Mean Mean
Period N (mm} + SE  Range N {mm) + SE  Range N {mm) + SE  Range

I ~ Cancer samples not differentiated to specieg -~

1 4 TE7.8 8. 26-55 0 - - - 4 51.3 3.8 4461
T1L & 65.8 6.3 36-78 2 22.0 3.0 18-25 4 53.3 7.5 33-65
IV 1t 67.3 6.5 33-99 I 76.0 - 76 10 66.0 3.6 4983

v 22 36.4 2.8 18-65 0 - - - 9 42.9 5.8 25-78
Vi 22 4t.1 3.4 2179 6 61.3 2.8 54=74 21 40.7 3.6 18-73

i
i
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i
I
i
i
i
i
i
i
|
|
i
i
i
i
i
i
i
i
t
|
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Table &. Size (CW) characteristics of €. borealis sampled (animals located but not

measured are not included) {(see Table 1 for kev to date symbols).

Experimental area

Hard bottom Dumped sediment Control area
Mean o Mean Mean
Period § (mm} + S5E  Range N (mm) + SE  Range Mo {mm) + SE  Range
I - Cancer samples not differentiated to species -

11 o = - - 1810 - - o - - -
I1L 8 42.5 9.6 18-106 1 15.9 - - & 66.5 5.8 51-79
v 1 107.0 - 107 4] - - - O - - -

v 1 52.0 - 52 0 - - - 2 883.6 15.0 73-103
Vi 5 80.% 9.2 46-100 G - - - 1 18.0 - 18




Table 5.
measured

Size {CW) characteristics of C. maenas sampled (animals located but not
are not included) (see Table 1 for key to date symbols).

Experimental avea

Hard bottom Bumped‘;giiiment

Control area

Mean ' Mesan Mean
Period N {mm} + SE  Range N {am) + S5E  Range N {mm) + SE  Range
I [ - - - ¢ - - - 0 - ~ -
I O - - - o} - - - 0 - - -
ITI 1 37.0 - 37 0 - - - G - - -
Iv o - - ~ 0 - - - 2 49.0 12.0 37-61
Yy 2 44.0 3.0 G1~47 0 - - - o - - -
VI 1 43.0 - 43 0 - - - 0 ~ - ~
Table 6. Size (CW) characteristics of H. gggggggggﬁ‘sampled (animals located but not
measured are not included) (see Table 1 for key to date symbols).
Experimental area
Hard bottom ) Dumped sediment Control area
Mean Mean Mean
Period N (mm) + SE  Range N (am) + SE  Range N (mm) + SE  Range
I o] - ~ - 4] - - - 4] - - -
I o - - - g - - - 4] - - -
IT1 0 - - - 4 - - ~ O - ~ -
v 0 - - - 0 - E - ¢l - - -
v 1 9.0 - 9 4] -~ - - G - - -
VI 3 15.0 2.08 11-18 4] - - - ¢] - - -
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Table 8. Estimates of density (uo./s
Atlantic coast.

in inshore areas along the northwestern

Sampling 2 Mean CL
Month Area Type of bottom method No./m (mm}) Source
May—Aug. Northumberland Flat bedrock; Boulder- SCUBA G.007; U.ll 39.7 Searratt (1973
Strait rock substrate
Gulf of Sandy substrate with - 3.25 40.0 Cooper and
Maine overlying flattened rocks (1980)

July Riiode Is. Rocky bottom; Mud-shell/ . 0.10; C.16 - Cobb (1971)
rack

Boulders on sand/gravel " 0.11 ~20.0 Bernstein and
base Campbell (1983)

Fergugon's Dumped sediment " 0.03 43.6 Present study
Cove, "N.5.

Feb.~ Ferguson's Boulders, cobbles on sand- " 0-0.24 (2] Present study
March Cove, H.8. clay bage {hard bottom,
experimental area}

Ferguson’s Boulders, cobbles on sand- h 0-0.18 45.9 Present study
Cove, H.S5. clay base (control areaj)

. . . 2
Manth Ares Type of botiom method No./m (mm) Source
June Hovthumberland Stralt Sand SCUBA 0.0z B4.1

" A * Boulders " 0.t 4.0 "
N N " Bedrock " .05 57.0 "
, .8, Kelp bed Traps 0. 50 =>45.0 Drummond-Davis et
an bedrock al. (1982}
March— Ferguson's Cove, N.S. Bumped sediment SCUBA 0~0.10 58.% ‘resent study
Mareh
March- Ferguson's Cove, N.S. Boulders, cobbles " 0.13-0.55 46.6 Present study
March on sand-clay base
(hard bottom,
experimental area)
March~ Ferguson's Cove, N.S. Boulders, cobbles h 6.67-0.35 8.5 Present study
March on sand~clay base

{control area}
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Fig. 2. Topographic changes of the dumped sediment on the experimental
area over the study period.
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