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7 .1 PHYTOPLANKTON

7 .1 .1 INTRODUCTION

The phytoplankton components of the continental slope area consist of
free-floating algae . As the ocean's primary producers, they are the
basic source of organic matter upon --hich the rest of the marine food
r.nain is 5uilt . The phytoplankton -ansist of autotrophic algae that
have representatives from the taxonomic grouos : Baccillariophyt3,
Pyrrophyta, Cyanophyta, Coccelithachoridaceae, Chloro?hyta, en .,
Euglenophyta. The algal cells are commonly found in combinations of
single, filamentous, or colonial units of varying size in the euphotic
zone (upper 100 m) and require sunlight, nutrients, and certiin condi-
tions of temperature and salinity in order to synthesize organic matter .
The various combinations of those factors in the euphotic zone dictate
the floral characteristics of the wdters at any particular tiae or
place . Generally speaking, the major groups of phytoplankton are the
diatoms, which dominate the shallow shelf areas ari cooler waters of
northern latitudes, and the flagellates (coccolit! :ophores and dino-
flagellates) which are dominant in warmer c :.eanic waters . Included in
the plant plankton are a nupber of hetero ;.ruphic forms such as bacteria,
fungi, anc some free-floating algal groups which are capable of exist-
ing independent of light in the l :,wer euphotic zones (Fournier, 1967) .
These forms are import:int in regener;ting organic matter into usable
nutrients .

What is known of the phytoplankton in the sl :pe water results from the
occupation of a few statior.s in that region during investigations of
larger areas of the nortt :vest Atlantic ; furthermore, this has been used
primarily for comparative purposes. Most of the stations were occupied
off the southern New England shelf on standard cruise transects
(Figure 7-1) . Consequently, most of the information concerning phyto-
plankton applies to these sampling regions and not necessarily to the
slope water from Cape Hatteras to Georges Bank .

Early, extensive plankton survey work which spanned the years 1914-1940
~ (Bigelow 1914, 1914b, 1915, 1917, 1922, 192G ; Braarud 1934 ; Gran and

t;raarud 1935; Lillick 1930, 1940 ; and 8igelow, Lillick and Sears, 1940)
was carried out primarily in the contintr ital shelf waters and orly oc-
cupied a fri: stations beyond the shelf break . These works have limited
application te the slope water . Trar. sects across the northwest Atlantic
reported hy Riley (1939) and Riley and Gorgy ( 1948) provided information
on p~oductivity and ecolo in the slope water . Subsequen*.'y, Riley,
Stommel, and bumous ( 19497sumnarize l the information on the plankton of
the northwest Atlantic which F:ad been collected up to t.tiat point .
rroductivity studies by Ketchum , Ryther, ;e tiisch, anci Cor,rin (1458) and
Ryther and Yents ch (1 958) included slope stations and provide some val-
uable comparative data between shp l r and slope waters . Hulburt (1963,
1964, 1966, 1970, 1975), N j lburt and ,todwn ( 1963) ar.d Hulburt and
MacKenzie ( 1971) have done extensive i7cristic work in the northwest

~' . .
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Atlantic from samp?es taken on station transects ; however, in so:m cases,
the information fti•em ih+~ samplas in the slope water r .-as included with
that from other coastal or ac!aanic areas and therefore is not applicable
specifically to the slope . ?he task, then, in scmarizing data regard-
ing the phytoplankton of the continental slope area was to retrieve
smail amounts of information from diverse studies and describe the phyto-
pla^kton by piecing them toflether .

Two distinct fioras are com;nonly recognized in the northwest Atlantic
(Hulburt, 1963) and are referred to as the neritic and the oceanic
phytoplankton . The species within these floral groups have either
physical, nutritional, or physiological characteristics which suit them
to either a coastal or oceanic existence . Some of these characteristics
are :

1 . Formation of resting spores (meroplinktonic)
2 . Body form
3. Size
4. Salinity preference ,
5. Minimt:m nutritional requirements
6. Optinum light requirements

Smayda (1958) has cautioned against using the terms neritic and oceanic
in a strict biogeographic sense, because the uniqueness of a particular
flora can result as much from the nature of the organism as from its
geographical location . In fact, under the proper conditions, many species
that are termed neritic are found in the open ocean, while many ocean4c
species are found in coastal areas . The transition does exist, however,
between a diatom dominated flora of the relatively shallow, cool coastal
areas rnd a roccolithophore dominated flora of the warmer, deeper
oceanic areas (Hulburt, 1963, 1970) . Furthermore, the greatest transi-
tion between tresn floras orobably occur; within the boundaries of the
slope water b-:^4+ise this -is where the change from, the shallow shelf to
the deep ocean ei:vi ronr,cnt occur•; .

The highly variable nature of the sio, ::--4ater creates the conditions for
mixing of tne ahyta~ ':ankton species . M ley, Stomr;el, and Bumpus (1949)
considered this as a region of confused hjl rography with great chemical
and biological variability . -ine cddies from the Gulf Stream and mixing
from the coastal waters within a slow counterclockwise circulation
pattern contribute to thi s vari ab i lity . The nutrient conditions neces-
sary for moderately good -.rowth that exist i n slope waters encourage
the high productivity and low diversity characteristics of shelf p ~-, yto-
plankton; however, deep ~o±er and high salinity encourage the low produc-
tivity and high diversity of open ocean rhytoplankton . This results in
a highly variable situation .

7-5
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7 .1 .2 C0 : 11P4SIT Ii"t :~Plu A$f ;N C14?3CE

COMPOSITION

Composition of the slope water phytopl3nkton consists of shelf diators
and oceanic flagellates, E-rin ;zpally coccolithophores and dinoflagel-
lates . GenQrally s:e:a~in~, there is a 50 percent mixture of these two
floral groups ;Lr. Edaard id . :?~iburt, personal communicaticn), although
this is variable and a function of location zr.d season . A representa-
tive sample of the phytopiankton coc:,,osit*1jrs at two slo;,e stations is
:hown in Ta!:!_ 7-1 .

The species ci•ange t L~ tween shelf and s1oF e stations, based on 21 samp-
lings between December of 1956 i nd August, 1963, has been summarized by
tiulburt ( ?9G6) . A representative number of his data are s kown in
Figure 7-2 and illustr.ae the change in percentage of oceanic i pecies
with distance from the i;outh arn New England coast . His oceanic group
included coccolithophores and dinoflagellates from Lhe genus Oxytoxi;m ;
a i 1 other speci es wEre consi dered coz s tal, An '! c;cre3se i n o cee,nl flora
can be seen at about the shelf break and continu :s until the oceanic
group comprises 25 to 75 percent of the total flora of the o ,i ter slope
station . Important species in the coastal and slope areas r,ere tie
coastal diatoms : Rhizosolenia alata, Thalassionema nitzschioicles,
Asterionella j aponica~ , Ske tcnema costatum, anddChaetocerc, _nsocialis
and the open ocean cocc ol ithophore, Cocr.o ithus h uxlevi which is an im-
µo rtant component of the winter flcra (Hulburt, 1963~) .

Souie species of phytoplankton have salinity preferences which probably '
serve tc limit their distribu t ion . Observations from a number of sta-
tions + )etweer, southern New England and Bermuda (Hulburt and Rodman,
1963) s,: iw,ed tnat beyond the 183 m line salinities were never below
34 .5 0/o0 . The distribution of phytoplan{:ton species showed that a
1aajority were naost frequently found in low salinity water . The common
coastal for:rs Skeletonema costatam , Coscinosira oestr upi and Proro-
centrum micans were not found in salinities of 34 .5 0/00 or higher .
D~atoms generally had a higher frequency of occurrence at low salin-
ities but were found occasionally at salinities higher than 34 .5 0/00,
Species such as N•itzsrhi3 clcsterium , Nitzschia delicatissina ,
Rhizasoier•ia stolterfiJthli, Katodi num rotundatum , ~toxum variabile •
and S racospt,ae. ra nulchra werewidely distributed, Or, ; three species
were c ear yl associated with higher selinities : Syracosphaera
n Ledii e rranea , CocCl ?tt, 'a huxleyi , and Di costhaera tubifer . Fifty-six
specirs were observedat lewer salinities primaril Teiato:ls) and
thirty-one species were observed at salinities greater• tha q 34 .5 0/00 .

Hulburt and Rodman's observations bore out the general ner i tic and
oceanic ch aracter; stics assigned to many species ; however. during
periods cf bioor,s in the open oce an, many neritic species were present,
especially neritic diatrjms . This again demonstrates that neritic
species are nct coraplEtely restricted to the coastal waters and will

7-6
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Table 7-1 . Phytoplankton species taken in single sam les from inner
and outer slope waters (From Hulburt 1966) .

j

Novmber
Inner Slope Station L•it. Long . 1956

40000' 71`19'
Thalassione;na nitzschioides
tli tzschi a cl o sreri u .::
Prorocentrur, ~ ^,i cans
Coscinodiscus excentricus
Thalassiosira nordenskioldii
Nitzschia delic ;itissima
Asterioneila bl eakleyi
Coscinodiscus marninatus
Stretotheca tamensis
Gyrosi gma sp .
Chaetocero s afinis
Oxytoxum variable
Rhizosole-dia imbricata v . shrubsolei
Dict o,~cha fibula
Thalassiosira decipiens
LS~ tUCl,lincrus minimus
Coscinosira oestruoi

speculum
alata

Lnaetoceros gianaazi
Katodinium rotundatum
Uistephanus speculum
S!:eletonema costatum
Sy racosphaera mediterranea

Outer Slope Station 38°46' 70°20'
Discosphaera tubifer
Coccolithus huxleyi
Katodinium rotundatum
Oxytoxum variable
Trichodesmium thiehautii
Cyc ococco ithus eptoporus
Rhizosolenia setigera
Climacodium frauenfeldianum

Meso orus perforata
izosu erc~a aTata -

Syracosphaera mediterranea
Syracusphaera up lchra
Peridinium trochoideu m
Txy toxum sphacroideum
Ceratium fusus
Prorocentrumrostratum
UrnSellosph2ra irregularis
Gymnodiniu^; punctatum

7-7
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appear in any iocation where the conditions necessary for its flowering
exist .

There is little data on how far into the slope waters the shelf diatom
flora extend their influence . Presumably, the increased abundance of
oceanic species with distance from the shelf ( Figure 7-2) would imply a
decreased diatom flora. However, as Hulburt (1978) points out, in coastal ,
and open ocean waters there appears to be no competition between -
phytoplankton species for nutrients, and, therefore, the change to an
open ocean dominated plankton from a nerritic dominated plankton is not
the result of the one group It follows, then,
that the increased cocr -: , thophore dominated flora in Li,r water<
does not, in itself, imply a decreased diatom flora .

Hulburt (1964)
:ias examined the spacial succession, species diversity, and dominancc• that occurred on a transect of stations from the Nova

, Scotia shelf to St . Thomas (Figure 7-1) . Four of the stations in the
' transects were in slope water. The data showed the northern forms
dropping out and the southern forms appearing as the transect crossed
the Gulf Stream (Table 7-2) .

SPECIES SUCCESSION

The saecies succession throughout the year in the slope water has not
been well defined, although the waters closest to the coast probably
follow a pattern of dominance by successive populations of diatom
species . Some of the important species can be identified with certain
seasons (Hulburt,1963, 1970) ; Rhizosolenia alata is uniformly distri-
buted in the surmer, as is Thalassioneina nitzschi oides in winter .
Other winter species include Ske etonenia costatum;Asterionella 'apl onica
and ChaPtoceros socialis .

VERNAL FLOMtERING

The phytoplankton of the slope water does exhibit a brief, but intense,
vernal flowering . Average plant pigment concentrations tabulated
seasonally (Riley, Stommel, and Bumpus, 1949) for the slope water from
data which span the years 1939 to 1947 are shown in Fiqure 7-3 . The
phytoplankton maintain a fairly stable monthly abundance except for
April, when an intense bloom occurs . The April bloom exceeds the second-
ranking month (March) by six timt ;, ; undoubtedly, the species involved in
the bloom were vernal flowerinc dia±oms common to the shelf waters .
However, Riley,et ai .(1949) did not identify them, nor have these species
been clearly identified in other reports . Riley,et al .(1949) point out
that the April peak in the slope water was only srightly less than that
of Georges Bank and the mid-winter minimum may not be as severe . A
rrlatively high plant pigment value and possibly sporadic summer flower-
ing, which are common to the coastal waters, were recorded in the slope
water during the summer of 1947 (Riley and Gorgy, 1948) .

7-9
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Table 7-2 . Succession of ohytoplankton species, across and transect fr6Nm the Nova Scotia Shelf to

~,i

Bermuda ( modified from Hulburt, 196 4 ) .

Shelf and Slope Gulf Stream-Bermuda
Latitude 42°30' 42° 410 400 390 38° 370 36° 350 34° 330

Temperature °C 1 .57 3 .45 7 .86 9.35 13 .82 13 .79 18 .80 18 .65 18 .94 18 .82
NH4, µg . at ./1 0 .90 2 .45 1,20 0 .71 0 .60 0 .50 0 .41 0 .53 1 .61

N02 + N03, µg . at ./1 3 .28 . 2 .81 2 .50 4,02 1 .18 1 .01

PU4 ug, at,/1, 0 .74 0 .53 0 .33 0 .32 0 .10 0 .09
Number per cc . 330 .2 118 .4 1068 .0 35 .6 1 09 .5 97 .0 9 .6 21 .9 13 .8 23 .5

Distribut ion of Diat:oms

Lauderia borealis Gran 6
;~ Chaetoceros deb is Cleve 37 13
o "haetoceros soci'aiis

Laader 228
Thalassiosira_ rg avid a
Cleve 136 37
~Tro idoneis antarctica~

v . palvglasta
Gran & Angst 5 11 118 79 136 74 1 1

Chaetoc eros atlanticus
~Teve 7 5
Skeletonen:a costatum

Grev . Cleve 14 4 9
Coscinosira polychorda

Gran 6
Leptocylindrus mi n imus

Gran 6 2
Chaetoceros convolutus
Castracane 13



Table 7-2 . (Cont .)

Shelf and Slope
Latitude 42°30" 42° 41° 40'

Chaetoceros compressus
Lauder 6 28

Thalassiosira decipien : ;
(Grun . Jorg . 12 10

Nitzschia closterium
Ehb . W . Smith i-` h 2 1

Chaetoceros subsecundus
Grun . Hustedt 14

Coscinodiscus concinus
W . Smith 1

Thal assiosira
nordensk ofdii Cleve 51

Leptocy ir.drus danicus
j' Cleve 5
~ ; Shroederella sp . 17

-Cfiaetoceros laciniosus
~~~ SFiutt 8

Nitzschia seriata Cleve 2 1 27
;; !?h~zosoTen a -aTa`ta

j; [3rightwe 4
Nitzschia delicatissima

--CTeve
;, Rhizosolenia stolter-
j~ fothii H. Peraqa o

Rhizosoleni a delicatula
; ~'feve-

Chaetoceros glandazi
~! `Mangin

Gulf Stream-Bermuda
390 3f'•° 37° 360 35° 340 330

1

2 2 3 3

1

6 3 1

32 --10 9

3

22

2

R .
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Table 7-2 . (Cont .)
~ .

i
Shelf and Slope Gulf Stream-Bermuda '"

Latitude 42°30' 42° 41° 400 39° 38° 37° 36° 350 340 330 ~

Cerataulina ber on~ii
H. Peragallo 2

Hemiaulus hauckii
Grunow

Chae toceros aendulus
Karsten

Rhizosolenia imbricata v
. shrubsolei C eve) . .

Schroder
Cyclotella nana ~
v Hustedt _ -
N Hemi aulus membraneus

Cleve
Dacty liosolen mediter-

raneusH . P'ergaTTo
Undetermined pennate ~
diatoms 40 2 1 1 )

~ .~ .

i

~



Table 7-2 . (Cont .)

V
1

w

. ,

~

~r

/ / .

~
~ : . .. . . . . . . ~. . . . . . . ..~_ . . . . . . .~ . .

DISTRIBUTION OF FLAGELLATES

Number of cells counted . C indicates coccolithophore and D dinogflagellate

Latitude 42°30' 42" 4i° 400 39° 38° 37° 36° 35° 34° 33°

Gymnodinium s lendens Lebour D 1
LhiTomonas marina (braarud Halldall) 3
Cyclococcolithus le~to~orus ( Murray)~_ _~ _ ~~~

& Blackm . Kamp ne1 - 10 2 12 1 3 2 2 4
Ceratium minutum Jor ensE~n ~ 1 1
Coccolithus huxleyi ~Lohm .) Kamptner C 3 1 4 9 39 84 68 89
Ca rteria sp . 2 1 5
Mesoporus perforatus ( Gran) Lillick D 4 1
Ceratium longipeS Bailey) Gran D 1
Oatoxum variabl e Schille r D 1 2 6 2
Eutreptia marina ( da Cunha) Perty 1 2
Gymnedinium punctatum Pouchet D 3 1 4 18 6
Coccol ?thu s pelagicus (Wallich )

Schi ller C 4 12
Rhodoinonas sp . - ~
Dictyocha fibula Ehrenbern 1 3 1 1
Pontosphaera syracusana Lohmann C I L
Proroc~~ntrum obtusidens Schiller D 6
Amphidinium longum Lohmann D 1
Diste haus s eculum ( Ehb .) Haeckel 1 1
Cerati um tripos (0 . F. Mi l ler
Nitzsch D 1
Acanthoica acanthifera Lohnrann C 3
Urnbilicosphaera mirabilis Lohmann C 1

~

~

. .

/,

il~

~ .

~
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Table 7-2 . (Cont .)

42°30' 42° 41° 40° 39° 38° 37° 36° 350 340 330

S~,racosphaera mediterranea Lohmann C 3 1 2
Gyrodinium wulfi i Scier D 1
Katodinium rotundatum ( Lohmann) Fott D 1 3 3
Pphiaster h dro- ~d s(Lohmann) Gran C 1 1
Unc;etermine rysop ycean

flagellate, 4-7u, single sp . 30 6 14
Tho racos phaera heimii (Lohmann) Kampt . C 5 2~
Naa' dea g1o ir osa !~cller ? C 1
Michaelsarsia elegans Grans C 1
Oxytoxum scolopGx Stein D 1
Rhabdosphaera tubulosa Schiller C
Cer t um fusus Ehb . Duj ardin D„
Ceratium teres Kofoid! D,

;' Prorocentrum lebourae Schiller D
Undetermir~able 9 42 36 19 18 31 12 6 6 6
Undetermined dinoflagallate 6 3 1 9 9
Undetermined coccolithophore 1 1 1 17
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~

~
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; ~ DOMINANCE AND DIVERSITY

~` Dominance and diversity of phytoplankton in the northwest Atlantic are
! interrelated phenomena that have been studied extensively by Hulburt
~ (1963, 1964, 1970) . :-nerally, the estuarine regions provide excellent

` ; growing conditions for a few species which tend to be extremely sucess-
ful and dominate the plankton . In open ocean areas, the growing con-
ditions ditions are poorer ; but the greater water depth and higher salinity
encourage a larger number of species . Therefore, the inshore areas
favor low diversity and high populations, while the open ocean favors
high diversity and low populations (Figure 7-4) . The slope and

~ coastal waters offer an intermediate situation ; here there is a pro-
nounced nounced dominance in small samples of populations and a relatively high

:
1

diversity in larger samples .

5 STANDING CROP ~

~
~~

k

~

The standing crop of phytoplankton is a balance at any point in time
between the growth of the population through the photosynthetic process
and its decimation through the sinking of cells below the euphotic zone
or grazing by predators . Abundance values for phytoplankton are usually
derived from either counts of net phytoplankton, i .e ., cells per cc, or
the measurement of the concentration of plant pigment in the water, i .e .,
Harvey uni ts per ra3 .

The abundance of cells in the surface zone of the slope water was sum-
marized by Riley, Stommel, and 6umpus (1949) from all studies previo-is
to that time and from more recent sampling by Hulburt (1966) . This data
is given in Table 7-3 along with comparative data from the shelf and
open ocean (Sargasso Sea) . In all cases, the abundance of surface phyto-
plankton in the slope water was noticeaUly lower than that of the shelf
water and higher than that of the open ocean waters of the lower lati-
tudes . The larger, highly variable quantities of phytoplankton typical
of the surface zone in continental shelf waters is somewhat modified in
the slope water, probably through the influence of the smaller, less
variable quantities of phytoplankton found in the open ocean . Hulburt
(1966) has illustrated the difference in frequency distribution of phy-
toplankton concentration in the upper ten m of water between shelf and
slope sampling locations off southern New England . The higher frequency
of lower cell counts indicates the lower abundance found in the slope
waters (Figure 7-5) .

Riley (1939) has shown the vertical distribution of phytoplankton from a
slope water station adjacent to the continental shelf and a station near
the outer boundary (Figure 7-6) . The inner station shows more shelf
c~aracteristics having higher surface abundance (8300 Harvey units per
m) with the phytoplankton disappearing at about 100 m . The outer
slope station has relatively fewer surface phytoplankton (3200 Harvey
units per m3) bet'ee1" ~rt'ftTU>~'fft~ greater depth (200 m) . This

7-1E
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Table 7-3 . Abundance values recorded for continental slope stations using
nEt phytoplankt-on and plant pigment concentrations

Net Phytoplankton Cells/cc

Shelf Slope Oceanic

Average 230 20 3.45 Halburt (1966)

Range 6.5-1886 0.14-209 - 21 Samplings (1956-1963)

Riley et al . (1949)
Plant Pigments/m3 (Harvey Units', Seasonal Averages

Shelf Sl,?e Oceanic

Range 2500-45,000 1000-23,000 140-1900

~
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illustrates the transition in terms of vertical abundance betwcen
coastal characteristics and open o4wlrii characteristics within the slope
water .

Riley, Stommel, and Bumpus (1949, have suggested that, excluding short
vernal flowering.periods, the :.otal phytoplankton crop under a square
meter of water in the offshore, lower latitude waters of the western
North Atlantic are not much different from the rich boreal areas, such
as the Gulf of Maine . Although the average numbers Fer cubic meter for
the surface concentration werv less in the offshore waters, the produc-
tion depth was greater . Their data show that the total population for
the year is about the same between the slope water and Georges Bank .

7.1 .3 PRODUCTIVITY

Primary productivity is the rate at which photosynthesis occurs in phy-
toplankton populations ; it reflects the dynamic qualities of growth and
production, a :.. opposed to the static qualities of standing crop . Pro-
ductivity is measured ir, a variety of ways : the quantity of carbon
dioxide used in photosynthesis, the amount of oxygen released, the
removal of dissolved nutrients, the assimilation of carbon, or the
quantity of chlorophyll in the water . A number of interrelated factors
determine productivity : the amount and intensity of subsurface illumin-
atiou affects the photosynthetic rate, as does the amount of available
nutr-ients ; temperature is important when it establishes a thermocline,
which in turn controls the flow of nutr•ients from deeper waters to the
euphotic zone .

Emery and Uchupi (1972) summarized productivity values for the western
North Atlantic in terms of milligrams of carbon per square meter per
day (Figure 7-7) . Their data show a gradient of productivity values
from over 500 milligrams per meter squared per day in the highly pro-
ductive Gulf of Maine area to less than a hundred in the open ocean .
The slope water values fall between 150 and 250 mg of carbon per square
meter per day .

Ryther and Yentsch (1958) and Ketchum, Ryther, Yentsch, and Corwin
(1958) examined productivity of phytoplankton in the shelf and slope
areas off the New York Bight, primarily by relating chlorophyll A con-
centratior•S to the photosynthetic rate . Figure 7-8 shows the seasonal
productivity rate for inshore and offshore slope stations from Ryther
and Yentsc:, (1958) and Yentsch (1963) as presented by Smayda (1973) .
These authors demonstrated that the range of daily primary production
beneath a square meter of sea surface was not much different between the
coastal (0.20 to 0.85 gc/m2/day) and slope (0 .10 to 1 .10 gc/m2/day)
stations and that during the flowering in April, slope productivity can
exceed 0at of the shelf waters . Ryther and Yentsch point out, however,
that total production over a year would be considerably higher in the
inshore waters because of the higher production rates sustained season-
ally . The offshore waters, occasionally enriched with nutrients and
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with a relatively deep euphotic zone, can sustain relatively high carbon
production for short periods . However, constant enrichment of inshore
waters and a greater and longer spring flowering gives a greater total
amount of production . Comparison of total annual production rates for
various waters in the northwest Atlantic are given in Table 7-4 .

7 .1 .4 ECOLOGICAL RELATIONSHIPS

LIGHT

Light, almost exclusively, regulates the vertical distribution of phy-
toplankton by regulating the depth of thEr photosynthetic zone (Smayda,
1958) . The rapid absorption and scattering of light with depth limits
the producticn of phytoplankton to a relatively shallow surface banc
which will vary in depth according to the intensity of radiation, tur-
bidity, latitude, and season . The photosynthetic zone may extend down
to 100 m in tropical waters, while in northern latitudes it may go down
less than 50 m in the sun.,er and only a few meters in the winter (Raymont,
1963) . Production of phytoplankton is limited to waters above the com-
pensation depth ; that is, the depth at which the rate of photosynthesis
equals the rate of respiration . Below this depth the cells loose more
through respiration than they gain by photosynthesis and production
does not take place .

In the northwest Atlantic, the photosynthetic zone and compensation
depth increase with distance from shore . Average transparency values
(Table 7-5) for the shelf, slope, and open ocean waters, c`ven by Riley,
Stonmel, and 8-imous (1949), show the increased transparenc ;, of the
waters as one goes seaward . As it is in other respects, the slope water
is an intermediate region with greater transparency and photosynthetic
depth than the shelf waters and less than the oceanic waters . From
Figure 7-3, the vertical distribution of plant pigments in the slope
water indicates that phytoplankton may be found in 100 to 200 m in
depth . However, maximum photosynthetic activity occurs at a shallower
depth . Yentsch (1974), using chlorophyll (micrograms per liter) and
nitrate-nitrogen to indicate photosynthetic activity, demonstrated that
on a transect from Cape Cod to BermX4a in July, the depth of maximum
photosynthetic activity in the slopE water was about 50 m (Figure 7-11) .

NUTRIENTS

The role of nutrients in the production of phytoplankton geographically
and seasonally is well documented (Raymont, 1963 ; Ketchum et al ., 1958 :
Yentscn, 1963) . Phosphorus, nitrogen, iron, and manganese in usable
form have been demonstrated as limiting factors for cell growth (Yentrch,
1963 ; Ryther and Kramer, 1961) . In the offsnore areas, phytoplankton
obtains the nutrients necessary for growth through tr,e return of nutri-
ents from deep water, enriched by the oxidation of sinking organic
matter, into the depleted photosynthetic zone . In contrast to
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Table 7-4 . Total annual production rates (carbon fixation) for ririo ;,s
waters in the northwest Atlantic in arams per square metar
of sea surface (after Ryther and Yentsch 1 J58)

Depth (Meters) m2/Yr .

Long Island Sound 25 380

Continental Shelf 25 - 50 . ~10

Continental Slope 50 - 100 ; 135

Continental Slope 1000 - 2000 100

North Central Atlantic 75,000 78
Sargasso Sea

Table 7-5 . Trans parency in terms of extinction coefficients (K) of
visibie light a.rea as r ummarized by Riley, Stomrel, and
Bumpus (1949)

K(Range)

Continental Shelf Water .110 - .150

Continental Slope Water ' .050 - .100

Sargasso Sea .042 - .066

i.
4
E
i
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~ the shelf areas, where nutrients are continually being added and mixed
into shallow, turbulent waters, the deeper water of the slope and open
ocean generally have lower nutrient concentrations .

Riley (1939) showed the characteristic depth distribution of nutrients
frnim two shelf and two slope stations (Figure 7-9) . The (:epietea sur-
face zone where active photosynthesis was taking place is in contrast

~ with the nutrient rich deeper waters . In slope waters, the site of
maximum decomposition of organic matter is about 250 m(Redfield, 1936) .
Ketchum, et al ., (1958) have indicated that the nutrient impoverished
offshore areas (slope water) result in physiological diffetences between
inshore and offshore phytoplankton . Results of their light and dark
bottle experiments (Figure 7-10) show differences in the ratio of net to
gross photosynthesis ; high ratios in September and December indicated

, healthy, growing ~upulations while lower ratios in December and I•larch
indicated lEss healthy populations . Geographically, the low ratio of
offshore populations indicates poorer physiological conditions . Ketchum,
et al ., (1958) suggest that this variation of net :gross photosynthesis
ratios may be the result of nutrient deficiencies, particularly in the
offshore waters .

UPWELLING

The coastal processes that return nutrients to the surface zone, i .e .,
wind, tides, and seasonal breakdown of thermoclines, are ineffective
beyond the shelf break . The continual sinking of organic matter below
the euphotic zones and its decomposition builds up nutrient concentra-
tions at depths of from 200 m(Figure 7-9) to 800 to 1 .000 m(Redfield,
1936) . In order for production to continue in the surtace zone, some
process of nutrient renewal is necessary . In the northwest Atlantic,
a aossible process by which this might take place was suggested by
Redfield (1936), who recognized the significance of Rossby's (1936)
theories of water movement resulting from the acticn of the Gulf Stream .
The effect of the Gulf Stream on the Northern ::pmisphere water mass,
Rossby theorized, was to absorb water into the right hand side of the
stream and to eject it into the slope water on the left hand side, con-
tributing a large volume of water to the slope area . Because this
movement would follow along lines of equal density, which angle sharpl ;,
towards the surface across the Gulf Stream, the effect would be to
draw deep Sargasso Sea water into the surface zone of the slope water .
Redfield recognized that this could provide a potential pathway by
which nutrients from the deep water of the Atlantic basin would be
transported to slope and shelf waters .

Pursuing this idea, Yentsch (1974) presented evidence that correlated
the distribution of primary production, nitrate-nitrogen, and density
(Sigma T) at the "cold wall" - the sharp temperature gradient between

' the slope water and the Gulf Stream . He presented the vertical dis-
tribution of temperature, salinity, density, nitrate-nitrogen, and
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chlorophyll from a cruise that transected the waters from Cape Cod to
Bermuda in July, 1963 (Figures 7-11 throu h 7-13) . The surfacing of
lines of equal density (i .e ., Sigma T26 .0g) allowed the relatively high
values of nitrat~e-nitrogen (5 to 10 microgram atoms per liter) that
lay in the water of 200 to 600 m to the right of the Gulf Stream to
move up to about 50 m in the slope water . Correlated with high nitrate-
nitrogen values at 50 m were relatively high concentrations of chloro-
phyll, indicating high phytoplankton production .

Yentsch contrasts this phenomenon, which he tercis geostrophic upwelling,
with the wind-driven upwelling that is common in other parts of the
world . The characteristics of geostrophic upwelling are the slow sur-
facing of nutrient rich water into the euphotic zone with maximum pro-
duction occurring below the surface ; whereas wind-driven upwelling
creates a sudden reservoir of nutrient rich water at the surface .
Yentsch considers geostrophic upwelling to be the most important factor
in transporting nutrient-rich deep ccean water into the euphotic zone
of the slope and shelf areas .

An ihteresting corollary is the effect of cold, upwelled water on the
sprcies composition of the phytoplankton in the slope waters south of
the Grand Banks . Hulburt (1975) observed a marked change in the dis-
tribution of phytoplankton species in a cold tongue of low salinity
water adjacent to a southeastward bending portion of the Gulf Stream .
The change was characterized by a group of species produced in the cold
tongue and a group produced in the warmer oceanic currents on either
side . Hulburt suggests one of the conditions necessary for such a
change was the penetration of deep water with high nutrient value (in
this case 10 to 19 and 1 .27 to 1 .65 microgram atoms of nitrate-
nitrogen and phosphate was likely contained in the cold water) from
depths of 400 to 500 m into the surface zone . It is obvious that the
upwelling of nutrient rich water in the slope area is of great signi-
ficance to the phytoplankton there .

7.1 .5 POLLUTION EFFECTS

The response of natural populations of phytoplankton to actual or po-
tential pollutants in the northwest Atlantic area is not clearly
uriderstood . This is particularly true in the slope water where the
phytoplankton has not been systematically studied and where the nature
and concentrations of pollutants is not well documented .

Marshall (1974) has reviewed what is known of the relations between
phytoplankton and oil pollution in the continental shelf area . He
describes two pathways by which oil pollution may have an impact on
phytoplankton communities : by direct toxic effect on the flora or,
theoretically, by entry into the organism,later resulting in incor-
poration into the food chain . The toxic effect of oils may reduce the
photosynthetic rate, act as a screen to certain light waves, or damage
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cell membranes or internal structures . He notes that the presence of
various hallogenated hydrocar5ons has been documented in the north
Atlantic waters ; however, neither in situ data nor laboratory con-
trolled experiments are far enough along to clearly indicate the im-
pact of concentrations on the phytoplankton flora .

Even though no solid data exists concerning pollution impacts on slope
water phytoplankton, there is a theoretical consideration for which
some evidence does exist, and this should be taken into account when
considering pollution impacts in any of the waters beyond the contin-
ental shelf . Fisher, Graham, and Carpenter (1973) have noted that
while it has been generally demonstrated that the phytoplankton are
sensitive to chlorinated hydrocarbons (i .e., DOT and PCB's), little is
known of the capacity of organisms from various plankton communities to
adapt tc contamination . There are indications of physiological races
within species of phytoplankton and these races may have ecological
adaptations which are quite different between oceanic areas (i .e „
continental shelf and Sargasso Sea) . There is also evidence to sug-
gest that oraanisms adapted to a conservative environment (i .e .,
Sargasso Sea ;, should be more sensitive to environmental stress .
Fisher, e f- al ., (1973) tested the sensitivity of three phytoplankton
isolates of the species, Bellerochia sp ., Fragiliara inp nata , and
Thalassiosira pseudonana f rom estuarine, outer shelf and open ocean
locations! ; their results show that growth of cells in all experiments
diminished with PCB treatment, and that algal sensitivity (in terms of
reduced growth) increased with distance from shore . They suggest that
estuarine-coastal phytoplankton may be better equipped to cope with
abiotic environmental stresses than those found~in the open ocean .

Beyond this point, discussion of the relation of the relative sensitiv-
ity of slope water phytoplankton to environmental stress becomes more
speculative . However, considering the mixed nature of the slope water
conmunities and assuming the hypothesis of increased sensitivity with
distance from shore, the slope phytoplankton community, at least the
ocean component, must be considered more sensitive and, therefore, more
vulnerable to hydrocarbon contamination . ;

7 .1 .6 DATA GAPS

The lack of a broad samp .ing program that covers the slope water area on
a seasonal basis is the reason for some limitations to the information
avai]aDle concerning pl,ytoplankton . Temporal sampling has produced some
seasonal analysis of productivity and abundance, but even here the collection
of data was limited to small areas of the slope . Further, there is still
much 0 be learned concerning nutrient recycling and renewal in oceanic
waters .

The floristic work that has been sa ably azcomplished by Hulburt and others
has been carried out in the northwest Atlantic in general and has not em-
phasized the slope region, nor has it been carried out on a seasonal basis .
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Therefore seasonal inforn :atio„ on the variations, diversity and suc-
cession of phytoplankton in the slope water in the study region is
largely lacking .

Considering the varl-ble nature of pelagic conditions in the slope water
region : the high degree of species mix, the wide range in hydrographic
conditions and the variable inputs from regions outside the slope water
(see Chapter 4 .0, Physical Oceanography ; Chapter 6 .0, Chemical Oceanography ;
and Chapter 7 .2 Zooplankton), ?t is obvious that a complete analysis
of species composition, diversity and succession of Dhytoplankton and
its productivity and nutrient cycles on both an aerial and a seasonal
basis will only result from intensive sampling programs designed for
that specific purpose .
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7.2 Z00PLANKTC11

7.2 .1 INTRODUCTION

The floating animal porticn of the plankton includes a wide variety of
phyla and practically all of them make a contribution to the zooplank-
ton of the slope waters . In this region, the zooplankton is dominated
by herbivorous crustacea (copepods, euphausiids, amphipods, and
decapods) that graze on the cells of the plant plankton, thereby rep-
resenting the second trophic level of the food chain . Of the crusta-
ceans, the copepods are the dominant g :roup ._ Other principal zooplank-
ton groups are : protozoans (especially the planktonic foraminifera),
chaetognaths, coelenterates, mo-iluscs, nemerteans, and chordates .

The zooplankton are probably more easily defined biogeographically than
the phytoplankton . Many species are planktonic~,only during their larval

" stage and are closely identified with ceastal areas . They are better
known taxonomically and are therefore more easily identified geograph-
ically . Further, several groups (i .e ., foraminifera, copepods) are

~ known to be closely associated with physical characteristics of the
water mass and are considered as indicator species . The terms neritic
and oceanic, as applied to plankton corrmunities, are particularly ap-
plicable to the zooplankton . Raymont (1963) summarizes the characteris-
tics of both groups as :

~ Neritic - Composed of many meroplanktonic forms that are
restricted to the shelf watersi within the
200 m isobath .

f Oceanic - Mostly holoplanktcric with widely distributed
species . Usually restricted to water masses,

• with temperature the main factor controlling
f their distribution.

i

There are two distinct zooplankton communities in the northwest Atlantic
which are separated by the Gulf Stream . The sharp pressure gradient be-
tween the slope waters and the Sargasso Sea (Iselin, 1936) maintains the
unique hydrography of each area and results in a snarp break in zoo-
plankton corrmunities between boreal-temperatQ and subtropical species .
The marked faunal change that occurs as the temperate species of the
shelf-slope waters are replaced at the cold wall by the Gulf Stream-
Sargasso Sea assemblages may represent one of the most distinct faunal
boundaries in the North At;antic (Cifelli, 1962), The Calanus community
predominates north of the Gulf Stream . It is dominated by various
species of calanoid copepods in an area from the Flope cold wall border-
ing the Gulf Stream to the inshore areas of tiie continental shelf and
from Cape Hatteras to the northern boreal reUions of the Atiantic .

To the north there is a less definite boundary at the shelf break . The
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; neritic zooplankton conmunity, with many meroplanktonic forms charac-
teristic teristic of the shallow shelf, changes gradually to an oceanic com-
munity munity across the slope waters . Thus, the slope water is a transition

~ zone for the zooplankton coe:nunities as it is for other animal and
plant groups .

= The literature that concerns the zooplankton of the slope waters is
~ . ; somewhat less fragmented than that of the phytoplankton . There have

~ ; been several fairly comprehensive studies that detail the species compo-
sition, abundance and biomass, vertical distribution, diversity and
dominance in the deeper water beyond the shelf break .

The early work of BigPloMr and others that spanned the years 1914 to 1940
identified many of t. .̂e species that are found in the slope water, but

' was concerned primarily with the shelf area and its neritic zooplankton .

Clarke (1940) presented the first comprehensive picture of seasonal and
; geographical abundance of the slope water zooplankton . He compared the
; richness of coastal and offshore zones on a volumetric basis from data

collected on ten transect cruises between Long Island, New York, and
r Bermuda (Figure 7-14) . In the slope water, he made oblique tows with
? a scrim net down to 275 m. Later, Riley.and Gorgy (1948) compared zoo-

plankton abundance on a transect from southern New England to the Mid-
Atlantic ridge, which included two slope stations . These data were
summarized by Riley, Stommel, and Bumpus (1949) in their consideration
of the plankton of the northwestern Atlantic .

The most recer.t and comprehensive information on the abundance, distri-
buti^n, and composition of the zooplankton in the slope waters has been
presented by Grice and Hart (1962) . They used the data collected by an
open 3/4 m net, towed to a depth of 200 m during four transect cruises
between New York and Bermuda and one cruise between New York and the
Gulf Stream (Figure 7-14) . From a similar series of cruises, Cifelli
(1962, 1965) described u,e planktonic foraminifera of the western North
Atlantic, inrluding the slope .

At the southern extreme of the study area, St . John ( 1958) reported the
distribution of zooplankton biomass in the shelf waters and beyond at
Cape Hatteras, while Bowman ( 1971) described the distribution of cala-
noid copepods from Cape Hatteras to Florida . His northermost transects
were also taken from beyond the shelf off Cape Ha tteras .

In all of the previously mentioned studies, only the surface zones (about
275 m) were sampled in the slope water . Information on the vertical
distribution, diurnal migration, and characteristics of the deepwater
zooplankton is availac,le from several special studies . Leavitt (1935,
1938) made vertical tows at a series of stations, including six in the
slope water, using a one and a two meter closing net . Watern;an, riunne-
macher, Chace, and Clarke (1939) carried out extensive sampling at one
slope water station in July, 1939, using nets similar to Leavitt's and
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described the diurnal vertical migrations of the deepwater plankton .
With the development of more sophisticated sampling gear, recent atten-
tion (Grice, 1972) has been turned to describing the deepwater, plankto-
benthic copepods found near the slope bottom .

Very recent zooplankton work in the slope waters has been done off the
New York Bight as a part of an environmental study of a potential ocean
dumping site. The study, conducted by the Fisheries Oceanography Depart-
ment, New York Ocean Science Laboratory for the MARt•tAP Field Group, is
at this writing about to be released in a report . These data are from a
report issued by NOAA in February 1976 on the Dee%jater Dumpsite 106 .
The data result from an intens :ve sampling of 23 stations (Figure 7-15)
during 1 to 23 May, 1974, using the standard MARMAP Bongo ( .333 and .505
mesh) and Neuston nets . The Bongo tow was double oblique to a maximum
depth of 200 m . The Neuston tow was at the surface . The report des-
cribes the composition and abundance of zooplankton and ichthyoplanktcn
and is particularly useful for its description of the faunistic change
that occurs at the shelf break and inner slope areas . For consistency,
only the data that resulted from the .505 Bongo net tows is described in
this report .

7 .2.2 COMPONENTS

The studies of Grice and Hart (1962) and the sampling at the MARMAP deep
water site 106 revealed the abundance and occurrence of the major zoo-
plankton taxa of the slope waters . There was general agreement between
the two studies on the relative importance of the major groups . Cope-
pods were the largest group in terms of displacement volume, numerical
abundance, and species representation (Grice and Hart, 1962) . They were
followed by chaetognaths, euphausiids, amphipods, siphonophores, and
various other less important taxa .

The relative importance of the major taxa at the deep water dump site is
shown in Table 7-6 . 1

COPEPODS

The mean percentage displacement volume of copepods in slope water
samples, with the exception of Jul sa~nples, was 35-74 percent of the
total volume (Grice and Hart, 1962~. In July the samples taken at the
slope stations had a high percentage (99 percent at one station) of salps
and less than three percent of copepods . The copepods made up an
average of 45 percent of all the slope samples in spite of the low July
volumes . Their data also indicates an increased c!iversity of copepods
with distance from shore. About twice as many species (79) were record-
ed in slope water than the shelf water (42) . Slope waters had small
copepod populations with no consistently dominant species . The compar-
ison of comrnon shelf and sl.ope species (Table 7-7) indicated the lack
of strong dominance between slope species .
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Table 7-6a . Standing crop (No .!1000m3) uf major zooplankton at Deepwater Dur4,-site 106 . (modified
from N . Y . Ocean Science Laboratory unpublished report) . Double oblique tows to 200
meters using 61 cm Bongo net with .505 mesh .

i
~SHELF STATIONS

~ Taxa 3
"-

, _ .

; Siphonophora 351
F Chaetognatha 29,943 32,203 11,659 23,558
~ Polychaeta 4,093 149 142 70

Gastropoda (L)
~ Pteropoda 35,798 2,460 5,900 29,728
~ fletcropoda 70
~ Cephalopoda 84

Cladocera 962 569 280
~+ Ostracoda 199 213 280

" ~ h(ysidacea2
~ ~ Amphipoda 42 2,882 355 911
~ Isopoda
~ Euphausiacea 15,055 31,209 12,974 5,539
! Decapoda
~ (Caridian) (L) 293 1S{? 280

Decapoda
(Brachyura) (L) 10,371 1,9:~8 2,026 16,266
Copelata 836 ly9 178 70

; Salpida 50 284 70

_ . ... . . . .. . .. ., . . . . .. . . _ ..~. . :- . ~ . . .» , .,a.~,ata~o~.:
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Table 7-6a . (Cont .)

t .

S

INNER SLOPE STATIONS
Taxa 9 4 6 7 ,8 9 11 . . 12 13 14 20 22 23

Siphonophora 140 2,404 207 767 481 134
Chaetognatha 3,17? 7,502 16,499 10,636 18,431 8,408 8,721 6,198 11,727 17,675 2,520 4,006 5,224
Polychaeta 419 268 220 501 65 30 30 137 271 70 64
Gastropoda (L) 160 250 885 110 18,775 64 45
Pteropoda 1,498 1,250 1,043 1,459 4,407 718 2,036 1,973 1,623 410 3,076 861
Heteropoda 200 43 55 32 74

~+ Cephalopoda
A . Cladocera 208
v Ostracoda 837 804 427 140 2,755 173 90 207 685 1,713 173 144 89

Mysidaceae
Amphipoda 639 759 1,707 620 3,456 282 448 1,800 548 1,713 1,181 240 668
Isopoda 66 45 95 22 97 30 90 16
Euphausiacea 1,080 2,143 6,590 3,959 6,010 1,582 4,002 4,575 2,466 5,411 4,395 7,307 2,196
Decapoda
(Caridian) (L) 1,080 670 ____ 47 1,439 250 217 _ 89 , 548 631 284 32 104

Decapoda
(Brachyura (L) 1,124 625 1,090 1,559 1,803 433 119 59 1,918 2,886 441 288 74

Copelata 1,161 284 320 4,858 108 30 2,850 1,353 221 176 15
Salpida 441 625 780 1,052 87 521 1,353 299 15

~
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Table 7-6a . (Cont .)

OUTER SLOPE STATIONS
Taxa

Siphonophora 674 277
Chaetognatha 10,204 5,312 10,889 7,097 14,669 12,465
Polychaeta 875 244 116 180 539
Gastropoda (L) 185
Pteropoda 729 804 2,703 3,236 3,509
Heteropoda

; Cephalopoda 24 108 92
i Cladocera

V Ostracoda 340 195 579 1,392 2,912 1,847
~ co h(ysi daceae
f Amphipoda 1,409 804 1,738 1,392 5,177 1,939
' Isopoda 647

Euphausiacea 5,782 1,389 4,055 5,070 10,249
Decapoda

(Caridian) (L) 243 244 1,158 9,971 1,510 831
Decapoda

(Brachyura) (L) 1,846 1,218 2,278 90 4,099 1,570
Copelata 1,409 122 193 539
Salpida 826 97 77 719 1,402

\
\

~
~

~



Table 7-6b . Standing crop .(%) of major taxa at Deep Water Dump-site 106 . (m odified
from N . Y . Ocean Science Laboratory unpublished report) . Double oblique
tows to 2G0 m using 61 cm Bongo net with .505 mesh .

SHELF STATIONS
Taxa 1 3 5 z i .

Siphonophora .45
Chaetognatha 30 .69 45 .05 33 .99 30 .41
Polychaeta 4 .2 .21 .41 .09
Gastropoda (L)
Pteropoda 36 .69 2 .10 17 .20 38 .37
Heteropoda .09
Cephalopoda .08
Cladocera .99 1,66 .36
Ostracoda .28 .62 .36

;' Mysidaceae
~ Amphipoda .04 4 .03 1 .03 1 .18

Isopoda
Euphausiacea 15 .43 43 .66 37 .83 7 .15
Decapoda

( Caridian) (L) .30 .28 . 36
Decapoda

(Brachyura) (L) 10 .63 2 .71 5 .91 21 .00
Copelata .86 .28 .52 .09
Salpiaa .07 .83 .09

M
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Table 7-6b . (Cont.) •

INNER SLOPE STATIONS
I Taxa 2 ~ 6 7 8 9 11 12 13 14 20 22 23

Siphonophora

.

.65 5 .18 1 .28 3 .15 2 .99 1 .41
Chaetognatha 3C 64 ^7 .33 59 .39 49 .63 39 .74 73 .63 61,73 38.39 48 .20 50 .65 25 .15 24,93 55 .00
Polychaeta 4.05 1 .69 1 .03 1 .08 .57 .21 .19 ,56 .78 .79 .40
Gastropoda (L) .75 .54 5 .48 .45 .40 .47
Pteropoda 14 .46 7 .89 3 .75 6 .81 9 .50 5 .08 12 .61 8 .11 4 .65 4 .09 19 .14 9 .06
Heteropoda .43 .38 .23 .20 .78

I Cephalopoda
Cladocera 1 .29
Ostracoda 8 .08 5 .07 1 .54 .65 5,94 1 .51 .64 1 .28 2 .82 4 .91 1,73 .90 .94

~ o Qys i daceae
; Amphipoda 6 .17 4 .79 6 .14 2 .89 7 .45 2 .47 3 .17 11 .15 2,25 4 .91 11 .79 1 .49 7 .03

I Isopoda .64 .28 .34 .19 .19 .26 .16
;! Euphausiacea 10 .43 13 .52 23,72 18 .47 12 .96 13 .85 28 .33 28 .34 10 .13 15 .50 43,87 45 .47 23 .12
1 Decapoda
~ ; (Caridian) (L) 10 .43 4 .23 .17 6 .71 .54 1 .9 .55 2 .25 1,81 2 .83 .20 1 .09

~ Decapoda
(Brachyura (L) 10 .85 3 .94 3 .92 7 .27 3 .89 3 .79 .84 .37 7 .88 8 .27 4 .40 1 .79 .78

i, Copelata 7 .32- --1 .02 1 .49 1M8 .95 - -,-19 11 .71 3 .88 2 .21 1 .10 .16
; ; Salpida 4 .26 3 .94 3 .64 2.27 .76 2 .14 4 .39 2 .98 .16

y
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Table 7-6b . (Cont .) .

OUTER SLOPE STATI ONS
Taxa 10 5 16 17 18 19

Siphonophora 1 .67 .84
Chaetognatha 42 .95 50 .82 45 .78 17 .6 1 36.76 37 .71
Polychaeta 3 .68 2 .33 .49 .45 1 .35
Gastropoda ( L) 46 .60 .56
Pteropoda 3 .07 7 .69 11 .36 8 .12 10 .62
Heteropoda
Cephalopoda . 23 .27 .28
Cladocera
Ostracoda 1 .43 1 .87 2 .43 3,45 7 .30 5 .59
Mysidaceae
Amphipoda 5 .93 7 .69 7 .31 3 .45 12 .97 5 .87
Isopoda .41 1 .62
Euphausiacea 24 .34 13,29 17 .05 12 .70 31 .00
Decapoda

(Caridian) (L) 1 .02 2 .33 4 .87 24 .75 3.78 2 .51
Decapoda

(Brachyura) (L) 7 .77 11 .65 9 .58 .22 10 .27 4 .75
Copelata 5 .93 1 .17 .81 1 .35
Salpida 3 .48 .93 .32 1,78 3.51

~
f
4

i

~
~

i



Table 7-7 . Common copepod species and their average abundance from shelf
and slope stations (&rice and Hart, 1962)

Mean Mean
Shelf No ./m3 Slope No ./m3

Pseudocalanus minutu5 559 es typicusCentro a 76
cusi;en ro a es tYpi 450

~
Pseudocalanu s minutus_ 16---

it ona simi ~1Ts 151 Oithona si^•ilis 14
emora l ~ng--icdrnis 59 Metridia 3ucens 15
aracalanus ap rvus 39 ausocalanus perg ~, ns 19

Ca a-Tns 1'inrrarchicus 32 C. arcui cornis 13
trt ia ucens 16 Pleuromamm aboreali s 6

Canda iac armata 9 Oithona atlantica 6
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The slope samples from Grice and Hart's transect consisted of a mixture
of species from the shelf and the Gulf Stream-Sargasso Sea, as well as
14 species that were found only in the slope water . Of the 14, eight
occurred more than twice and are listed in Table 7-8, and also species
that were found in other areas as well as the slope waters . Four of
the restricted species were offshore, cold water furms that have rarely
been reported in shelf areas, and where reported, are probably the re-
sult of offshore intrusion of water onto the shelf . One of them
( i,alanus hyperboreus ), a typical cold water form, has been repor .•.ed by
the authors as abundant in deep water (1800 m) below the Gulf Stream,

In the deep water dump site area off the New York Bight, the most commor,
copepod genera were Centropages , Calanus , Oithona, ~Eu_a~u ap t~ilus,
Rhincalanus, and Pleuromamma . Centropages a- na-C-a-Tanus p- redarin aied in
the shelf and also in areas where shelf water intrusions occurred in
the slope water . Calanus was least abundant in the offshore areas where
water column stability suggested an oceanic origi n . ,An examination of
transects between coastal and slope waters ( Clarke, 1940), showed that
bcth Calanus finrarchicus and ~Ce,~ntr,~o ~a es ~t ic_~us, that were so dominant
in the coasta areas, were foun onlynly in sm numbers beyond the shelf
break, indicating the strongly neritic characteristics of these species .

Mixing of waters was der.~nstrated by the presence of Gulf Stream water
in the center of the dumpsite study area (stations 11 and 12) as evi-
denced by the abundance of Rhincalanus, Euau a tilus, Oith ona, and
Pleuromanma . A copepod common t- o waters of the northwestern At-
antT-ic,Euchirella rostrata , was also found at all the stations .

Table 7-9 lists the copepod species taken at the deep water dump site =
and their abundance in terms of standing crop and composition .

The diversity indices of copepod species in the dump site area varied
between shelf and slope water and further illustrates the degree of
mixing that occurs in the slope area . The contour of diversity indices
was such that a differentiaiion could be made between shelf and slope
waters . The boreal faunal composition of copepods, characterized by hian
abundance and few species, was indicative of the shelf waters, while
the slope waters contained a mixture of subtropical and boreal assem-
blages that resulted in lower abunddnce and more species .

The species association of copepods at Cape Hatteras in the southern
extreme of the study area has bEen discussed by Bowman (1971) . The south-
ern shelf copepod fauna that occurs from the Florida to Cape Hatteras coasts
remains fairly constant seasonally . Just north of Cape Hatteras the
coastal fauna changes with northern forms dominating in the winter . The
oceanic faunal group found south of Capp Hatteras is unchanged north of
the Cape, but it moves offshore and follows the Gulf Stream . The slope
water region in between that commences at Cape Hatteras contains a
mixture of shelf and the oceanic copepods .
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Table 7-8. Corrmon species (appearing more than twice in the samples)
restricted to slope waters and those found widely
distributed . (Grice and Hart, 1963) .

Widespread Restricted to Slope

Calanoida Slope Calanoida
Acartia danae Aetideus armatus
Calanus tenuicornis Calanus ss perboreus
Calocal anu sanus pavo CT uscca anus pe r4en s
Clausocalanus arcuicorni s Gaidius tenuispinus

furcatus fleterprjabdis rve ocis
fuca a-i nus attenuatus ~araeuchaeta norve ica
E. i lp eatus isTeuromaasw robusta

h apta marinaFuc Scolecithricella ninor_
Labidocere a culifrons
Mecynocera clausi
Nannocalaru s minor
Paracalanus parvus
Temora stylifera
Undinula vulgaris

Cyclopoida
ithona p lumifera

Harpacticoida
Macrostella gracilis
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Table 7- 9a Standing crop (no./1000m) of Copepnrtt frnm tleernvater Oumu-site 106 . (modified
from N . Y . Ocean SciPnce Laboratn ry unpublished report ) . Double oblique towsto 200 m using 61 cm Bongo net with . 505 mesh .

SHELF STATIONS
pec es

Rhincalanus coronatus 4895 9615 12332 4277
fie`mora st Titer~~ 740 497 355 561
iemor'a ongicornis 240 273 569 351
•enfropages_ spp . 50080 50952 14465 61350
?'feur•omamn a qraci lis 293 1590 213 SO

eu romanma f,orea vTs 42 199 71 210_
1STeurornanma ro us t a

euromanrna x p as
;' Coac aeus sp .

- -
42 348 36 491

6ithona spp .r 42 422 284 561
~aTanus spp . 202405 2460 27010 113655
E ,jch3rella rostrata 240 1764 833 421
Euca anus spp . 795 2211 1244 561
Acart-Ta`Tongicornis 25 71
~a~h~rina sp . - . 36_
€uau< a~t3Tus sp . 2007 6286 4514 2384
uc aeta marina 174 71 70

Uaet~deusqies-6rechti
tri a lucens 39979 6708 8•'38 33585

a h re~la sp . 140
Cardacia armata 2258 23H5 6077 5890
e1~teas armatus 75 178
Heterrorhab us abysalis 70
U'nknown no . 1 795 447 782 1262
Unknown no. 2 70
Unknown no . 3
Pontella enp nata 36
Chirundina sp .
Undinopsis bradyi

... ~~ ._.~ ~
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Table 7-9a . (cont .)

• ,

INNER SLOPE STATIONS
pec es 2 4 6 7 8 7- 11 12 3 0 22 23

Rhincalanus coronatus 2137 7591 4361 6558 9815 2752 14638 5489 1260 9280 583 2772 7761
emora s~Tfiferu 1366 1295 901 220 3806 672 1397 756 208 460
Temora longicornis 44 89 521 600 250 130 179 59 27 1600 16 74
Centropages spp . 4599 11862 4379 11818 1668 179 59 3699 320 1701 8924 8681
P Puromanma racilis 89 6210 3055 3055 747 266 548 32640 1780 1746 89
P euromanva borea s 89 2560 601 758 926 6197 986 2560 331 1346 5
Pleuromarma robusta 5452 20 801 22 320 52 5

euromamma x p ias 50 271 16 16_
Corycaeus sp . 991 804 237 220 601 390 119 118 438 347 48 178
Uithona spp . 507 625 521 2180 551 563 538 28506 1151 9U2 110 48 30
a anus s}rp . 353 1518 664 1080 8613 3250 418 2000 1600 583 2532 148
Euchirella rostrata 1036 1786 759 1900 2203 412 448 118 849 1280 2079 3336 638
uca anus spp . 3966 8127 1517 3419 2203 867 179 3600 1233 1714 662 192 178
AcartiaTongicornis 66 45 600 43 1714
§p2p~rina sp . 132 45 47 30 12 3169
Euau1apt~!u~ sp . 4010 4466 4039 4407 1928 5825 2213 4247 5277 2115 141
Euch aeta rna rina 1719 1340 237 860 1803 108 65 1096 5953 866 112
Uaetidcus c,iesbrechti 960 45
Metridia lucen s 22 427 551 797 55 16 513
Saphire la sp. 88 20 50 472 960 16 16 312
Candacia arnwta 859 2635 427 740 801 130 69 823 180 378 401 15
Te-ttdu~ armatus 176 447 237 360 50 65 1600 6 112
Heterrorhdbdus abysalis

-
237 160 50 65 179 1535 32 401

Unknown rio. 1 179 190 280 200 30 118 274 725 785 15
Unknown no . 2 441 47 60 250 82 320 284
Unknown no . 3 284 180 48
Pontella oennata 22 1180
Ch~ dina sp . 22
Un inopsts bradyi 22

f \ )
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Table 7- ya . (Cont.) ~

OUTER SLOPE STATIONS
Spec es

Rhincalanus coronatus 5247 2656 888 1168 3991 13943
Temo- rast Ti era 1555 49 386 y43 3560 2031
enTrnra ong cornis 583 19 154 45 108
ennro a es spp . 3984 7189 9228 12937 11650 21792

P eul romanma graci lis 3207 24 9568 324 11466
~

~~~
PTeunomanrna orb ealfs 680 49 3324 216 33549

euromamma ro- usta 49 2830 4802
romanma xau s 494 554p _v o~~

534 390 425 395 4531 646
~ t ona spp . 875 266 618 1392 3668

a anus spp . 1701 366 154 314 1618 1939
uch re'lla rostrata 826 609 695 1527 8522 6648

Euca anus spp . 1992 926 1004 1078 7120 1754
caA`rtia-Tonqicornis 49 135 863 92
Sa hirina sp . 49 39 45 216
uaugapt us sp . 4130 2291 5019 1861 19740 10434 a

tvchaeta marina 1360 955 1544 1123 5070 1108 ~
L'aetideus giesbrechti 450
T~etr a lucens 340 2066 108 2216_
za hire la sp. 97 39 180 216 92
t andac a armata 534 1145 1042 1437 4315 4432
etA us armatus 680 97 39 135 108
ete rrorhab us abysalis 49 77 270 216 185
Unknown no . 1 292 268 463 719 3775 1570
Unknown no . 2 41 24 462 ~
Unknown no . 3 49 116 270

~Pontella enp nata 49 90
Ch run na sp . 45 ~
Undinopsis bradyi

; i
45

~
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Table 7- 9b . Percent composition of copepods from Deepwater Dump-site 106 (modified
from N . Y . Ocean Science Laboratory unpublished report) . Double oblique tows
to 200 m using 61 cm Bongo net with .505 mesh .

SHELF STATIONS
pec es ^ T ~ 5 21

Rhincalanus coronatus 16 145 176 1 9
emora st i er~ ` 01 07 05 02

Temora onl gicorni s 01 04 08 02_
Centropa c~es spp . 165 467 206 270

raPTeuromarmna g ci 1 i s 01 24 03 04~~~
F euromanuna boreal~s 01 03 01 01
FTauromanuna r -otiusta

eulromam'ma ziras
;' Corycaeus sp . 01 05 01 02
Co Oithona spp . 01 06 04 02

Z-Mnus spp . 665 37 385 501
uTirella rostrata 01 27 12 02

Eucalanus`spp . 02 3' 17 02
'Tc-art -Tonqicornis 03 01
~_a'PPiirina sp . 01
Euaga,; : ti us sp .

-
-- - 07 --- 95 - 64 _- - 18

1chaetu rirarinaRU 03 01 03
Jaeti cTeusiirsUrechti

~'htetrid~a ucens 131 101 13 148
Sa hireTla:;p. 01
Candac~aann3ta 07 36 87 26
Te_t_id us armatus 01 03
Heterrorhabdus abysalis 03
Unknown no . 1 03 07 11 06
Unknow n no . 2 03
Unknown no. 3
Pontella p ennata 01
hirundina sp .

Undi-'no s is brad-„Li

I

~r

\
~

;
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Tadle 7- 9b .(Cont .)

` . .i

~
Y

I NNER SLOPE STATIONS
pec es _ 3

Rhincalanus coronatus 74 212 113 240 230 161 597 108 63 145 35 123 335
Temora s tylifera. 47 36 23 08 89 39 39 25 46 09 20
Temora 3ongi cornis 02 02 14 22 06 08 07 01 01 07 01 03
Cen tropages spp . 218 129 308 160 277 97 07 01 183 501 103 395 375
~euromanuna racilis 02 61 72 178 30 05 27 41 107 77 04
P euromanima borea i s 02 67 14 44 38 122 49 06 2;l 60 01
Pleuromamnia robusta 142 01 19 01 04 0l 01
P1eummanma x~jpha5- 01 01 01
Cor ca~eus sp . 34 22 06 08 14 23 05 02 22 14 21 02 08
0 thi ona spp . IS 17 14 80 13 33 22 560 53 25 07 02 01
Cal anus spp . 12 42 17 40 202 180 17 99 23 35 02 06
Euci i irella rostrata 36 50 22 69 52 24 18 02 26 125 15 28
Euca anus spp . '137 227 39 125 32 31 07 71 61 26 40 C9 08
Acartia longicornis 02 01 22 03
Sap rih ina sp . 05 01 01 01 0i
Euau gapt us sp . 130 125 148 103 113 238 44 212 91 318 104 168

ucii aeta marina 59 37 06 31 42 06 02 54 15 52 05 15
Uaetideus g esbrechti
etrid i a lucens 01 11 13 16 03 15 01 23 02
Saphire la sp . 03 01 01 09 03 01 01
Candacia arn,ata 30 74 11 27 19 08 02 41 25 23 18 13
Aetideus arniatus 06 12 UG 13 01 04 01 05 01
Heterrorhabs ab,ysalis 06 06 01 04 07 30 01
Unknown no . 1 05 05 10 J5 01 02 14 06 0~ 35 07
Unknown no . 2 15 01 02 06 04 03 17 01
Unknown no . 3 07 02
Pontella enp nata 01
h run na sp . 01

TTndinops s Uradyi 01

~
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Table 7-9b . (Cont.)

; OUTER SLOP E STATIONS
Saec esI 10 jG - 17 18 19`

i Rhincalanus coronatus 181 145 4C 21 50 63_
ferai erFora stYfi 31 03 lE 17 45 09-~

eniura o ngi ^orni s 20 03 17 01 01
entro a es app . 137 392 421 232 146 98

raci 1 i sP eu rorr.a -mm a q 110 C'i 172 04 612_ _
P eurerranma boreaTfs 23 03 60 03 150
Vfeuromarma robusta 02 51 22
Vleuromanvna xT 09 02

~+ uny caeus sp . 18 21 19 10 47 03
~+ UTChorpa spp . 30 20 28 25 46

GaTanus spp . 59 20 07 06 20 09
I-u-ciiire1la rostrata 28 33 32 27 107 30
uca anus spp . 69 50 46 19 89 08
cart a onq tcornis_ 03 02 11 04

Sa hirina sp . 02 02 01 03
uauc~apt~Tus sp . 142 125 229 141 247 47

Euchaeta =.1u 47 41 70 20 63 05
UaetZdeus gicsbrechti 001
etr a luce .~s 12 37 01 10
~re lasp. 03 02 03 03 04
Candac ia arnrata 18 62 48 23 54 20
Aexideus armatus 23 05 ~ 02 02 01
'Reterrorhabausabysalis 02 02 05 03 01
Unknown no . 1 10 15 21 13 47 07
Unknown no . 2 02 01 02
Unknown no . 3 02 05 05
Pontella ep nnata 02 02
Chirundina s p . 01
n i noasis brad i 01

1

i
\



/~.

I
~j

Recent sampling has shown that there is a calanoid copepod fauna living '
in proximity to the bottom (planktobenthic copepods) that is distinct
from the pelagic zooplankton commur.ity . Using newly developed collec- :
tion techniques aboard the submersible Alvin, Grice (1972) has identi- ~
fied 14 species that occur near the bottom at depths greater than 1,000
m. The copepods were noted in 1800 m of water in the slope south of
Woods Hole . They were typical of benthic species, having small size,
plump bodies and long spines, and were found in small numbers . Grice
concludes that these forms represent a distinct calanoid copepod fauna {
near the bottom in the deeper slope waters .

FORAMINIFERA

The faunal characteristics and the distribution of the planktonic fora-
minifera in the northwest Atlantic has been described by Cifelli (1962,
1965) from four seasonal cruises transecting the shelf to the Sargasso
Sea. The distribution of the faunal groups and their abundance is il-
lustrated in Figure 7-16 and 7-17 . i

The foraminifera are of particular interest because'they are more close-
ly associated with the hydrographic cinaracteristics of water masses than
any other zooplankton groups and there fore show most clearly the transi-
tional character of the slope water region . The faunal composition of
foraminifera included 20 recognizable species . The shelf and inner
slope was characteristically temperate throughout the year and was dom-
inated by species of Globi eri~r.a . Important species were Globi erina
bulloides, Globiderina ~achy ~derima ~inco_mPt.a, ulobi erina in ata, an
G .ob~igerir,a aff . quinque obI a . Towards the Gu f Streaso,tFie temperate
fauna was gradually replaced by a diverse s outhern group dominated by
Globi erinoides ruber, Globigerinoides trilobics , Globi erinella
ae uila t~era is , G orotalia truncatulinoides , and Pu eniatina obliqui -
ocul la ta .

A fairly distinct boundary existed between these two faunal groups to
the nc,rth of the Gulf Stream which fluctuated seasonally, being closest
to the shore in the fall and furthest offshore between winter and
spring .

The slope water yielded the highest abundance of foraminifera all year
with ttte seasonal peak in the fall and the spring (Figures 7-16 and
7-17) . The poorest concentration was found in the summer .

CHAET3GtiATHS

Chaetogna~hs were the second most abundant numerically and volumetrically
in Grice and Hart's (1962) transect study . However, they were concen-
trated ir: tt:e shelf areas . In the four regions studied (shelf, slope,
Gulf Stream, Sargasso Sea) they found the slope waters to contain the
smallest cha,ttognath population . (Mean displacement volume 8 .3 perci.nt
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and numerical abundance 3/m3) . The 12 species of chaetognaths found in
the slope water ( Figure 7-18) were of three distributional types : shelf
species, Gulf Stream-Sargasso Sea species, and endemic slope water
species . Sagitta el -e9a-~ -ns was the most abundant form in the slope water,
as it was on the s eh lf . fihe two species endemic to the slope water
( Sagitta maxima and Eukrohnia hamata) were found at a number of stations,
mostly in March . They were cold water fo i- ,ns that have been reported at
a number of cold, (approximately 7 .4°C) deep water slope areas along the
East Coast . Grice and Hart (19b2) concluded that these species were
indicative of cold waters in general and slope waters in particular .

The chaetognaths of the deep water dump site were again, mostly abundant
over the shelf (greater than 23,000 per 1,000 m3) and least abundant
beyond the shelf break (less than 10,000 per 1,000 m) .

EUPHAUSIIDS

Euphausiids were not an important part of the total zooplankton collec-
tion of Grice and Hart, ranking fifth in mean displacement volume . How-
ever, they were a relatively important component in the slope waters
(8.3 percent of the zooplankton volume with an average numerical abun-
dance of 2.2/m3) .

A succession of species indicated seasonal changes in the euphausiid
population. September and December collections were characterized by a
large number of diverse forms . Of the 11 species recorded, six were
most typical of warmer Gulf Stream and Sargasso Sea water and indicated
a mixing of these warmer waters in the slope area ( Euphausia tenera,
Stylocheiron abbreviatum , S~Xlocheiron affine , Stylocheiron carinatum ,
Stylocheiron submii , and Hematoscelis microps ) . Two species were from
neritic waters (Meganyctiphanes norveqica, and Th sanoessa gregaria ) .
Three species were practically endemic to the slope area Nematoscelis
megalops , Eu hap usia krohnii , and Euphausia pseudogibba ) . N . megalops
was found to be breeding at most of the stations during March .

The March and July samples produced few species and lower abundance . In
March the colder waters probably prevented the six warm water species
from occurring, and in July large collections of salps may have affected
euphausiid abundance .

At the deep water dump site, the mixture of boreal-arctic and subtropi-
cal species was also evident . The dominant species was Kyctiphone s
couchii , which is a cold water form, and was found in greatest numbers
at stations 3 and 5 . Warm water species of the Eu hausia and Stylo-
cheira genera and the tropical Thysanopoda aegua is were dominant at
stations 2, 6, 10, 18 and 22 . Mixing in the slope region was indicated
by combinations of the genera ~ctiphanes (boreal) and Stylocheirion
(subtropical) that were found Gt most stations .
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AMPHIPODS

Grice and Hart (1962) show that although the amphipods represented rela-
tively low volumes and numbers, they were second only to the copepods
in the number of species present . The number of species increased sea-
ward with eight recorded for the shelf, 15 for the slope water, 26 for
the Gulf Stream, and 46 for Sargasso Sea . They were, however, relative-
ly more abundant in the shelf waters than offshore . The most frequent-
ly occurring shelf and slope species were Para hemisto gaudichaudii and
P. gracilipes . These were seasonally augmented y t e occurrence of
Gulf Stream and Sargasso Sea species .

OTHER GROUPS

Siphonophores were found to have more representation offshore . Of the
30 species recorded by Grice and Hart (1962), 17 were found in slope
waters and only 4 in shelf waters . Volumetrically they were more fm-
portant in the Gulf Stream and Sargasso Sea .

The molluscs are represented pelagically by the pteropods and hetero-
pods . The pteropods were represented by a combination of boreal and
subtropical species in slope waters at the deep water dump site . The
location of various species combinations is shown in Table 7-10 . Grice
and Hart (1962) reported ten heteropod and 19 pteropod species from
their transect, with very few found in the neritic environment .

Of the cephalopods, squid larvae were a widely distributed group of the
oceanic component at the deep ~ater dump site . However, their abundance
never exceeded 6 .2 per 1,000 m .

A complete listing of the zooplankton species was recorded by Grice and
Hart ( 1962) . From this, those species found in the slope water portion
of their transect are listed in Table 7-11 .

7.2 .3 BIOhWSS AND ABUNDANCE

The distribution of total zooplankton biomass (displacement volume) and
abundance (numbers of organisms) in the slope water relative to other
water masses in the northwest Atlantic has been of interest to a number
of authors because it pertains to the question of the relative produc-
tivity of these waters . Biomass and abundance are not necessarily
corre :ated. Low volumes of zooplankton can accompany high numbers be-
cause of the wide range in size of many organisms that comprise the
zooplankton (Figure 7-19) .

Grice and Hart (1962), Clarke (1940), Riley and Gorgy (1948) and Emery
and Uchupi (1972) all recognized the spacial relationship in terms of
biomass and abundance that exists from the coastal areas to the open
ocean . Table 7-12 summarizes their data and, while not directly
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Table 7-10 . Distribution of pteropod species at the Deep Water Dump- ~
Site (from N . Y . Ocean Science Laboratory unpublished
report) .

Faunal Group Stations Represented

Boreal 3, 9, 10, 21, 23
Limacina retroversa
L . hel*Icina

Subtropical 6, 7, 8, 14, 19
Limacina trachiformis
L.infTata
Cresis virgula ;
aC voTi na spp. ~

C io _spp.
Diacria trispinosa

Mixture with Boreal Predominating 6, 7, 8, 13, 16

~
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Table 7-11 List ot too¢lankton species taken at slope water stittor.
by Grice and Hart (1462) . Taken fruY vrrtical tc+ws to 2~Y,)
v* ters with 3/4 ceter o.'Mn net ~jf r.o. 6 rarsh netting ( .023 m a) .

tember Deces ber !tarch ,?ulY
.

PROTaI OA
Radiolaria x

~ Fora.inifera x x x

C.fiI0rL2IA
S i p+hona9horas
AbyloPsis eschscholtrii x x x

_ A. tetra a+sa x x
i a a) .a a~ns x
A. okenll x x
lassaaassensis x
~Ta es apgendiculata x
~e~s ao ani x x x
G. ais r x

x
Enne cx+u~ ,h al,~inua

c a
x

udosoi es r+i tr x
sp ra is~

'
x x

daletta chuni x
t~r~;,~od li;si pGOOus x
L ensia cahoidee x x x
Tssa . x
~ianocta ti vca x
N . ca ra x x
Sttrhanoria rubra x
Yo^tta serra_t a

i
x

xUn3drt x x x

1'FOtJSJtE
, Aqlantha ci ig tale x x

Nousi thoi'QiJnc*Zta x
OCelia sp . x
hopa cne+r valatum x
Sol--undell a Diter.tacula ta x x_
lin i Cen t. x

<
x x x

CTENOPHORA
Pleurobrachia brunnea x

PHYLL0D0CIOAE
; Loph c dorr vncnus t P• ) hen;eni x

r Maupasia caeea x
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TaQle 7-11 . (Cont.)

.,

1

.~

ALCI OP I iVtE
R o, ncnanerella Lw tersii

sp .
Vanadis oinuta

TOMOPTERI DrtE
Ena__ tp e rs is euc.laeta
Ta ter~is (i ) teT!ioiandica
. , cavaTlii

T. _ spp .

IRCERTI'.E SEDIS
Uniaent . annziids

MOLLUSCA
tieteroPoda

Atlanta s 5.
FrofATTan .a souleyeti

PTEROPOOl1
Clione sp
s,a rcii~x striata

t :4clna in f aTta
L . retroversa
L. troe ermis
t;̀n i ent .

CLADCCERA
Evadne nordr•.anni

QSTRACC0A
Conchcecia acuticosta
C . at ant ca
C, borea is
T. curta
'C. eTec:ans
~. s-i n e: a
~, spo .
Fial~ ocyl,7r is lg ok~osa

COPEPOC+S
Calar,oida
Aca rtia danae
A.• longirer„is

Septcmber Oeceaber Harcl+

x
x
x

x
x
x

x~

x x x

x

I

x
x

x
x

x

~July
S

x

x

x

x

x

x x

x
x
x
x

x x x

x

x
x

x x
x

~
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Table 7-11 . (Cont.)

-,

T, .

,~--

t

,

~

._ ;
\

~
ti
r
-- ~

~

Candacia bispi nosa
r-.I ch_ .Q_aca
r, si op iex
Zentro es bradyi

ara tus
t. LYP cus
*Chir ugracilis

rvndtna stree ;si
ausoca anus arcu cornis

C . furcatus

c *
er ens

Ztenr,ca anus vanuas
uca anus attenuatus

E . _e~o~n a~tus
P. p e~T atus
~. na- rine -
P, ~edia-
'[uc`n?"reTla ame na
E . msstnens s
"r. rostrata
Gaeianus ciror
a uun^ens
. ten v tsptnu s

Hal Rpti l uti iongicornis
Aef`eFr-,qraaeus norre-gi cus
N, 3-p T'f i E r
N. ~s tnt r~ons
Neterost tites lon icornis
abtdocera acutt ronT{ s -

Lo thoth~rix at~~ es
l . f--Tav icurnis
ltec r,c.~ei-a c%usi
tletridia ucens
K3nnoca anus minor
N . roDusticr
ParacaTTnu parvus
~_ - aeuS
Paraeuchae:a norveqica
1STeuro^ar.r-a abdoi inaiis

tvp%a--

P. boreai i s
P. piseki
P. robusta
P. xi t~p i as
Pon_t•rlla securifer
Pon :e i lir.a lp urata
Pseu~oc~larus minutuS

inca nnus cornutus

Septexber Qecealor

x
x

x
x x
x
x x

x
x x
x x
x
x
x

x

x
x
x
x
x
x
x

x
x
x
x
x

x

x
x
x
x

x

x

x
x
x
x
x
x
x
x

x
x
x
x
x
x

x

x
x

x
x
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Harch

x
x
x

x

x

x

x
x
x

x
x
x
x
x
x

x
x
x
x
x

~

. /

July

x

x

x

x

x
x
x
x

x
x

x

x

x
x

x x
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Table 7-11 . (Cont . )

Aetideus aeratus
aTocera patersoni

~a an~-us n,-archicus
. tenuicorn i s

~, Pav..~o.
Z`. Tur-wlosus
~. s ty~

tenuis
Candacethiopica
.Z'-anata

RhincaTanus nasutus
3oTecR trce a ninor

. ovata -
T. danae
Scottocalanus securifrons

--T---em ra ~o~n ico~rn~s_
T.sl erif a
Undeuchaeta wa or
U. ps a
Undinufa-vulaaris
u~iTe ca-Tnoi'i3s

CYClOP01DA
Cor a~eus spp.
Farranularanula carinata
Lubbockia squ llicsana

thoca at antica
0 . pi umifera
b. simITIs
bncacea conifers
Lf.-spp.

HARPACTICOIDA
Clvte.^.,nestra rostrata
C . scutellata
lSacrosetella eracilis
Maricia efferata
Sapphirina Spp .

HYSID.ICEA
Unident .

Septexader Orcember March

x x

x x x
x

x
x x x
x x

x
x x x
x x x

x
x x x

x x
x
x x
x x
x x x

x
x x x

x x
x x

x x
x x x

x
x
x

x x x

x x
x
x x
x

x
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July

x
x
x
x

x
x

x
x
x

x

x

x

x

x
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Table 7-11 . (Cont .)

`

. .._.~..___. .. ._ . __ . . .. . . ._,_.~~,.a_. ._.. . . . .~,. .~ .._ , . . ..~~~.

Septefter Dece+rber March July

AtFtiIPOUA
Gama ri dea
C hccaris anonyx

Hype4idea`
Anchylomera blossevillet

ac_hyScel ;~s ~rap~ac_o~ide~s_
Eu ronoe c-.acu atT-a- x

ena (F, at antica x
t'z brei`~ x

F. (F, na_.,c._ro, ~hth_aima x
N~_+_~_e__r~ioiCe~s longipes x
Lycaea ulex x
Parather.iisto (E .) gaudichaudii x
E) racili es x

~. ra~ c i is x
Thronira atlantica

, st b-6e ingi-
Throsina semilunata
hemistei a sp. x

Ytibi is arrata x
Y. s*_ebb~ngt
Unident . hyperiids

EUPHAUSIACEA
Eu hp ausia krohnii x

; E . irutica
E. pseudc-,icba
E. tenera x
Mega~ny~cti h~anes norvcoica x
Nematoscelis regalops x

I N . nicrop5
Stylocheiron abbrevietum

~ S. affine ~ x
j S. carinatum x
! S. submii x

~ 7h sanoessa gregaria x
~ ongicaudata
y Juveniles x

; DECAPODA
1 Penaeidae
! Gennadus

x

x
x

I

,

x

x

x

x

x
x
x
x

x
x

x

x
x

x

x
x

x
x

x
x
x

x

x

x
x

x
x

x
x

x
x
x
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Table 7-il . (Cont .)

;

~

c
i

Serges ti dae
Lucifer faxonii
_ typus

8rachyura
Unident . larvae

Other Decapoda
Unident . larvae
Unident . adults

ST(XtATOPODA
Erichthus larvae

Ghaetognatha
Eukrohnia hamata
P terosaqi tta raco
ag~t tab p nctata

t . ~de~ciP ie_ n. . s
~. eie ans
"f. en ata
'5: hexaptera
~C 1
, . r,) Y na
~. p rnctonis
S. serratodentata
Juveni e and unident .

CNORGRTA
larvar.e.i
0ikopleura labradorientsis
O .parva
a . sFp:
Unident.

Pyroso ..atida
~P ros iN;~a sp .

Sslpic~a "-
Salpa fusiformis
$-rm xima ---
Thalia democrati c_a
Unident. ~

Doloilida
Doliolum nationa' ; s
D. Do I o etta mirabilis
Unident .

Vertebrata
Unident .
Fish eggs

SeptPober Decenter March

x x
x

x x

x x
x

x

x x x
x
x

x
x

x x
Y X Y

x
x
x x

x x x
x x x

x
x
x x
x x

x
x
x xx

x

x

x
x
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Table 7-12 . Relative cemparison of zocplankton volumes, numerical abundance and species
diversity, ir~ northwest Atlantic (from Grice and Hart 1962, Clarke 1940, Riley
and Gorgy 1948, Emery and Uchupi 1972) .

Volumes and Numerical Abundance

%I II

~

-"
Shelf __ Slope

Open cPart
(Gulf ;trEam and Sargasso Sea)

1 .07 cc!f ; .•{ .27 cc/m3 .02- .03 cc/m3 Grice and Hart (1962) 1

1540 NU/ms 310 NO/m3 71-134 NO/m3 Grice and Hart (1962)

194 cc 52 cc 12 cc Clarke (1940)2

0 .840 gm3/m3 0.137-1576 gm3/m3 .034- .148 .3m3/m Riley and Gorgy (1948)3

57 ml/m3 0 .36 ml/m3 .007 ml/m3 Emery and Uchk-pi (1972)

0.11-0 .25 ml/m3 0 .06-0 .09 ml/m3 ------- Deepwater Dump-site`1
( .505 Bongo)

Diversity (Species)

8i 169 157-268 Grice and Hart (1962)

1 3/4 meter net, 6 mesh, vertical to 200 m
2 paired oblique with open scrim net 10 strands/cm
3 Clark l3umpus samplers #10 silk 11 m oblique tow
4 double oblique 200 in 61 cm Bongo .505 mesh
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comparable because of different sampling methods, shows the consistently
larger quantities of zooplankton in the shelf waters and progressively
lesser amounts seaward .

Grice and Hart (1962) determined that the mean zooplankton standing
crop in the shelf waters was about th ree times greater than the slope
waters, and in the slcpe water it was three to four times greater than
that of Gulf Stream and Sargasso Sea area . If salps were included in
the measurements, tve slope zooplankton were four times less abundant
than those of the snelf and nine to ten times more abundant than the
zooplankton of the oceanic areas . This cempares with Clarke's estimates
(salps included) of the slope water zooplankton four times less abun-
dant than the shelf zooplankton and four times more than oceanic areas .

Several authors have noted that the most productive area for zooplank-
ton seems to be near the edge of the continental shelf . Grice and
Hart's (Figure 7-19) data show the most consistent peaks of either bio-
mass or numbers to be at the outer shelf or inner slope stations . Dur-
ing March the inner slope exceeded, in biomass and abundance, that of
any other area . Riley, Stosrmel and Bumpus (1949) also noted from
their summary of existing data that the water at the edge of the shelf
was unusually rich in zooplankton .

7 .2 .4 VERTICAL DISTRIBUTION

At this point, the vertical distribution of zoopiankton in thc slope
waters becomes an important consideration . In all previous surveys,
the maximum sampling depth was no more than 275 m and,therefore, the
biomass and abundance relationships from coastal to oceanic areas ap-
plies only to the surface zone of the slope and oceanic areas . If
there are significant numbers of zooplankton in deeper water, total

^ production (numbers or biomass under a square meter of sea surface) of
the offshore waters might be quite a bit higher .

Examination of the vertical distribution and diurnal migration of zoo-
plankton in the slope waters indicated that there was indeed a signifi-
cant number of organisms below the surface zone (Leavitt, 1935, 1938 ;

- Wateiman, et. al ., 1939) . Leavitt's data (Figure 7-20) show a series
of peaks down Lo 2000- m, the largest occurring at 600 to 800 m . He
determined that between 40 and 90 percent of the animals were in depths
less than 80J m ; however, only 1/2 to 1/5 of the total volume oc-
curred above 200 m. Waterman, et al . (1939) determined that the malacos-
tian crustacea of the slope water ex ibited diurnal migrations 200 to 600

` m vertically in response to light stimulus . The result of this im-
plies that there is a large number of zooplankton unaccounted for by
the surface surveys .

Leavitt (1938) concluded that deep water zooplankton maxima was not due
to the occurrence cf a well-developed bathypelagic fauna, but wai
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Percentages of catch, at different lece!s at Station 2216. A . Per-
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Vertical Distribution of Zooplankton in S1ope
Water (Leavitt, 1938)



comprised of species such as Calanus finmarchicus and M.etridia longa
that are abundant in boreal surface waters . He suggested that the
deepest maxima res ulted from the intrusion of water masses that origi-
nated in shallow waters of higher latitudes .

7 .2 .5 TOTAL PRODUCTIVITY

The question arises as to the total production of zooplankton in the
slope water . Riley, Stommel, and Bumpus (1949) and Emery and Uchupi
(1972) reviewed data from various sources and both consider the slope
water, particularly the area near the shelf break, to be particularly
productive . Riley, et al ., (1949) presented the mean annual zoo p lankton
crop under a square meter of sea surface ( Figure 7-21) which indicated the
highest values werein the inner slope region . Emery and Uchupi (1972)
using a ratio of 1/3 above and below 200 m concluded that the slope
water displacement volume is about 200 ml under a square meter of sea
surface, and that the slope water contains exceptional amounts of zoo-
plankton . From this, they suggest annual production'values of :

22 million tons from shelf waters
21 million tons from slope and open ocean waters

Although they point out that the lack of knowledye of zooplankton life
spans makes these estimates very rough, prcbably, in spite of high
total volume, the production of zooplankton on an annual basis in
the offshore areas is less than that of the shelf because of the slower
growth rates in the deeper, colder waters .

7 .2 .6 SEASONAL FLUCTUATIONS

The zcoplankton volumes in the slope waters demonstrate a seasonal cycle
of abundance (Figure 7-19) similar to that of the shelf waters but with
not as pronounced a cycle . Grice and Hart (1962) noted that maximum
displacement volume occurred in July3 ( .76 cc per m3) and a minimum dis-
placement in DE :enber ( .04 cc per m), a twenty-fold difference . Clarke
(1940) reported a ten-fold difference ; however, Grice!and Hart (1962)
considered their December values low because of a missing station and
felt it should be closer to 10 cc per m3, which would be comparable to
Clarke's value . The shelf water exhibited a much greater seasonal
fluctuation (20 to 40-fold) while the Sargasso Sea volumes showed little
seascnal variation .

Likewise, the numerical abundance of zooplankton varied seasonally in
the slope water, but with lesser magnitude than neritic areas . Maximum
average vilues (571 per m3) occurred in September and minimum values
(36 per m) in July . The March average (504 per m ) was similar to
that of the shelf waters (585 per m3) .

The seasonal successici nf copepod species has been described by Grice
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and Hart (1962) . The Se~ :ember collections included 45 species . Twelve
of these were widely occurring forms, while a large number of warm water
species and only one celd water species were present . The most abun-
dant species were Centropages I icus and Clausocalanus ep rgens .

The December samples contained 49 species with over half represented in
the September collections and many of the wasm water species still
present . The most abundant species were Clausocalanus arcuicornis and
Pleuromamma borealis .

In March, only 39 species were present with the loss of 12 of the widely
occurring forms . The remaining warm water species were found only at the
outermost slope stations, and the cold water species, Calanus h oer-
boreus, appeared at all stations . The most abundant specTies belonged
typically to the shelf region : Pseudocalanus minutus and Oithona similis .

The July collections contained the fewest (24) species with three widely
ranging forms and with most of the shelf species that were previously
present in slope waters, only in reduced numbers .

7 .2 .7 TROPHIC RELATIONSHIPS

The trophic relationships in slope waters are confused because they re-
sult from a mixture of commun-ties having two somewha'c different trophic
structures . These two basic differences in the trophic relationships of
zooplankton occur between coastal-shelf waters and Gulf Stream-Sargasso
Sea waters (Grice and Hart, 1962 ; Riley, Stommel, and Bumpus, 1949 ;
Riley and Gorgy, 1948) .

The composition of zooplankton in the shelf water consisted of a few
highly abundant and largely herbivorous species (Grice and Hart, 1962) .
Although the copepods predominated, salps, which are obligate herbi-
vores, were at times present in Urge numbers . The Sargasso Sea fauna,
again predominantly copepods, was made up of fewer herbivores and more
omnivore-carnivores . Only 1/2 by volume of the Sargasso Sea zooplank-
ton consisted of herbivores .

Riley and Gorgy (1948) noted that there was a difference in percent of
organic matter in zooplankton collected from shelf and Sargasso Sea
water . They suggested that the higher content of organic matter in the
shelf zooplankton reflects the greater quantity of stored lipids result-
ing from higher phytopldnkton concentrations .

It appears that the offshore communities completely utilize the avail-
able phytoplankton so that there can be no excess in herbivorous groups .
Grice and Hart (1962) suggest that the trophic structure of the offshore
region suggests a highly efficient, stable and possibly delicate re-
lationship between the primary and the secondary trophic levels . The
trophic structure of the shelf is probably less efficient and highly
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changeable, with constant fluctuations between surplus and scarcity of
phytoplankton food supply . The slope water represents a somewhat
intermediate situation in that it contains the components of both
systems .

7 .2.8 RELATIONSHIP TO HYDROGRAPHY AND OTHER PHYSICAL FACTORS

andThe r2lationship between the zooplankton and temperature, salinity,d
other features of the water mass is of special interest because many
components of the zooplankton community are known to correlate very
closely to hydrography and are, therefore, useful in identifying hydro-
graphically related processes in the ocean .

The slope water r,r;gion, with its wide variation in hydrographic con-
ditions, presents a very dynamic and changing situation for the zooplank-
ton community . A number of authors have illustrated the typical tempera-
ture and salinity structure of the slope water that was~present during
their collections (Grice and Hart, 1962 ; Cifelli, 1962, ;1965 ; and Clarke,
1940) . Grice and Hart's data summarize the temperature and salinity
variations for the four seasons (Figure 7-22) . The wide variation in
temperature and salinity of the surface water is obvious and reflects
the neritic-ocean mix occurring in the slope water . Below 200 m there
was little change . September and July show thermoclines between 10 and
40 r.i with temperature inversions, probably related to shelf water intru-
sions . In December the waters were practically isothermal to 70 m .
The slope water salinities were variable but generally higher than the
shelf .

Both cnpepod (Grice and Hart, 1962) and foriminifera (Cifelli, 1962)
species are useful indicators of the intrusions and movements of water
masses within the slope water region . Grice and Hart (1962) have indi-
cated the seasonal and areal distribution of various copepod indicator
species (Table 7-11) . Cifelli (1962) noted that the foraminiferal fauna
in the slope water was intermediate between coastal and oceanic species
and reflected the mixing of surface water between the Sargasso Sea-
Gulf Stream and the sloae water . He also noted that stations with inter-
meaiate foraminiferal faunas had intermediate subsurface temperatures .
He suggests that dissipating eddies from the Gulf Stream meanders might
be the cause of this type of mixing .

The movement of waters in the form of eddies, rings, or intrusions from the
Gulf Stream into the slope and shelf waters brings a characteristic
fauna typical of subtropical regions . This had been noted by a number
of authors and is at present the subject of major studies at the Woods
Hole Oceanographic Institution . 'fhe wel :-known eddies that break away
from the Gulf Stream and form a ring of swiftly moving Gulf Stream
water around a core of Sargasso Sea water with its expatriate fauna are
the means by which the slope and shelf waters may be "invaded" by sub-
tropical species .
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The proctss of nutrient rer .:wal by geostrophic upwelling that has been
suggisted ty Rossby (193f/, rtedfield (1936), and Yentsch (1974), where-
by nutn tmt rich deep water surfaces along the lines ot equal density
into the sl :i)e and shelr wcters, is of interest in respect to zooplank-
ton. SeYers0 authors .+3vc.- noted the abundant zooplankton fauna in the
Inner slope and outer shelf region end have suggested that this Right
result fro•i an #bundant FhytoQlanktor: food supply resulting fros the
upwelling pr3cess . Hnaever, ne lack of strong evidence of unusualiy
high phytopl4nkton produ :tion at the shelf break ano Lne fact that the
peak in zoopiankt4n pr+%+uction should occur after April, when the slope
flowering occirs, a facr that has root yet becn e*.tabiished, would indi-
ute that tt--se ansti.ers awjit further investigation .

7. 2 . 9 RELAT I hFi S1i I FS T O pUL1UTaXTS

/

~

;

As withh the phytoplankton . there is little in`the way of in situ studies
from which conclusions can Se drmm about t.he'effect of po-Tlutants on
zooplankton populations in the slope water. In his review of the re-
lationship between zooplanRt in ancd oil, as it' relates to the mid-Atlantic
shelf, Forns (1974) draws u :e following ccnclusions from existing labora-
tory and field data :

(1) Crude oil seea~s less toxic to zooplankton than does cleaning
dispersants .

(2) Oifferent types of :rude oil have different effects on plankton .
1

(3) Zooplankton popuia'ions scea to recover frora catastrophic oil
spills within one seasonai cycle .r,th sufficient flushing .

(4) Larval forms are more sensitive to oil than adult forms .

(5) Relative size affect .: resistance : large animals seem to be
more resistant .

1'oiychlorinated biphenyls in the marine ec:.:ystetn hare been of interest
because of their widespread d : :tributicn . RiseSorcugh, Vreeland, Harvey,
Mikla s, and :rrr.ignant (1972) :eterrined the content of PCB residues in
the tissue of zooplankton t,ken in shelf and sloDe waters on a serie ; of
three cruises . The distribution of the PCE cancentrations is shown in
Figure 7-23 . The concentrations were relatively high, comparable to the
levels fcund in fish off Long Island Sound, and the higtast were centered
around the slope and shelf off southern New England and New York Sight .

7.2.10 ICHTHYOPLANKTON

Although the ichthyoplankton are an integral coirponent of zooplankton,
they have unique features T~hat cause theQ to be considered more as com-
ponents of fish populations Inan as part of the plankton . The
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eggs and larvae of any asrt ;cular species are only temporary a e nbers of
the plankton community and because their fate during the planktonic
stage has significant efzects on adult stocks, they have received most

` attention from those incerested in the fish populations .

; Our knowledge of the iN!tryoplankton of the slope water is very limited
and many of the offshore species are not yet identified . To date there
has been no covplete survey of the outer slope waters in terms of fish
larvae. Past-surveys have dealt with coastal and shelf areas which
have been sum rrarized in the previous report (Chenoweth, 1974) .

At present, the PihJWAP program carries out extensive ichthyoplankton
sampling in coastal and shelf waters with stations that overlap the
shelf edge to about 1,000 m. lheir data, when it becomes available,
will give a better understanding of the components and abundance of the
ichthyofauna of the inner slope regions and the role that the slope
water plays in the reproduction of various fish species . The most recent
inforrr•3tion on slo,v water ichthyoplankton is from the previously
mentioned deep water dump site lU6 study ( N . Y . Ocean Science Laboratory,
1975) in .rhich a small area of the tnner slope was sa npled for fish eggs
and larvae .

COMPONENTS

There are probably a number of fish coRmunities that contribute to the
ichthyofauna of the slope water areas . These carnunities all overlap,
as adults, in the transitional zone that is the slope regic .n . They are:

(1) Species abundant in the shelf areas but whose reproductive products
move into the slope area .

(2) Demersal slcpe species, such as macrourids, that reproduce pri-
marily in these waters .

(3) Mesop0agic fishes, such as myctophids, that are abundant in the
deeper slope water.

(4) Possibly the products of bathal fishes, common below 2,000 m,
that drift into the slope zone .

The species of fish larvae taken from the slope area of the deep water
dump site study are listed with standing crop values in Table 7-13, and
show tne general representation of the various groups mentioned above .
Over 50 identifiable species, most of tropical origin, were found in
the Neuston net samples and almost an equal number of species were taken

- with a .505 Bongo net . The dominant forrs in the Bongo .505 samples
were ?arval wyctophids and bothids .

The species with the hinhest standina crons were `hoseinhabitin- the
shelf areas . Diversity increased with distance offshore to t:ier
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Table 7-13 . Fish larvae and standing c-„ps tak n with .505 Bongo net
at the Deep Water Dump-sttE 106 ~fron N . Y . Ocean
Science Laboratory unpublished report) . Double oblique
twrs to C ^J" mters using 61 cm Bonqo net with .505 mesh .

Station 2-1 Number
ltur`ae dae leptocephalus T -
Di enichth•s atlanticus 1
Mor dae 8
Macrouri dae 1
Holocentridae 1
Bothus sp . 1
Ct t~h ra ichthys sp . 1

nacanthus c i liatus 1
etraodon;idae K- 1

Station 4-1
Nettodarus brevirostrus 1
Myct~o~phi dae 2
Gonostomatidae 1
Serranidae 2
E.tr_opus nicrostanus 1
S acium sp. 1
othMe 3

Monacanthus hispidus 1
Unknown U I

j Unknown E 1
~

~r

i

No ./1044m3

2 .8
22 .0
2 .8
2 .8
2 .8
2 .8
2 .8
2 .8

2 .8
6 .6
2,8
6 .6
2.8
2 .8
8 .4
2 .8
2 .8
2 .8

Station 6-1
eptdophanes uentFeri- 1 3 .0~
cto hun asperum 1 3 .0

Macrouri dae 1 3 .0~
Peori lus t ri canthus 1 3 .0

, Bothidae 1 3 .0
t Unknown D 1 ; 3 .0

Station 7-1
_ Anchoa sp . 1 2 .5

Clupeiformes 1 2.5
Maurolicus meulleri 1 2 .5
Trachin pha- us mmyops 1 2.5
Synodontidae 1 2.5

~ Myctophidae 37 92.5
'~ Urophycis sp . 3 7 .5

Lophius americanus 1 2 .5
~ Scorpaenidae 1 2 .5

Bothidae 1 2 .5
Cyclopsetta fimbriata 1 2 .5
Etropus micros tomus 1 2 .5
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' Table 7-13 . (Cont,)
t

~

'" Station 7-1 (Cont . ) Mumber
-'

No. 1000~m3
-s acium sp . 2 3 .0

hurus sp . 1 2 .5
etra ontidae A 1 2 .5
Unknown 0 2 5 .0
Unknown 6 4 10 .0

Station 8-1
ona artia vedaliots 1 3 .1
Centrobranchus sp . 1 3 .1
CeratoscopeTus maderensis 3 9 .4
Mv ctophidae 7 21 .9
Moridae 1 3 .1
Nacrouri dae 3 9 .4
Hoiocentridae 1 3 .1
Centro ristis striatus 1 3.1
yc opsetta irb- r ata 1 3 .1
Tetraodontiaae A - 2 6.3

Station 9-1
Clupeiformes 1 2.7

_ Paralepididae 1 2 .7
`_ fiyctophi dae 11 29 .8

Citharichthys arctifrons 1 2 .7
CTsetta fi Tbriata 1 2 .7

; Syaci uri sp . 1 2 .7
Tetroaontidae A 1 2 .7

~ Unkncwn H 1 2 .7
Unkn.wn J 1 2.7

~ Unknown L 1 2 .7

; Station 10-1
~ Gonostomatidae 2 6 .1

hbctophidae 2 6.1
~ Urophycis sp . 2 6 .1

Moridae 1 3 .0
Exocoetidae 1 3 .0
Pomatortus saltatrix 1 3 .0
Pepr~s'triacanthus 1 3 .0

' Citharichth s arctifrons 2 6 .1
~ yad~ um sp . 1 3 .0.

Unknown D 2 6 .1
_ ; Unknown K 2 6 .1

Unknown L 1 3.0. ;

- ~
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Table 7-13 . ( Cort.)

Station 11-1 tdumbe r No ./1000m3
~y`c topi i cae

_
~$ --3.T.7

Unknown Q 2 7 .5

Station 12-1
Gonostonw tidae 1 3 .7
Myctophidae 6 2? .1
Sciaen *dae ~ 3 .7
Unknown L 1 3 .7

Stat i on 13-1
~ Hettastt,matidat• leptocephalus 1 3 .4

8revoortia t~i.n,^,L~ s,L~ s 1 3 .4
, upormes - 1 3 .4

Synodontidae 2 6 .8
Myctophi dae 12 41,1
Foinatonus saltatrix 1 3 .4
~epri us t riacantnus

~
1 3 .4

Bot dae - 2 r',,F
Tetraolontidae A 1 3 .4
Unknown G 1 t 3 .4
Unknown R 1 3 .4

Station '4-1
; Argyrope' ecus henigymnus 1 2 .8

Synodontidae 1 2 .8
MyctcpF,i dae 13 36 .6
Histr+) fi istri ,: 1 2.8
Anti?oni a s,, . 1 2.8
Botr:.F!- 1 2 .8
SvaciL7 sp . 1 2.8
tlonacan -:!sus hisjidus

~
2 5.6

Unknown K 1 2 .8
linkrown L 1 2.8

Station 15-1
Gonostonatid :,e 1 3,0
Myctophidae 2 6 .1
Bothi ea,! 2 6 .1
Unknohn 0 .

- ~
; 3.0

~

i

7-38 ,

,



Table 7-13 . (Cont .)

Station 15-1 Number m3No . 1000
Brevoortia sp. 7-

~.
4 .8

yno onti ae 1 2 .4
Myc topt , i dae 8 19 .3
_U~ro .̂ h cis sP .

-
1 2 .4

oS~ natoFus sa l tatrix 3 7 .2
te ton 3 crrysops 1 2 .4
Scombridae 1 2 .4
Pe ril~us triacanthus 1 ~ 2 .4
r~P onotus sp. 1 2 .4

S ay cium sp . 1 2 .4
Bothidae 6 14 .5
Unknown D 1 2 .4
Unknown H 1 2 .4
Unknown P 2 4.8

Stati on 17-1
Para epididae 1 2 .8

Gonostomatidae 1 2 .8
Trachinocephalus twops 1 j 2.8
Evermannelliaae 1 2 .8
9i aphus dumer 1 4 11 .2
H gy ophum nY9ar, 1 2 .8

niLcbiarchia dolfi : i 1 2 .8_
_ ctopfum affine ~ 1 2 .8
Myctoph dae 8 22 .4
Macrouridae 1 2 .8
Pomatomus saltatri x_
er~ ranicae 2 5 .6
Peprilus tr i acanth i_s

~ r
' 2 .8

Bothidae 3 8 .4
Tetraodontidae A 2 5 .6
Unknorrn H 1 2 .8
Unknorn L 1 2 .8

S':ati on 16-1
Myctophidae 25 42 .2
Histrio histr'.c 1 1 .7
JropFiycis sp . 4 6.7
Macrouridae 3 5 .1
Serranidae 1 1 .7
Apogonidae 1 1 .7
Gempylidae 1 1 .7
pP ri luc triararthi~c 1 1 .7
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Table 7-13 . (Cont .) ;

Station 18-1 (Cont .) Number No . 1000m3
Stromateidae 1 1 .7
Cyclopsetta finbriata 3 5 .1
S~acium sp . 14 23 .6- --
oit i dae 33 55 .6
Unknown D 16 27 .0
Unknown H 1 1 .7
Unknown K 2 3 .4
Unknown L 6 10 .1

Station 19-1
Congridae leptocephalus 1 1 .4
Paralepididae 1 1 .4
Valenciena;O l.us -tri pu-nctulatus 2 2 .9
Vincigerria pcweria1 1 1 .4
Benthosema suborbitale 3 4 .3
eratoscoeTus maderensis 2 2 .9
i ap us durc.eri li~- 1 1 .4

Hygophum h,~^gai i 2 2 .9
.•ampanyctus alatus 1 1 .4
Lep.idophanes quentheri 1 1 .4

cto hum as perum 3 4 .3
Fyctophidae 32 46 .2
Laphi us americanus 2 2 .9
Uro h cis sp . 2 2 .9
Me amphaeidae 1 1 .4
Syngnathus elucens 1 1 .4
Pomatomus s al±atrix 1 1 .4
1''e'riTus-tri acanthus 1 1 .4
S tromataeidae 1 1 .4
Citharichthys arctifrons 1 ' .4
Bothidae 5 7 .2
Unknown H 2 2 .9
Unknown Q 1 1 .4

Station 20-1
Congridae leptocephalus 1 2.0
Ceratoscopelus ma derensis 3 5 .9
Myctophidae 12 23 .6
Mcridae 1 2 .0
Stromateidae 1 2 .0
Bothidae 2 3 .9
Tetraodontidae B 1 2 .0
Unknown D 4 7 .9
Unknown R 1 2 .0
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Table 7-13 . (Cont .)

Station 22-1 Number No. 1000m3
Para epiaidae 1 2 .0
Synodontfdae 1 2 .0
hyctopt.icae 4 8 .0
Scomber scombrus 13 26 .1
Uidae 1 2 .0
Unknown 0 1 2 .0
Unknown L 1 2 .0

Station 23-1
MuraenidaE leptocephalus 1 1 .9
Urophycis sp . . 21 39 .0
Pomatomus saltatrix 4 7 .4
Pe rilus triar,anthus 1 1 .9
Limara a ferrugtnea 1 1 .9
Monacan-L.;us hispidus 1 1 .9
UaknoNn ri 1 1 .9
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southeast, accompa:iiEd by higher temperatures and salinities .

Although larvae of shelf species seem to be well represented at the deep
water dump side, the slope waters are probably not a nursery ground for
these species and it is likely that it harbors shelf species that have
drifted away from more desirable areas . Colton and Temple (1961) have
discussed the significance of the drift of fish larvae off Georges Bank
into slope water and suggest that normally most shelf-spawned larvae
drift off the Bank and are lost in the fishery . The role the slope water
plays in the reproductive activities of the commercially important shelf
species is still not clear .

7 .1 .11 . DATA GAPS

The -N2veral studies reported in this chapter have provided information on
the species composition, the distribution and the seasonal cycle of abun-
dance of zooplankton as a whule in the surface zone (upper 200 m) of the
study area . The zooplankton of the slope water, however, consists of a
diverse group of organisms, many of which are not common to the shelf waters
where most research has been done . Certainly the life history aspects and
autoecology of many kinds of zooplankton in this region have yet to be
described . Very little is known about the zooplankt .on communities below
the surface zone .

The inner waters of the slope region are thought to be fairly productive
for zooplankton and the waters close to the continental shelf appear to be
imclortant forage areas for many animals of the higher trophic levels in-
cludino_ the higher invertebrates, fishes, and mammals . There are unan-
swered questions concern-"ng the productivity and theitronhic relationships
of zooplankton in this area . Estimates of reliable total zooplankton
production require such determina%'ions as life spans of important com-
ponents of the slope zooplankton and the contributions of populations be-
low the surface zone to totai production . The role of the zooplankton as
grazers on phytoplankton and as forage for the higher invertebrate and
vertebrate animals has yet to be clearly defined .

Some information concerning the relationship of various members of the zoo-
plankton to hydrocraphy in the slope water is availabtie and has been dis-
cussed in this chapter . However, there is little data concerning specificL
tolerances or preferen;,es of individual kinds of zooplanktors to ranges
c .' salinity, temperature, or other physical properties . Programs at the
Woods Hole Oceanographic Institution now in progress are designed to examine
the relationships oi' zooplankton communities to the Gulf Stream eddies and
should help to clarify the relationship of zooplankton communities to hy-
drographic features .

Almost nothing is known of the in-situ response
ation by pollutants although there have been some
tion of PCu residues in zooplankton tissues .

of zooplankton to contamin-
studies on ahe distribu-

\ ~

i
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The ichthyoplankton forms a somewhat seoarate category of zooplankton -
because of its relationship to fishery interests . Of particular concern -
is the movement of fish larvae of important conmercial species from the
shelf waters where conditions are dssumed to be optimal for their sur-
vival, into the deep clope water where their survival anc+ recruitment to
the adult stocks is less assured . Signi :`ic3nt loss of reproductive stock
to the open ocean could affect the success 'of year classes of commercial
fish species .

Uf course basic information concerning slope water ichthyoplankton be-
longing to fish species of the deeper oceanic waters is generally lacking
to the extent that many of these species are not yet identifiable .
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7 .3 BENTHOS

7.3.1 THE BENTHIC INVERTEBRATES OF THE CONTINENTAL SLOPE : A REVIEW

INTRODUCTION

Benthic marine ecological studies have aeen carried out along the north-
western Atlantic coast, especially in the New England region, for well
over a century . Only recently, however, has interest been directed
towards the deeper waters which include the continental slope . The
initial stut'ies of siqnificant iaagnitude wero launched in the earlv
sixties . Work at these depths has been continuing at an accelerating
rate with increasing sophistication as our fundamental knowledge of
these areas increases, and as the technological maturity to carry out
such studies develops . Investigations of the benthos of the continental
slope have usually centered around a limited number of people ; princi-
pal among them are such ecologists as Sanders, Hes$ler, Rowe, Menzies
and Wigley . We drew heavily upon the contribution's of these people in
compiling this report .

Retrieving samples from deep water remains difficult to this day . The
`' process is basically the same as it was a hundred years ago, that is,

lowering a sampling device to the bottom on the end of a line . There
have been modifications in the sampling devices, however, which make
them more efficient . The advent of deep-sea photography and research
submarines has made visual inspection of the bottom possible . Indeed,

~ much of the information on faunal densities and distributions on the
~ continental slope has been generated using these visual methods .

Today four basic methods are used singly or in combination to gain in-
formation on the continental slope benthos . They are : 1) grab samples ;
2) dredges and trawls ; 3) bottom photographs ; and 4) observations from
submersibles . Each method has advantages and disadvantages . The
reliability of grab sampling has been incre3sQd with the development of
spring-loaded grabs such as the Smith-h1ciotyre grab (Snith and Mclntyre,
1954) which must be in contact with the bottom to' .:lose . Many grabs, de-
signed to close when the support line slackens at bottom contact, will
close prematurely when a roll of the ship causes the line to slacken .
Grab saiapler; :rt very quantitative, at least for infauna (the organ-
isms living in the sediment), but the stnpie size is relativtl ; small
so '.r,at only a limited number of specimens will be recovered iR areas
of tnwr tc-ns i ty .

t Dredges and trawls have the advantage of ccvering a much larger area
than grabs . They are, however, often selective in wh?t they ;ecover .
Devices such as the otter trawl or beam trawl are principally used to
capture epifauna, i .e ., the fauna living on the substrate . Due to the
avoidance reaction of the motile epifauna and to the inherent inef-
ficiency of raost dredjes and trawls, they are considered to be quali-
tative samplers, although they are often used to establish relative
abundances of dominant species . A dredge called the epibenthic sled,

~.
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developed by Howard Sanders of the Woods Hole Oceanographic Institution,
has overcome many of the shortcomings of previous dredges and has
greatly advanced our sampling capability in deep water (Hessler and
Sanders, 1967) . This dredge reliably skims off the top few centimeters
of sedimer:t where the great majority of the organisms are found and it
has coilected a vast number of species and individuals from the ocean
bottom .

Field sampling with a grab or dredge is only the beginning of the dif-
ficulty of producing data on the continental slope benthos . The
samples must be sieved on fine screens to remove the finer sediment
fractions, then they must be properly preserved . In the laboratory
the fauna must be manually removed from the remaining ~edim_-nt, identi-
fied to species and counted before a riqorous analysis of the data can
be started. This laboratory analysis is a long, tedious job . Some
benthic ecologists estimate that an hour of field collecting wiil take
40 hours in the laboratory to work up the information properly . Con-
siderieg '.he present lack of systematic Knowledge of many continental
slope taxa, this estimate may be conservative .

Visual methods of sampling the deep benthos have the advantages of
being able to cover a larae area of bottom quickly and of being rela-
tively simple to process . The obvious eisadvantages are that only the
larger epifauna car be ~een anj idFritified in the photographs and the
animals are not ,•eturned to th~ laboratory for study . If ic is pos-
sible to assume, iiowever, tnet the smaller epifaanal and infaunal
organisms respond in the same way to control'ing ecological factors, as
the large epifauna vi :i :.le in the photoyraohs, it iiiay be oossible to
define relative au--ndancF and zone-, of distr :~ution t., this method . A
more complete discvssi ;,r: ;* -_f,,.z val :es and limitati,ns of photographic
sampling can be found in Mclntyre (1956), Owen, Sanders and Hessler
(1967) and W?giey and aeroux (1970) .

As mentioned above, it :s ao ;sVble and advantageous to ure some of
these methods ir; comoir,ation . Grabs are often lowered with attached
cameras that photograph the bottcrt just before impact . Campbell grabs
have been equipped with cameras inside the jaws to snap a picture at
the exact impact point (Wiqley and Emery, 1967) . This arrangement
allows the recovery of the identical specimens photographed . Dredges
and trawls can be outfitted with rapidly recycling cameras on the
bridle of the sampling device (Allen Paul, personal communication) .
This gives an estimate of the percentage of species and individuals in
the path of the trawl that are not captured by it .

Special techniques can also contribute valuable information about con-
tinental slope benthos . Dayton ar,d Hessler ( 1972) showed, by taking
a timed series of photographs of bait placed on the ocean floor, that
motile deep-seu animals apparently are attracted to a food source from
a considerable distance . The use of baited t-raps often recovers
species missed by grab or dr ;.oge sampling ( Paul, 1973) and recruitment
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in deep-sea communities can be studied by placina boxes of abiotic
sediment on the ocean floor and monitoring the settlement and migra-
tion of fauna into it (J . Frederick Grassle, personal communication) .

The reader wishing more detailed information on benthic sampling and
its attendant problen-~ ;.^d limitations should consult Holme and
McIntyre (1971) .

The following account of the benthos of the continental slope is based
primarily on published literature . As many pertinent references to
the literature as possible are included for easy back reft'rence . Know-
ledge of the benthos on the slope is still fragmentary, so it is not
possible to produce a comprehensive report . The extent and detail of
each section below reflects the amount of absolute information known
on the subject . For example, the depth distributions of some major epi-
t•aunai components are well known, whereas physiological information is
almost totally lacking .

There are two areas within the study region of Georges Bank to Cape
Hatteras which have been heaeily sampled (Figure 7-24) . The first is
to th: south of Martha's Vineyard, Massachusetts . This area is part of
the well-known Gayhead-Bermuda transect and it has been studied by
several investigators, mostly from the Wocds Hole community . Consider-
ing all aspects of benthic bioloay, it probably represents the best
known piece of continental slope on the eastern seaboard .

The continental slope off the Carolinas has been heavily studied by
scientists previously centerea at Duke University . This area, in con-
junction with the northern area described in the preceding paragraph,
givesus most of the data base upon which this report is written .

The slope in the New York Bight near Hudson Canyon has been examined
to a limited extent .

CO*tUNITY STRUCTURE

Composition

~ The taxonomic composition of the marine benthos is very dive rse .
~ Stickney ( 1974) reports that 20 of the 22 accepted animal phyla are re-
_ nresented in the benthos . On the continental slope, certain groups are

numerically important, among them the polychaetes, peracarid crust a ceans
(amphipods, isopods, etc .), bivalve molluscs and often sipuncui ids in
the infauna (Sanders, et ai ., 1965) and echinoderms (sea :.ucwibers,
brittle stars and sea i:rch:ns), polychaetes and coelenterates (sea
anemones) in the epiiacna ; Rc 4e and Menzies, 1969) . Which group is

; dominant in abundance or biomass depends largely orn the depth sampled
~ and the type of sampling gear used . The faunal corr.oosition of a tyaical

epibenthic sled haul is illustrated in Table 7-14 . This sample Nas taken

r
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Tahle 7-14 . Results of a s'•ngle epibenthic sled h z,ul at 39° 46 .5'N,
70°43 .3'W in from 1330-1470 m 'modiiien from Hessler
and Sanders, 1967) .

Spp . Ind .

Porifera 2 +
Coelenterata 16 171
Nemertina 4 180
Priapulida 1 37
Pogonophor, 3 13
Annelida 91 10804

Archiannelida 1 26
Oligochaeta 1 13
Polychaeta 89 10765

Sipunculid4 8 85
Echiurida - -
Arthropnda 127 4393

Pycn-,gonida 2 45
Arachnida 1 1
Crustacca 124 4347

Ostracoda 3 25
Copepoda + +
Cirripedia 1 1
Malacnstraca 120 4321

Leptostraca 1 2
Cumacea 20 794
Tanaidacea 23 891
Isopoda 30 1538
Amphipoda 43 1005
Decapoda 3 91

Mollusca 84 6713
Aplacophora 14 1086
Pelecypoda 28 4493
Gastropoda 2 5 608
Scaphopoda 7 526

Echinodermata 20 2715
Crinoidea - -
Ophiuroidea 6 1327
Asteroidea 3 44
Echinoidea 5 7
Holothuroidea 6 1337

Ectoprocta - -
Brachiopoda - -
Chordata 3 26

Urochordata 2 22
Vertebrata 1 4

Incertae Sedis 6 105

Total 365 25,242+
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t~q Hessler and Sanaers (1967) off southern New England at between 1330-
1470 m. Trends in taxonomic composition of the benthic com:nunity at
various depths will be discussed in the section on zonation .

The number of separate species potentially inhabiting the ocean at
slope depths is immense . Hartman listed 266 polychaete species in 50
families from the Gayhead-Bermuda transect (Sanders, et al .,
1965) . Miny of these species occur on the continental slope . For ex-
ample, in 'aa; 1961 three samples were taken at continental slope depths
off southErn ?iew England using an anchor dredge . From these samples, %
Hartman identified 50, 51 and 66 species of polychaetes at depths of
2000 m, 1500 m and 823 .5 m, respectively (Hartman, 1965) . The largest
of the three samples covercd only 1 .01 m2 of bottom, indicating that
this extremely high dirErsit-- at slope depths is real and is not an
artifact caused by the dredge integrating species acro-s several habi-
tats, i .e., it represents within and not between-habitat diversity .
The cumaceans along this transect were studied by Jones and Sanders,
(1972) using the epibeiithic sled . They report the ave :°aqe number of
species per haul to be 15 between 68-1000 m, 18 betweer: 1MO-2000 m
and 13 between 2000-3000 m . Tne maximum number of species of cumaceans
in a single sled haul was 37 at 587 m . Isopods are a common slope
taxon °nd indeed, because of their abundance, their lifelong benthic
habit and the relatively advanced nature of their systvcatics, they are
often chosen as environmental indicators (Merzies, et al ., 1973) .
Menz•tes, et al, (1973) report finding 41 species ofisopads on the
Carolina slope between 200 and 2635 m .

It is, therefore, manifest that the continental slope benthos between
Georges Bank and the Carolinas is highly diverse . This div-irsity is
reflected not only in the large numbers of species inhabiting the
slope but also in the diversity of the higher taxonomic levels frem
genus to phylum .

Zonation

Zonation can be defined as large scale heterogeneity of faunal dis-
tributions . Smaller scale heterogeneity within a species• oormal
distributional range is called patchiness and it is caused by physical
and biological irregularities in the environment . Discussion here
will be limited to zonation per se, as the extent and actual causes of
patchiness on the continental slope are nGt well understood .

Within the study area, zonation can take place °.n two planes - a
horizontal plane measured in latituce and a verticai plane measured as
depth . Assuming other ecological factors, such as current and dis-
tance from land,are constant, there is a change in the pattern of
zonation based or~ latitude . The principle is called tropical sub-
mergence and in its simplest form it states that a species is found
at increasingly greater depths as one moves from the poles toward
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UE equator. The most pronounced and better known examples occur in
sn&llow water where a species such as the gastropod Buccinum undatum
may be c+iaracteristic of the intertidal zone in Maine, but is strictly
a subtidal organism in sur,thern New England . The o, .̂erating ecological
factor is, of course, the latitudinal gradient in temperature which is
reflected in water temperatures . The sura effect of many species ex-
hibiting this phenomenon would cause the sam e or similar biological
cormunities to be found at greater depths in the southern secticn of
the studW area than in the Geo rges Bank area . Menzies, et a1 ., 1973)
(pg . 250) graphically depict this phenomenon . Its relevance'to this
report is twofold : 1) that different faunal zones occur at different
depths in different parts of the ocean so that no generalization about
the depth distribution of faunal comr. iunities is valid over a large
geographic area ; and 2) there is no reason to believe that the dis-
con ti r.ui ty betaeen the cenr,uni ti es typi cal of the conti nental shel f
and those found in deeper water should be found at the shelf break or
at any other topographic feature. ~

One would have to consider a much greater length of continental slope
before the phenomenon of tropical submergence would have overriding
importance . In our study region, other factors, such as current and
sediment distributions are more important, but these factors being
equal, the deF~:h distribution of several species, and even whole com-
munities, woul .: te deep? r at the southern end than at the northern end .

Within the scale of our study area, depth zonation is much more pro-
nounced than latitu :iir,al zonation and it is perhaps the best studied
aspect of the ecology of continental slope benthos . Depth zonatiorr of
the faunal communities of the northwestern Atlantic continental slope
has been reported as marked (Rowe and Menzies, 1969) and nonexistent
(Sanders and Hessler, 1969) . Discrepancies between the various reports
are in part related to geography and in oart to the segment of the
fauna being examined .

Zonat :on on the continental margin is dependent on several interrelated
abiotic and biotic factors . It is usually described in,terms of depth
but it is as dependent on currents, sediments, temperature, topography
and, of course, on species interactions . These factors will be dis-
cussed separately in later sections, but ..in reading the following pages
these causal factors will be referred to and their interrelationship
should be kept in mind .

The depth zonation of isopods and large epifauna animals on the con-
tinental slope off the Carolinas has been investigated and summarized
by Rowe (1968, 1971), Rowe and Menzies (1968, 1969), Menzies and Rowe
(1969) and Menzies, et al . (1973) . A large part of the sampling was
done photographically. Wigley and Emery (1967) also used photographs
to analyze the distribution of benthic animals of the slope from
Georges Bank to North Carolina and Southward and Brattegard (1968)
examined the zonation of Pogonophora off North Carolina .
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Based on the above knowledge, Menzies, et al . (1973) conclude that the
topographic Carolina slope contains three faunal provinces, where a
faunal province is defined (pg. 78) as "a major division of a realm" .
The rea;m in this case is the entire aphotic benthic habitat . A
province can include one or more faunal zones which are defined (pg . ?8)
as "a subdivision of a province" that "is distinguished by the rate of
change of species along a bathymetric scale within a faunal province" .

The faunal province at the highest elevation of the slope is the con-
tinental shelf province . This province extends to a depth of at least
246 m off the Carolinas . The sIgnificant point here is that the dis-
continuity between shelf and abyssal fauna does not occur at the shelf
break, but at a point where the sediment and other physical parameters
change . At about this depth the sediments change from a coarse, motile
sediment to a finer, more staGle one . Also, the shelf province is
subject to marked seasonal changes in temperature, dissolved oxygen,
productivity and variations in intensity of the Florida current .
Menzies, et al . (1973) use isopods as indicators of faunal variation .
They state that there is only a five percent overlap on isopod species
between the shelf province and the next lower area, the archibenthal
zone of transition, and zero percent overlap with the abyssal faunal
province . This indicates that the sheif faunal province is definitely
distinct from the others mentioned and that, indeed, a faunal dis-
continuity occurs at about 250 m .

The faunal province below the continental shelf province is called the archi-
benthal zone of transition (Menzies, €t al ., 1973). This zone runs from near
the top of the slope to the zone of constant temoerature at about 30J-1G00 m .
In tne region of the Carolinas, a good part of this area is swept by
the Florida current which leaves the bottom rippled . Both the level
of temperature and dissolved oxygen are variable in this area and both
are somewhat unpredictable. The seasonal change in temperature can
be as great as 5oC and the level of dissolved oxygen can drop to
3.0 ml/l in June as water from the Gulf Stream com.es in contact with
the bottom (Rowe and Menzies, 1968) . On the generic level, the upper
part of the archibenthal zone of transition has a faunal affinity to
the shelf province while the lovier archibe :1thal zone of transition has a
faunal affinity to the abyss . There is much less affinity in either di-
rection at the species level . Taking the fauna of this zone in toto ,
however, it would appear that the archibenthal zone of transition has
the greatest faunal affinity for the abyssal province (Ekman, 1953,
Menzies, et al ., 1973) .

Menzies, et al . (1973) report the large invertebrate animals at this
depth range off the Carolinas as being the polychaete Nyalinoecia
artifex , the anemones Ceriantheomorpha braziliens is, Actinauge
rugosa , Bolocera tuediae and Actinoscyphia saginata , the decapod
crustaceans Parapagurus pilosomanus, Catapagurus sharreri , Munida
val?da ; Rochinia crassa, B~typhla and Geryon quinquedens and
the solitary coral Flbellum og odei. ~
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Below the archibenthal zone of transition, beginning at about 1 000 m,
Menzies, et al . (1973) identify the abyssal faunal province . This
province is characterized by little, if any, seasonal temperature
change . The temperature at its upper border is between 3 .5°C to 4 .0cC
and it drops slowly with depth to about 2 .1°C at the beginning of the
abyssal plain . Only about 16 percent of the isoped genera of the
abyssal faunal province are found in the archibenthal zone of transi-
tion and there are no species in common with the shelf fauna .

There is an increase in abundance of large epifaunal a :iimals betweern
the depths of 1000 and 2000 m followed by a decrease in dr ;o :;ity with
increasing depth (Rowe, 1968 ; Rowe and Menzies,1959) .

Animals in this zone begin to show morphological adaptations to life
in the deep sea . Many lack functional eyes, have reduLed pigmenta-
tion, molluscs show reduced calcification compared to shelf species
and some gigantism is exhibited when comparisons are made in the other
members or a genus or family (Zenkevich and Birstein, 1956 ; Menzies,
et 1973) .

Within the abyssal faunal province there are two defined faunal zones
which occur on the topographic contiaental slope . They are the upper
abyssal zone and the mesoabyssal zrn, .

The upper abyssal zone encompasses the depth range of 940-2635 m in
the Carolina region . Its sediments are of fin : Globigerina ooze and
it underlies the Western Boundary Undercurrent (Menzies, et al .,
1973) . Again, uring isopods as being representative of the faunal in
general, the upper abyssal zone is distinct frorn the archibenthal zone
of transition -;n 95 percent of the species and from the mesoabyssal
zone in 82 percent of the species .

The upper abyssal zone is characterized by large invertebrates such
as the sea urc l,ins Echinus affinus , Phormosoma plac anta, Pleisio -
diadema antilla rum and Hygrosoma petersii ; the brittle stars Cphio-
musium lymani , 0,spinigerum , ~h iacantha stirulans and Bathy-
pectinura heros ; and the sponge Cladorhiza sp . Rowe, 1968 ; and Rowe and
Menzi es, 1969 . -

The mesoabyssal zone is centered at the break between the continental
slope and rise, and includes the lower part of the slope . Faunis-
tically, it is mere closely related to the upper rather than the lower
abyssal zene (Menzies, et al ., 1973) . There is a species maximum for
isopods in this zone (Menzies, et al ., 1973) as was previously
pestulated by Menzies and George (1967) .

Large animals characteristic of the mesoabyssal zone in this region
include the brittle star Ophiomusium lymani ; the sea cucuaibers
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Pseudostichopus villosus and Euphronides cornuta ; the soft coral An-
thomastus gran diflorus ; the sea pen Pennatula aculeata ; the decapod
Parapagurus ilosomarus and the glass spon es Hyalonema boreale and
Euplectella suberea (Menzies, et al ., 1973) .

It is evident from the above discussion that the epifauna of the con-
tinental slope off the Carolinas occur in definite depth strata . This
phenomenon is well-il :ustrated by a figure from Rowe and Menzies (1969)
which is reproduced in Figure 7-25 . Although the zonation off the
Carolinas is largely defined by epifaunal distributions, there is
evidence to indicate that these patterns are exhibited by the benthic
fauna in general . First, the faunal break points shown by the epi-
fauna are also evident in the well-studied isopoas (Menzies, et al .,
1973) . Secondly, an analysis of the distributional patterns of several
species of Pogonophora indicates a similar vertical zonation pattern
( Southward and 6rattegard, 1958) .

The zonation of epifauna population has been recently studied using
observations and photographs from the submersible Alvin ( Grassle,
et al ., 1975) and from trawl samples (Haedrich, et aF., 1975) .
Grassle, et al . (1975) made several dives on the slope between
500 and 1900 m. Five dives were made at about 1800 m, so detailed
descriptions of this depth zone are available . Three large epifaunal
species(megafaun:) were dominant at this depth . They were the br i ttle
star Ophiomusium lymani , a cerianthid anemone, and the sea urchin
Echinus affinis .

Ophiomusium lyr^ani wa~ ubiquitous at this depth with densities of be-
tween 0 and 4.5 per m . The cerianthid anemone was seen almost as
often as 0 . lymani , as was the urchin Echinus affinis .

Other epifaunal species were rare relative to the above species, but
Grassle, Ht al . (1975) note seeing the following s pecies : the sea
cucumbersPelooatides gigantea and Mesothuisa lacten ; the sea urchins
_Hyg _r~osoma petersii and Phormosoma placenta ; starfish of the genus
oS laster ; and, tne pycnogonid or sea spider Colossendeis colossea .

A few individuals of :rustaceans and gastropods were seen, but these
were difficult to identify .

Grassle, et al . (1975) report seeing many rocks at the 1800 m depth,
which supported a different faunal community than that on th 3 un-
consolidated sediments which were described above . Organisms found
on the rocks incl ude a brittle star of the genus 0 hiec~antha, glass
sponges, serpulid polychaetes, the sea cucumber Psolus, tFF-ee species
of anemone, gorconians and crinoids . They also note some motile
animals were more common around rocks .

The area examined at 1300 m was generally topographically similar to
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Quantitative distribution of epifaunal animals in relation to depth off
North Carolina : (1) Cancer borealis ; ( 2) Munida valida ; ( 3) Catapagurus
sharrei ; (4) Parapagurus i o-f somanus ; ( 5) Actinau e-'fonaicornis ;
6 Actin_o_s_c_~yPh-i-a- sa inata ; 7 Bolocera tued iae ; 8 Cet~tttRthid3e ;
(9) F a elTum oodei ; 0 Pennatula aculeata ; (11) Umbellula lindahli ;

; (12) Anthomastus randiflorus ; 3 Echinus affinus ; 1 4 Cidaris abE- sicol a ;
; (15) Phormosoma placenta ; 16-) H ros r,ma ~e~tersii ; ( 17) Astro ecten
i americ4nus ; , 00hiomusium lymani ; (19) Oiiacan*ha simulans ; 2a

Bath ectinura heros ; 21 Amphi o hiura bul ata ; 22) Pseu3ostichopus
villosus ; 24) Eu hronides depressa ; 25 Euplectella suberea ;
26 Hyalonema boreale ; 27 Hyalinoecia artifex ; 28 Lopohelia sp .

~ ENVIRONMENTAL INVENTORY OF THE NORTH ATLANTIC CONTINENTAL SLOP EJ
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FIGURE
7-25

r
Epifaunal Zonatinn on the Cor:tinental Slope off
the Carolinas (Rowe and Menzies, 1969)
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ti.e 1800 m depth, but the dominant epifaunal animals were different
(Grassle, et al ., 1975) . The only abundant species was the sea urchin
Phormosoma placenta . Other species characteristic of this area in-
clude the glass sponge Hyalonema , the crabs Geryon guinquedens ,
Lithodes ~a~assizii and hermit crabs . Several observed organisms could
not be identified to the species level in this area .

Some fauna occurred at both depths . H ro~s__o~ ma, Solaster , Colossendeis ,
Pelopatides and Actinoscyphe are examp el s .

Based on their observations, Grassle, et al . (1975) conclude that .epi-
faunal slope species are "markedly zoned by depth" . This is especially
true for the five numerically dominant species which accounted for 97
percent of the individuals counted, but in most cases the less abundant
species also exhibited depth zonation. j

Haedrich, et al . (1975) examined depth zonation in the same area as
Grassle, et al. (1975) using a 16-foot semiballoon,trawl . They cap-
tureu 46 species of invertebrates between 141 and 1928 m . Breaking
this depth range into three depth zones they found that the starfish
Astropecten , the crustacean Munida , and the brittle star Am hilimna
were the most abundant species at less than 285 m . The po y~
Hyalinoecia artifex and the red crab Geryon uin uedens were most
numerous at mid-depths and in the deepest water t e brittle stars
Ophromusium lymani , and Homalophiura inornata, the urchins Echinus
affinus , E . alexandri and Phormosoma p -1 ceta , and the starfish
Porcellanaster caerujeus wer- e al1abundant . These results are sum-
marized in Table 7-15 .

Haedrich, et al . (1975) interpret their data as showing faunal bound-
aries for theepifauna at about 300-400 m and 1000-1100 m . This zone
on the upper continental slope corresponds closely to the archibenthal
zone of transition defined by Menzies, et al . (1973) for the Carolina
regicn .

It is evident from the results of these several studies from North
Carolina and southern New England that large epifaunal animals indeed
exhibit depth zonation . Furthermore, the upper and lower depth bound-
aries are similar for many species, so that the epifaunal assemblage
changes strikingly at certain depths, especially at 300-400 m and
1000-1100 m . Many of the dominant organisms are the same at both
ends of the study area ; for example, the brittle star 0 hiom~usium
lymani and the urchins Echinus affinus and Phormosoma p ace~ nta .

The question of depth zonation of the benthic infauna on the conti-
nenlal slope has received less attention than epifaunal zonation .
This is because of the difficulty in processing infaunal samples that
often contain over 300 species and thousands of individuals (see
Table 7-14) . The slope off southern New England on the Gayhead-
Rermuda•transect is the most heavily studied in this regard .
Sampling has been done using Smith-McIntyre grabs, anchor dredges and
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the epibenthic sled . Wigley and McIntyre (1964) included two slope
depth stations in their study of the macrobenthos and meiobenthos of
the area . Sanders, et al . (1965), Hessler and Sanders (1967) and
Sanders and Hessler TT969) occupied several stations on the slope as
part of their study of the Gayhead-Bermuda transect . Specific tax-
onomic infaunal groups from the transect have been studied by Hartman
(1955) (polychaetes), Jones and Sanders (1972) (cumaceans) and Rex
(1973) (gastropod molluscs) .

Wigley and McIntyre (1964) directed most of their effort to the
continental shelf environment and two of the three faunal groups they
identify pertain to the shelf . The three zones are (pg . 487) : "1) an
inner continental shelf group characterized by amphipods and polychaetes,
2) an outer continental shelf group characterized by echinoderms and
mollusks, and 3) a continental slope group characterized by a generai
paucity of fauna but dominated by polychaetes and including small
numbers of certain miscellaneous groups ." Their slope stations were at
depths of 366 and 567 m, so their finding of a unique slope group at
this depth seems to be consistent with the conclusions of Menzies,
et al . (1973 ) and Haedrich, et al . (1975), that the discontinuity between
shelf and slope faunal zones occurs at about 300-400 m .

The extensive studies of Sanders and his colleagues show a different
situation for the infauna than for the epifauna (Sanders, et al ., 1965 ;
Hessler and Sanders, 1967 ; and Sanders and Hessler, 1969) . These in-
vestigators do not find abrupt faunal boundaries at continental slope
depths . Indeed, the only major faunal boundary that they identify is
that between the shelf and slope fauna in the area of 200 m . Below
this depth and continuing to the deepest parts of the ocean, they em-
phasize that there is a gradual and continuous change in the fauna .
There is no evidence indicating that faunal change with depth is
faster at certain places than others, except at the top of the slope .
Hence, the faunal zones described for the epifauna (Menzies, et al .,
1973) are not valid for the infauna (Sanders and Hessler, 196 -9T.

These conclusions should not be interpreted as meaning that individual
infaunal species are not confined to specific depths . On the ccntrary,
the evidence suggests that many infaunal species have quite narrow
depth ranges . Jones and Sanders (1972) concluded (pg . 737) "The
cumacea have narrow and discrete depth ranges and are sharply zoned
by depth ." Sanders and Hessler (1969) are of the opinion that, at
the least, the bivalve composition of a deep sea sample is more
dependent on depth than on geographic location . They cite the example
of a station at 1400 m on the Gayhead-Bermuda transect being more
similar to bivalve composition to a station at 1700 m off the coast
of West Africa than it was to other stations on the transect separated
from it in depth by as little as 800 m (Sanders and Hessler, 1969) .
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ABUNDANCE - DENSITY AND BIOMASS

The presence of a species in a quantitative survey is usually recorded
as its abundance, that is, the number of individuals, and sometimes the
weight, per unit area . This is important because such information, in
combination with data on its size, life cycle, feeding habits, etc .,
allows an ecologist to draw inferences on the importance of the species
in the community and on the nature of the comr :iunity as a whole . The
literature contains much more information on the abundance of infaunal
animals than on epifaunal species because the concept of density is
more meaninqful in terms of the infaLna since they are collected with
quantitative ge'ar . Trawl sampling programs produce data in terms of
relative abundance or catch per unit effort arid usually greatly under-
estimate absolute abundance (Haedrich, et al ., 1975) .

Photography has been used to estimate the abundance of slope epifauna
(Grassle, et al ., 1975 ; Rowe and Menzies, 1969 ; and Wiqley and Emery,
1967) . This method is, of course, limited because only those organisms
that are large enough to be both seen and identified can be counted .
The most extensive coverage of the bottom at continental slope depths
is that provided by Haedrich,et al . (1975) . Densities of identifiable
epifaunal animals in their study varied from 0 .38 to 2,445 individuals/
1,000 m2 for the urchin ( Hygrosoma petersii) and the brittle star (Ophio-
musium jym,ani), respectively . A summary of their results reqardinq a-
bundance is provided in Table 7-15 . These authors conclude that their
density figures do not greatly deviate from those produced by Rowe
(1963) for the North Carolina continental slope .

Menzies, et al . (1973) note that there is an increase in the density of
large epifaunal animals in the abyssal faunal province from 1,000 to
2,000 m . Below 2,000 m, however, there is a progressive decline in
density .

Quantitative data on the density of infaunal specimens is provided in
the area of southern New England by Sanders, et al . (1965) ; Wiqley and
McIntyre (1964) ; and Rowe, et al . (1974), and around Hudson Canyon by
Pearce, et al . (1974) . Wiglev (1963) discusses the occurrence and
density of PQgonophora on the New England slope .

Very high densities of organisms were encountered on the continental
slope by Sanders, et al . (1965) . These investigators state that each
area supports a choracteristic number of animals . For example, they
found between 6,000 and 13,000 individuals per square meter on the out-
er continental shelf ; 6,000 to 23,000 on the upper continental slooe,
and 1,500 to 3,000 at lower continental slope depths . These numbers
agree fairly well with newer data provided by Rowe, et al . (1974) for
the same area (Table 7-16) .

7-112



~
.

r r

_ ~

- - - - . . . . , . - . . . . _ . . . _ . . . . , . . . _ _1_,
i .

_ .._ :... . . ... . ._.__ ...~ ._..~._. ..... .:.~~.~.... . . .~. . .~ .,.,_.~.~ ~._. .__~_..__.r_._~ _~

Table 7-15 . Dominant epifaunal invertebrates by i~jrsbers and percent on each
depth zone . (modified from Haedrach ; et al ., 1975) .

Shallow Middle Deep
141-285 m 393-1095 1270-1928 m

Number Percent Number Per_ent Number Percent

Astropecten americanus 352 53 .6 -

Munida valida 153 24 .1 4 ~ 1,0~

Amphilimna olivaceo 146 22 .2

Hyalinoecia artifex 236 56 .3

Geryon guinguedens 177 42 .2 22 0 .9

Ophiomusium lymani 2 0.5 1468 58 .4

Echinus affinis
I

355 14 .1

Horr,alophiura inornata 232 9 .2

Phormosoma placenta 182 7 .2

Echinus alexandri 147 5 .8

Porcellanaster caeruleus
. ;

107 4,2
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k Table 7-16. Densities of benthic infauna per meter square off southern
r New England (modified from Rowe, et al ., 1974)

Depth (m) Number of Organisms

550 6,405
~ : 1,110 3,070
; 1,180 4,430

1,900 2,020
2,080 700

x = 3,325

Wigley and McIntyre (19b4) included two stations at 366 and 567 m in . .
their survey . The faunal densities were 1,695 and 730 individuals/m2,
respectively . These investigators used a 1 .0 mm screen upon which to
sieve their samples, as oaposed to the 0 .42 mm screen used by Sanders,
et al . (1965) and Rowe, et al . (1974), so a lower recovery of iridivid-
uals would be expected . Pearce, et al . (1974) recovered from 190
to 480 individuals/m2 using a 0 .5 mm screen in the Hudson Canyon area .
Unfortunately, the station depths were not reported, although they are
probably all at continental slope depths .

Densities of the most commonly occurring higher taxa are presented by
Sanders, et a . (1965) . The polychaetes were present in n~~r^iers of
about 2,000/mL on the upper continental shelf, from 4,700-14,000/m2 on
the upper continental slope, from 1,400-2,200/m2 on 'Lhz lower continen-
tal slope . The crustaceans occurred in densities of 300/m2 on the out-
er shelf, from 450-750/1%2 on the upper slope and 240-330/m2 on the low-
er slope . The bivalve molluscs were represented by 825/mZ on the
outer continental shelf, 500-2,000/m2 on the upper continental slope
and 100-220/m2 on the lower continental slope .

Wigley (1963) reported on the densities of two species of Pogonophora,
Siboglinum ekmani and Siboglinum sp ., on the New England continental
slope . He found their combined densities to be 30 per square meter at
366 m and 25 per square meter at 567 m .

Biomass is used in conjunction with density to analyze benthic commun-
ities . It is a measure of the weight or standing crop of the fauna and
can be considered to be a gross measure of productivity . It is various-
ly measured as wet weight, dry weight, and ash-free dry weight . It is
important to know what methods were used in its determination before
comparisons are made between two studies .

Trawl sampling is not quantitative enough to produce representative epi-
faunal samples and biomass data usually cannot be produced by photo-
graphic techniques, so good estimates of epifaunal biomass do not
exist . When consistant trawl sampling is used, however, it is possible
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to use relative biomass for comparative pi+rposes . Haedrich, et al .
(19?5) provide data in weight caught per hour for major taxa on the New
England continental slope . This information is presented in Table 7-17 .-

Table 7-17 . Catch per hour ( in grams wet wei ~,ht of major inverte=

et ael,ta i5
l~r~ three depth cores (modified from Haedrich,

~ ~ Shallow Middle Deep
141-285 m 393-1,095 m 1,270-1,928 m

Echinoderms 158.2 66 3,848.7
Arthropods 448.3 1,785 265.1
Coelenterates 46.1 206.9 59.5
Polychaetes - 106 -
Molluscs - 160.2 -

Menzies, et al . (1973) report that, likt abundance, the biomass of
large epifaunal animals increases between 1,000-2,000 m off the Carol-
inas and then decreases constantly with increasing depth .

Data on the biomass of infaunal organisms on the northwestern Atlantic
continental slope iS-fcund in Wigley and McIntyre (1964) and Rowe, et
al . (1974) . At 365 in and 567 m, Wigley and McIntyre (1964) found 4
3T.98 and 21 .09 ri wet weight/,m2 of infauna, respectively . Somewhat
lower values are reported by Rowe, et al . (1974) (Table 7-18) .
These differences are even a little greater than the absolute weights
because Rowe, et al . (1974) used a smaller sieve size (0 .42 vs .
1 .0 mm) .

Table 7-18 . Biomass of benthic infauna per meter square off southern
New England (modified from Rowe, et al ., 1974)

Depth (m) Wet Weic~ht(g/m2)

550 11 .975
1,110 0 .845
1,180 1 .216
1,900 15 .600
2,080 0 .325

As a generality, it can be stated that both density and biomass decrease
with depth and distance from lar,4 (Sanders, e t al ., 1965 ; Rowe, 1971 ;
Menzies, et al ., 1973) . Rowe, et al . (1974)subjected their density
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and biomass data to a regression analysis against depth . They conclude
that the decrease in density and biomass with depth is significant .

There are a few studies which attempt to compare the density and bio-
mass of infauna and epifauna . Wigley and Emery (1967) compare both of
these parameters by depth anI by geographic zone . A summary of their
results is Eresented in Table 7-19 . They arbitrarily divided the con-
tinental slope from Georges Bank to North Carolina into three zones : a
northern zone from aoproximately Rhode Island eastward; a central zone
between knode Island and Virginia ; and a southern zone including the
Virginian and North Carolinian slope . Epibenthic biomass is based on
photographic interpretation .

Table 7-19 . Comparison of density and biomass of epibenthos and total
benthos (modified from Wigley and Emery, 1967)

r

Epibenthos (photographs) Total Benthbs (grab sampler)

200- 500- 1,000- 200- 500- 1,000-
500m 1,030m 2,000m >2,000m 500m 1 ,000m 2,000m >2 ,000m

Individuals/m2

Northern 59 1 5 8 2 422 66 92 58
Central 14 8 4 10 261 4131 94 30
Southern 272 2 213 1 156 W 67 24
Average 48 8 58 3 302 233 86 46

Biomass (gm/m2)

Northern 34.2 69.7 10.8 0.3 8.8 5.8 5.8 3 .7
Central 9.0 17.9 4.9 1 .6 17.4 8.8 7.5 3 .7
Southern 187.2 1 .3 46.5 6.2 10.1 5.8 3.3 3 .8
Average 30 .5 26.7 17 .3 1 .7 14.2 7.3 5.9 3 .7

It can be seen from Table 7-1 9 that both density and biomass decrease
with depth and the total benthic density is much higher than the epi-
benthos .

Grassle, et al . (1975) compared their epibenthic densities derived
from photographs with anchor dredge samples from the same area of the
cuntinental slope (Sanders, et al ., 1965) . The density of the infauna
is three to five orders of magnitude higher than that of the epifauna
(Table 7-Z0) .
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Table 7-20 . Densities of infauna and epifauna on the continental
slope south of New England (modified from Grassle, et al .
1975) .

Number
De th (m per 1,0COrn2

Infauna 487 3,033,000
824 2,411,000

1,500 1 ,335,000
2,086 2,156,000 -

Epifauna 495- 499 1,550
992-1,000 31

1,298-1,360 184
1,465-1,550 705
1,778-1,882 2,463
1,798-1,803 3,551

Haedrich, et al ., (1975) agree that the density of the epifauna on the
slope is three to four orders of magnitude less than the infauna . They
believe, however, that the biomass of the epifauna is at the same order
of magnitude as the infauna, which raises the question of how such a
mass of epifauna is support-ed .

TEMPORAL VARIATION

The range of temporal variation, or chanGes in distribution or density
over time, is essential to know when evaiuating a potential environmen-
tal impact. Invertebrate communities are known for their dram ;;tic vari-
ations (Coe, 1956) especially in shallow water . A community must be
effectively monitored over a respectable period of time to document nat-
ural seasonal and inter-annual changes in abundance or species composi-
tion . Only then can a sudden change in community structure be assigned
to a natural or pollutional cause .

Unfortunately, because of the time and money required to process them,
only a few samples have been collected in any one part of the slope
(Sanders, et al ., 1965) . Whereas, recently some areas, such as the
slope off southern New England, have received increased attention, no
long term studies at specific sites have been carried out . In the fore-
seeable future, it may be possible for some of the investigators in this
area to comment on changes that may have occurred, but at this time
there is nothing significant published on the temporal variation of the
slope benthos of the northwestern Atlantic . One thing to keep in mind,
however, is that the deeper one samples in the ocean the more constant
are the conditions and the less important seasonal programming will be .
Although breeding periodicity has been shown for some deep sea groups
(Schoener, 1968), it is safe to assume that temporal variations do not
occur at the same frequency or magnitude as they do in shallow marine
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TROPHIC CONSIDERATIONS

There are four feeding types which are significant on the continental
slope. These are suspension feeders, deposit feeders, onnivores, and
carnivores . Due to the absence of living plant material the herbivor-
ous feeding habit is poorly developed .

The single dominant feeding type is &posit feeding . Deposit feeders
engulf all, or certain fractions, of the sediment to utilize the organ-
ic content of the contained detritus . Sanders and Hessler (1969) re-
ported the following percentages of detritus feeders in the most di-
verse groups at a station 2,891 m deep : 60 percent polychaetes ; over
90 percent tanaids ; 90 percent isopods ; over 50 percent ar„phipods ; and
45 percent bivalves . These species represented 47 percent of thC spe-
cies in the sample . After a stimach analysis of 83 deep-sea species
Sokolova (1959) concluded that 55 percent of the deep-sea fauna are de-
posit feeders, 25 percent are suspension feeders and 20 percent are
carnivores .

Suspension feeders can only become numerous where currents are such as to
bring in an adequate supply of suspended material . This requires a sup-
ply of organic material and a current strong enough to carry sufficient
quantities past the sessile suspension feeders . These conditions occur
on the continental shelf and upper slope and at the base of thz slope
(Sokolova, 1959) . Menzies, et al . (1973) state that detrital sea gras-
ses concentrate at the break betwFen the Carolina slope and rise and _
that there is also a marked increase in the waterborne suspended mater-
ial in this area . Even in these areas the deposit feeders usually out-
weigh the suspension feeders . On the upper slope the dominance, by
weight, of deposit feeders over suspension feeders might be by as much
as 3 .5 to 1 and on the lower slope by a factor of 21 to 1(Sokolova,
1959) . Likewise, carnivores usually account for much less of the bio-
mass than the deposit feeders .

Density and biomass of deep-sea organisms are considered to be princi-
pally controlled by the abundance of food (Sanders and Hessler, 1969) .
This means that the density patterns discussed above are in large part
a reflection of the availability of organic carbon . In general,then,
high values of organic carbon, density, and biomass can be expected on
the shelf and upper slope with values of all three declining as the
ocean floor is approa~:hed. -

The source of the organic material utilized by deep water organisms re-
mains an intriguing question . For many years, it was thought that tha
fallout from the primary production of the phytoplankton was the pri-
mary source since primary production is highest near land and decreases
seaward just as benthir density and biomass do . The very dramatic de-
crease in density over the continental slope, however, would indicate
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depth as a more important factor than distance from land since density
on the slope drops several orders of magnitude in a very short lateral
distance (Sanders and Hessler, 1969) and there is little change in sur-
face productivity over this limited distance . At continental slope
depths most of the sinking organic matter is consumed by bacteria or
pelagic scavengers before it ever reaches the bottom .

~
How,then, does the benthos on the continental slope receive utilizable
organic matter? Those individuals living at the upper limits of the
slope receive an adequate supply from surface productivity. As one
proceeds down the slope less and less of the products and by-products
of surface productivity reach the bottom . There is the possibility,
however, that enough material does reach the deeper bottoms to support
the very low biomass found there (Sanders and Hessler, 1969) . Vinograd-
ov (1961) proposed a vertical ladder of zooplankton as a method of
transport of nutrient material to the bottom. Under this scheme sur-
face plankters are eaten by organisms living in the water mass below
them and these in turn are devoured by still deeper species, etc ., 4n-
til the bottom is reached . This hypothesis has been discowtted by
Sanders and Hessler (1969) because of the energy loss that would be in-
curred at every change in trophic level, and by Menzies, et al . (1973)
because the biomass of zooplankton over the bottom is not suFficient to
support the larger benthic biomass .

Turbidity currents have been considered by Sanders and Hessler (1969)
to be insufficient to explain downslope movement of organics because of
their infrequency and destructive nature . On the other hand, Menzies,
et al . (1973) believe that "fallout" from the continental shelf is
transported to the d :eper benthos by turbidity currents ; and support
their argument by noting that the highest concentrations of abyssal
benthos occur near continental margins and not at similar depths at a
distance from a continent .

Recently, many investigators have advanced the idea that larger, faster
sinking masses of organic matter might supply a significant amount of
organic material to the deep benthos . Dayton and Hessler (1972) cite
the possibility of very large chunks of organic matter reaching the bot-
tom in the form of dead fishes and mammals from the surface waters .
Pieces of the pelagic algae Sa rgas sum and the tropical sea grass Thal-
assia have been photographed and recovered from the continental slope
Schoener and Rowe, 1970 ; Menzies, Zaneveld, and Pratt, 1967 ; Menzies
and Rowe, 1969) . Other particles that have a potential of reaching the
bottom are fecal pellets (Smayda, 1969 ; Fowler and Small, 1972), and
the olive-green bodies (Fournier, 1972) .

Whereas, there is not general agreement among deep-sea biologists on
just what is the most significant route of o ganic material to the bot-
tom, it is safe to assume that each proposed method probably plays some
role . Further research will undoubtedly elucidate both the actual path-
ways and the rates of transport to various depths .
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SPErIES INTERACTIONS

Observations on species interactions at continental slope depths are
very limited . Rowe, et al . (1974) observed a worm foraging in fresh
crab tracks in the Hudson Canyon . Grassle, et al . (1975) observed
three examples of species interactions from a submersible on the slope
off southern New England . At 1,800 m the brittle star Asteronyx leveni
was found exclusively and constantly in the branches of a gorgonian .
At 1,300 m two associations were noted . Hermit crabs were most abund-
ant where a trochid gastropod was found and the large individuals of
the crab Lithodes agassizii were seen in aggregations of the sea urchin
rhormosoma placenta .

There is some speculation that species interact-ions occur only at a re-
duced level in deep water relative to levels on the shelf and in near-
shore environments . This is discussed by Sanders and Hessler (1969)
who state that since density is low and diversity is high, and because
individual organisms are of small size and limited mobility, an individ-
ual is capable of interacting with only a small number of competing
species .

MEIOBENTHOS

An often neglected group of organisms is collectively known as tl~,e
me-:ifauna or i :ieiobentnos . This diverse assemblage is principally defined
on the basis of size and is often regarded to be that group of organisms
which will pass through a 0 .5 mm sieve but will be retained on a
0.044 mm sieve . Although many af the meiobenthic organisms are juvenile
forms of the macrobenthos, most are meiobenthic creatures throughout
their life . Among the groups which often comprise a meiobenthic assem-
blage are nematodes, harpactacoid copepods, foraminifera, polychaetes,
ostracods, Gastratricha, rotifers, turbellarians, nemerteans, archian-
nelids, tardigrades, kinorhyncha, halicaridae,hydrozoans and lamelli-
branchs . On the basis of abundance, the nematodes and harpactacoid
copepods comprise 90 percent of the marine meiobenthos .

Consideration of the meiobenthos is important for several reasons . For
one, their sheer abundance is over :vhelming . It is r.ot unusual to find
1,000 ,000 meiobenthic organisms per meter square and up to 110,000 meio-
benthic individuals per meter squara have been reported at aby ;,sal
depths in the Indian Ocean (Thiel, 1966) . Their biomass is often sig-
nificant especially in areas with low macrobenthic biomass . At slope
depths, me :ob-nthic biomass has been reported as 0 .4-1 .2 g per meter
square off Iceland and the nematodes alone accounted for 2 g per meter
square between 1,500 m and 1,800 m in the Norwegian Sea (Thiel, 1971) .
While these biomasses might not seem astounding in themselves, they take
on sigr.ificance when the high metabolic rate and short generation time
of the meiobenthic species are considered . hsing oxygen consumption as
a measure of metabolism, Gerlach (1971) reports that meiobenthic animals
are consuming between 200 and 2,000 mm3 02/h/g wet weight while small

7=120



macrobenthic organisms are ~onsuming 200-500 mm20 2/h/g and the larger
macrobenthos only 10-100 mm 02/h/g . In oth ~-r words, the metabolic rate
of the - meiobenthos is about five times greater than the macrobenthos .
Generation times are commonly reported, base on laboratory experiments,
to be as short as three to six weeks, but even using a more conservative
estimate of three generations per year (Cerlach, 1971) it can be seen
that a lot of energy is cycled thrcugh the metobenthos . It is assumed
thct much of this enerqy is being tran ;ferred to the macrobenthos
through grazing, but nothin9 is known about natural mortality of meio-
benthos species ( Gerla-- h, 1971) .

Ecological studles of the meiobenthos at continental slope depth : ~rP
rare, but three have occurred along the eastern seaboard . Coull (1972)
sampled harpacticoid copepods along a transect between North Carolina
and Bermuda . Tietjen (1971) investigated the meiobenthos, with empha--
sis on the nematodes, on the Carolina shelf and slope and Wiqley and
McIntyre (1964) compared m2iobenthic and macrober.thic community para-
meters south of ttartha's Vineyard .

The harpacticoid copepods are the most abundant arthropod in the benthos
and their Jiversiry increases with increasing depth (Coull, 1972) .
Coull found a distinct slope fauna with a sharp discont'nuity at the
shelf break similar to the one reported by Sanders and Hessler (1969) .
In the Carolina region this is the area of greatest temperature varia-
tion . Coull's samples also indicated the same type of narrow zondtion
in some species as was reported by Rowe and Menzies (1969) for the large
epifaunal invertebrates .

Tietjen (1971) recorded 21 taxonomic groups in his meiobenthic samples .
Maximum densitier, occurred at about 250 m and there was a density mini-
mum at 400-500 m . The nematodes were the dominant group between
50-500 m and the bentnic foraminifera r:ore most abundant below 500 m .
Maximum diversity of species and higher taxa was found between 50 and
500 m . A marked change in density wi:s detected between 400 and 600 and
only seven groups or less were found at depths belcw 80J m(iable 7- 21) .

Focusing on the nematodes, Tietjen (1971) identified 212 species belong-
ing to 23 families . Some depth zonation was obvious as 79 species were
found in depths of 500 m and less, 59 species were restricted to depths
greater than 500 m and only 24 species, or 11 percent of the total nema-
tode fau^a, were found to occur from the outer shelf to the lower slope .
A similarity analysis divided the nematodes into two groups, a 'shallow'
water fauna from 50-500 m and a 'deep' water fauna from 1,000-2,1100 m .
The intermediate area shared several species aad represented a :)ne of
trar:si tion .

In general, Tietjen (1971) found the densities of meiobenthic animals
to be an order of magnitude less on the slope than above 250 m . Densi-
ties and species compositions are largely controlled by the sedimeat
type, so the above variation in density may be a function of sediment
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Table 7-21 . Numbers of meiofauna per 100 cm3 of sediment for transect stations across the
North Carolina shelf and slope . (modified from Tietjen, 1971)

DEPTH m r
Meiofauna group so~~`f0 25 400 600 800 1,000 1,500 2,000 2,500,

Nematoda 593 445 1,026 87 140 134 71 84 33 45
Harpactacoidea 72 93 53 22 5 2 9 2 3 2
Foraininifera 63 37 22 13 230 270 326 536 384 169
Polychaeta 59 62 35 5 10 7 4 2 2 3
Ostracoda 13 7 9 2 4 2 1 1

\
2 4

Gastrotricha 43 34 20 7
Rotifera 6 7 1 1 2 1 30 10
Turbellaria 3 4 1 1
Nemertea 12 19 15 2 3 3

„ Archiannelida 4 1 1 2
!, Kinorhyncha 7 3 1 1 '
N Tardigrada 1 1 1 1

Halicaridae 17 6 7 1 '
Hydrozoa 2 1 1 2
Gnathostomulida 8 10 1
Lamellibranchiata 4 4 1 1
Cumacea 1 •
Echiurida 1
Nauplii 4 8 1 3 1 6 1 1 1 '

Total meiofauna 912 742 1,196 151 396 419 447 636 425 224 ~
• . .
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changes rather than depth changes . No correlation could be found be-
tween total meiofauna abundance and the sediment levels of organic car-
bon .

Nematode feeding types change with depth probably due to changes in
sediment and concomitant chan,es in food availability (Tietjen, 1971) .
Deposit feediflg nematodes were most abundant at al', depths but were es-
pecially dominant below 500 m (Figure 1-26) . .

The survey of Wigley and McIntyre (1964),which was discussed more fully
in previous sections, contained two slope stations at 366 and 567 m .
These investigator; found that the number and biomass of meiobenthos
decreased with increasing depth as did the macrobenthos, and that the
nematodes were the dominant meiobenthic taxon . Summaries of their find-
ings pertinent to our purposes are expressed in Tables 7-22 and 7-23 .

MICRO(3EilTHOS

~ A freak discovery, made possible by an expensive accident, qreatlv ad-
vanced interest in, and experimentation with, the marine microbenthos,
principally the bacteria . In late 1968 the research submersible "ALVIN"

'-° was lost from its tender and sank in 1,540 m of water on the continen-
tal slope off Massachusetts . Its hatch was open . When the vessel was
recovered ten months later, the crew's lunch was amazingly well pre-
served . The sandw ; ches, apples, arxisoup all looked, smelled and tasted
normal and passed bacteriological tests . At that time ( 1969) there was
absolutely nothing known about qualitative and quantitative microbial

; decomposition processes in deep water ( Jannasch and Wirsen, 1969) . The
implication of the "ALVIN" incident was that microbial activity in the

, deep sea is extremely slow .

Experiments were devised to test the hyoothesis of slow, deep sea micro-
bial activity (Jannasch and Wirsen, 1969) . These experiments were
placed in the deep sea (5,000 m) with laboratory controls and showed
that, depending on the substrate used, bacterial decomoosition took
place from 666 to 8 .2 times more slowly in the deep sea . This proved
that the "ALVIN" incident was not anomalous and that, indeed, life pro-
cesses are greatly slowed in the deep sea . A temperature-pressure re-
lationship was thought to be responsible for the decline in activity .
It was theorized that increased hydrostatic pressure increa3es the min-
imal growing temperature of a bacterial strain and that with enough
pressure the minimal growing temperature may exceed the environmental
temperature, resulting in the elimination of bacterial growth and bio-
chemical activity . Holm-Hansen (1971) observed a continual decrease
in microbial life with depth .

\t~ A very important implication of these findings is that organic material
i dumped into the deep sea will riot be degraded by bacteria and hence may
~ accumulate .
i

-•i
{
,
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Jannasch and Wirsen (1973) completed a series of enrichment experiments
at 1,830 m. They determined that, even substrate left in situ for one
year did not produce any substantial activity of the indigenous micro-
flora . This confirms their earlier conclusion that "the deep sea must
be considered extremely inefficient with respect to recycling of organ-
ic wastes" . They believe that an "active, adapted microflora" is not
to be found in the deep sea and that the hiqh levels found, when deep
sea sediments are streaked on neutral agar, are the result of bacterial
cells that sank to the bottom on detrital particles, but were not able
to function there. Significant levels of microbial activity may occur
in the intestinal tracts of macrobenthic organisms as is suggested by
the longer gut of some species (Allen and Sanders, 1966) and deep sea
wood-boring activities (Turner, 1973) which require bacteria for the
digestion of cellulose .

Extensive laboratory experiments at controlled temperatures and pres-
sures using a number of bacterial isolates and substrates again con-
firmed the hypothesis that low temperature and high pressure decrease
the incorporation and+ respiration of substrates by bacterial isolates
at low substrate concentrations (Wirsen and Jannasch, 1975) . These are
the conditions that would be expected on the slope and in deeper water .

Further in situ experiments are planned which should answer many of the
questions about microbial activity and decomposition in the deep sea
(H. W. Jannasch, personal communication) . These experiments will take
place on the New England continental slope along the Gay Head-Bermuda
transect and will be accomplished using the recovered submersible "ALVIN"
which was so instrumental in opening up the productive field of research .
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Table 7-22 . Meiobenthos wet weight (mg/10cm2) and number of individuals
(per 10 cm2 ; at two depths (Modified from Wigley and
McIntyre, 1964) .

Depth
Number 366 567

Nematoda 117 110
Foraminifera 6 4
Copepoda - 1
Polychaeta 4 1
Lamellibranchia - 1
Total 127 117

Weight

Nematoda 0.243 0.359
Foraminifera 0.053 0.038
Polychaeta 0.453 0.105
All other Groups - 0 .105
Total 0.749 0.607

Table 7-23 . Density of macrobenthos and meiobenthos expressed as
numbers of individuals and weight per meter square
(modified from Wigley and McIntyre, 1964) .

Number of Individuals

Macrobenthos
Meiobenthos
Ratio

Weight (g)

Macrobenthos
Meiobenthos
Ratio

~ 7-126
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Depth
366 567

1,695 730
127,000 117,000

1 :75 1 :160

31 .98 21 .09
0.75 0.61
43:1 35:1
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LIFE HISTORY OF KEY SPECIES

Geryon quin uic'dens

Geryon quinquidens, the deep-sea red crab,is the basis of a limited aim-
mercial fishery in southern New England . The abundance of red crabs
w as studied to determine the feasibility of a commercial fishery
(Schroeder, 1959 ; McRae, 1961 ; and Holmsen, 1968) . A comprehensive sur-
vey of red crabs was recently completed by Wigley, et al . 1975 . They
estimated the number of commercial size red crabs at 43 million arid the
sterding crop biomass at 27 million ka in the area along the slope from
eastern Georges Bank to offshore Maryland .

Red crabs inhabit depths from 40 to 2,155 m and range primarily along
the continental slope from Halifax, Nova Scotia to Cuba,the Gulf of Mexico
and possibly Brazil . They also are inhabitants of the Gulf of Maine
;Rr.thbun, 1937 ; Chace, 1940 ; and Schroeder, 1959) . ,

Red crabs were found to be most abundant in depths between 366 and 549 m
in the region between Cape Ann, Massachusetts, and offshore Virginia
(McRae, 1961) . Meade (1970) and Meade and Gray (1973) reported the
greatest catches between Veatch and Atlantis canyons . The National Ma-
rine Fisheries Service (Anonymous, 1971) fished in the areas of Block,
Hudson, and Baltimore Canyons and the highest concentrations were be-
tween 457 and 914 m . Highest densities between 265~and 512 m were
found in the vicinity of Norfolk Canyon (Haefner and Musick,1974) . Between
Georges Bank and offshore Maryland, Wigley, et al . (1975) caught the
greatest number and biomass between 320 and 914 m . There is some indi-
cation, based on catch per trawl, that red crabs are more abundant on
the slope than in canyons (Haefner and Musick, 1974) . On a geographi-
:Zl basis, red crabs are sparse in most of the Georges Bank region and
c^nanon from western Georges Bank to offshore Maryland (Wigley, et al .,
1975) .

In the depths where red crabs are most abundant (302-503m), fe:nale crabs
are about twice as numerous as male crabs (Wigley, et al .) . Males were
more abundant in both the deeper (503-1,280 m) and shallower water
(229-320 m) . Numerically, females were more abundant than males in the
entire survey region by a factor of 1 .24. Females were more abundant
than males in the region cff New Jersey, Delaware, and Maryland (1 .96 :1)
whereas males were more abundant in the area along the slope off Rhode
Island dnd Cape Cod (0 .71 females to l male) .

Red crabs have been reported to grow to a carapace width at 178 mm and
to over 1,130 g in weight (Wilder, 1966) . A size range from 8 to 142 mm
(carapace width) and damp weights of 0 .1 to 964 g were reported by !•lig-
ley . et al .(1975) in the survey which covered an area from Georges Bank
to offshore Maryland . In the Norfolk Canyon region, Haefner and Musick
(1374)•found red crabs ranging in size from 44 to 160 irm with a mean
width of approximately 114 mm and weights ranging from 28 to 1,136 g .
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Male crabs, which have an average carapace width at 99 mm (modal width
112 .5 mm) and average weight of 413 g (modal weight 520 g), are larger
than female crabs which have an average size of 90 mm (modal width
92 .5 mm) and average weight of 244 afmodal wei5ht 260 g) (Wigley, et
al ., 1975) .

No techniques for aging Geryon have been developed nor have any rearing
studies been completed in which age-size determinations have been made .

Variations in size were found to correlate with depth and latitude
(Wigley, g.t al ., 1975) . Both male and female crabs had smaller average
carapace widths (49 mm for females, 33 mm for males) at depths between
914 and 1,280 m than in shallower water between 229"and 320 m where the
average carapace width was 104 ii . .. for females and 116 mm for males .
Weights for both males and females follow the same trend . Since the
size of red crabs increases progressively from deeper water to shoaler
water, and since young crabs were found only at depths greater than
640 m, Wigey, et al . (1975) deduced that there is a size-related up-
slope migration

Latitudinally, Wigley, et al . (1975) found that red crabs generally
were smallest (in terms of average size and weight) in the region off-
shore of New Jersey, Delaware, and Maryland, intermediate in size be-
tween Hudson Canyon and southwestern Georges Bank, and largest in the
Georges Bank region .

Densities of Geryon were determined photographically by Wigley, et al .
(1975) . In shallvw water (229-320 m) 13 to 28 crabs were found per
hectare (2 .5 acres) ; 128-382 crabs per hectare at intermediate depths
(320-640 m) ; 11-112 crabs per hectare in deep water (640-1,1280 m) ; and
10 .9 crabs per hectare in the deepest water examined (1,280-1,646 m) .
Obviously, the greatest density of crabs occurs at intermediate depths .

The greatest biomass (average 75 to 95 kg/ha) also occurred at interme-
diate depths (Wigley, et al ., 1975) . Biomass in the shallower water
was 10 kg/ha and between 1.3 and 27 kg/ha in water deeper than 640 m .

Information on the reproduction of red crabs is very sketchy . Wigley,
et al . (1975) postulate, based on the proportion of egg-bearing females
by water depth anj the stage of development of the eggs ( as interpreted
from their color), that the spawning season of Gervon begins in late
winter or before and ends in early summer . Theyalso found that the spawm -
inq period was shorter and commenced earlier irn shallower water than in
deep water in the mid-slope region . No egg-bearing females were found
at depths below 640 m. They suggest that the eggs mature faster in
shal lower waters, possibly due t c, tc:mperature and/or depth .

There are six larval stages of G eryon (Perkins, 1973) . The following
are the sizes -2nd average number of days the larvae were at each stage
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~ when reared under laboratory conditions at 18-21°C :
;.
>

Prezoea 2.8 mm total length 1 hour-1 day
, Zoea I 0.83 mm carapace length 7 days

3 .71 mm total length
Zoea 11 1 .07 mm carapace length 6 days

4 .97 mm total length
Zoea III 1 .42 mm carapace length 5 days

6.13 mm total length
Zoea IV 1 .74 mm carapace length 7 days

8.31 mm total length
Megalops 3 .16 mm carapace length 14 days

6.46 mm total length

The mortality of Geryon larvae is probably greater than 99 percent .
T~ere are no mortality figures available for adult crabs . Mortality
due to fishing would be expected to be low since fishing for red crabs

' has been limited in effort and duration (Wigley, et al ., 1975) .

Wigley, et al . (1975) found adult red crabs at temperatures between
4 .2 and 12.70C which were the coldest and warmest temperatures in which
the survey was conducted . There are records of red crabs being caught
in temperatures as low as 3 .1°C and being maintained in an aquarium in
temperatures as high as 21 .1°C . They feel that,because the temperature
tolerance of these animals is so great,their oattern of abundance is
more related to depth than to temperature . Temperature ilso plays a
role in increasing the speed of development of eggs and larvae (Perkins,
1973) .

Red crabs prefer substrates into which they can burrow . The young have
been found on smooth surface silt-clays ('Jigley, et al ., 1975) . Red
crabs are scavengers . Their diet consists of fish and invertebrates,
alive or dead . They are probably preyed upon by cod, skates, or sharks,
as are lobsters .

Homarus americanus

a

The lobster fishery is one of the most important fisheries in the north-
western Atlantic . Lobster fishing has histori :ally been concentrated
in the inshore waters, but in the last decade exploitation of popula-
tions on the continental margin has developed .

Homarus anericanus occurs from Labrador to Cape Hatteras in depths from
the low intertidal to over 700 m . Many studies have been undertaken to
determine whether the offshore lobsters are a different stock from the

: inshore population. There is some indication, based on biochemical-
genetic studies, that the offshore population may be a separate stock
(Sherburne and Ridgway, in preparation) . Cooper and Uzman (1971) re-

F
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ported that some individuals tagged and released on the continental
slope migrated into coastal waters .

Lobsters living along the continental slope grow larger and live longer
than inshore lobsters . Skud (1966) reported offshore lobsters with
carapace lengths of 5 to 21 cm and weights of 0 .2 to 13 kg . The mean
carapace length of offshore lobsters is 13 cm and the mean weight is
3 kg, Khereas tiie mean carapace length of inshore lobsters is 9 cm and
the mean weight is less than 1 kg .

After settling to the bottom, the juvenile lobsters usually molt four
more times before their growth is arrested by the low winter tempera-
tures . Although the size at this stage varies considerably, depending
on nutrition, etc ., the carapace length is usually about 15 mm . Juve-
niles molt two to three times annuallv and adults molt about once a
year . Table 7-24 presents the mean carapace lengths ;at the end of each
growing season as reported by Hughes and Matthiessen ;(1962) for labora-
tory-reared animals .

Skud (1966) found that 60 percent of the lobsters captured in offshore
waters were females . Those individuals with carapace lengths between
14-16 cm had the greatest percentage of females . Fifty percent of the
females caught which had a carapace length of between 12-17 cm were car-
rying eggs in the summer and fall . Few of the larger females (over
18 cm) were found to be egg-bearing . Perkins and Skud (1966) showed
that offshore lobsters mature at smaller carapace lengths than inshore
lobsters . They reported that the smallest egg-bearing lobster recov-
ered was 8.8 cm .

Lobsters breed during the summer . Immediately after the female molts
copulation occurs . The sperm are stored in the seminal receptacle of
the female and are released to fertilize the eggs as they are extruded
onto the pleopods . The eggs may be extruded shortly after mating but
some do not extrude their eggs until the following year . Hatching of
offshore lobsters occurs in June and July of the year•following extru-
sion .

The number of eggs produced by an individual female lobster varies with
her age and size . Ppproximately 10,000 eggs are produced by a one-
pound individual and about 130,000 i_,ggs are produced by an 18-pound
lobster . About 35 percent of the eggs die while they are being carried
on the female . After hatching the pelagic larvae molt through four in-
stars before they achieve the characteristic lobster appearance and set-
tle to the ocean floor . Under laboratory conditions the fifth stage is
reached in three weeks at 20°C and five to six weeks at 15°C . Larvae
and small juveniles have a very high mortality which is probably great-
er than 9 9 percent .

Lobster prefer habitats which provide shelter . They either hide in
crevices provided by irregular bottoms or burrow into sand and mud .
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Table 7-24 . Mean carapace lengths of lobsters at the end of the growing
season (modified from Hughes and Matthiessen, 1962)

Year Length

lst 13.5 mm

2nd 29.0

3rd 45.7

4th 63.2

5th 82 .2

6th 94.4

7th 104.0

8th 113 .8

9th 127 .7

10th 153 .0

%
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They are territorial by nature and often show aggression towards one
another . Lobsters are involved in both inter- and intraspecific compe-
t ;tion for space .

Stomach analyses show that lobsters eat the following things (in order
of importance) : fish, dead or alive ; crustdceans, chiefly isopods and
decapods ; molluscs, largely small gastropods, algae, echinoderms ;and
hydroids . Circolana concharum, an isopod, is eaten frequently and a-
bundantly . Lobsters also eat their own eggs and each other . Intraspe-
cific competition for food is intense .

Lobsters are preyed upon by surface feeding fish ; small lumpfish, hid-
ing in floating seaweed,are known to feed on lobster larvae . Cunners
and other small bottom feeding fish prey upon early juveniles . Wolf-
fish are known to eat the larger juveniles . Cod, skates, and sharks
prey upon larger lobsters . Lobsters are particularly subject to pre-
dation following molting when their exoskeleton is soft .

Older juveniles and adults have a lower natural mortality but the fish-
ing mortality is heavy . Wigley, et al . (1975) found that there were
fewer and smaller lobsters caught in their survey than in former sur-
veys of the offshore waters .

Other Dominant Species

Besides the two benthic commercial species, Geryon q_uiguedens and Hom a-
rus americanus , the following would be considered to be key specie_i :
Ophiomusium lymani , Echinus affinis , Phormosoma placenta , Hyalinoecia
artifex , and cerianthid anemones . These five species constituted over
97 percent of the animals counted in a survey conducted by Grassle, et
al . (1975). --

Ophi omusium lymani , a brittle star, is found in the eastern and western
North Atlantic and in the Pacific . The large ones are from 1 .5 to
2 .5 cm in disc diameter with arms which are 10 to 15 cm long (Wigley and
Emery, 1967) . Schoener (1968) reported that some are as large as 3 .5 cm --
in disc diameter . In the western North Atlantic, 0 . ~nani has been
found in the following depth ranges : between 443 and 3,781 m by Verrill
(1885), between 1, 968 and 3,987 m off North Carolina (Rowe, 1968), and
between 1,480 and 2,150 m by Wigley and Emery (1967) . Ninety-one per-
cent of the brittle stars were found between 1,705 and 2,170 m (Grassle,
et al ., 1975) .

Grassle, et al . (1975) reported densities between 0 and 4 .5 per meter
square at 1,800 m . Wigley and Emery (1967) found densities of 0 .8 per
meter square at stations between Cape Hatteras and Nantucket Island .
The highest density and biomass in this survey was 11 individuals and
31 gm per meter square . When 0 . lymani are in dense groups they space
themselves in a regular way just a few centimeters from one another
(Wigley and Emery, 1967 ; and Grassle, et al ., 1975) . Fifty-eight
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percent of the 8,284 animals observed by Grassle, et al . (1975) and 56
percent of the 9,311 animals sampled by Rowe and Menzies (1969) along
the continental slope were 0 . lymani .

Pphiomusium lymani bears its young in July and August (Schoener, 1968) .
This species probably has frer-Tloating larvae since they do not brood
their young (Schoener, 1967) .

The polychaete, Hyalinoecia artifex or quill worm, has a cosmopolitan
distribution (Pettibone, 1963) . They are widely distributed in all o-
ceans except the Antarctic and are found at depths between 13 and 4,379 n,
(Ekman, i953) . In the western North Atlantic, they have been reported
hetween 274 and 1,170 m by Verrill (1885) and between 300 and 564 m by
Hartman 0965) Wigley and Emery (1967) and Hartman and Fauchald (1971) .
In the area off North Carolina, Rowe (1968) found that 97,percent of
the quill worms were between 390 and 505 m .

Wigley and Emery (1967) reported that the average density, at stations
in which one or more Hyalinoecia artifex were present was 46 per meter
square, and the greatest density found was 272 per meter square . They
found there is an inverse relationship between latitude and density .

The polychaete lives in a tube on silty sand,foraminiferal silt or oth-
er unconsolidated sediment (Wigley and Emery, 1967) . Wigley and Emery
(1967) provided information cn the worm tubes and worm activity .
Eiytity percent of the tubes were occupied and ten percent of the worms
were emerged from the tubes probably looking for food . 1'his would in-
dicate that the worms are relatively inactive . The tube length is
6-15 cm although most of the worms have a tube length between 8 and 12
cm. The tube is tapered and the diameter of the larger anterior end is
between 3 and 8 nan .' Smaller worms have a more tapered tube than larger
worms . They have a habit of stacking with the anterior end resting on
top of the tube of another worm. They apparently scrape detritus off
the other tubes .

Wigley and Emery (1967) cite Ophiomusium 1 mani as a possible predator
on Hyalinoecia curtifex .

There is very little life history material available about the sea ur-
chin, Echinus affinus and Phormosoma placenta , and the cerianthid ane-
mone. Cerianthids and Echinus affinis are less abundant than ~hiomu-
sium lymani but almost as ubiquitous ( Grassle, et al ., 1975) . Both
species were found at depths greater than 1,550 m although Echinus af -
finis was also found in lesser densities between 1,465 and 1,550 m
Grassle, et al ., 1975) . Grassle, et al . (1975) reported that Phormo-

soma p lacentawas the only abundant epifaunal species at 1,300 m.
Echinus affinus congregate in small dense feeding groups which feed on
plant remains Grassle, et al ., 1975) . They disperse when not feeding .
Phormosoma placenta , hewever, is a deposit feeder which forms small dense
groups that move slowly en masse while working the sediments (Grassle,
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et al ., 1975) .

ABIOTIC FACTORS

Abiotic factors do not have the saiiie overriding importance in deeper
water that they do in coastal waters . The unique characteristic of the
deep sea, including most of the continental slope environment, is its
uniformity and constancy . Seasonal changes in temperature, dissolved
oxygen, turbidity, etc ., are all felt oi, the continental shelf, but
these are quickly dampened with increasing depth . For example, Menzies,
et al . (1973) report th°.t the seasonal temperature variation in the
archibenthal zone of transition (445-940 m~ is about 4°C, while on the
lower slope the variation is less than 0 .1 C . This is in great con-
trast to the littoral and shallow water environments in the same geo-
graphic region which may change over 30°C in the course of a year .
Sanders and Hessler (1969) write "The abundance of food is generally
assumed to control density and biomass in the deep sea . Oxygen concen-
tration, sediment type and temperature either do not show correlated
changes or never reach levels regarded as limiting ." In the next few
paragraphs the major abiotic factors will be considered briefly in
turn . The briefness is a function of a lack of knowledge about their
specific influence or of their relative unimportance in the deep sea
environment .

Cepth per se is an important ecological factor. Depth potentially
effects the continental slope benthos in two ways : 1) by creating a
great hydrostatic pressure and 2) by separating the benthos from the
zone of organic production . Many authors doubt that pressure is a fac-
tor of ecological significance and believe that temperature is more im-
portant (Flugel, 1972) . Sanders, et al . (1965) are also of the opinion
that the difficulty in recovering live organisms from deep water is due
to temperature shock rather than pressure changes . The one direct phvs-
iological effect of high pressure might be its influence on bacterial
respiration which was discusseo with the microbenthos . The effect of
depth on food availability was considered in the section entitled Tro-
phic Considerations . In general, the greater the depth the less food
reaches the bottom because it has more time in which to be utilized in
the water column. This is undoubtedly the greatest erfect depth has on
the deep sea benthos .

The reduced seasonal temperature variation in deep water is one of the
most important features that sets the continental slope environment a-
part from surface and coastal waters . The boundary between the conti-
nental shelf and slope fauna is found at the depth where temperature
variation decreases significantly rather than necessarily at the topo-
graphic shelf break (Menzies, et al ., 1973 ; Coull, 1972 ; Tintjen, 1971 ;
and Sanders and Hessler, 1969) In these zones of limited temperature
variation, the small changes which do occur probably are not of ecolog-
ical significance .
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The levels of organic matter and dissolved oxygen are fairly constant
throughout the ocean basins (Menzel, 1967 and Craig,1971) . The season-
al drop to 3 .0 ml/1 of dissolved oxygen on the upper continer•tal slope
off the Carolinas (Rowe and Menzies, 1968) is unusual . Dissolved oxy-
gen levels are usually not limitir. ; (Sanders and Hessler, 196 ) ) . Sev-
eral investigators report a failure to find a correlation between ben-
thic distributions and levels of organic carbon (Sanders and Hessler,
1969 ; Tietjen, 1971 ; Menzies, et al ., 1973 ; and Rowe, et al ., 1974) .
This is usually attributed to the refractory nature of the majcrity of
the carbon in much of the sediment . This means that although a certain
carbon leve'a exists, it is in a form which is not readily utilizable by
the benthos . The lack of a developed microfauna (Jannasch and Wirsen,
1969) insures that most of this matnrial tiill be kept cut of the gener-
al carbon cycle. Dumping of dredge spoils and sewage sludge may cause
enrichment and result in increased macrobenthic abundance on the slope .
A similar phenomenon has been observed on the continental shelf and it
is possible that some of t"s material might he transported off the
shelf (Rowe, 1972) .

Variations in turbidity levels apparently occur on t'!e slope . increased
abundances of suspension feeders have been noted in cPrtain areas try
Sokolova (1959), Rowe and Menzies (1969) and Menzies, et al . (1973) .
This indicates that in these area3 there is an increased amount of sus-
pended sediment upon which the animals can feed . An extreme casa of
increased turbidity is a turbidity current . Under such a circumstance
an organism must be motile enough to avoid it or be able to burrow well
enough to dig out of it, or he will succumb . Less drastic unpredicta-
ble turbidity flows have been observed (Rowe . et al ., 1974) but their
influence on slope benthos is open to speculation . They obviously
transport material down the slope but they also are a stress in that
they require additional energy expenditures fo burrow m-tir±pnance and
cleansing of gills and feeding apparatus .

Very little is known about the effects of toxic meterials on slope or-
ganisms . There is some evidence that the slope fauna can be impacted .
Bourcier (1968) reported the effect of an aluminum processing plait
down to 1,800 m in the Mediterranean . There is no such evidence along
our Atlantic coast . In an investigation of conmunity structure and
heavy metal concentration Pearce, 2t al . (1974) could find no effect
of the dumping in the New York Bight on slope benthos .

All benthic animals depend on water movement to supply food material
and respiratory gases and to remove wastes . Water movements also in-
fluence the nature of the sediment and the dispersion of larvae . !n
order for a population of suspension :eeders to develoo,a current must :
be present that is swift enough to carry a minimal amount of organic
matter past the individuals . De-osit feeders are not as directly de-
pendent on constant currents but on the slope they still must depend
on organics from outside areas . Currents effect the nature of the sub-
strate in various ways . Relatively strong currents cause erosion and
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the removal of small sediment particles and weak currents allow the de-
position of silt and clay size particles . Currents are also responsi-
ble for ripple marks and sand waves on the bottom which may effect the

' nature of the faunal assemblage present . Most deep sea currents are
constant in nature and the variable current conditions, as seen on the
upper Carolina slope (Menzies, et al ., 1973) caused by variations in
the Gulf Stream, are not common

One of the most important ecological factors in shallow water is the
~ sediment type . In the deeper water, however, its influence on the mac-

robenthos has been questioned (Sanders and Hessler, 1969) . Most deep
sea sediments are very fine (Menzies, et al ., 1973 ) and studies of mac-
robenthic robenthic distribution and sediment types have shown no relationship
(Sokolova, 1968) . Obviously, an encrusting or attached form needs a
suitable substrate,for attachment and encrusting assemblages will only
develop where a substantial amount of such a substrate is available .
Several authors suggest that the induration of sediments might limit
the development of certain populations in canyons but there is no hard
evidence to prove this .

The most significant relationship between sediments and benthos appear
to be the effect that the benthos has on sediments . In Chapter 8, Sub-
marine Canyons, the dominant role that benthos plays in erosion is dis-
cussed . Deep sea animal-sediment relationships have recently been re-
viewed by Rowe (1974) . He presents a table that summarizes the possi-
ble interactions to stimulate further consideration of this phenomenon .
This self-explantory table is presented as Table 7-25 .

DATA GAPS

The gaps in our knowledge of the continental slope benthos are large ; in-
deed, much of the work completed to date can be considered to be prelimin-
ary in nature. There is no as^ect of the continental slope benthos that
is known satisfactorily . Fundarcientally, more sampling is necessary over
a wider geographic range and basic taxonomic work needs to be done for
several groups . This is especially true for the infauna which is less
well known then the epifauna . Sampling over a period of time in a
limited area would add useful information on temporal variation .

Significant contibutions are needed in the field of natural history, i .e .
Eetter information on feeding types, population size and age structure
and the reproductive strategies of a multitude of species . This would

~ : help produce a better comprehension of species interactions .

We are only beginning to understand the time spans involved in continental
slope and deep sea life . Many species do not reach maturity for 50 years .
This slow motion life style raises ma^y questions about the rate of
energy flow, the predictability of food sources, and the role of micro-
fauna .
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In surmary, our data base on continental slope benthos is small . Workers
in the field have only recently had enough information to ask meaning-
ful questions . Much more effort will be needed to answer these questions .
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j Table 7-25• The effects of the benthos on sedi .ents,
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• lllthough much work has been done on deep-sea feedi ng ( Sokolova, 196A), how
and on what animals feed is still an open question (Dayton and Hessler, 1972) .
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7 .3.2 BENTHIC FIS ! :ES

INTRODUCTION

The most characteristic feature of the fish fauna inhabiting the shoal
waters of the northwest Atlantic is the abundance of benthic and bentho-
pelagic species. These are species primarily dependent on the bottom
for their food and concealment . In many cases morphological adaptation
to the benthic environment has also occurred . The main components of
this fauna consist of flatfish (flounders, halibut, plaice, and sole),
flattened laterally and lying with either their left or right side
pressed to the bottcn; rartilaginous fishes (skates, rays, and torpedoes)
flattened derso-ventrally ; and "roundfish" (cod, haddock, hake and
cusk) . The diet of these groups consists mainly of bottom dwelling an-
imals such as crustaceans, mollusks, echinoderms, and worms, although a
number of the "roundfish" are predaceous on other fish and shrimp .
Spawning activity generally occurs near the bottom but in some cases the
eggs, and in many instances the larvae, are pelagic . Furthermore, the
type of substrate is important to many of these species arid their dis-
tribution patterns can often be mapped according to bottom topography
and materials . This species-substrate relationship may either be pro-
tective or the result of an association of food organisms with the bottom
type .

The choice between classifying a particular species of fish as pelagic
or benthic can be arbitrary

. Fish are generally mobile and many of the so-called benthic species spend considerable time up in ;.he water col-
umn (Chenoweth, 1g74) ; conversely, a large number of spec'es which have
pelagic habits (i .e ., they range widely and feed on pelagic animals'} are
found near the bottom and are considered groundfish inasmuch aL they are
readily captured with a bottom trawling gear . Examples include : doqfish,
silver hake, scup, and butterfish . In this report, fishes whose bottom
habits make them susceptible to capture by bottom trawls are considered
to be benthic species .

Bei,thic fishes of the continental slope fall into three broad categories :

(1) Species that are widely distributed over the shelf and slope area
as adults usually have changing seasonal distributioiis, and com-
prise a large portion of the commercial catch (silver hake, red
hake, butterfish, skates, and dogfish) .

(2) Species that are found in deeper water beyond the shelf edge are
endemic to the slope, and are members of larger groups which are
widely distributed over the deep ocean (macrourids, morids, and
synaphobranchids) .

(3) Species that use the slope region as nursery grounds and are an
important part of the slope fauna as juveniles (witch flounder) .

7-148



.
, -

i .a

For the benthic fishes, as for other floral and faunal groups, the ccnti-
nental slope presents a transition zone with marked environmental changes .
As a result,the abundant temperate and boreal shelf fishes give way
to sparse populations of deep water species at the ocean depths . For
this reason, it would be expected that the benthic fishes of the slope
would be sharply zonated in terms of kinds arid abundance as one tra-
v2rses the region vertically from the shelf edge to the continental
rise .

To some extent, all fishes on the slope have adapted to the particular condi- ^ ,
tions presented by the deep sea environment : rapidly increasing depth, de-
creasing food supply, and increasing stability of environmental condi- ~
tions . 'he widely distributed benthic fishes of the first of :he pre- ,
viously mentioned tnree categories are probably less adapted to these
conditions and qenerally are not found a great distance below the shelf
edqe. The fishes that can be considered -'epe species seem to be able to
cope with increased conservatism of the slope environment ; although in
many cases they are found most abundantly only at ce :tain levels downslope .

Existing knowledge cf the fish fauna of the slope region, particularly
their ecology, is still in a primitive state relative to what is known
about fishes of more coastal waters . Only a lialited amount of scientific
exploration has been carried out beyond the outer shelf, most of which
has been done during the last few years, The results of exploratory
cruises in the 1880's by the "FISH HAWK", "ALBATROSS", and "BLAKE" using
bottom trawls down to about 1,200 to 1,000 m off southem New England,
representr:d the extent of knowledge ab o ut the slope fishes for the
next 70 years (Schroeder, 1955) . These explorations resulted in the
basic taxonomic work of Goode and Bean (1896) which has subsequently
been augmented for particular groups by Beebe (1929) ; Parr (1932); !
Bigelow and Schroeder (1954) ; and Castle (1964) . Extensive treatment
of the fishes found primarily below 2,000 m was given by Grey (1956) .
Most of these works are essentially systematic studies .

Beginning in the mid-1950's, trawl surveys of benthic fishes began along
the slope paralleling the north and mid-Atlantic coast . The intent of
these surveys was to determine the distribution and abundance of poten-
tial corrmercial quantities of fish . This distributional information
began with Schroeder (1955 ) , who conducted an extensive trawl survey of
the upper slope region (914 to 1,280 m) from the Nova Scotian slope tr ~
Cape Charles during June and July, 1952-1953 (Figure 7-27) .Later, Fdwaris,
Livingstone and Hamer (1962) rep,)rted the results of a winter cruise
track from Cape Cod to Cape Hatteras down to about 500 m on the slope ?
(Figure 7-28) . During the cruise, they recorded the sea temperature a
and the winter distribution of many commer :ially important species .
Other than this survey, very little data exist for the winter months .
Recently, Markle and Musick (1974) discussed the faunal composition of
the deep water fishes along the slope . Their work is the result of in
August survey of fishes conducted from southern New England to Cape
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Hatteras at a depth of 900 m (Figure 7y29) .

1

I

Perhaps the most extensive survey data for the upper slope level is
generated by the annual quantitative inventory of continental shelf
fish populations conducted by the National Marine Fisheries Service
Northeast Fishery Center (Figure 7-51) . This inventory extends from the
Gulf of Maine to Cape Hatteras and has been at its present level of effort
since 1969 . The survey consists of a fall and a spring sampling o` the shelf
and upper slope areas by bottom trawl, the area is divided into basic
sampling units (depth strata) with a number of 30-minute random tows
made in each strata . Grosslein (1974) describes the sampling design
in detail . For our purposes, the two outer depth strata are useful .
One parallels the upper slope at depths from 200 to 400 m and the other brid-
ges the shelr edge from 120 to 200 m . Summary printouts giving the
weight-and number of fish caught per tow in these outer two strata have
been obtained for this report and cover the years 1969-1974 . These data
are particularly useful as a gross inventory of the benthic fishes com-
mon to the shelf that have also been found at the upper slope levels .
The within-year variations and the statistical significance of these
data have not been analyzed in this presentation . Therefore, any gen-
eralizations made concerning trends in the numbers or weights of the
catches result from qualitative judgments and should be treated as
such pending statistical analysis .

Until recently, ecoloeF ;cal treatment of the slope fishes has been scan-
ty and questions of dominance, zonation, and diversity in relation to
increasing depth were left largely unanswered . Schroeder (1955) dis-
cussed the distribution of fish fauna to about 1,300 m, but his was pri-
marily a group-by-group account emphasizing commercially important spe-
cies . Faunal changes along the slope between 800 and 900 m were studied
by Markle and Musick (1974) . Recent interest in the downslooe faunal
changes have led to discussion regarding the zonation of fishes on the
slope off the Carolinas (Menzies, George, and Rowe, 1973) . Epifaunal
studies have resulted from both bottom photography by the submersible, .
"ALVIN" (Grassle, Sanders, Hessler, Rowe, and McLellan, 1975) on the
slope near the standard Gay Head-Bermuda transect and from bottom trawl
tows (Haedrich, Rowe and Polloni, 1975) .

FAUNAL COMPOSITION

Along-Slope Components

The summer cruises of Schroeder (1955) extended for a distance of some
600 km parallel to the slope from Nova Scotia to Cape Charles and sea-
ward from the shelf edge in a band from 5 to 20 km wide and to a depth of
about 1,300 m (Figure7-27) . H :. took a total of 75 species of benthic
fishes (Table 7-12) in his study reqion which he divided into four zones :
Nova Scotia to Georges Bank (A), to the offing of Nantucket (B), to the
Hudson Canyon (C), and to Cape Charles (D) . Of the more important
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TahlP 7-2G. Composition of slope fish fauna to a depth of 1300 m in the summer from Nova Scotia to
Cape Charles (after Schroeder, 1955) .

Species

h xine glutinosa
Petromyzon marinus
Scyliorhinus retifer
Apristurus p rofundorum
Mustelus canis
Cen troscymnuscoelole is
Centroscyllium fabric

„ Etmopterus p~ri_nc_e Ps
!, Raja bathyphila
~ ~ ~a7a erinacea

Raja fyllae
Raja ag rmani
Raja jenseni
Ra,La laevis
Raja mollis
Ra,Za oc'el3ata
Ra,ja radiata
Raja senta
Raja spnicauda
Harriotta raleiqhana

g~e. n. t. i .n. aa siius
eng tina st ir ata
tacanthus phasganorus
1 acanthonotus rostra
menche ys parasiticus
naer oceanica

Fathoms
~ 200 + 200

D
A

B-C-D
A-B-C-D

D
B-C-D

A-B-C-D
A-B-C

B
B

B-C-D

C

B
B-C
B-C-D

A-B-C-D

A-B

A D
A-B-C
A

A-B-C-D
A-B-C-D
A-B
A-B-C-D
A-B D
A

A C
A
A-B-C-D

D

Number of Fish :
Caught In Aggregate Catch

1-10 Hauls 11 + Hauls 1-10 11-100 101+

x x
x x
x x

x x
x x
x x

x x x ;
x x =

x x
x x

x x
x x

x
I

x
x x ~
x x
x x

x x
x x

x x
x xV x
x x

x x
x x
x x

x x
x x

~
~, . .

. ~.



, . .
. . . ., . ..... .. .. .~, . . ._,-.- ..-...._. ..._ . .. ..F-.- .. .._..__.-..-._-. .-. . . . . .~_.. ..._ .__ ._... „~. ,,,..~ ._._ . . ... ._ .. .- .... ._... .r_ . . . _ .._ ._ .. ._ . .._ .~ _.: . :__ _ •___ .__. ._ ..._ .__.. ._. _ _._.._._.....~ ..- .. .... . .._ _. ... .,., ._ _. . . . . ._ . .~ ._. ._..._. ... 2._..u_._.~.. _ slase..:.~... ...~, ..-_-"~-~'~

Table 7-26(Cont .) ' .

V

I ;v+

Fathoms
Species - 200 + 200

S na hobranchus innatus A-B-C-D
oro t a mu ac~y ms B-C-D B-C-D

Chloroghthalmys truculentus B-C
Merlu s,ius_ bj linearis. A-B-C-D A-B-C
tk~^luccius albidus B-C-D B-C-D
Gaidropsarus ensis A
Er~chelyopus ~dmbrius C
Po llac tlj us v'r A
Melanourammus aealefinis A-B D
An i rostrata A-B-C-D
,yrWJjySdLi _r~ai us B-C-D
~~hy~is tenuis B-C-D A-B-C-D
Uro~hvcis chuss A-B-C-D
~=hvcis _ chsri B-C-D A-B-C-D
j,&e pQnPma barbatulum D
B C9sme brosme A
S'zsl dtt s ( L'l iC.toms`s.is.f.ila)

p4ytass~ - A-B -_
Macrourus. ba.t rill.i B-C-D A-B-C-D
NJ~icrnurltss t erlax A-B

chus rarmj an tusCoelorhvn B-C-D B-C-D~
XphaPnoidPC r,n c _r ;sCor A-B-C-D,

.i .harjcthy~ arctifrons B-C-D
Mon2lene _ses.5y]saudata C-D
Rninhardtius hj=oalossoide,c, A-B
Hippoglossus i poglossus A

Number of Fish :
Cauqht In Aggregate Catch

1-10 Hauls 11+ Hauls 1-10 11-100 101+

x x
x x

x x
x x
x x

x x
x x
x x
x x

x x
x x
x x
x x
x x

x x
x k

x - _ x
x x
x x
x x
x x
x x

x x

x xx x

!
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Table 7-26 . (cont.)

Fathoms
- 200 + 200

Hippoglossoides p latessoides A A
Paralichthys obl.ongus . B-C-D B
6lyptocephalus cynoglossus B-C-D A-B-C-D
Zeno~s ocellatus D
Poni a nobi l i s C-D
Poronotus tri acanthus B-C-D
Lopholatilus cha maeleonticeps_ C
Sebastes marinus A A-B-C

„ Helicolenusda cty lopterus B-C-D B-C-D
~ Muoxucehalu_s octodecemspinosus A
CN Cottunculus microp_s A-B

Cottunculus £hon~soni A-B-C-D
Parali paris cppe i A-B
eristedion miniatumP B-C-D_
Tautogolabrus adspersus B
Macrozoarces americanus B
Licodes esmarkii * ^

_
B

4codes fri ig' dus A-B-C
L~icenche~s paxi 11 us A
Dicrolene intronig,ra B-C-D
Lepohidium cervinum C-D
Lophius ame_ricanus A-B-C-D A-B-C-D
Dibranchus atianticus B-C-D A-B-C-D

Caught In
1-10 Hauls 11 + Ha.y1s

x
x
x

x

x
x

x
x

x

x
x

x

x

x
x

x
x

x
x

Number of Fish :
Aggregate Catch

1-10 11-100 101+

x
x

x x
x
x

x
x
x

x
x
x
x

x

x

x
x

x
x

x
x
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species, the black dogfish ( Centroscyllium fabricci ), a deep water eel
(Synaphobranchus pinnatus ), and the redfish (Se aste s marinus) were
found prinarily in Zone A . The macrourids, dor.ina _cf in weight by Cor-
yphaenoi des rupestris were also most abundant in Zon,: A, but were found
in lesser quantities throughout . The cod and hake families were repre-
ser.ted by a number of important species ; most plentiful were the lung-
finned hake ( Phy cis chesteri ) and the !)lue hake (:"•n timora rostrata),
both most numerous in Zone A . The offshore hake ( !1erlucciuf alb ;du-,)
ranked third in abundance with the greatest catches occurring n Zones
C and D, but with no representatives in Zone A . Catches of the commer-
cially important silver hake (Merluccius bilinearis ), red ha4.a (Urophy -
cis chuss ), and white hake (U . tenuis were scattered . Ihe flounder
tribe was represented only by the wii:ch flounder (S1 tocephalus ano-
lossus), which were widespread as juveniles (one-fourth to one pound

in size) . Schroeder noted the absence of commercially important bpecies
in quantity and concluded the slope region was much less productive of
commercial fishes than the bank areas .

The results of Markle and Musick (1974) are of particular inter,ast be-
cause their faunal associations concern species predominantly considered
fishes of the deeper waters and for which there are very little ecologi-
cal data . Their sampling was done during the summer along the mid-slope
region, Nantucket to Cape Hatteras, and the catch reported for seven suc-
cessful slope hauls included 29 species and 17 families of benthic and
benthopelagic fishes . Their species list is included in Table 7-27 .
These data, when analyzed using a dominance-affinity index, show areas
of high species affinity to the north and south of Station 9, near Wil-
mington Canyon (Figure 7-29) . These two areas of association were attri=
buted partly to differences in species composition between the two areas
and partly to the dominance of Synaphobranchus kaupi . Dominant in their

; catches were Glyptocephalus cynoglossus and Ph cis chesteri at Stations
( 4, 6, and 8 ; and Synaphobranchus kaupi at Stations 11, 12, and 13 . The
I species contributing to the difference between the two groups of stations
~ are shown in Table 7-28 . Diversity indices and species richness values
~ were highest at intermediate St.ation 9 and the two adjacent stations,
~ with the lowest values at the most northerly and the most southerly sta-

tions . tions. The dominant species of the mid-Atlantic Bight were the synapho-
branchid eel ( S na-hobranchus kaupi ), the macrourids (Mezumia spp .), the

~ hake (Ph cis chesteri , and the flatfish (G lyptocephalus cynoglossus ) .
Southwest of the Wilmington Canyon the latter two species dominated,
while the synaphobranchid eel dominated to the northeast . Markle arid

; Musick noted that most C . kau i were in spawning condition and their a-
bundance may have resulted from spawning assemblages . The Wilmington

i Canyon stations were summarized as : (1) having the highest diversity
value, (2) being intermediate in position between the two areas of

t faunal association, and (3) containing the three dominant species in al-
most most equal abundance .
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TahiP 7-27 . Composition of slope fish fauna at 900 meters in August from
Nantucket to Cape Hatteras (after Markle and Musick, 1974)

Species Total

Centroscyllium fabricii 6
ari otta ralei hana 1
~soma pertur ator 1
Ilyophis brunneus 4
ynap o rancTkaupi 400
imenc e ys parasi icus 13
a osFl-T aurus gun er! 2
rovan ia p a acra ~5
epoAT epFiaTus agassizi ,1
a3aca i ornla ra cT-ei 1
a~t aterois viridensis '

Lo hius americanus
Dibranchus atlanticus 1
Antimore rostrata 15
Phycis chesteri 173
Dicrolene intronigra 20
Monomitopus agassizi 1
Melanostigma atlanticum 27
Lycodonus mirabilis 1
Lycenchelys verrilli 12
Lycenchelys paxillus 6
L cy odes atlanticus 5
Trachonurus s ulcatus 1
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Table 7-28 . Percent occurrence of benthic species on the slope north and

south of the offing off Delaware Bay (after Markle and
Musick, 1974) .

Percent Percent Percent
Occurring Occurring Occurring
South of North of At

Species Station 9 Station 9 Station 9

Centroscyllium fabricii 0 100 0
Harriotta raleighana 0 100 0
Ariosoma perturbator 0 100 0
ehalus a ag s51zi 0 100 0

Bajacaliformia drakei 0 100 0
us mfir-abiTisco on 0 100 0~_,

o~ rvahaenoides rupestris 3 97 0
yS napho~branchus kaupi 2 94 4
ime helys p arasiticus 8 77 15
Ilvophis brunneus 25 75 0
Melanostigma at anticum 26 70 4
Anitomora rostrata 0 67 33
LycencheTys paxi us

-
0 67 33

Dicrolenei n ron~ igra 15 65 20
Paraliparis cgpei 0 50 50
Halosaurus guntheri 50 0 50
Aldrovandia phalacra 24 48 28

yp~ toepral us cynogl ossus 71 18 11
Phycis chesteri 76 15 9
Lycodes atlanticus 80 20 0
Bathypterois viridensis 100 0 0
Loph~ius americanus 100 0 0
Monomi top~~su~assizi

-
100 0 0

Trachonurus su~fcatus 100 0 0
Cor phaenoides colon 100 0 0
Nezumia cvrano 100 0 0
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At the opposite seasonal extreme, Edwards, Livingstone and Hamer (1962)
conducted a winter survey of the upper slope waters from the offing of
Nantucket to Cape Hatteras down to a maximum depth of 500 m . The
principal species taken on a series of transects crossing the shelf-
break onto the upper slope at eight points along the shelf edge are
shown in Figures 7- 30 to 7-37 . The hakes dominated the slope catches on
every transect ; other principal species included several ~. hat are abun-
dant on the continental shelf at otner times of the year . Silver hake
was by far the most abundant on the slope with the offshore hake (their
American hake), red hake, and white hake also plentiful . Other shelf
species, such as butterfish and scup, are most abundant close to the
shelf edge at the northern transects below Long Island . The witch
flounder (grey sole), as juveniles, are also abundant on the slope . A
number of other species not shown here and considered fishes of the deepcr
slope waters were also taken . The dominance of the hakes, especially
those that are also found on the shelf, over the deeper water species
during this time of year is noteworthy .

Down-Slope Corr tponents

There have been several studies focusing on changes in the faunal compo-
sition of benthic fishes with increased depth : Schroeder, 1955 ;
Haedrich, et al ., 1975; and Grassle, et al ., 1975. Vertically, sharp
changes in particular physiographic a7n hydrographic conditions occur,
resulting in corresponding breaks in the faunal composition ; these have
been noted on the Oregon slope by Day and Pearcy (1968) and off of North
Carolina by Rowe and Menzies ( 1969) . A sharp faunal break at about
1000 m was evident off the Carolinas which leadsto a proposed zonation
by depth as follows : 1) a shelf faunal province ( 5-246 m), 2) an archi-
benthal zone cf transition ( 445-940 m), and 3) an upper abyssal zone
(940-2635 m) (t4,^nzies, et al ., 1973) . The zonation of benthic fish
species is probably universal all along the north and middle Atlantic
slope ; however, the particular depth at which faunal changes occur may
differ.

Schroeder ( 1955) has listed the spec i es he caught by occurrence above and
below 400m Table 7-29A) . Among his more important species . the black doa-
fish Centros ly lum fabrfcii was taken principally from 600 to 1100 m, and
the ee Synaphobranchus pinnatus from 800-1000 m . Of the hakes, the
long-finned h ake was the rsost p entiful between 400-900 m, the blue hake
between 600-1400 m, and the offshore hake between 200-500 m . The mac-
rourids were widespread between 600 m and his deepest tows . Likewise,
the witch flounder was found in the shallowest to the deepest tows .

Haedrich, et al . (1975) made twenty-five August trawl collections of
the epifauna 'Fboth fish and invertebrates) along the slope gradient be-
tween 200 and 1900 m(Figure 7-33) . Their results provide a fresh look at
the nature of the benthic fish fauna of that region . Based on several
analyses they were able to detect three faunal zones within which certain
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Species

Number taken at station --

[Average depth of tow (in fathoms) in parent.heses]

6 5 4 3 2 1

(46.5) (64) (82.5) (99) (146) (210)

Spiny dogfish :
Yale . . . . . . . . . . . . . . . . . 48 --- 14 423 --- 2
Female. . . . . . . . . . . . . . . 11 --- 353 5 --- ---

Barndoor skate . . . . . . . . . --- -- --- --- 2 2
Si!ver hake . . . . . . . . . . . . 17 --- --- --- 300 280
American hake . . . . . . . . . . --- --- --- - - 130 72
Vhite hake . . . . . . . . . . . . . --- --- --- -- 1 26
Red hake . . . . . . . . . . . . . . 2 --- --- :--- 105 ---
7rong-finned bake . . . . . . . --- --- -- --- 1 68
Fluke . . . . . . . . . . . . . . . . . . --- 4 --- --- --- ---
Four spot . . . . . . . . . . . . . . 1 --- --- 3 4 ---
Grey sole . . . . . . . . . . . . . . --- --- --- --- 4 34
Butterfisn . . . . . . . . . . . . . --- --- 277 1,500 --- ---
B1ack-bellied reflfish . . --- --- --- --- 9 3
Armored sea robin . . . . . . ~ --- --- --- 9 --- ---
dngle:. . . . . . . . . . . . . . . . . I 4 1 --- 7 5 11
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TE~ i GOM FIGURE
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Species

' tlwmber taken at station --

[Average depth of tow (in fath=s) in parentheseSJ

7 6 5 4 3 2 1

(32) (46) (67) (92) ( :.03) (178) (223)

Spiny dogfish: ~
Ifsle . . . . . . . . . . . . . . . . . . . . . 10 40 5 --- --- --- ---
Ferale. . . . . . . . . . . . . . . . . . . --- 2 5 --- --- --- --

Baradoor skate . . . . . . . . . . . . . --- 16 2 --- 1 --- ---
Leopard skate . . . . . . . . . . . . . --- --- 2 --- --- --- ---
Silver hake . . . . . . . . . . . . . . . . 1 13

~
--- 29 --- --- 280 _--

American hake . . . . . . . . . . . . . . ---
'

--- --- --- --- 360 62
White hake . . . . . . . . . . . . . . . . . --- --- --- --- --- 16 5
Red hake . . . . . . . . . . . . . . . . . . . ---

~
178 --- --- --- 36 --

Ivng-finnedhake . . . . . . . . . . . - --
I

--- i --- --- --- 16 8
Fluke . . . . . . . . . . . . . . . . . . . . . . 1 --- ' --- --- --- --- ---
Grey sole . . . . . . . . . . . . . . . . . . --- --- ~ -- --- --- 1 11
Butterfish . . . . . . . . . . . . . . . . . --- 41

~
14: ~ --- --- --- ---

S2up. . . . . . . . . . . . . . . . . . . . . . . --- 93 387 --- --- --- ---
Blaca-bellied re3fish . . . . . . --- --- --- 4 17 2
:I:rnored sea rb?n . . . . . . . . . . --- --- --- --- 21 --- ---
Ang?er . . . . . . . . . . . . . . . . . . . . . --- 8 --- --- --- 1 2

1 YounF;-o:-the-year and innct•-ue fish

ENVIRONMENTAL INVENTORY OF THE NOR TH ATL ANTIC CONTI NENTAL SLOPE~

Winter Distribution of Benthic Fishes, Shelf

ITRIGOM
FiGURE and Slope, on Transects off Cape Cod and Cape
7-31 Hatteras (Edwards, Livingstone and Hamer, 1962)
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Big skate . . . . . . . . . . . . . . . . . . . . . . . --- 2 2 --- ~ ---
Leoperd skate . . . . . . . . . . . . . . . . . . . --- --- --- 1 I ---
Silver bake . . . . . . . . . . . . . . . . . . . .. --- 1 23 12 407
Red haxe . . . . . . . . . . . . . . . . . . . . . . . . --- --- 1 --- 54
Four spot . . . . . . . . . . . . . . . . . . . . . . . --- --- 2 --- ---
Grey sole . . . . . . . . . . . . . . . . . . . . . . . --- --- --- --- 2
Butterfish. . . . . . . . . . . . . . . . . . . . . . --- 8 17 --- ---
Llackerel . . . . . . . . . . . . . . . . . . . . . . . . 1 12 2 --- ---
Scup. . . . . . . . . . . . . . . . . . . . . . . . . . . . --- --- 1 --- ---
Black-be]lied redfish . . . . . . . . . . . --- --- --- --- 7
Angier . . . . . . . . . . . . . . . . . . . . . . . . . . t --- 3 1 --- 8
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Nuaber taken at station --

[Average depth of tow ( in i :homs) in parentheses]
Species

1 2 3 4 5

(25) (45) (62) (80) (159)
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i
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Winter Distribution of Benthic Fi :hes, She i f
and Slope, on Transects off Cape Cod and Cape
Hatteras (Edwards, Livingstone and Hamer, 1962)

;

7-163
4

~ .

` _ -~e t



i , .

i

. '

O O

_--"--'----•e--'----____-'i

r
O !

0?

~ r az'• O
v

•f G fpp •
, !e n ~

rYb' .

foof.. Q

.r

•i No

QO
f, : eaTrOUi

0
z

i

0

Number taken at station --

Species [Average depth of tow ( in fathors) in pereatheses]

1 2 3 4 5 7 6

(32) (43) (b2) (86) j117) ( 153) (180)

. .Spirq dogfish : (
Y.ale . . . . . . . . . . . . . . . . . . . . . 53 144 251 --- --- --- ---
Female. . . . . . . . . . . . . . . . . . . 4 138 466 --- --- --- ---

Brier skate . . . . . . . . . . . . . . . . 1 --- --- --- --- 1 1
Leopard skate . . . . . . . . . . . . . . --- --- --- 6 6 --- ---
Silver hake . . . . . . . . . . . . . . . . 17 --- --- 80 ±1,125 850 415
American hake . . . . . . . . . . . . . . --- --- --- --- --- f 27 +125
White hake . . . . . . . . . . . . . . . . . --- --- --- --- --- ~ 15 21
Red bake . . . . . . . . . . . . . . . . . . . 1 --- --- 1 49 17 ---
Spotted hake . . . . . . . . . . . . . . . --- 1 --- 6 --- --- ---
Long-finaed hake . . . . . . . . . . . --- --- --- --- --- --- 4
Fluke . . . . . . . . . . . . . . . . . . . . . . 2 1 --- 3 1 --- ---
Fur aspot . . . . . . . . . . . . . . . . . . 1 1 1 1 2 --- ---
Grey sole . . . . . . . . . . . . . . . . . . --- --- --- --- 5 3 3
3t.tterfish. . . . . . . . . . . . . . . . . 52 1,120 --- 5 1 --- ---
Sea bass . . . . . . . . . . . . . . . . . . . --- 23 5 --- --- --- ---
Scup. . . . . . . . . . . . . . . . . . . . . . . 3 121 2 1 --- --- ---
Black-bellied redfish . . . . . . --- --- --- --- 1 30 13
Coamon sea robin . . . . . . . . . . . 105 11 --- --- --- --- ---
Armored sea robin . . . . . . . . . . --- --- --- --- 1 1 ---
Angler. . . . . . . . . . . . . . . . . . . . . 5 1 --- --- 4 13 13

~ ENYIRONMENTAI INYENTO P,Y OF THE NORTH ATLANTIC CONTINENTAL SLOPE

winter Distribution of Benthic Fishes, Shelf
T'R '('jVg FIGURE and Slope, on Transccts off Cape Cod and Cape7-33

Hattel-ds (Edwards, Livingstone and Hamer, lyb[)
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Number taken at station --

[Average depth of tow (in fathoms) in parentheses]
Species __

1 2 3 4 5 6 7 8

(30) (42) (65) (80) (100) (125) (150) (220)

4i:•y dogfish :

1

.

.~

:

.. '

~~.
.

male. . . . . . . . . . . . 14 53 2 1 --- --- --- ---
t'effale . . . . . . . . . . --- 66 1 1 --- --- --- ---

Bza:mdoor skate . . . . --- --- --- --- --- --- 1
Big skate . . . . . . . . . 1 2 --- --- --- --- --- ---
Brier skate . . . . . . . --- 1 2 1 --- --- --- ---
Leopard skate . . . . . --- --- --- --- 3 1 --- ---
Silver hake . . . . . . . 1 10 6 1 11 113 72 72 ---
Aamerican hake . . . . . --- --- --- --- --- --- --- 127
White hake . . . . . . . . --- --- --- --- --- --- --- 46
Red hake ., . . . . . . . . 1 --- 1 4 15 5 36 ---
Spotted hake . . . . . . --- --- --- 2 1 --- --- ---
Long-finned habe . . --- --- --- --- --- --- --- 6
Fluke . . . . . . . . . . . . . 1 4 --- --- --- --- --- ---
four spot . . . . . . . . . --- --- --- 1 --- --- --_ ---
Grey sole . . . . . . . . --- I --- --- --- --- 2 2 3
Butterfish . . . . . . . . 3 / 10 53 4 --- --- --- ---
Sea bass . . . . . . . . . . --- ' 5 15 1 3 --- --- ---
Scup . . . . . . . . . . . . . . 1 30 3 1 --- --- --- ---
Black-bellied

redfish . . . . . . --- --- --- --- --- 2 4 7
Cc,Qnon sea robin . . --- 4 1 --- --- --- --- ---
A-mored sea robin . --- --- --- --- 2 --- 4 1
t:.gler . . . . . . . . . . . . 6 1 1 1 1 2 9 30

1 .._. .- .. _r , .._avua : -va-raic-Jcaa

ENE+IRONMiNTAI INVENTORY OF THE NORTH ATLANTIC CONTINENtAI SIOPE

TR It3OM FIGURE winter Jistribution of Benthic Fishes, Shelf and
Slope, on Transects off Cape Cod and Cape~-34
Hatteras (Edwards, Livingstone and Hamer, 19c2 )1
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Species

!s:aber taken at station --

[Average depth of tow (in fath^,as) in parentheses]

1 2 ~ 7 4 6

(18) (37) (48) (92) (130) (238)

Spiny doofish :
L'ale . . . . . . . . . . . . . . . . 58 4 1 j 17 --- ---
Female . . . . . . . . . . . . . . 1 1 --- 8 --- ---

Eig skate . . . . . . . . . . . . . 1 --- --- --- --- ---
B:ier skate . . . . . . . . . . . --- --- 2 2 --- ---
Leopard skate . . . . . . .• . --- 2 --- 2 --- ---
Silver hake . . . . . . .•• . . 2 --- --- 1 33'. 1 230 ---
r: erican hake .• . . . . .• . --- --- --- --- --- 66
:rhite hake . . . . . . . . . . . . --- --- --- --- --- 49
Red hake . . . . . . . . . . . . .. --- --- --- 61 --- ---
Spotted hake . . . . . . . . . . 2 --- --- 6 --- ---
Loni;-finred haice••• . . . --- --- --- --- --- 29
Fluke . . . . . . . . . . . . . . . .• --- 2 --- » --- ---
:'our spoS . . . . . . . . . . . .• --- --- 1 ~ 6 --- ---
C'.rey sole . . . . . . . . . . . .• ---r --- --- --- --- 2
b_:terfish . . . . . . . . . . . . 6~ 1 --- ~ --- ~ --- ---
Sea bass . . . . . . . . . . . . .• --- 2 6 ~ --- --- ( ---
S~liL• . . . . . . .• .•• . . . . .• 1) 399 4 j --- 1 ---
°1a,zk-beilied re3fish . --- --- --- I --- --- 2
J-ng ler . . . . . . . . . . . . . . . . 31 --- --- ~ 2 3 17

1 ::osa,y i: :at se fish

ENVIRONMENTAL INVENTORY OF THE NORTH ATLANTIC CONTINENTAL SLOPE

Winter Distribution of Benthic Fishes, Shelf
TR IC30M PtGURE and Slope on Transects off Cape Cod and Cape

7-35 Hatteras ~Edwards, Livingstone and Hamer, 1962)
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lla.ber taken at station --

[Average depth of tos (in fathoms) in parentheses]
Species _

1 2 r- 3 4 5 _6
(17) (24) (42) (~) (107) '( (173)

SpiTly dogfish : .
Male . . . . . . . . . . . . . . . . ' --- 25 --- --- --- ---
Fea.ale . . . . . . . . . . . . . . --- 56 1 --- --- -~-

Barr.door skate . . . . . . . . - --- --- --- --- 1
Brier skate . . . . . . . . . . . - - --- 1 --- --- ---
Silver hake. . . . . . . . . . . 1 5 --- --- 6 450 540
American hake . . . . . . . . . --- --- --- --- --- 24
Wnite hake . . . . . . . . . . . . --- --- --- --- 1 4
Red ha~e . . . . . . . . . . . . . . --- --- --- --- 33 2
Spotted bake . . . . . . . . . . --- --- 1 1 12 2
Long-finnE+ hake . . . . . . ---

I
--- --- --- --- 16

Fluke . . . . . . . . . . . . . . . . . 1 1 2 2 --- 1
Grey sole . . . . . . . . . . . . --- --- --- --- --- 1
Butterfish . . . . . . . . . . . . 7 --- --- --- --- ---
Sea bass . . . . . . . . . . . . . . --- 3 4 15 8 ---
Scup . . . . . . . . . . . . . . . . . . --- --- 46 8 --- ---
Slack-belried redfish . --- --- --- --- 2 2
Com non sea robin. . . . . . --- 6 45 6 1 ---
Angler . . . . . . . . . . . . . . . . --- --- --- --- 15 45

1 Young-of-the-year

ENVIRONMENTAL INVENTORY OF THE NO RTH ATLANTIC CONTINENTAL SIO PE

~'~inter Distribution of Benthic Fishes, Shelf and
TR 1 GOM FIGURE~ Slope, on Transects off Cape Cod and Cjpe Hatteras_36

(Edwards, Livingstone, and Hamer, 1962
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hNimber taken at station --

[Average depth of tow (in fathoms) in parentheses]
Species 1 2 3 4 5 6

(19) (26) (45) (64) (80) (192)

Brier skate . . . . . . . . . .. 1 5 4 1 --- ---
Le:,pa_rd skate . . . . . . . .. -- --- 1 1 -- ---
Siive: hake . . . . . . . . . .. --- --- --- 3 123 1 332
Axri:an hake . . . . . . . .. --- --- - - --- --- 4
P.ed hase. . . . . . . . . . . . .. --- --- 2 1 --- --- 7
Spot;.a3 hake. . . . . . . . .. --- --- --- ~ -- 7 4
Lomg;inned hake. . . . .. --- --- --- --- -- 4
Flt: .ke . . . . . . . . . . . . . . . .. --- 3 --- i --- ---
Foes spot . . . . . . . . . . . .. ~ --- --- 1 --- '_ ---
B•s:;,er.'ish . . . . . . . . . . . . --- --- --- --- ~ 6 ---
Bia_j-bellied redash. I --- --- --- --- --- 2
A -'er . . . . . . . . . . . . . . . . 2 --- --- ---' 2 1~- ~

i !.'~;stly 'u,xaature fish .
2 s11 red hake in scallop .

ENVIRONMENTAL INVENTORY OF THE NORTH ATLANTIC CONTINENTAL SLOPE

Winter Distribution of benthic Fishes, Shelf
ITRIGOMI FIGUREI and Slope, on Transects off Cape Cod and Cape

7'3~ Hatteras ;Edwards, Livingstone, and Hamer, 1962)
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Table 7-29 .
hu-+bers and weight of benthic fishes taken down-slope on two trawl surveys .

~ .

A. (Schroeder . 19551

Fethums ~

N

Mauls

ova Scotia

. Number Pounds Hauls

Georges

Number

bn

Pounds

To

Hauls

u sor. C

Number

anyon

Powids

To

Hauls

Cape har

Number

es

Pounds

!~

Hauls

Average

Number Pounds

101-200 (0) (8) 216 107 (13) 371 207 (9) 386 185 (30) 333 16B

210-300 (10) 9n0 1073 (9) 408 192 (9) 261 180 ( (5) 450 258 (33) 522 447

301-400 1 (16) 1053 71) ~ (2) 321 180 (5) 273 1u4 (5) 180 90 (28) 705 471

a01-500 `(9) 929 4a0 (2) 200 113 (0) (4) 338 15" (15) 674 345

501••730 I

Ill

~ (6) !Sy 08 (3) 135 105 (2) 230 165 (tl) 158 93 (19) 327 226

Averdgp (41) 03 700 (24 ) 285 1'0 (29) 31 1 190 (31) 300 153

8, (HaeCrlch, et a1 ., 1975)

shallow . 141-285 m Middle . 393-1095 m Deep, 1270-192d m

H,)urs 3.82 11 .24 6 .35

Number --- -Sielght
_

"lumber Weight
_
Number Weight

F/sh - total 381 5202 .1 420 17877 66 9796 .0
- per hour 99 .8 1163 .0 37.4 1596 10.4 1542 .7
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faunal grou s tended to cluster : shallow ( 141-285 m), middle
(393-1095 m~, and deep ( 1270-1928 m) . In all zones 26 species of fist,
were taken (Table 7-30) . This group,along with the echinoderms, rep-
resent the dominant taxa . The overall dominant fish species was
Umaphobranchus kaupi with the rank order of the top several species agree-
i ng closely to that of P',arkle and Musick ( 1974) . The number of fish
declined with depth, but individual weight remained fairly uniform
throughout, since bigger specfimens were caught at lower levels . In
contrast, the number of echinoderms increased with depth . Four fish
species were dominant in the shallow zone : Cithar~ichth s arctifrens,
Le o hidium cervimum, Merluccius albidus , and HeTicolenus dact-y p rus ;
five were dom~nan the midd e zone : S na hobranc fdae kaupi . Mezumia
bairdii , Phycis chesteri , Lycenchelys sp . and G yptocepha'fus -cynog ossus ;
with no abundant species of fish found in the deeper zone . Thus, the
fishes were important members of the shallow and middle zones but
yielded to the echinoderms in the deeper zones . The absence of widely
distributed shelf species, such as silver hake, in the shallow zone dur-
ir:7 this season is noteworthy . The fishes decreased in density and di-
ve~sity with depth, while the invertebrates increased . The depth range
and relative abundance of fishes on the slope, according to Haedrich, et
al ., is shown in Figure 7- 39-

A somewhat parallel study, involving epifaunal analysis from bottom photo-
graphs, was done by Grassle, et al . (1975) . The photographs were taken
between June and September in the slope region off the Gay Head-Bermuda
transect at depths ranging from 124-1900 % however, their observations
were confined primarily to the 1300 and the 1800 m depths . At 1800 m
they found fish to be the most diverse of the megafauna but no fish
species had as high a numerical dominance as the echinoderms . The most
abundant fishes belonged to, .the Macrouridae, Synaphobranchidae, Moridae
Halosai. ridae, and the Alepocephalidae . The blue hake, Antimora rostrata ,
the eel Synaphobranchus kaupi , and the macrourid C oryphaeniodes ~caraPinus-
were most frequently encountered . At the 1300 m depth, fish were rela-
tively more abuhdant with the Halosaurid Aldroandia affinis and the
macrourids predominating .

Listed in the following tables are the composition of the fish fauna at
the different times and locations of these studies : Tables 7-26 and 7-30 rep-
resent summer catches and include the fish composition at the lower slope
levels ; most of these species are deepwater benthic fishes that are
comnon to the continental slope and rise . In Table 7-31 are the species
of megafauna (fish and large invertebrates) caught during the National
Marine Fisheries Service Groundfish Surveys conducted at the shelf edge
and upper slope (to about 400 m) . This list represents the species com-
position during the fall and spring and is comprised of a relatively
large number of species, many of which are benthic invertebrates and some
of which are pelagics caught in the trawl along -.-ith the benthic tishes .
The total kinds of animals caught averaged 52 per :trata for the shelf
edge and 60 per strata for the upper slope . Howev-r, this is only

7-171



Table 7-30 . Composition of slope fish fauna to a depth of 1900 meters in August off Southern New England
(after Haedrich et al ., 1975)

' Shallow Middle Deep
141-285 m 393-1095 m 1270-1928 m

Number Weight Number Weight Number Weight

Argentin s raiata 2 13 .0 - - - -
Coelorinchus carminatus 3 51 .0 L 99 .0 - -
Chloropli.ih<ilmu agassozo 7 59 .0 - - - -
Citharirhth y~ arctifrons 144 48L .0 - - - -
Glvptocepha lus_ cynoglossus 1 45 .0 45 1510 .0 - -
Helicolenus da vlop rus 44 394.0 - - - -
Le o hidium cervinum 68 1027 .0 - - - -

„ ~,l us pisca to- r-ius 3 116 .0 - - - -
~ Merluccius alb idus 55 430 .1 1 486 .0 - -
N Monolene sessilicauda 1 31 .0 - - - -

Myxine 4lutinos a 15 652 .0 - - - -
Paralichthys oblongus 2 196 .0 - - - -
Peristedion miniatum 1 42 .0 - - - -
Phycis chesteri 14 93 .0 61 8517 .0 - -
Pisodonophis cruentifer 14 160 .0 - - - -
hs=ren us-UroR 7 1411 .0 - - - -. .

Ant imora ros trata - - 3 572 .0 27 6245 .0
Cr haenoides rupestris - - -- 2 3 .0 - - -
Cottuncu u s thomp sQn_i. - - 3 377 .0 - -
j.ycen~helvs xi 1 s - - 5 65 .0 1 15 .0
Lycenchelys verrilli - - 50 175 .0 - -
Nezumia bairdii - - 84 1975 .0 30 2882 .0
Synaphobranchus kau i - - 164 4048 .0 3 161 .0
Aldrovandia affinis - - - - 1 23 .0

epocepha us aaassiti - - - - 3 355 .0
Centroscyllium fabricii - - - - 1 115 .0

"I
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Table 7-31 . Species of Epibenthic N:egafauna Taken on the Shelf Edge and Slope by the Groundfish Survey of the National Marine
Fisheries Service. (See Figure 7-00for Strata Location) .

Species
; Scientific Name Common Name

Carcharhinus obscurus - dusky shark
Centrosg'Llium fabricii - black dogfish
Shark unclassified -
Mustelus cani - smooth dogfish
Scylio rhinus retifer - chain dogfish
5gualus acanthias - spiny dogfish
Sguatinadume rifi - angel shark
Ra i a eglanteria - bricr skate clear nose
Raja _qaq iani - leopard skate

~ Etrumeussadina - round herring
~ Ceratoscgelus made riensus - horned lantern fish

v hctMtidea unident - deep water
Conger oceac.i cus - Amer. conger eel

i ~ Nemichthys scolonaceous - deep sea snipe eel
Merluccius albidus - offshore hake black

ris -f Merluccius bilinea silver hake whiting_
Urophycis chuss - red hake squirrel

~ Urophycis regius - spcLted hake
i Macrourus bairdii - conumon grenadier - marlin spike

ys dentatus -~ Paralichth fluke,
Paral{cht~ys oblongus - four spotted flounder
Citharichthys arctifrons - Gulfstream flounder
Macrorhamphosus sco lopax - long spine snipe fish

~ Zeno~s~is acellata - J !- . n Dory
Poronotustriacanthus - butterfish
Vorner setapinnis - moon fish

' Cheilodipterus seP. -
Centro rp istes striatus -

~
sea bass

Strata
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
x
x x x
x x
x x x x
x x x x x x x x x x x
x x x x x x x x x x x x x x x x x x
x x x x
x x x x x
x x x x x x x x x x
x x x x x x x x x
x x x x x x x x x
x x x x x x x x x ~
x x x x x x x
x x x x x x ,. x x x x x !
x x x x x x x x x x x x x x x
x x x x x x x x x x x x x x x x x x
x x x x x x x x x x x x x x x x x x
x x x x x x x x x x x x x x x
x x x x x x x x x x x x x x x
x x x, x x x x x x x
x x x x x x x x x x x x x x x x x x
x x x x x x x x x x x x x x x x x x '
x x x x x x x x x
x x x x x x x x x x x x
x x x x x x x x x x x x x x x x x x ;
x x
x x x x x
x x x x x x x

~

' ,



Table 7- 31 (Cont.)

Species
•Scientific Name Common Name

Stenotomus Chr,/soDs - •cup
Pynoscion raaalis - eakfish
Seb astes mar s_ - edfish, rosefish
Helicolenus ~lactyloDtf~ - ~lack bellied redfish
Antigonia capros - oarfish
Prionotus -u-rs]inus - ilorthern sea robin
Prionotus evolans - triped sea robin

~~11i.~u(p rmored sea robin-
cervinu~ - cusk eel

JubAuRiAel niac - northern puffer
Lophius americanus - American goosefish
j? onacantnus - plane head file fish

;' Balistes carQlinensis - trigger fish
~ Ogcqs•;ephalus ye$pertilio - batfish
~' L1PC terus macarellus - mackerel scad

Lantern fish u nclassified
Symyhurus U. - tongue fish
Maurolicus muelleri - pearlsides
NiLrkLios pg-nnan i - pearlsides
Chloropt alm s a assizi - green eye
Benthodesmus atlanticus -
Chauliodus stoani - viper fish
~Z~~miace(c~~a utltdcnt- - deep water
tOlYipmus A- toui 4u - hatchet fish
Polymixia nobilis - stout-beard fish -
Malacocephalus occidentalis - American straptail grenadier
Homarus americanus - lobster
Cancer unc ass ed - cancer crab unclassified

Strata
1 2 3 4 5 6 7 8 9 W 11 12 13 14 15 16 17 18
x x x x x x x x x x x x
x x ;
x x x x x x x x
x x x x x x x x x x x x x x x x x x
x x x x ~
x x x x x x x x x x x x ' x x x x
x x x x x x x ~
x x x x x x x x x x x x x x x ~
x x x x x x x x x x x x x x x x x xx
x
x x x x x x x x x x x x x x x x x x~'
x x x x x x x x x ~
x x
x x x x x x x x x x x x '
x x x x x
x x x x x x x x x x x x x x x x x x~
x x x x x x x x i
x x x x x
x x x x x x x x x x

i
x x

x x x x x x x x x x x x x x x x ;
x x
x x x x X
X X X X X X X X X X X X X X x ~
x x x x x x x x x x
x- _x_ _ x x x x x ~
x x x x
x x x x x x x x x x x x x x x x

~
x x

x x x x x x x x x x x x ;

~



Table 7- 31 (Cont .)

Speci es
Scientific Name Common Name

Cancer him i - Jonacr~-
gancer i rroratus - rock crab
SRhYma RW '- - scalloped hammerhead
PJAcQpecten maqelanicus - sea scallop
Ophidiidae unclassified -
Illex illecebrosus - short finned squid
loliao pealei - long finned squid
Petron,lyzon ar~rl inus - sea lamprey
Cluuea harengus - sea herrin^
Urophycis tenuis - white hake
S1]yotocephalus cynoalossus - witch flounder-grey sole
Scomber m - mackerel

~ Stomias affinis. -
~ Ch1orQpthalmus SjjLlybeius -
~ Argyropelecus aculeatus - s'lver hatchet fish

Polymixia lowei - beard fish
Bothidae linclassified -
Mvxine glutinosa - hagfish
Ra.ia erinacea - little common skate
Argentina .°~lus - Argentine
gmoqhelvs cruen tifgr - snake eel
Uroohvcis ter - long finned hake
Hake unclassified -
Limanda ferrug;nea - yellowtail flounder
Trachurus trachurus - saurel
Laggceoh,i laeviaatus - deep sea puffer-smooth puffer
Ra.ia oc u llata - big skate-winter skate
Alosa pseudoharenaus - alewife

~ w . . . . ._ . .. . . . ., .. . ._ w.__ ._. ._ . ._ . .... . .., : . .. .~ ~ 1h

~

Strata
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 :
x x x x x x x x x x x x z x x x x x,
x x x x x x x x x x x x x
x
x x x x x x x x x x x ;
x x x x x x ~
x x x x x x x x x x x x x x x x x x~
x x x x x x x x x x x x x x x x x xx

x x x x x !
x x x x x :

x x x x x x x x x x x x x x x . x ;
x x x x x x x x x x x x x x x x x
x x x x x x x x x x x x x x x x x

x x x
x x x x x x
x x x x
x x x
x x x x x x x x x ;
x x x x x x x x x ~

x x x x x x x x x x x ix
x x x x x x x x x x x x x x i
x x x x x x x x x x x x
x x x x x x x x x x x x'
x x x x x x x x x x x x

x x x x x x x x x'
x x

x
x x x x ;

x x x x x x x x x x x
i

,



~

I

i

Table 7-31 (Cont .)

Species
Scientific Name Common Name

Alosa sapt sstma - sha3---
Vi zoarces americanus - ocean pout-eel pout
Shrimp unc assified -
Squid unclassified -
Alosa aestivalis - blueback
Ee1 unclassified
Lolliguncula brevis - brief squid
Lo holatil us chamaeleontice s - tile fish~
Myoxocephalusocecemsu nosus - long horned sculpin
Hypsicometes gobtotdes -
Selar crumenopthalmus - bi3 eye scad

;' Ophichthyidae unclassified -
~ Scorpaenidae unclassified -
~ .lnchoa hepse tus - striped anchovy

Ph siculus fulvus - hakeling
HtppT ogl ossoides latessoides - American dab
Sea robin unclassified -
Etropus sp .
Hemitripterus americanus - sea raven
Dibranch us atlanticus - frogfish Atlantic batfish
Geryon quinguedens - red crab
Torpedo nobili ana -

~
torpedo

Raj a senta - smoo th-tailed or prickly skate
R_a.j'aa radiata - thorny skate
Melanogranmus aeglefinus - haddock
Scophthalmus ay uosus - sand flounder windowpane
Ra'a laevis - barndoor
smerus mordax - smelt

!

!~

4

Strata a
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 ~

x x x x x x x x x x x ,
x x x x x x x x

x x x x x x x x x
x x x x x x x
x x x !

x x x x x !~x x x
x x x x x x

x x x x x x x ;
x ;
x ;
x x x j
x x

x `
x x
x x x x x x x i ~

x x x
x x x

x x x x x x ~
x x x '

x x x x x x x x x x x Ix x x x x x
x x x x x x x ; ~

x x x x x (
x x x ~
x x

x
~

x
x !

!

~

i

t r
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Table 7- 31 (Cont .)

Species
Sci enti fi c Name Conm on Name

Gadus morhua - co?-
_
, _

_ _-
-

_lc_T_acus virens_ - pollock
~rosmebrosrne - cusk
F i ounder unclassified -
I ~iano~lossus hipp_oglossus

~
- halibut

,"Y~gdjQjjys tp _s - hook-eared sculpin
Wyhpi Amrna_tjsIi,~ - n iailed sculpin
&pidopLiorQidos monopIgryd,#us - alligator fish
(veQl ipari si paris atlanticui - sea snail•_•
Olvaria subbifurcata - radiated shanny

;' Anarhicha_s lupus - wolf fish
Z Diaphus . dun ierilli-AethoRrora netopoci - headlight fish
°' i ora_ rQ s tr_a ta - blue hake

Cu]Qp_tms l-V rr:pus - 1 ump f i sh
nchelyppus cimbriu s - four-bearded rocklins
Grenadier unclassified -
T d c ' rus 1wurpa - Atlantic cutlass fish
.G9nouro.o g]o aatum - long tooth angle mouth
Carar•gidae unclassified -
Herring unclassified -
PnWhisb.LhXa Rrs meSt eus -
b.1.inuricb-thy; RsrSJinpds - barrel fish
b ra i eo i s b_ 2fgstt_i,,L £S1MS1cjl -

1 st th~rs_ mediterraneus -
Synodus Doevi "- - offshore lizard fish
Dogfish unclassified -
~jwche).ys_ P-arnitios_ - slime eel
Menidia menidi_a - Atlantic silverside

. . . . r . . r . . r. . . . .
; . . V

` 1

_ . . . . . . . . . . . . . . . . . . . . s. . . .. .. . .r .. .. .u.r ... .l .
, . "t

,

~

~ y r

Strata "1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 :
X r , I
x

x x
x x x : ;x

~x
x r. ~
x x ~
x

~

'x j .
x

x x x ~x
x

x x x x x
x

x x x x x x x x'
x x
x x x i ,

x
x
x

_

x '
x
x x ~x x

x
x x x
x , .

' _ . .
~ , .

}

f ''•' •
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Table 7-31 (Cont .) ;

Species
Scientific Name Common Name

Priacanthus arenatus - big eye
Anchovy unclass~-`fFe_d -
Chloropthalmid -
Coelorh oy chus carminatus - long-nosed grenadier
a~'sterosteus acu eaT tus - three-spined stickleb ,i cic

Octo~hi diumo_m_o_s_t_i g_n~um - polka dot cusk eel
;+ ~T~acrourus berg la x - Right-headed grenadier_
~ Monolene sessilTcauda - deepwater flounder
=o Cr tacanthode-~ shacuTatus - wrymouth

narhichas uus - wolf fish
Careproctus ranulas -
hystriophis sp. -
htelanostigma atlanticum - soft pout
S nodus foetens - inshore lizard fish
hlyctophum punctatum - spotted lantern fish

Strata
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 ;

x
x x x !

x
x x x ~
x
x x•

x
x x
x
x
x
x

x
x

x l

x x~
i

~

,,. • .f

;
~• .~

. .~ .~

, ..•,~

~
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approximate since, in some cases, unidentified species were lumped into
groups . Relatively high counts of species occurred at the southern ex-
treme treme of the study area (Cape Hatteras), gradually decreasing in the slope
strata toward the northerrn extreme (Georges Bank) (Figure 7-40) . The
result of overlapping distribution of the shelf species onto the upper

~ slope can b_ seen from the list, which includes many forms that cannot
be considered fishes exclusively of the continental slope .

t

BIOMASS AND ABUNDANCE

Variations in the numerical abundance and biomass of benthic fishes occur
down-slope from the edge of the shelf to the beginning of the continental
rise ; along-slope from Georges Bank to Cape Hatteras ; and in the upper

" slope according to the season of the year . The surveys of Schroeder
(1955) ; Haedrich, e t al .(1975) ; and Grassle, .'et al.(1975), are partic-
ularly suited for° examining down-slope variation.- The groundfish sur-
veys of the National Marine Fisheries Service provide the most com-
plete information along the upper slope .

,
f

. ., ~

i

- i

~-

. ~

~

_ . ~
. _ ~

\ i.

According to Schroeder, numbers and weights of fish caught increased be-
tweer. 400 and 1000 m, then decreased to low values at the deeper slope
lev:ls . He found (Table 7-29A) his most abundant hauls to be between 400
and 800 m with the species contributing the most to be redfish, Sebastes
marinus (in Nova Scotia slope only) ; the macrourid Corypheanoides ,
the offshore hake, Merluccius albi d us , and the long-finned hake, Phycis
chesteri . The upper 200-400 m produced the smallest yield in weight of
fish per haul, while catches in the region from 800-1400 m declined from
the peak with the macrourides, long-finned hake and witch flounder con-
tributing most to the catch . Haedrich, et al ., on the other hand, show
a maximum catch at their depth zone of 141-2~5 m(Table 7-29A) and then a

-dtt#frr4rM catch in numbers with depth, although the weight of the catch
remained constant . Grassle, et al . indicated that benthic fishes be-
came relatively more important ie terms of numbers (density) than the
invertebrate members of the epibenthic macrofauna at about 1000 m, but
were by far numerically inferior at. other depths . They noted that the
epibenthic macrofaunj in ge~eral (Figure 7-41) were numerically inferior
to the irfauna by 10 to 10 , but that their biomasses are of the same
order of magnitude . In any event, the slope levels below 1000 m seem
to be regionz of reduced abundance, biomass, and diversity for the
benthic fishes, 1000 m being the point at which a significant change
occurs .

The biomass and abundance of the more representative species of benthic
fishes, as well as a few species of pelagic and benthic inverte-
brates,were recorded from fall and spring tows made along the shelf
edge and upper slope between Georges Baak and Cape Hatteras and re-
presented average values for the years 1969-1974 . The data are
presented as (1) mean weight and numbers per tow for all species
combined (Table 7-32 and Figure 7-50) ; (2) mean weight and numbers
per tow for selected species (Table 7-33, Figures 7-42 to 7-50) ;

7-180
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ENVIRONMENTAL INVENTORY OF THE NORTH ATLANTIC CONTINENTAL SLOPE

I1TRIGCM FIGURE
7-40

Kinds of Benthic Animals Caught at Slope and
Shelf Edge Depth Strata on NMFS Gro~.;n~'fish
Surveys,y1969-1974
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TaUlr 7-32 . Average number and weiqht of all epibenthic macrofauna taken at the shelf edge and
upper slope durinq fall and spring trawl surveys, 1969-1974 .

ALL SPECIES

SHELF BREAK STP,AT/1

vi
00w

Fal l Spring

Ave .Wt . Ave .ldt .
Strata (Kgs) Ave .Nos . ( Kgs) Ave .Nos . Strata

1 346 1,356 .25 1,536 2,517 .00 2

3 140 487 .08 757 1,128.10 4

5 140 591 .08 209 941 .00 6

7 299 756 .77 399 958 .25 8

9 156 2,371 .11 2,324 860 .00 10

11 128 467 .89 1,835 1,631 .45 12

13 151 808.11 214 323 .09 14

15 15(l . !'i(1 196 i!i~l . 79 16

17 162 84 .46 473 299 .85 18

SLOPE STRATA

Fa11 S rin .

Ave .Wt . Ave .Wt .
K s Ave . Nos . (Kgs) Ave .Nos .

120 419 .17 1,172 537 .54

100 202 .33 993 387 .73

64 98 .00 581 215 .54

91 165 .75 882 507 .67

87 152.61 1,794 847 .89

92 461 .61 474 295 .28

89 135 .70 302 216 .26

91 ;ll , ;t!'i 161 1 ;i :i,t10

167 86 .00 438 199 .53

,
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Table 7-33 . Average number and weight of selected species of epibenthic macrofauna taken at the
shelf edge and upper slope during fall and spring trawl surveys, 1969-1974 .

1
1

SILVER HAKE- Merluccius bilineari s-

'
s

SHELF BREAK STRATA SLOPE STRATA

~
' Fal .l S rin Fall Spring

~ Ave .Wt . Ave .Wt . Ave .Wt . Ave .Wt .
' Strata ( Kgs) Ave .Nos . ( Kgs) Ave .Nos . Strata ( Kys) Ave .Nos . (Kgs) Ave . Nos .

~ T 3 7 .67 14 21 .27 2 1 6 .58 85 132 .00

~ 3 2 6 .54 34 48.00 4 3 7 .33 34 48 .27

~

~

5 1 10 .08 6 7 .7? 6 1 3 .50 51 74 .00

7 1 17 .15 21 21 .08 8 <1 1 .50 85 108 .42

3 1 20.83 30 40.28 10 1 5 .61 86 71,84

11 2 6 .95 29 27.25 12 <1 2 .39 85 77 .50

~
:

13 2 8.44 16 12 .75 14 8 19.41 73 73 .31

I 15 11 28.04 36 35.52 16 8 10 .75 52 50 .83

, 17
i

6 9 .08 40 59 .04 18 17 15 .94 44 46 .82
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Table 7-33 (Cont.) RED HAKE-Ur

SHELF BREAK STRATA

Fall Sering

Ave .Wt . Ave .Wt .
Strata jKgs) Ave .Nos . ( Kgs) Ave .Nos .

1 • .083 <1 .82

3 2 2.61 5 6.29

5 <1 .33 2. 2.31

7 - .077 4 4.92

9 - .055 12 9.00

11 <1 .37 1812. 0:i

13 2. 1.72 5. 3.35---- - -- I
15 7 5.21 22 19.78 I

17 7 5.12 9 6.35

ophyciS ChusS

SLOPE STRATA

Fa11 Spring

Ave .Wt . Ave .Wt .
Strata (Kqs) Ave .Nos . ( Kgs) Ave .Nos .

2 <1 1 .58 9 12 .09

4 - .083 16 20.18

6 <1 .58 14 12.64

8 <1 .58 66 122.67

10 <1 1 .11 55 51 .42

12 <1 .83 80 68.44

14 1- ~_ 1 .06 23 18 .74

16 4 1 .95 17 12.11

18 2 1 .05 10 9.76

,

/ ; .

\

i. . .

.

,~ .
r

\
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Table 7•33 .(Cont.) SPINY DOGFISH-Squal us acan thias

SHELF BREAK STRATA SLOPE STRATA

Fall Sprinq Fall Spring

Ave .Wt . Ave .Wt . Ave .Wt . Ave .Wt .
Strata (Kgs) Ave .Nos . (Kgs)__ Ave .Nos . Strata Kqs ) Ave.Nos . (Kgs) Ave .Nos .

1 - None 680 88 .18 2 - None 830 115 .18

3 - None 142 23 .09 '4 - None 724 77 .82

5 - None 61 10.77 6 - None 386 33 .64

7 - None 84 102 .00 8 - None 593 133 .67

9 <1 .39 2,009 313 .64 10 <1 . 11 1,410 300 .31

11 - None 16 6 .85 12 - None 113 19.22

13 <1 .055 54 21 .35 14 - . 059 17 8 .95

15 3 4 .79 9 41 50 16 - .050 21 10 .78

17 <1 2 .37 97 11 .56 I 18 - .11 115 10 .88
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Table 7-33 (Cont.) OFFSHORE HAKE-Merluccius albidus

SHELF BREAK STRATA

Fall Sprin9_

Ave .Wt . Ave .Wt .
Strata _CKys) Ave .Nos . ( Kgs) Ave .Nos .

1 - None - 1Ff

3 - .077 <? .099

5 - None - None

7 - None - None

9 <1 .17 - None

11 <1 .16 - .099

13 - None - None

15 <1 .37 <1 .043 j

17 - None <1 .13 i

~ .

~ .

1

~

SLOPE STRATA

Fall Sprinq

Ave .Wt . Ave .Wt .
Strata (Kgs) Ave .Nos . (Kqs) Ave .Nos .

2 2 1 .75 1" 19.91

4 1 2 .92 7 8.45

6 <1 1 .42 1 1 .00

8 2 2 .25 3 2.33

10 6 8 .94 8 3.89

12 3 3 .33 18 6.33

14 4 3 .41 10 5.42

16 4 2 .40 4 1 .83

18 <1 .28 2 1 .23

~
,1

.,
~ ~.

t "
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Table 7-33 (Cont .) LONG FINNED SQUIU-Lol_igo pealei

SHELF BREAK STRATA SLOPE STRATA

Fall Sp-ring Fall S rin

Ave .Wt . Ave .Wt . Ave .Wt . Ave .Wt .
Strata (Kgs) Ave .Nos . K s Ave .Nos . Strata (Kgs) Ave .Nos . (Kgs) Ave .Nos .

1 28 72 .17 125 688 .18 2 12 42 .75 20 57 .00

3 60 214 .08 :1 270 .89 4 30 88.58 37 86 .36

5 24 61 .92 100 842 .54 6 1 5.75 18 39 .00

7 53 127 .85 137 572 .92 8 19 66 .83 19 58 .83

9 56 481 .50 63 244 .61 10 6 62 .72 23 47 .37

11 61 304 .00 61 120 .25 12 35 354 .67 9 14 .94

13 103 646 .22 __ __49 130 .50 . 14 10 , - 32 .59 22 47 .21

15 10 48 .12 49 81 .35 16 5 12 .55 11 19 .11

17 <1 2 .79 7 13 .74 1 18 - .11 6 11 .82

c

. •

s

,~
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Table 7-33 (Cont.) SHORT-FINNED SQUID- ;

SHELF BREAK STRATA

Fall
I

Spring

Ave .Wt . Ave .Wt .
Strata (Kgs, Ave . Nos . (Kgs) Av e .Nos .

i 26 38 .92 10 56 .27

3 3 4 .31 I 5 .79

5 <1 2 .00 <1 1 .77

7 3 5 .69 1 7 .92

9 2 . 4 .22 <1 1 .25

11 6 20 .79 <1 .40

13 5 11 .89 - .15

15 2 . 3 .87 <1 1 .35

17 1 .87 <1 .26

w ` (

:llex 111ecebrosus

SLOPE STRATA

Fall Spring

Ave .Wt . Ave .Wt .
Strata .(Kgs) Ave .Nos . (Kgs) Ave .Nos .

2 14 16 .92 8 32.54

4 14 19 .42 4 12.36

6 12 11 .17 2 4.54

8 13 18 .00 <1 1 .17

10 10 11 .78 5 15.95

12 7 9 .28 <1 1 .39

14 6 7 .35 <1 1 .00

16 5 3 .70 <1 .78

18 1 1 .44 - .70

. , •\ `

i

~
.t.
~~ .

~

, . . .
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Table 7-33 (Cont .) MACKEREL- Scomber scombrus

SHELF BREAK STRATA i SLOPE STRATA
,

Fa11 Spr ing Fall Sprin ~

Ave .Wt . Ave .Wt . Ave .Wt . Ave .Wt . ° '
Strata (Kgs) Ave .Nos . (Kgs) Ave . Nos . Strata (Kgs) Ave .Nos . (Kgs) Ave . Nos .- -

1 - None - None 2 - None 2 1 .18

3 - None 2 1 .70 4 - None <1 .91

5 - None 8 8 .15 6 - None 22 13 .91 ,
7 - None 15 11 .92 8 - None <1 .4?

9 - None 32 19 .07 10 <1 .33 26 16 .21 i~ .~ .
11 1 1 .42 1,298 810 .45 12 - None 10 6 .00 ~ 7.

13 <1 .22 5 3 .85 14 - .059 6 4 .05 ~

15 4 2 .12 24 13 .96 , 16 <1 .15 - .33 ~

17 - None 42 21 .69 I 18 - .055 1 .53 ~

,

,
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Table 7-33 (Cont .) BUTTERFISH-Poroi

SHELF BREAK STkATA ~

Fall Spring

Ave .Wt . Ave .Wt .
Strata Y,gs Ave . Nos . (Kgs) Ave . Nos . I

1 198 905 .25 37
I

171 .82

3 19 93 .69 107 189 .80

5 92 471 .42 7 22 .15

7 216 538 .00 17 54 .17

9 59 230 .50 37 111 .36

11 <1 3 .37 269 537 .75

13 15 111 .72 24 49 .89

15 4 9 .33 16 31 .87

17 <1 .29 - None

iotus triacanthus

SLOPE STRATA

Fall Spring

Ave .Wt . Ave .Wt .
Strata (Kgs) Ave .Nos . ( Kgs ) Ave .Nos .

2 17 102 .42 33 145 .00

4 - Norle 8 16 .55

6 2 16 .33 <1 1 .00

8 <1 2 .17 9 24 .83

10 <1 MD 92 . 287 .37

12 <1 1 .11 13 33 .00

14 <1 2 .12 <1 1 .68

16 - .099 <1 1 .05

18 - None 5 6 .65

i

` .
~~ .t

~ .I

~ 1
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Table 7-33 (Cont .)

f
. . .. . . _ . .o . , , -. . _ .I ` ~ -. - ~- ^

1
. . . ._ _ .. . . . . , .. 1

~

,

~

>

WHITE HAKE-Urophycis tenuis

trata

Fa l l

Ave.Wt .
(Kgs)

SHELF BREAK STRATA

SKi-U •

Ave .Wt .
Ave .Nos . (Kqs) Ave .Nos .

1 - None - N one

3 <1 .077 <1 .099

5 - None - .077

7 - None - None

9 - None 1 .36

11 - None <1 .45

13 1 .17 4 1 .20

15 7 .92 4 1 .09

17 4 . .46 2 .43

SLOPE STRATA

Fall

Ave .Wt .
Strata K s)___

Sprin

Ave .Wt .
Ave .Nos . (Kg ;) Ave .Nos .

2 - None 6 1 .54

4 - None 34 3 .82

6 - None 5 1 .27

8 - None 10 1 .25

10 1 .28 15 2 .21

12 2 .61 28 4 .28

14 2 .35 16 2 .26

16 14 3.15 13 1 .83

18 9 1 .50 14 2 .53

~~.,

,

i.,

i
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~
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Table 7-33 (Cont .) AMERICAN GOOSEFISI

~ SHELF BREAK STRATA

Fa11 Spring

Ave .Wt . Ave .Wt .
Strata (Kgs) Ave .Nos . K s) Ave .Nos .

1 1 1 .25 15 .05

3 4 3 .23 7 1 .09

;' 5~ 1 .83 1 .23
o
'° 7 1 7 .69 13 .75

9 1 .11 15 .57

11 6 .79 29 1 .09

13 3 .44 23 .70

15 11 .79 7 .39

17 <1 .13 1 .087

~
~

i-Lophi us americanus

SLOPE STRATA

. . ._ . :_ :`: :~ . . . . .~ . ., .~ ~
/

Fall S rin

Ave .!Jt . Ave .Wt .
Strata (Kgs) Ave .Nos . (Kcs ) Ave .Nos .

2 <1 0 .83 93 3 :36

4 11 6 .66 45 3 .64

6 11 4 .58 25 1 .09

8 14 1 .92 61 2 .83

10 18 1 .28 34 1 .16

12 12 1 .00 56 2 .17

14 23 ~ 1 .47 55 2 .21

16 24 .96 8 .55

18 9 .55 18 .86

;

\

~

},
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Table 7-33 (Cont.) SEAROBINS

NORTHERN SEA ROBIN-Prionotus car olinus
STRIPED SEA ROBIN-PriOnotusevo ans
ARMORED SEA ROBIN-Peristedion mi r~iatum
SEA ROBIN- Unclassified

SRELF BREAK STRATA

Fall Spring

Nve .Wt . Ave .Wt .
St rata (!Is)_ _ Ave .Nos . (Kgs) Ave .Nos .

V
1
J

w~ 1 <1 1 .08 358 1,188 .45

3 - . :il 52 82.09

5 - .083 2 2.15

7 - None 92 141 .75

9 <1 .78 12 22.82

11 <1 .37 88 83.59

13 <1 .33 <1 .099

15 - None <1 .17

17 - None - None

SLOPE STRATA

Fall S rin

Ave .Wt . Ave .Wt .
Strata (Kgs) Ave . Nos . (Kgs) Ave .Nos .

2 <1 1 .58 1 2.64

4 <1 .58 2 4.45

6 <1 .83 <1 .82

8 - None <1 2 .42

"10 <1 2 .00 <1 3 .16

12 - .28 1 2.33

14 - .059 <1 :21

16 - .099 - None

18 - None - None

`, .

,

.
; .
.

i` .

~ .
.~ •

<

-i

a,, _ . . .

1

,
1

;
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Table 7-33 (Cont .) DEEPWATER FIS'IES

nalus yespertilioBATFISH-Occoce;L
PEARCSIDES-Maurolicus mueTTeriMaurol icus pemartti
GR.EENEYE-Chloropthalmusaggas~_~~z~ii - -
SILVER HATCHET FSH-Ar yrope e~cus aculeatus
HATCHET FISH-Pol yipnus~isteroi3e ;
LANTERN FISH-Stamia toi ea uni'avri`t, unclassified

SHELF BREAK STRATA SLOPE STRATA

Fall Spring Fall_ Spring

„ Ave .Wt . Ave.Wt . Ave .Wt . Ave .Wt .
' Strata (KIs ) Ave .Nos . (Kgs) Ave .Nos . Strata (Kgs) Ave .Nos . (Kgs) Ave . Nos .
o
rn

:

1 :1 58.83 <1 8.54 2 ~1 102 .58 1 15.64

3 - 4.61 - 2.20 4 - 13 .75 <1 27.18

5 - 1 .08 - .38 6 <1 16 .67 - 4.73

7 - 5.46 6 .58 8 - 22 .75 - 7 .33

9 10 1,579.28 - .28 '10 - 6 .39 - 2.95

11 - .21 - 4.45 12 <1 19 .33 <1 9.28

13 - 1 .72 - .35 14 <1 20 .41 - 3.84

15 <1 27.71 - .65 16 - 13 .80 - 6.22

17 - 1 .33 - .17 18 - 3 .67 - 3.35

~

.,,~ .

~

.
,

4 ~_

t ~ .
~

~ 1

;
;

i
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Table 7-33 (Cont . ) RED CRAQ-Geryon gu i'nguede~ s

SHELF BREAK STRATA + SLOPE STRATA

;

.~

Fall Spr i n ~ Fall S~ing

Ave .Wt . Ave .Wt . Ave .Wt . Ave .Wt .
Strata (Kgs) Ave .Nos . ( Y.-~c s ) _ Ave .Nos . Strata__ ' Kgs) Ave .Nos . ___Vgs Ave .Nos .

1 - - - - 2

3 - - - - 4 - - <1 . 091

5 - - - - i, - .083 - -

7 - - - 3 1 .28 . 67 2 .20 1 .00

9 - - - - 10 6.24 2 .17

1

- - ,

11 - 12 -7 .10--- 3 .72 5 .14 1.72 1,

13 - .055 - . 050 14 3.64 1 .82 35 .85 .58

115 - .042 - - 16 2:31 1 .05 - .055

17 - .042 - - 18 <1 .28 - -
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Table 7-33 ( Cont .) LOBSTER-Homar

SHELF BREAK STRATA

Fa11 Spring

Ave . Wt . Ave .Wt .
Strata ( Kgs ) Ave .Nos . (Kgs) Ave .Nos .

1 11 .57 1 .25 7 .80 .82

3 12 .37 3 .92 6 .61 1 .29

5 8 .09 2 .17 1 .34 .23

7 9 .32 1 .85 3 .13 .58

9 9 .30 3 .11 4 .17 .78

11 10 .32 5 .58 2 .20 .90

13 10 .40 2 .17 3 .64 1 .15

15 13 .69 1 .67 2 .98 .74

17 3 .57 <1 6 .04 .65

us americanus

SLOPE STRATA

Fall Spring

Ave . :Jt . Ave .Wt .
Strata JK SQ ) Ave .Nos . (Kgs) Ave .Nos .

2 20 .94 3 :50 8 .82 2 .09

4 25.90 3 .58 ; 11 .51 10 .09

6 28 .66 3 .5 . ": 38 .47 7 .45

8 33 . 07 5 .50 25 .73 4.75

10 28 .53 12 .78 24 .93 8.10

12 11 .64 7 .67 29 .28 14 .28

I 14 18.67 7 .88 29.58 11 .24

I 16
~

8 .27 1 .25 18.25 2 .83

1 18 11 .26 1 .05 37 .70 3 .76

~



{a ~ -
! .

~
1

~~. ~.
~

v~
~~

Table 7-33 (Cont) WITCH FLOUNDER- G1YPt

SHELF BREAK STRATA

Fall cSpri ng

Ave .Wt . Ave .Wt .
Strata K s __Ave . Nos . (Kgs) Ave .Nos .

1 - None - None

3 - None - .20

5 - .083 <1 .31

7 - None - .17

9 - .055 <1 .11

11 - None <1 .050

13 <1 .11 - None

15 <1 .12 <1 .13

17 <1 .17 :1 .30

oce hp alus c ynoQlossus

I SLOPE STRATA

Fall Spri ng

Ave .Wt . Ave .Wt .
Strata (K + js Ave .Nos . (K sq ) Ave .Nos .

2 - .083 -! 1 .18

4 - .17 4 .00 3 .54

6 - .92 5 .00 5 .09

8 <1 .42 2 .00 5 .33

10 - .28 1 .00 1 .79

12 - .33 3 .00 4 .00

14 <1 .47 1 .00 2 .47

16 <1 :65 2 .00 2 .05

18 <1 .67 5 .00 3 :23 ~

i

i
~

i
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Table 7-33 (Cont .) BLACK BELLIED REDFISH-H

SHELF BREAK STRATA

Fall Spring

Ave .Wt. Ave.Wt .
Strata_ (K9 s ) Ave .Nos . K s_ Ave .Nos .

1 - 2.50 - .45

3 <1 3.46 - .80

5 - 2.25 - 2.38

7 - 7.69 - 2.17

9 - 1.39 <1 .64

11 <1 .79 - .050

13 <1 .89 - .35

15 <1 2.17 - .043

17 .87 - .35

~ , .

fl icol enus d act lo ._ terus

SLOPE STRATA

Fal l Spri ng

Ave .Vlt, . Ave .Wt .
Stra ta ' Kqs Ave .Nos. K s) Ave .Nos .

2 1 .83 11 .50 <1 4 .73

4 6 .44 26 .50 9 .61 44 .73

6 1 .48 9 .50 <1 3 .00

8 2.30 17 .17 1 .28 8 .25

10 2 .93 13 .33 5 .22 26 .00

12 2 .58 16 .61 2 :69 14 .17

14 3 .75 15,65 2 .78 13 .26

16 1 .76 5 .59 2 .07 4 .72

18 1 .23 1 .94

~

1, .

r

1
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and :S) average bottom temperature and depth (Table 7- 34) . Th:e data are
presented by depth strata (Figure 7- 51) for the shelf edge, the upper
slupe, and for spring and fall .

From these data some features concerning the quantities of benthic fishes
are evident . During the spring, along the shelf edge and upper slope
the weight and numbers of fishes are far greater than they are in the
fall . This is particularly true of highly migratory forms such as
silver hake, spiny dogfish, and red hake . The overall average of numbers
of fish caught and their weight per tow in the spring were 684 and 819
kg, respectively, as opposed to 374 and 140 kg in the fall . The shelf
break strata yielded higher catches in terms of average nuc.bers per tow
(990 in the spring, 786 in the fall) and weight per tow (882 kg in the
spring, 178 kg in the fall) than did the slope str3ta (numbers = 278 in
the spring, 200 in the fall ; weight = 775 kg in the spring, 101 kg in
the fall) . Along the slope (Figure 7-42),the overall catch varied con-
siderably between strata . In the spring, both weight and numbers again
tended to be high at the southern most strata and in the area between
the Hudson Canyon and Southern New England ; the fall catches do not show
as clear a trend. Schroeder (1955) noted the summer catches were highest
on the slope off Nova Scotia, with lesser and somewhat equal amounts in
the other three zones from Georges Bank to Cape Charles (Table 7-29k` .

Sixteen species, or groups of related soecies, were selected as beinq of
particular sionificance on the slope . Their quantities are indicated in
Table 7-33 . Generally, the deeper water forrss, such as the macrourids
(Grenediers), offshore hake, batfish, hatchet-fish, stomiatoids, and
lantern fish were found in low quantities scattered throughout the area .
These species are probably never as abundant as the shallower water fcrms
that are found in the ueper slope levels .

The silver hake, red hake, spiny dogfish, butterfish, and long-finned
squid were some of the most abundant species in terms of numbers and
weight per tow . They dominated the catches, particularly in the spring .
These are all wide-ranging, inhabit the upper 200 m and are common in
the shelf waters . The slope edge and down to about 400 m is probably the
limit of the distribution for many of these species .

The biomass and abundance of a number of these species (Figures 7-43 to 7-FO)
show different distribution patterns . In examining these i llustrations
it should be noted that a variable scale was used to plot numbers anu
weight of different species because they range so widely in abundance and
size. It should also be noted that in some cases the variation between
numbers and weight for any species may indicate the location of different
size or age groups .

The four abundant, widely ranging species spiny dogfish, red hake, white
hake and silver hake show similar characteristics, being more strongly
distributed along the slope strata during the spring . During this time,

7-210
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Table 7- 34 . Average bottoal temperature arnu depth of tow for trawl hauls made at the shelf edge
and upper slope during fall and spri,ig surveys, 1969-1974 .

SLOPE

Fa11 Spring

Strata Ave .TeMD.. Ave .Dep th
I

Stratum Time Strata Ave .Ternp . Ave .Depth Stratum Time

~
2 11 .1 143 .8 60 2 11 .4 137 .9 60

4 10 .6 154 .8 52 I 4 10 .4 143 .5 52

6 11 .0 137 :0 106 ~ 6 10 .7 134 .8 105

8 10 .1 146 .9 60 ~ 8 10 .1 148.4 60

10 10 .6 150 .8 183 ~ 10 10 .9 142 .2 188

12 9 .6 148 .9 230 12 10 .9 150 .3 230

14 9 .3 151 .8 176 i 14 10 .4 144 .3 176

16 9 .3 143 .9 230 I 16 10 .3 146 .0 230

18 8 .3 135 .1 172 ( 18 8 .2 148 .1 172

~~ _ . , , ~~ . ; .a . .a . . . . , . . . . . . . ..._.,. ..,. ., . .- . . ._..a .-..
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Table 7-34 .(Cont .)

Fa11

~

./ I.~ ,

~
j;

. i
,

~. ,
i
I
!
~
i

\

/

SHELF BREAK

Strata Ave_.Temp . Ave .Depth Stratum Time

1 12 .4 80 .6 86

3 12 .8 82 .7 86

v 5 12 .5 68.0 281
N

n~ 7 12 .9 67 .3 139

9 12 .7 73 .6 566

11 11 .9 78 .3 514

13 12 .2 72 .4 622

15 11 .7 75 .7 656

17 9 .3 77 .4 360

Spring

Strata Ave.Temp . Ave .Depth Stratum Time

1 11 .1 81 .4 86

3 11 .4 77 .4 86

5 12 .2 69 .3 281

7 11 .5 66 .7 139
~
~ 9 11 .5 72 .6 566

11 11 .8 77 .6 514

13 11 .4 75 .0 622
i

15 11 .0 76 .0 656

17 8 .0 77 .3 360

~

.
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' the rAd and silver hake tend to be centered most abundantly off the New
York Bight, spiny dogfish centered from the New York Bight to Cape

' Hatteras and the white hake less abundantly along the slope . Both the
mackerel and butterfish, which are pelagic species, are more strongly
oriented to the shelf edge, their occurrence in the slope strata being
limited more to the :rea around Hudson Canyon . The deep water fishes
should probably be considered mesopelagic and are only irregularly
found in the relatively shallow levels of the sampling region . There
seems to be an abundance of these species in the Hudson Canyon area of
the shelf strata during the fall ; however, this could be the r~.:-sult of
a few unusual catches . The highly variable vertical distri ;) ;:tion of
these species would make sampling with b6ttom trawls uorei-ible . Fcr
the invertebrates, the red crab is probably at the limit oi its range
in the upper slope strata, but was taken in some quantities in the
spring and fall off southern New England . The loGster is widely dis-
tributed in the slope strata in both fall and spring . Two species of
squid show similar distribution although the long finned squid is
co,isidered more stronqly abundant scuth of the Georges Bank slope . The
remaining species consists of four strongly benthic species . The black
belly redfish is widespread in the slope strata, the witch flounder,
probably made up largely of juveniles, are widespread on the slope dur-
ing ing the spring, but probably more abundant in the deeper levels (see
life history descriptior.) . The sea robins are primarily restricted to
the shelf edge and to the more southern waters and the American goose-
fish shows a size distribution which indicates that younger, smaller
individuals are distributed along the shelf edge strata, while larger,
older fisn are more abundant along the slope strata .

ECOLOGICAL RELATIONSHIPS

Reproduction

Mead, Bertelsen, anc: Cohen (1964) discuss the means bv wnich fishes
of the deeper scopt waters accomplish successful reproduction in an en-
vironment that pr;;duces sparse populations, scattered individuals, and
offers little support to the development cf the young . lhe discussion was
in relation to deep sea fishes below 2000 m, ')ut since these same groups
are found in the deeper slope regions, where conditions for reproduction
are similar, their observations are pertinent .

Ti ie proper balance between fecundity and survival of progeny which in-
sures adeq uate recruitment to the adult population can be accomplished
by tne mode ot reproduction and by egg developinent . The mode
of reproduction can be similar to that of the fishes of shallower water -
large numbersof small eggs are produced with the young developing in
the surface zone ( epipelagic) where abundant food is available and
parental care is ni nimal . This is found among certain of the deepwater
eel, such as tne synaphrobranchids . Another mode is the development
of few large eggs th3t produce large, well-developed young in the deeo-
water with a tendency for some form of parental assistance, insuring
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that the progeny are able to cope with the more hostile enviromnent of
deepwater. This type of reproduction is most common in the slope area
and is characteristic of the macrourids and other groups . The success-
ful fertilization of gametes depends on successfiA mate location, a
problem that becomes important in areas where the population is sparse
and the environment dark and unchanginq . Most fish species are
dioecious and require adaptations with which to 'locate mates ; sound_pro-
duction and reception is common in many groups rf deepwater l'ishes, as
is bioluminescence . There are several fishes of the Iomoni that are
monoecious and may be functional hermaphrodites .

Food

The amount and kinds of food encountered by benthic fishes of the deeper
slope waters are somewhat different than those of their brethren in the ;
shallower shelf regions . These conditions probably Influence the type
of fish fauna found at deeper levels . In general, the densitv of ben-
thic organisms important as food items in the shelf ;areas, i .e ., crus-
taceans, molluscs, and worms decreases rapidly below the euphonic zone .
Haedrich, et 1j, (1975) estimated that the biomass of infauna ir ; deeo sea was
nearly the same order of magnitude as that of the epifauna . Consequent-
ly, unless turnover rates of infauna are very high, they are not suf-
ficient alone to support the epifauna . It is apparent that available
food is one of the major limiting factors in the abunCance of benthic
fishes below the shelf edge and that those inhabiting *_hese depths re-
quire slightly different food habits .

Several authors ( Pearcy and Ambler, 1974 ; Haedrich and Henderson, 1974)
have noted that certain of the slope fishes, particularly the macrourids,
derive a major portion of their diet from the overl y ing mid-waters .
Pelagic food items in the stomachs of trawl caught Cor haenoides
-0 rmatus in the Hudson Canyon ( Haedrich and Henderson, 1974 suagested
that such organisms as cephalopods,euphausiids and small fishes ;,om-
prised a significant part of the diet of the larger individuals . The
capture of a large number of macrourid species in mid-water trawl nets
(Haedrich, 1974) indicates that pelagic excursions into the overlying
waters in search of prey is a common occurrence with these fishes .

The general mobility of fishes means that they are less dependent on
the bottom and can respond more to food availability . In the deeper
water ( approximately 2600 m), where fish diversity is lar compared to
the slope regions above, fishes are quite generalized feeders, con-
suming both animal and detrital material (Haedrich and Henderson, 1974) .
At the higher levels of the slope, a relative increase in food abun-
dance results in greater food specialization ( Pearcy and Ambler, 1974),
allowing for an efficient use of food resource through the increase in
diversity of feeding types. ~'

Another characteristic of fishes in the deeper waters seems to be

7-214



~

reducEd respiration . In situ respiration measurements (Smith and
Hessler, 1974) off San~iego of a species of macrourid and a myxiniid
from 1230 m show respiration rates significantly lower than those of
comparable shallow water species . In the case of one species, Cory- I
phaenoides acrolepis, respiration was reduced by two orders of magni- -
tude. These resulTs correspond with other findings and indicate a general
decrease of metabolic activity in the deep sea as a response to food _~
availability, pressure, and temperature . Smith and Hessler note the
possibil-ity that fishes at these depths exist in a quiescent state
until food becomes available. -

Temperature and Seasonal Movements

The general relationship of temperature to fish distribution in the North
Atlantic region has been discussed in a previous report (Chenoweth, 1974). -
In the open ocean, temperature primarily controls fish distribution . Con-
sequently, seasonal changes in distribution result from the movement of
fishes to maintain themselves within their range of temperature prefer-
ence. In the upper 200 m of the western North Atlantic water, seasonal
temperature changes are extreme (Hutchins, 1947) leading to extensive
migrations of many fish species .on the continental shelf (Chenoweth, 1974). ~'

On tf:e slope below 200 m, there is little seasonal change . For a detailed •
description of temperature characteristics of the slope water, the reader
is referred to Chapter 4 of this report . Essentially, seasonal tempera-
ture changes occur most widely in the upper 50 m decreasing to about 4'C
change at 100 m . At 120 m on the shelf edge there -is a warm band of
water about 40 to 80 m thick ; after which there is a sharp reduction in _
temperature of about one degree in 80 m to a depth of 500 to 600 m . A
gradial reduction of temperature then occurs to a minimum of 2 .2°C at
400( m.

Below the main thermocline, the role of temperature in the seasonal
changes of kir.ds and abundance of benthic fishes is probably minimal,
since conditions appear to be very stable . Investigations that produce a
time series of samples from the slope are lacking and the studies men- •
tioned previously were, for the most part, carried out in the summer .
It would be reasonable to assume that the seasonal distribution of those
species of benthic fishes characteristic of the deeper slope water (below
400 m) does not change signiricantly. `

Down-slope, the major changes in benthic taxa suggest a faunal boundary
at 300 to 400 m (Haedrich, et al ., 1975) . The region inshore of this
boundary is shallow enough to be influenced by the seasonal thermocline .
Below .about 400 m slowly decreasinq, stable temperatures robably have
less affect on the kinds and numbers of benthic fishes th~n factors such
as food supply and sediment type .
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Depth

The general influence cf increasing depth on the distribution and zona-
tion of the kinds and quantities of benthic fishes have been treated in
the previous section . Actually, it is the factors associated with in-
creasing depth that influence fish directly, i .e „ changes in pressure,
temperature, sediment type, food type, and quantity .

Sediment Type

The physiography and type of bottom material is known to influence the
distribution of benthic fishes, at least those species of the shallower
coastal water for which there is ecological information . Below the
shelf edge, our knowledge of the relation of benthic fishes to bo'.tom
type is very limited .TiacIlvaine (1973) described a small section of
the slope off southern New England in detail and from this Haedrich,
et al . were able to establish a relationship to their faunal boundary
at 3600 m. This boundary corresponds approximately to the transition
from the upper to the lower continental slope . Above the boundary, the
gradient is 1 .4° and characterized by a sediment rate of 15 cm per 1000
years . Below the boundary, the gradient is 7 .6° and the sedimentation
rate is only 2 cm per 1000 years . This results in different bottom
characteristics above and below 1000 m . Haedrich, et al . consider this
to be an important influence on the different benthic communities on
either side of the faunal boundaries . Above the boundary there was
medium scale slumping and bottom materials are only partially removed .
Below the boundary there was no accumulation of materials resulting in
a consolidated, erosion resistant surface with a stiff, clay silt sedi-
ment and little suspended material .

SIGNIFICANCE OF SLOPE TO SHELF FISHES

The seasonal movements of the fishes inhabiting the relatively shallow
water of the continental shelf in response to annual temperature fluctu-
ations was considered with some detail in the previous report (Chenoweth,
1974) . For a number of very abunaant fishes the outer continental shelf
and slope have a particular significance . The shelf of the mid-Atlantic
Bight contains very few permanent residents . It is composed primarily
of continuously shifting populations that move north, many into the Culf
of Maine, during the very warm months, and retreat south during the cold
months (Figure 7 .52) . It has been noted (Edwards, 1964 ; Edwards, Livingstone,
and Hamer, 1962) that during their autumnal retreat many important
species (such as silver hake, red hake, scup, butterfish, goosefish,
and spiny dogfish) move into the warmer, deeper waters of the outer
continental shelf in response to declining water temperatures elsewhere .
The band of warm water that exists year round at the shelf break begin-
ning at about 120 m (Chapter 4) represents a winter habitat of signifi-
cant proportions to these shelf fishes .
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From the data of Edwards, Livingstone and Hamer (1962) (Fig. 7-30 - 7-37) and
National Marine Fisheries Service Grcundfish Survey (Figures 7-43 to 7-50)
the populations of these species seem to be distributed from about
100 m to somewhere below the 200 m depth along the outer shelf from
Georges Bank to the mid-Atlantic region during the colder months (January
to April) . They appear to be located at slightly shallow waters at the
southern part of the study region, probably in response to slightly warmer
shelf waters . Exactly how far down slope these populations extend is not
clear from this data . However, considering the decreasing temperatures
and food'supply that were being counted very far down the slope, it is
unlikely that these shelf species are found in quantity much below 300 to
400 m .

Along the slope, distribution of these species is not even (Figure 7-42 .)
It would appear that at the shelf edge and upper slope, the Cape Hatteras
and the Hudson Canyon regions south of Long Isl3vA, .are areas where
these species are found most abundantly in terms of both number and weight .
The differences in weight and numbers of fish taken at the shelf edge and
slope strata indicate that the main area of their concentration is at the
edge of the continental shelf . It is interesting to consider the possible
interrelationship between species under these conditions, although at
this point it is most speculative . Obviously, in addition to presenting
optimum winter temperatures, this particular region must also provide an
adequate food supply to support these expatriate shelf species in addition
to any existing resident populations . Unless there is an insignificant
resident population or a corresponding movement down-slope of resident
species, there must be increased competition for availabi't food during this
period . More information on the productivity of this area of the outer
shelf edge and slope area is obviously needed .

Assuming that a large portion of the abundant shelf fish stocks winter
over in the relatively narrow band of water at the shelf edge and upper
slope, this region is an extremely important one to the ecology of the
continental shelf fish populations in general and to commercial fishing
interests in particular .

LIFE HISTORY OF KEY SPECIES

~-- Considering the relatively narrow band of bottom areE constituting the
continental slope, it is not surprising that most of the benthic fishes
found there have ranges overlapping into either the shallow shelf waters
or the deeper abyssal zones . Nevertheless, there are species groups which
stand out as being important constituents of the slope habitat . For some
of these, a brief synopsis of what is known of their life history follows .

Macrourids

Fishes of the family Macrouridae (grenediers, rattails) are of the order
Anacanthini and, therefore, are closely similar to the gaddids and



related groups . They have well developed swim bladders luminescent
organs, and a long, tapering posterior portion of the body . These are
fishes primarily of the continental slopes of the world where they are
fairly abundant in localized populations . The systematics and biology
of this group have been given extensive treatment by Parr (1946) ; Mead,
Bertelson, and Cohen (1964) ; and Marshall (1965, 1973) . In our study
area the group is represented by a number of species, notably Nezumia
bairdii and Coryphaenoides ru estris_.

Reproducti on

Of particular interest is the means by which endemic slope species repro-
duce themselves . This must be done in such a way as to insure that the
products of reproduction remain in a restricted area providing recruits
to the adult population . How the macrourids accomplish this is not clear .
They are not viviporous, but lay externally fertilized eggs . Although
the exact breeding time on the northwest Atlantic slope is not well docu-
mented, they breed in other areas from February,to September, implying a
fairly long spawning season . Ripening gonads indicated that they breed
off of New England during the summer and autumn (Bigelow and Schroeder,
1953) . The swim bladder operates as a sound producer as well as a hydro-
static organ and is considered to relate in some way to mate attraction
in the deeper slope waters .

Fecundity and Larval Life

Macrourids lay relatively lar e eggs (1-4 mm in diameter), which are
free floating (Marshall, 1973g} . The fecundity of Coryphaenoi des rupestris
ranged from 10,000 to 16,500 eggs per individual (Mead, et al ., 1964).--
From the collections of the ship D UA in other areas, a tentative recon-
struction of macrourid early life history has been made (Marshall, 1965,
1973) . The eggs are likely shed and fertilized near the bottom and
develop as they float slowly upward . The larvae lie not far below the
thennocline, gradually returning to the bottom as they grow . The
development to metamorphosis is probably very rapid because of the neces-
sity to recruit to populations confined to the relatively narrow slope .

Growth and Longevity

Age and growth of C sru estris in the northwest Atlantic (Savvatimsky,
1971) showed fish of commercial size (age 9-14 years) increased their
length 3-4 cm per year. Weight increased by 68-80 gm for males and
80-100 gm for females . At 19 years, males reach a length of 84 cm and
a weight of 1,010 gm, females were 88 cm and 550 gm .

Migration Characteristics and Distribution

There are over 300 species of macrourids, over 90 percent of which live
close to the continental slopes between depths of about 200-2,000 m
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(Marshall, 1955) . They are considered benthopelagic in that they spend
a significant part of their time up in the water column . Haedrich (1974)
noted the occurrence of C . ru ep stris in mid-water trawl collections in
the Denmark straits . The macrourids of the western north Atlantic have a
restricted distribution with only four species, among them C . rupestris ,
recorded for the slope waters of the eastern north Atlantic(Marshall,
1965) .

j Locally, macrourids probably do not range widely . C. ru est,~ris is re-
portedported to exhibit some seasonal movement up and down the slope in res=
ponse to the vertical distribution of prey and migratory movements of

, 1 to 200 m off of the bottom ( Pechenik and Troyanovskii, 1970) .

Population Densities

In all probability, the macrourids of the study area are fairly abundant
fishes, although good density figures are laking . Marshall (1965) re-
ports the density of one fish to about 160 m4 at 2600 m depth in an area
south of Nova Scotia . Pechenik and Troyanodskii ( 1970) reporting on
exploratory fishing of the slopes from Newfoundland to Baffin Island

~ found C, rupestris in commercial quantities of from 120 to 200 centners
; per 15 minute trawl .
s

Food

The feeding habits of macrourids in the Hudson Canyon to a depth of 2600
m have been reported by Haedrich and Henderson ( 1974) . The majo: cate-
gories of food eaten by Cor haenoides armatus are shown in Table 7-35 .
The food included benthic anima s, pe agi inals and items of ter-
restrial or neritic origin . The amount of pelagic food taken, which in-
cluded cephalopods and small fishes, was significant and increased with
the size of C. arnatus . The larger fish were obviously more prone to
capture pelagic prey. Haedrich and Henderson concluded that C . armatus

' derives a major portion of this prey from the overlying waters.
1

Predation and Competition

~ At the upper slope level, young macrourids might be the prey of such
j shelf fish as silver hake during the winter . Competitive relationships

are not known but are of interest in relation to the seasonary immi-
grating species in the upper slope levels . Generally, there is very
little information .

The Hakes

The hakes, as a group, all have different degrees of affinity to the con-
tinental slope . The life history of the silver hake (Merluccius
bilinearis) has been treated previously (Ch2noweth, 197 and will not
e~b'nc uded here . The white hake ( Urophy cis chuss ) and the red hake

( Urophy cis tenius ) are both shelf and slope species . However, Musick
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; TBble 7-35 . Food items found in Coryphaenoides armatus by size . Entries

are number of stc^=hs in which an occurred (after
' Haedrich and Henderson, 1974) .

.

~
69-99 mn 100-139 mm 140-179 mm 180-229 mm

` Stomachs with food 4 12 20 5

Empty stomachs - 4 3 1

/ Everted stomachs 1 14 13 2

Cumacea 2 6 3 1

Tanaidacea 2 6 3 1

~ Isopoda 3 3 1 -

Amphipoda 2 7 7 1

Mysidacea 1 - 1 -

Polychaeta 3 7 6 -

/ Pycnogonida - - 1 -

Copepoda 1 4 3 1

Euphausiacea - 1 2 -

Decapoda - 3 4 -

Crustacean parts - 4 7 2

t Cephalopoda - 2 16 5
~

Chauliodus - 1 6 2

Serrivomer - 1 3 -

Other fishes - 5 10 3

Sargassum - 2 - 1

, Things from surface - 2 7 2

; .
i
E
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(1974) has shown that the red hake is much more strongly oriented to the
slope . The red hake would be the most representative of the hakes for
the Purpose of th;s report, however, since these twospecies (red and white
hake) are not easily distinguished, they are treated together . Several
other species (Antimora rostrata the blue hake, Phycis chesteri the
lon -finned hake, Uro h cis _r_a i~us the spotted hake, and Merluccius
albidus the offshore hake are o fish of the deeper slope waters .
Their Tife history is not well known, although Bigelow and Schroeder
(1955) reported on the occurrence of the latter species off the north

_ and middle Atlantic coasts .

The white hake and red hake are cold water bottom fishes of the cod
family. They are treated together because they are so similar in ap-
pearance and habit and they cannot be easily distinguished . The white
hake is slightly larger and has a more northern distribution than the
red f,ake . They are both commercially important .~

1
Reproduction '

The spawning behavior of hakes is not well known' . It occurs over an ex-
tended period during the summer both north and south of Cape Cod . There
is evidence that hake from southern grounds spawn somewhat earlier, in-
dicating temperature probably effects the time of spawning . South of
Cape Cod, spawning occurs from May to August . Hake eggs were collected
in Narragansett Bay from May to November and in Block Island Sound from
June to September . Red hake probably reach sexual maturity at age three .
The majority of statinr.; in the Gulf of Maine at which hake e.ggs were
collected were well inside 800 m isobath . Probably spawning among hake
occurs in relatively shallow water . Musick (1974) states that after
inshore migration during spring in southern New England, red hake mi-
grate offshore in the summer to spawn . Sexually mature red hake were
heavily concentrated during the summer in depths shoaler than 110 m
on the southwest part of Georges Bank and off Block Island . These con-
centrations were probably spawning aggregations because ripe fish were
taken quite frequently . The immigration of red hake from shallow
southern New England waters to offshore spawning,grounds is probably
correlated with temperature . Red hake were found not to be abundant
within temperature intervals higher than 12 01C .

f- Fecundity and Larval Life

The eggs and larvae of the hake are pelagic . Eggs range from 0 .63-0 .97
mm in diameter. They are spherical, transparent, and contain one oil
globule . At hatching, red hake prolarvae are 1 .76-2 .29 mm long . The
pelagic larvae of the red hake descend to the bottom at a length of
about 35-40 mm. The young then live within the mantle cavity of the
sea scallop Placopecten magellanicus . The pelagic larvae of the white

) hake descend to the bottom at a length of about 80 mm .

r
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' Growth and Longevity

Hake spawn in the summer . Young of year taken in November off New York
were 49-65 mm. Young hake judged to be approaching one year old ranged

' from 60-110 mm. An analysis of length frequency data for hake from the
Bay of Fundy (Bigelow and Schroeder, 1953) revealed the following age-
growth data ;

Age Males Females~' .
' 1 200mm 200 mm

~ 2 330mm 360 mm

3 405 mm 480 mm

The growth of females out-strips that of males in fish over two years
old . The white hake is the larger of the two species attaining a maxi-
mum length of 122 cm and weight of 18 kg . The red hake reaches 75 cm
and weight 2 .5-3.5 kg . The white hake matures at about 500 mm in length
and thz red hake becomes mature at 290 mm in length .

Migration Characteristics and Distribution

Musick (1974) sumarized the seasonal distribution and movements of the
red and white hake . The distribution patterns of the two species are not
coincidental but complementary . The red hake is more abundant in the
mid-Atlantic Bight, whereas the white hake is more abundant on the
Scotian shelf, Gulf of St. Lawrence, and the Grand Banks . They occur

, together most often in the Gulf of Maine .

~ The red hake is considered by Musick to be a fish of the continental
slope . He found this species to be occurring over the shelf in small

~ numbers and to be most concentrated in water deeper than 200 m at all
J seasons. The National Marine Fisheries Service Ground Fish Survey data

(Figure 7.44Z also indicate a preference by the red hake for the upper slope
waters and a'distribution that is centered on the shelf below Long'
Island .

' The seasonai distribution (Fiusick, 1974) of the red hake is as follows :
= Uuring tall, juveniles are most abundant in southern New En5land waters

shoaler than 120 m, their distribution coinciding with their host, the
sea scallop ; the winter distribution of immature hake is in water deeper

' than 200 m; the adults migrate inshore in spring, then slightly offshore
in summer in spawning concentrations ; in fall they are dispersed over
the entire area . In the winter there is a strong offshore movement,
with the fish concentrating on the edge of the continental shelf from
southwest Georges Bank to Hudson Canyon . South of Nantucket they seem

` most abundant between 200-500 m and between 8 .3°C and 10 .0°C .

:
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These two species have a preference for sand and mud bottoms and rarely
; occur over rock and gravel bottoms . The red hake generally occurs on

the slope in areas of muddy or silty bottom .

Food

The red hake feeds chiefly on shrimps ( Pandalus ),amphipods, and other
small crustacea that they find on the bottom . Larger individuals also
eat squid and a variety of small fish such as alewives, butterfish, eels,
flatfishes, tautog, herring, mackerel, .menhaden, launce, silversides,
silver hake, sculpins, sea robins, smelt, and tom cod . Small crabs are
also eaten. In the northeastern part cf the Gulf of Maine, they feed far
enough off bottom to capture pelagic shrUps ( Meganyctiphanes and
Thysanoess a) (Bigelow and Schroeder, 1953) .

4-
Glyptocephalus cynoglossus

The witch flounder is a flatfish inhabiting the deeper waters of the
continental shelf . It has an extensive range, occurring between Cape
Lookout, North Carolina and the strait of Belle Isle . It is a species
of growing commercial importance . The witch flounder is of interest
because its life history is complicated and occupies three largely dis-
crete ecological niches, one of them on the centinental slope .

Rt7roducti on

A spring-summer spawning season is inferred from the capture of eggs be-
tween April and August and the pelagic larvae that occurred from May to
early November (Markle, 1975) . Bigelow and Schroeder (1953) considered
that there was no significant spawning south of Cape Cod .

The life cycle of the witch flounder is sumnarized :y Powles and Kohler
(1970) . The egg hatch2s into a pelagic larval stage that may persist
up to a year . These larvae may be concentrated 30-40 m from the surface
over deep water . The metamcrphosed fish settle to the bottom in deep
water (144-450 m in the Maritime Pro vinces) a nd are separate from the
more shoal adult stock . For the first four to tive years of life they
are found in the deeper waters, thereafter gradually migrating up onto
the shelf . Powles and Kahler suggest that by remaining deep the juven-
iles avoid direct feeding competition on the main fishing grounds with
other abundant species, such as cod and plaice .

Markle (1975) has made further observations on juvenile flounder over
the continental slope off Virginia . They were found to be dominant at
900 meters . The narrow size range observed in the collections off
Virginia and the strongly bimodal length frequency distribution off the

' . Nova Scotia banks led Markle to infer that the slope off Virginia is a
major nursery area for one to three or four year old witch flounder .
As the present evidence suggests, spawning occurs quite far to the north
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', and the juveniles may either : 1) Move southward along increasingly
deeper isotherms, or 2) arrive as larvae after drifting southwestward
along the mid-Atlantic Bight and then eastward into the slope water .

Synaphobranchid Eels

Among the anguilliform eels is a group of species that inhabit the
pelagic and benthic environments of the deeper waters . The synapho-
branchids belong to such a group . Although they are important compo-
nents of the slope fauna (Markle and Musick, 1974), their remoteness
and adeptness in avoiding or escaping slow moving fishing trawis has
resulted in a dearth of existing life history information . Castle
(1964) has treated the systematics of the synaphobranchids and Brunn
(1937) has dealt with their life history .

The abundance of S na hobranchus -~u - i- at the middle slope levels
has been notecd by Hae r i ch , et a nand by Markle and Musick . In the
collections by Haedrich, et al .~t e 164 S . kaupi taken at the middle
depth zone ( 393-1095 m) represented 18 .6 percent of the total catch,
which qualified it for consideration as the dominant fish species of
that zone . Markle and Musick show the following station catch dis-
tribution along-slope at 900 m(stations shown in Figure 7-29) :

Stations 3 4 5 6 7 8 9 10 11 12 13 Total
S, kaupj 1 6 - - 1 1 17 - 116 201 57 400

S . kaupi was most abundant at and below Hudson Canyon ( Station 9) . Un-
published data from the Virginia Institute of Marine Sciences ( Wenner,
1975) indicate that this species is also an important part of the
benthic fish comnunity in Norfolk Canyon at about 1000 m . Wenner also
votes that two other species, S. affinis and Ilyophis brunneus , are
common on the slope off North Caroina.

Reproduction

Synaphobranchids are among the few species of deep sea fishes that have
the high fecundity and epipelagic larval development characteristic of
the oceanic fishes of the surface zone (Mead, et al ., 1964) . Brunn
(1937) and Mead, et al . (1964) both note that the problem of mate
selection is reduced by a tendency of synaphobranchids to form rela-
tively dense popul3tions in selected areas during spawning seasons .
Markle and Musick noted that dense concentrations of synaphobranchids
in their collections had a large percentage of females that appeared to
be in a spawning condition and that their patchy distribution indicated
seasonal reproductive activity . This suggests a mid-to-late summer
spawning season of this species in the study area .
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Fecundity and Larval Life

The synaphobranchids have relatively high fecundities with ripe eggs
that measured from 0 .9-1 .1 mm in specimens of S. kaupi hatched by
Markle and Musick. The larval life of this species was estimated to
be about 18-22 months (Bruun, 1937) . The eggs are pelagic and develop
into the leptocepha7i larvae characteristic of the eel group . These
Leptocephali are reported to avoid the upper surface layers and have
a center of distrioution between 100-250 m . The advanced elver stage
of 89 S . affinis were taken at depths of from 550-600 m by Wenner
(1975) and ranged in size from about 75-105 mm . The leptocephalus
stage of the synapobranchids generally reaches 13 cm (Mead, et al .,

~ 1964). ~

Distributions in Migrations

Very little information except spawning migration and patchy distribu-
tion are suspected during the suraer months . Overall there is some
indication that S . kaupi is most abundant on the slope at about
900-1000 m .

DATA GAPS

Deficiencies in the data base result from the lack of de C o sea studies
on benthic fish on the continental slope . Until very recently few
sampling efforts were made beyond the continental shelf and those con-
cerned themselves with defining what species were present in the deep
water and in what quantities . The emphasis in many of these studies
was on commercially important shelf fishes . For the fishes of the deep
water benthic environment, there is a decided lack of basic life history
informatio n . Wi-,ole groups of species are largely unknown in terms of
general abundance, distribution and zonation, growth, reproduction,
and trophic relationships . icecent research has just begun to accumu-
late information on the benthic ecosystem of the continental slope and
how the fish fauna relate to it .

The relatively narrow region at the shelf break that is so seasonally
productive of commercial species is also an area where research is
needed . To what extent this region seasonally supports commercial stocks
of fish has implications for the commercial stocks of the whole North
Atlantic continental shelf .

The seasonal characteristics of the benthic fishes along the slope is
not well understood because there have been no seasonal studies . To
identify seasonal changes in community components, distribution, and
other temporal cycles requires a time series of examples rather than
collecting from a single research cruise .

The benthic fish of the deeper slope waters must be considered in rela-
tion to the ecosystem in which they reside . Recently, it has become evi-
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dent that this ecosystem is quite different from that of shallow shelf
waters . The distribution, abundance, reproduction, feeding and metabolism
and prey-predator relationships of benthic fishes in the deep water be-
yond the shelf break are manifestations of a system that operates under
great pressure, lack of sunlight, lower, but stable, temperatures, and
low productivity - essentially a conservative environment . Much research i
needs to be done to define the system and evaluate potential future ~
human impacts upon it. j
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7 .4 NEKTON

7 .4.1 INTRODUCTION

~ The nekton of the slope water is made up of a diversified group of
animals which actively move about in the water column, existing inde-
pendently pendently of the bottom . The group inhabits the region between the
surface water and the bottom, which on the continental slope and con-
tinental rise can vary in depth between 200-4000 m . The region can
be divided into a number of habitats according to depth and the various
fauna that inhabit them .

epipelagic zone upper 200 m

mesopelagic zone 200 to 1000 m

bathypelagic zone 1000 to 4000 m

,

.

.~
.; .

The nekton that inhabit the epipelagic zone in the upper slope water
are generally large, highly developed animals of the higher trophic
levels . Many of the fishes (sharks, tunas, marlins, swordfish, and num-
erous smaller species) inhabit tropical to warm teiaperate waters and
enter the northwest Atlantic slope water only during the summer . The
squids, represented abundantly by two species, the short-finned squid
Illex illecebrosus and the long-finned squid Loligo Peale i, are animals
of the continental shelf that winter over in the inner slope water .
Practically all species of cetaceans that are found in the temperate
waters of the northwest Atlantic at least pass through the slope water
at some time during their lives, and the larger qceanic cetaceans are
most common there. Several species of sea turtles use the slope waters
as a seasonal habitat .

The nekton of the general epipelagic zone have been divided into a
number of trophic levels (Parin, 1968) in which the fishes play a most
important role (Figure 7-53) . Each level represents about a 90 percent
reduction of the organic carbon assimilated by animal production from
the next lower level (Emery and Uchupi, 1972) . The food web is extreme-
ly complex and in some cases the lower trophic levels are by-passed .
Such is the case with certain cetaceans that feed directly on crustaceans .
Complexity of the food associations withir the epipelagic nekton makes it
difficult to estimate the flow of food energy from the primary producers
(phytoplanKton) through to the highest trophic levels .

The species composition of the epipelagic nekton in the slope water is
probably highly seasonal with few permanent residents . The wide
seasonal fluctuations in temperature in the surface zone (upper 200 m)
of the slope water with the accompanying seasonal variation in standing
crop of the primary and secondary trophic levels (see Chapters 7 .1 and
7 .2) produce a variation in environmental conditions that encourages
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temporal fluctuations . Most epipelagic fishes are summer migrants into
the slope water, as probably also are a number of cetaceans, that res-
pond to changing food supplies . The squid, reptiles, and some of the
pelagic shelf fishes move into the deeper, relatively warm water of the

j inner slope when the temperature of the water on tl .z shelf off north and
middle Atlantic states approach their minimum tolerance levels .

~ The nekton of the mesopelagic zone is dominated by numerous species of
' small animals that collectively represent the greatest concentrations of

swimming animals in the water column of the ocean . Dominant among these
are a group of small mesopelagic fishes that are important links to the
food chain, both in the epipelagic zone into which they migrate and in the
deeper waters they inhabit . Large groups of schooling fish, such as the
myctophids, although widely scattered and little studied, are an impor-
tant part of the economy of the deep ocean areas .

In this section, we will consider separately several important representa-
tives of the slope water nekton : the tunas and billfishes, mesopelagic
fishes, the two most abundant species of squid, sea turtles, and the
mammals . In some cases, these animals will be treated as a group and in
other cases the life history of individual species wii! be described .

7 .4 .2 EPIPELAGIC FISHES AND MESOPELAGIC FISHES

TUNAS AND BILL FISHES

Large, pelagic fishes of open ocean areas include tunas and billfishes
(swordfish, marlin, sailfish and spearfish) . These fishes feed and re•
produce up in the water column and have streamlined bodies suited for .- ;-
grating long distances at great speeds . Their great mobility is iiid'17-
cated by recorded swimming speeds for tuna of up to 70 km per hour and
for swordfish and marlin up to 130 km per hour (Parin, 1968) . It is not
surprising, then, that these fishes have a circular migratory path in the
northwest Atlantic that covers a distance of probably 10,000 km each
year (Mather, 1969) .

The tunas and billfishes are important seasonal visitors to the slope
and shelf waters of the study area . Basically, they are tropical and

- warm temperate fishes that most commonly inhabit the warm seas south of
the Gulf Stream in waters along the permanent thermocline . These species

~ move into the slope water from the south during the summer and are found
', feeding on the abundant shelf and slope water fishes during the warmer

months . At this time,all along the shelf and in the slope from thF Gulf
of Maine to Cape Hatteras,they are taken by commercial and sport fisher-
men on the outer shelf, and are particularly concentrated at the heads
of submarine canyons .

Knowledge of these fishes in general is somewhat limited because of the
difficulty in studying populations of such wide-ranging species . Most
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of what is known of these species results from an analysis of long line
catches from the conmercial fishing operations (Wise and Davis, 1973,
Sakagawa, 1975), from tagging studies (Mather, 1962 , 1969 ; Mather, Bart-
lett, and Beckett, 1967 ; Mather, Jones and Beardsley, 1972 ; Mather. Mason ard
Clark, 1974 ; and Beckett, 1970), or from exploratory fishing (Mather and
Bartlett, 1962, Squire, 1962) . These studies have described the general
migration paths of these fishes and their relative abundance along the
shelf and slope waters . A complete treatment of the life history of
several Atlantic species of bilifishes was given in the International
Billfish Symposium, Kailui-Koma, Hawaii, August 9-12, 1972 Mather,
Clark, and Mason, 1974 and 1975 .

Components

The large, pelagic oceanic fishes are representatives of the family
Scombridae (mackerels and tunas), Xiphidae (swordfish), Istiophoridae
(marlins and sailfishes) . Being members of the,,highest trophic levels,
they are represented by relatively few species world-wide and because of
their affinity for warmer water represented by even fewer in the slope
water of the northwest Atlantic . A list of the,Atlantic species that
occurred in Japanese lonc•line catches (Wise and Davis, 1973) is provided
in Table 7-36, along with a subjective estimate of their relative impor-
tance in the study area . Probably the bluefin tuna, Thunnus thynnis
and the white marlin, Tetra terus albidus are the dominant species in the
slope waters . Several species sailfish, spearfish) only stray into the
study areas and are centered mainly below Cape Hatteras to the Carribean .

Distribution - Migration - Abundance - Food

Bluefin Tuna

The distribution and migration of bluefin tt :na in the Atlantic follows
a complicated pattern that suggests migrations by different age compo-
nents (FAO, 1972) . Tagging of bluefin, particularly off the Bahamas,
has indicated interrelationships between groups from New England-Nova
Scotia, Bahamas, Norway and eastern Brazil . Lar e bluefin tuna which

; occur off New England and Nova Scoti, (FAO, 1972)q appear to constitute
; a single stock (Figure 7-54) . It appears, from tag returns of releases

made between the Gulf Stream and the continental shelf from Cape Hatteras
to the Newfoundland banks, that large :luefin move seasonally into the
mid-Atlantic coast in late spring from the east with a gradual movement
northeastward up the coast during the summer . They arrive late in the
surmier in the Gulf of Maine and Canadian waters . It is generally assumed
that this stock belongs to the same group that pass northward along the
edge of the Bahama Bank in May and June . Small bluefin also show a ten-
dency to move northeastward from off Delaware Bay to cff southern Massa-
chusetts with the advance of the summer season, but then appear to move
back to the New York waters late in the season rather than continuing on
into the Gulf of Maine .

/
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r Table 7-36. Species of tuna and bilifishes found in the Atlantic

r Comon Occasional

Bluefin Tuna Thynnus thynnus *

Southern Bluefin T. neccoyii

Albacore~ T . alalunga *-
Bigeye Tuna T . cbesus *

Yellowfin Tuna T . albacares *

Blackfin Tuna T . atlanticus

Swordfish Xiphias lag dius *

White Marlin Tetrapterus albidus *

Blue Narlin Makaira nigricans *

Black ttarlin M. inOica

Sailfish Istiophorus albicans

Longbill Spearfish Tetrapterus rfluegeri

Skipjack Tuna

~
;

l

Euthynnus pelaniis *

1

~

1
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In absolute numbers the stocks of bluefin tuna are not large and they
have been heavily fished . This is particularly true of the small blue-
fin which were particularly hard-pressed by the middle-Atlantic Ocean
fishery operations that developed early in the 1960's . Exploratory long-
line fishing (Mather and Bartlett, 1962) carried out between the 200 m
depth and the Gulf Stream indicated the distribution and relative abun-
dance of bluefin during November (Figure 7-55) . A surprising concentra-
tion of bluefin were found distributed along the 2000 m isobath south
of New England to New York . The larger catches occurred in waters whose
temperature ranged between 13 .4°C and 16 .8°C, and 15 .9 to 17 .3°C at 54 .86
and surface salinities of 33 .65 0/0o to 35 .30 0/00 . All four of the
heavy catches were made at the entrance to canyons . Mather and Bartlett
note the possibility that the greater mixin5 of deep and surface waters in
these areas produced richer feeding grounds .

Further indications of seasonal distributions are from purse seine catches
(Sakagawa, 1975) . The catches for July, August and September for the
years 1963, 1966 and 1973(Figure 7-56) indicate the seasonal movements to
northeastward along the coast. ~

Tuna feed on small pelagic fishes and invertebrates, primarily of the
schooling type . The particular species denends on the local supply
(Bigelow and Schm:-'-r, 1953) . Principal prey include herring, mackerel,
squid and to some extent euphausid shrimp .

White marlin . The movement of white narlin follows a similar pattern to
that of tunas, in that they move up the Florida current and the Gulf
Stream and into the north and middle-Atlantic shelf and slope waters in
the su:rmer, then return to the Lesser Antilles through the open oc2an
in the fall . This general circular clock-wise pattern seems to be
characteristic of the tunas and billfishes (Mather, 1969) .

White marlin are considered more abundant in the western Atlantic, as in-
dicated by the greater frequency of catches above 0 .5 fish per hook in
the longline fisheries (Mather, et al ., 1972) . The greatest summer
abundance is off the New Jersey ao Maryland coast to about 1829 m
(Figure 7-57) . These are fish that enter the area from the south about
June and July, concentrate in the area during August and then move
directly offshore in September and October (Figures 7-58 and 7-59) . Be-
cause of repeated returns ::o the same area, the white marlin of this
group are cons :d2red by Mather, et al . to form a distinct stock (middle
Atlantic stock), although they may net be genetically distinct . These
summer concentrations of white marlin are the object of a popular sport
fishery and a longline commercial fishery .

Mather, Clark, and Mason (1975) attribute spawning and the feeding as
the two primary factors controlling the distribution of the white marlin
and secondarily environmental conditions . Coastal concentrations in the
Caribbean relate to spawning act :vity, while coastal concentrations
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t along the middle Atlantic relate to feeding . Within this general frame-
work, work, water temperatures strongly influence their distribution . Squire
(1962) not-d that the surface temperatures where white marlin were

~ caught in exploratory longline fishery in the northwest Atlantic were
between 21 .1cC and 28 .3°C, with a weighted mean of 24 .8°C, and the

i temper$tures at the estimated fishing $epth (52 .7 m) were between 10°C
~ and 27 C, with a weighted mean of 20 .5 C . It has been noted by several
~ authors (Mather, et al ., 1975) that concentrations of white marlin occur

in areas where less saline coastal waters mix with more saline oceanic
waters . Thus, the white marlin sport fish grounds off southern New
Jersey and M:ryland were of higher salinity than the surrounding inshore

~ waters and were identifiable by the abrupt change from lower to higher
salinity. Areas of white marlin concentrations also show distinctly

~ i1gh plankton volumes . Submarine canyons, when located in areas with
suitable water conditions, are locations of feeding concentrations of
marlin . This is particularly true of the Norfolk, Washington, Baltimore,

~ Wilmington and Hudson Canyons .

White marlin are feeders on small schooling fi,shes and invertebrates,
and as such, compete with the tunas and sharks for food (Ftather, et al .,
1975) . Squid play a particularly inportant part in their diet . Im-
portant food species are indicated in Table 7y37• .

Swordfish . Swordfish also range --long the shelf and slope waters of the
m di dle Atlantic coast during the surmer months and are of interest to
sport and commercial fishermen . Their marked seasonal variation in the
northwest Atlantic was noted by Beckett (1974) . In the winter, the
fish are confined to the water of the Gulf Stream where surface tempera-
tures exceed 15°C. In the warmer months, they range over a much wider
area, after following the northern rovement of increasing water tempera-
tur2s in the spring . Their summer range extends along the edge of the
continentei shelf from Cape Cod to the Grand Banks ; occasionally, they
are found as far north as the Miramichi River in the Gulf of St .
Lawrence. This summer distribution is generaaly limited by the 13°C

; isotherm, with only a few fish found below 15 C . There is a relation-
ship between temperatures and several components of the swordfish popu-
lation . Females and larger, older individuals seem able to better
tolerate cooler waters than males or small individuals . Therefore,
the population of swordfish at the edge of the continental shelf is
likely to consist of large females .

The feeding habits of the swordfish is reported from specimens r.aught
along the 200 m depth from Cape Cod to the Grand Banks (Scott and Tibbo,

. 1974). The species of primary importance in the diet of swordfish from
this sampling were squid ( Illex illecebrosus), mackerel, barracudinas
(family paralepididae), redfish Sebastes marinus ), lantern fishes
(M cto hidae), and silver'hake . The fishes contributed a greater vol-
ume (78 .7 to 94 percent) to the diet than the squid . The sixteen fam-
ilies of fishes identified in the swordfish stomachs are shown in Table

~ 7-38) and reflect a mixture of species from the shelf and deeper slope

7-247

,/ ~. ._. .._. ..~ . . .< ._, . .~__ .- .,. .. .. . .,.- .r : ,_. . . . ._ ._,_._.-,~ ,_. . . ._.~K...~ ._. ._ A ..~ . __.v._. . . ~~ . .: . . ..,~
._ . . . ._---- . . . . ..___ .: ._ . . ._. - _ . ...

i



.i
~. x~~

Table 7-37. Frequency of occurrence of different organisms in ~
stomachs of 55 white marlin taken by anglers between
Ocean City, Md ., and Atlantic City, N .J . (after Mather,
et al ., 1975)

:
Number of Times Occurring

1959 1960

VERTEBRATES ;
Fishes
Clupeiformes (unidentified) 1
Clupeidae ( Dussumieriinae)
Atlantic round herring,

Etrumeus sadina 22 1
Hemiramp-Tii a
Halfbeak, Hyporpamphus

unifasc i a us 2 1
Carangidae
Banded rudderfish, Seriola

zonata 4 1
Round scad, Decapterus

punctatus 1 1
Jack, Caranx sp . 1 4
Unidentified carangids 3~
Scombridae
Mackerel, Scomber sp. 2
Xiphiidae
Swordfish, Xi ph- i--as- lag dius 1

Dactylopteri ad e
_ ~. Flying gurnard, Dactylopterus

volitans 1 `
Fish remains (unidentified) 9 ~

INVERTEBRATES
Mollusca (Cephalopoda) s

Squid, Loligo ep alei 13 2 j

: OTHER
s

Rockweed, Fucus sp . 1

EMPTY 10 4 ;

~i

i
~
1
i
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T able 7-38 . Species and families of fishes found in swordfish
stomachs (Scott and Tibbo, 1974)

Fish Total Volume (CC)

Scombridae (Mackerels)
Sconber scombrus (Atlantic mackerel) 18,110

Paralephididae (Barracudinas) 10,017
Scorpaenidae (Scorpionfishes)

Sebastes marinus (Redfish) 7,355
Myctophidae Lanternfishes) 3,802
Gadidae (Cods)

Merluccius bilinearis (Silver hake) 3,485
Alepisauridae Lancetfishes)

Alepisaurus ferox (Longnose lancetfish) 1,365
Stromateidae (Butterfishes)

Centrolo hus niqer (Black ruff) 1,005
Balistidae Trig erfishes and Filefishes) 455
Evermannellidae ~Saber-toothed fishes) 198
Malacosteidae (Loosejaws)

Malacosteus niger (Loosejaw) 160
Carangidae (Jacks and Pompanos) 100
Nemichthyidae (Snipe eels)

Nemichthys scolo acp eous (Slender snipe eel) 97
Stomiatidae (Scaled dragonfishes)

Stomias boa ferox (Boa dragonfish) 40
Gempylidae(Snake mackerels)

Nealotus tri es 40
Scomberesocidae (Sauries)

Scomberesox saurus (Atlantic saury) 16
Gonostomatidae Anglemouths)
Maurolicus muelleri (Muller's pearlsides) 2

Unidentified fishes 4,219

Total 50,466
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waters that would be expected from the area near 200 m isobath .

r

MESOPELAGIC FISHES

One of the least understood fauna inhabiting the pelagic regions of the
slope wate^ are a group of small fishes that reside in the dimly lit
waters bey,;ad the shelf between 100 to 1030 m, The mesopelagic fishes,
that are represented by many species over a wide range of ocean and that
continually move vertically in the water column, presant a difficult
sampling problem . For this reason, very little is known about their
life history and distribution ; even their taxonomy is not complete .

I
These fishes, although of no commercial importance to man, form one of
the major links in the pelagic food chain . Their role is that of forage
to the animals of higher trophic levels, such as tuna, billfishes, and
sharks, and reduction in their numbers would probably alter the economy
of the ocean seriously .

These animals occur in large schools that are continually shifting their
positions diurnally, and are largely responsible for the phenomenon known as
"deep sound scattering layer" that was first noted from sonar soundings
during World War II . The characteristics of these layers suggest that
the reflectors consist of gas-filled swim bladders of small mesopelagic
fishes . However, all the species responsible are still not completely
identified . Different types of sound scattering layers occur in dif-
ferent regions (Emery and Uchupi, 1972) . The slope water has a charac-
teristic pattern of dense hyperbolic sequences (Figure 7-60) that were at-
tributed to schools of fish, but until recently their identity was unknown .
Observations by the deep submersible, ALVIN, within the layer,identified
the Myctophid fish Ceratoscopelus maderensis as the culprit . This species
is restricted in distribution to the sTope water and was found within a
layer to be in schools of 5 to 10 m thick, 10 to 100 m in diameter and
10 to 200 m apart . Within the schools the fish were concentrated in
groups of 10 to 15/m3 (Backus, Craddock, Haedrich, Shores, Teal, Wing,
Mead, and Clarke,1968) .

Published accounts of the mesopelagic fishes in the,slope waters are few .
Some systematic work on particular groups of fishes :that are represented
in the slope waters have been carried out by a number of authors but this
work is by no means complete . Some aspects of the ecology and biology
of these fishes have been examined . Backus, Craddock, Haedrich and
Shores (1970) presented an extensive treatment of the distribution and
faunal assemblages of mesopelagic fishes in the western north Atlantic
Ocean . Locally, their faunal characteristics in warm core eddies (Hae-
drich . 1972) and in western Sargasso Sea thermal fronts (Backus, Craddock,
Haedric`, Shores, -ea1, Wing, Mead and Clarke,1968) have been examined .
Probably the most recent data of faunal corposition in the slope waters
is from an examination of mid-water trawl collections from the deep water
dump-site sponsored by National Oceanic and Atmospheric Achninistration
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( Krueger, Keene and Keller, 1975) .

Comnosition and Distribution

The general faunal composition of mesopelagic fishes in the western
north Atlantic consists of a few abundant and many rare species
(Backus, et al ., 1970) . Dominant i n ter ns of numbers of species and
numbers of individuals are the fishes frcm the families Myctophidae
and Gonostomatidae . Backus, et al . f:und a total of 350 mesopelagic
species in the equatorial and western North Atlantic and about 80
species occurringcommonly enough for distrihutional consideration . About
three-fourths of these belong to the families mentioned above . They
considered the distribution patterns of these fishes in terms of faunal
zones (Figure 7-61) . The slope faunal region, as define d by Backus,
et al ., consists of a northern boundary at the continental shelf and the
200 m isotherm of 9°C and a~outhern boundat-y at the Gulf Stream follow-
ing the 200 m isotherm of 15 C . Within this region, the dominant
species are shown in Table 7-39 . Three groups of primarily myctophid
species could be identified with the western North Atlantic region in-
cluding the slope water . One group had i ts southern limit at the Gulf
Stream and was exemplified by the myctophid Ceratoscopelus maderensis

-and eight other species . Another group of four myctophid and two
stomiatoid species had a boun lary between the northern and southern
Sargasso Sea, and the third grouo, including three myctophids, three
gonostomatids, and one stomiatoid species had their southern limit in
the Gulf of Mexico . They concluded that the variety of overlapping dis-
tribution patterns gave each pelagic region a distinct fauna with a
characteristic assemblage of species in characteristic proportion and
diversity .

In the deep water dump-site sampling region (see Chapter 7 .2 for loca-
tion), off the shelf edge of the New York Biaht, Krueger, et al . (1975)
examined the faunal assemblage from ten oblique tows made to a maximum
depth of 550 to 790 m. The suamary from their catch data and the distri-
bution of specimens by depth is shown in Tables 7-40 and 7-41 . The 10
trawls captured 4,029 specimens with a total volume of 2523 .4 ml . Th2•
represented 114 species from thirty families and ten orders . From the
comparison of observed ane expected catches, they concluded that the
distribution of mesopelagic fishes was strongly clumped and that many
may have been stratified by species size in the water column, as indi-
cated by decreasing number of specimens and increasing volume with
depth . Of the 114 species collected, they considered most of the 73
species that were poorly represented in the catches to be incidental
strays from other regions (continental shelf, bathypelagic zone) . Most
of the remaining species were considered to be impcrtant residents and
known or suspectej spawners in the slope waters . The catch data on
these species is given in Table 7- 42 .

The following synopsis of the major species of mesopelagic fishes from
the deepwater dump-site study is taken directly from,the report of
Krueger, et al . (1975) :
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Numbers in order refer to total number of species of mesopelagic
fishes, average number caught per hour and average volume of
catch (cc/hour) .
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Table 7-39 . Dominant species of mesopelagic fishes of the slope water
region (modified from Backus, et al ., 1970)

Rank Abundance % of Total No .

Lobianchia dofleini 1 27 ;
,

Ceratoslopelus maderensis 2 20 ;
~

Lamphnyctus p usi llus 3 6

Benthosema glaciale 4 5
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Table 7-40 Sunnary of catch data at the deepwater dumpslte area (Krueger, et al ., 1975) . New species are those encountered for the first
time. Expected values are based on percentage trawl time . Asterisfis indicate obse rved values sisnifi cantly different from
expected as determined by chi-square analysls (* ∎ .05 : ** • .0 1 ; d .f . • 1) .

Trawl Number

1 2 3 4 5 6 7 8 9 10 Total

Maximum depth (m) 750 675 790 620 720 615 640 630 550 550 ---

Trawl time (hours) 3 .06 1 .21 1 .41 2 .30 1 .60 2 .46 2 .83 3 .26 2 .05 1 .78 21 .96

Number of species 45 34 26 43 47 46 63 54 46 40 114

Species/hour 14 .7 27 .9 18 .4 18 .7 29 .4 18 .7 22 .3 16 .6 22 .4 22 .5 ---

Number of "new" species 45 9 5 9 11 4 17 8 3 3 114

Number of specimens
expected 561 222 259 422 294 451 519 598 376 327 4?29
observed 456** 170** 42** 333** 469** 497* 556 726** 449** 331 4029

Total volume :
expected 351 .5 139 .0 162 .0 264 .2 184 .0 325 .3 374 .5 z35 .7 204 .6 2523 .4
observed 405.6** 119.8 50 .6** 259.0 24 .94** 425.6** 368 .6 215.0 149 .2** . 2523 .4



Table 7-41 Distribution of specimens by maxim= trawl depth
(Krueger, et al ., 1975)

Maximum Depth (m)

501-500 601-700 701-800

Trawl Numbers 9-10 2-4-6-7-8 1-3-5

i
Total Trawling Time (Hours) 3.83 12 .06 6 .07

Number of Specimens 780 2282 967

Total Volume (ml) 364.2 1363 .6
~

705 .6

Specimens/Hour 203 .7 1 .89 .2 159 .3

Volume/Hour 95 .1 113 .1 116 .2

Mean Volume/Specimen 0 .47 0 .60

I

0 .73
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Table 7-42 Leptocephali and known or suspected spawners in the
deepwater dump area

Family mily Species Specimens Volume (ml)

Muraenidae Leptocephalus sp. A . 25 5 .0

Nettastomatidae Saurenchelys cancrivera 19 5 .0

Congridae LgLtocephalus sp . I 24 13 .0

Ophichthidae Le toce hp alus sp . 17 2 .7

Serrivomeridae Serrivomer beanii 34 66 .8

Nemichthyidae Nemichthys scolopaceus 15 67 .4

Gonostomatidae Cyclothone alba 36 1 .5
C. braueri 383 20 .4
C. microdon 1300 111 .6
C. pallida 111 11 .8
C. pseudopallida 126 11 .9
Gonostoma elongatum 37 427 .5
Mauroli cus muelleri 361 120 .5
Valencienne'llus tripunctulatus 10 1 .5
Vinciguerria nimbaria 30 4 .5

Sternoptychidae Argyropelecus aculeatus 27 50 .6
A. hemigymnus 19 8 .4
Sternoptyx diaphana 69 27 .0

Chauliodontidae Chauliodus sloani 35 284 .6

Stomiatidae Stomias boa ferox 10 27 .2

Paralepididae Lestrolepis intermedia 22 2 .0~~
Notolepis rissoi i- 48 3 .0
Paralepis corregonoides 18 2 .4

N(yctophidae Benthosema glaciale 480 335 .9
B . suborbitale
-

18 1 .5
Bolinic' hth s irdicus 21 10 .6
eratoscopelus warming4 36 14.4
Diaphus dumerili 165 33 .3
Diogem chthys atlanticus 26 2 .6
tlygophum hygomi 95 76 .1
Lampanyctus pusillus 12 3 .5
Notolychnu s valdiviae 30 2 .0
Notosco~elus resplendens 33 21 .2

Total 3692 1778 .3
7-257
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Order Anguilliformes

The four eels teken only as leptocephali represent four families :
Muraenidae (L~toce halus sp . A), Nettastomatidae (Saurenchelys can-
crivora), Congr~dae (Lep tocephalus sp . I) and Ophicfitfiiaae-(tepto=
cepFalus sp .) . There are conveniently discussed together .

Leptocephalus larvae occur in great numbers in the epipelagic zo,ie,
yet their taxonomy is poorly understood ; most cannot yet be identified
with any known adult. Studies on those species whose life histories
are known indicate that leptocephali may travel great distances from

' their site of origin (Castle, 1969) . The skin of leptocephali appears
incapable of acting as a barrier to the external environment (Hulet,

; 1972), and these larvae are actually almost isosmotic with sea water(Hilet,
et al, 1972) . Thus, leptocephali ma~ tie particularly susceptible to
pclTutants, and although their spawning areas are unknown, we include
these four species in our list of spawners .

Family Serrivomeridae

S2rrivomer beanii . None of the 34 specimens of this species are lep-
tocephali . However, the absence of larvae may be a function of the life
history . S . beanii spawns in the northern Sargasso Sea, but the lepto-
cephali are abun arit only from January throu h March, and they netamor-
phose in early spring (Tighe, in preparation) . The large number of
specimens captured suggests that this species also spawns in the Deep-
water Dump area .

Family Nemichthyidae

Nemichthys scolopaceus . The absence of leptocephali of this species is
surprising, since N . scolo a~_ceus is widely distributed in the western
North Atlantic andleptocephali ephaTi are found throughout tne year in the
northern Sargasso Sea (Bengtson, 1973) . The largest individual taken
is within the size range of Bengtson's ( 1973) mature adults, and we
tentatively assign this species to our list of spawners .

Family Gonustomatidae

Cyclothone spp . C clothone larvae are too small to be retained by the
mesh of the IKMT Bond, 1974) and none were captured . Five species were
taken in moderate to large numbers : C. alba , C . braueri , C . microdon ,
C . alp lida and C . pseudopallida . The size ranges of all five encompass
the ranges given for juveniles as well as mature adults by Bond (1974),
and we believe that all reproduce in the study area .

Gonostoma elongatum . This is one of the most abundant large predators
in the study area . The size range indicates that both larvae and mature
adults are present (Bond, 1974), and this species undoubtedly spawns in
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the Deepwater Dump area. t:

Maurolicus muelleri . This is the third most abundant gonostomatid in
t estudsy area, exceeded only by C clothone braueri and C . microdon .
We have sexed and staged each of the 6 specimens . Except for four
subadult males and five subadult females, all are postlarvae or juveniles,
indicating intensive spawning . The absence of mature adults suggests a
one year life cycle . Okiyama (1971) reported that in the waters off
Japan M . muelleri is most abundant near the edge of the continental j
shelf. This also lso be true in the Atlantic, for in contrast to the
prisent study material only two and four specimens were reported by
Beebe (1937) )nd Bond (1974), respectively, from off Bermuda .

Val enciennellus triounctulatus . This species is widespread in the
North Atlantic (Backus, et al ., 1970) and spawns throughout the year in
the northern Sargasso Sea (Krueger, 1972) . Although postlarvae are
absent, the ten specimens include juveniles as well as large adults, and
we tentatively assign this species to our list of spawners .

I
Vinciguerria nimbaria . Grey (1964) reported that this spec' :• ; i :, abun-
dant in the North Atlantic only south of 35°N, and Backus, e t. : 1 . (1970)
provisionally considered V . nimbaria a tropical species tran'sported to
the slope water by the GuTf Stream only as waifs . However, based on
the sizes reported from the Indian Ocean ( Silas a nd George, 1969), the
present 30 specimens include postlarvae as well as adults, and we
tentatively assign V . nimbaria to our list of spawners .

Fami ly Sternoptychi dae

Three hatchetfishes were taken in sizeable numbers : Ar ro elecus
aculeatus, A . hemigymnus and Sternoptyx diaphana . Baird 9 con-
s~dered the three to form a species assembly in the western North ;
Atlantic, and noted for Argyropelecus that "Wherever a spec i es is found
in an a•ea in numbers, it seems to represent a breeding population"
(p. 106) . The present study material includes postlarvae of all three
species, and all undoubtedly spawn in the Deepwater Dump area. i

~
Family Chauliodontidae ;

~
Chaulidos sloani is one of the most abundant large predators in the
study area . One postlarva, 29 mm SL, was taken and the large number of a
specimens ( 35) suggests a self-maintaining population .

a
Fan,i 1y Stomi a ti dae

Stomias boaferox occurs throughout cooler waters of the western North f
ATantir. i s, 1969) . Qu r ten specimens are of postlarval to adult
size (32-208 mm SL), and this species almost certainly spawns in the
study area .
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~ ~ ` Family Paralepididae.~

Three species were common in the study area : Lestrolepis interr, :dia ,
Notolepis rissoi and Paralepis core onoides . The study material in-
cludescludes specimens of postlarval size (Rofen, 1966) for each species,
and we assume that all three spawn in the area .

Family Myctophidae

'~ Benthosema glaciale . This is the most abundant lanternfish in the study
~~ area,; with 480 specimens . These show a strikingly bimodal size dis-

tribution, with 202 of the specimens measuring 10-16 mm SL, the rest
: 29-68 Rm. The smaller specimens are comparable to young of the year
-- described from the slope water off Nova Scotia by Halliday ( 1970), and

B . glaciale unquestionably spawns in the Deepwater Dump area .

Benthosema suborbitale . The study material includes several specimens
10-11 mmSL, the size at which postlarvae of this species undergo meta-
morphosis ( Moser and Ahlstrom, 1970) . Although the species attains a
size of about 30 mm, the largest of our 18 specimens is only 21 rm .

~ However, this may be due to a one year life cycle . B . suborbitale is a
broadly tropical species, occurring regularly in the slope water (Backus,
et al ., 1970), and we tentatively include it ir. our list of spawners .

Bolinichthys indicus is represented by 21 specimens, 20-38 mm SL . This
is the approximate size range of specimens taken in March-April in the
northern Sargasso Sea, where the spawning peak is in early summer (Gibbs,

- et al., 1971), and we tentatively add it to our list of spawners .

Ceratosco elus maderensis . Although 40 specimens were taken, all are
large 48-73 mm SL . Backus, e-t al . (1970) characterized this as a

~ northern species . Their Figure 13 indicates that C . maderensis is far
. more abundant to the east and north of the study area, an` d~ arvae haNa

-- been identified from the Georges Bank area (Moser and Ahlstrom, 1970) .
We suspect that this species does not reproduce in the study area and

~'. that the present specimens are expatriates from colder waters .

Ceratoscopelus warmingi . Backus, et al . (1970) characterized this as
a broadly tropical species that occurs regularly in the slope water .
Our size range (16-60 mm SL) is similar to that in the northern Sargasso

= Sea, where the species maintains a resident population (Gibbs, et al .,
1971), and we include it in our list of spawners in the Deepwater Dump
area .

Diaphus dumerili is the second most abundant myctophid, with 165 speci-
~. mens, 13-46 mm SL . Nafpaktitis ( 1968) found this species common off the

continental slope from the Baharr.as to Cape Cod, but recognized only two
spawning popu lations, one i n the eastern Caribbean, the other in the
Gulf of Guinea . He found no ripe females smaller than 52 mm SL in the
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Caribbean, while those in the Gulf of Guinea were mature at a much
smaller size (40-42 mm) . Examination of the gonads of our four largest
specimens (42-46 mm SL) reveals that all are subadults . Three are

~-_ females, with eggs ca . 0 .1 mm in diameter. The single male has small
but clearly recognizable testes . These specimens may represent matur-
ing ing individuals that spawn in summer . .1t any rite, we cannot dismiss
165 specimens as waifs and suspect that D . dume:•ili spawns in the study
area as relatively small adults, as it does ~n the Gulf of Guinea .

~
Dia hus rafines uei spawns in the eastern Atlantic, and the small size
(13-35 mm SL of our few specimens (15) supports Nafpaktitis' (1968)
contention that this species is transported into the western Atlantic as

' waifs.

;' Dio enichth s atlanticus is widespread in the North Atlantic (Backus, et
al ., 1970) . This-is a diminutive species, and the size range of our
specimens (12-21 mm SL) is comparable to that in,the northern Sargasso
Sea where D . atlanticus is known to spawn (Gibbs ; et al ., 1971) . We
consider the pres specimens to represent alspawning population in
the Deepwater Dump area .

Hyophum benoiti is represented by only ten small specimens, 12-17 mm SL .
The peak spawning period in the northern Sargasso Sea is in March (Gibbs,
et al ., 1971), suggesting that the present specimens are waifs from
waters to the southwest .

Hygophum P19nmi is the third most abundant myctophid, with 95 specimens,
14-49 mm SL .7he size range is very similar to that of specimens taken
in March and April in the nort:Iern Sargasso Sea, ;where the species spawns
in late fall and winter (Gibbs, et al ., 1971), suggesting that it spawns

.~ in the study area as well .

~=- Lampanyctus alatus is a tropical species (Backus, et al ., 1970), and we
consider the present 24 specimens (15-48 mm SL) waifsfrom waters to
the southwest .

\ Lampanyctus pusillus is represented by 12 s ecimens, 16-40 mm SL . This
is a northern species (Backus, et al ., 1970), and the size range of our
specimens is very similar to that of individuals taken in April in the
northern Sargasso Sea, where L . pusillus spawns year-round (Gibbs,
et al ., 1971) . We tentatively include it in our list of species .

LepidoDhanes guentheri is a tropical species (Backus, et al ., 1970) .
Our 34 specimens fall into two size ranges, 15-29 mm SL and 39-62 mm SL,
both present in approximab?ly equal numbers . We consider these to repre-
sent two year classes of waifs, the smaller specimens consisting of
recent arrivals, the larger ones representing individuals which survive
in the slope water but are incapable of reproduction .
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Lobianchia dofleini is represented by 14 specimens, 16-35 mm SL . O'Day
and Nafpaktitis 1967) showed that individuals of 1 . dofleini are ex-
patriated from the eastern Atlantic and fail to develop ir pe gonads in
waters west of 45 W .

cto hu n affine is represented by 15 small specimens, 15-32 mm SL .
The speciis attains a maximum size of over 60 mm SL (Gibbs, 1957) . This
is a tropical species (Backus, et al ., 1970) and probably occurs in the
slope water only as waifs .

Notol cry hnus valdiviae is a diminutive species, represented here by 30
specimens, 10-21 mm SL . The species is widespread in the North Atiantic
(Backus, et al ., 1970) and our size range approximates that of the large
spawning population in the northern Sargasso Sea (Gibbs, et al ., 1971) .
We include it in our list of spawners .

Notoscopelus _resp l -e-~nden~_sis another species characterized by Backus,
et al . (1970) as broadly tropical in distribution, occurring regularly
in the slope water . Our 33 specimens range from 23-69 mm SL . Twenty-
nine of these are in the 23-38 range and probably represent the products
of a single spawning, suggesting that N . resplendens reproduces in the
study area in late fall and winter, as it does in the northern Sargasso
Sea (Gibbs, et a l ., 1971) .

- Family Melamphaidae

Scopelogadus beanii is represented by 13 specimens, 66-ila mm SL .
Ebeling and Weed 1963) showed that postlarvae and young were found in
warmer waters, and the absence of small specimens indicates that S .
beanii does not reproduce in the Deepwater Dump area .

Physical factors

-~, Backus, et al . (1970) discuss some of the physical factors connected
with the distribution of mesopelagic fishes . Very little is known about
what factors influence the distribution of these fishes . The "water
mass" hypothesis that relates distribution to temperat tire/salinity re-
lationshipslationships is most popular . However, their observations indicate a

__ greater complexity . They note that sound scattering maxima, temperature
inversions, bottom thermocline and surface isothermal layers, and trans-
parency mark the areas of concentrations of mid-water fishes . Charac-
teristic changes in faunal assemblages have been noted in warm core eddies
that contain warm water of tropical origin which have broken from the
Gulf Stream and drifted into the slope waters ( Haedrich, 1972) and

"-- across thermal fronts in the Sargasso Sea (Backus, Craddock, Haedrich
= and Shores,l969) .

~ . . . .
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7 .4.3 SQUID

Many species of cephalopods occur in tne ocean-lc waters of the north-
west Atlantic a:?d Arctic (Mercer, 1968) and probably a number of these
occur on the continental slope from Newfoundland to Cape Hatteras .
However, the distribution records of this general group are not com-
plete enough to identify them specifica .,ly to the waters of the study
area . Two species stand out as important cnnponents of the slope fauna
and also the commercial fisheries of that area - the short-finned squid
Illex illecebrosus and the long-finned squid, Loligo ligo eE alei .

The literature on these species is not extensive, particularly refer-
ences ences to their population biology, probably because interest has only
just recently been focused on them as species with comnercial potential .

; Most information on the biology of Illex ill ecebrosus is from work in
Newfoundland acd Nova Scotian waters Sguires, 1957, Mercer, 1970,
1973a, 1973b, 1974, 1975) because of its more northern distribution .
Loligo ealei has been studied off the New England and middle Atlantic

'_ region Haefner, 1959, Arnold, 1962, Summers, 1969, 1971 and Lix,
Handwork, and Rathjen, 1974) .

The onri+astrephid squid, Illex illecebrosus is prim,arily an oceanic
species that seasonally migrates inshore, mainly to areas north of Cape
Cod . Its winter distribution is offshore along the shelf edge and
slope pr'marily from Newfoundland to Georges Bank . South of Cape Cod,
it occurs sporadically on the shelf and slope (Mercer, 1968 ; . The
lolignid, Loligo ep alei is pricr,arily a species of neritic waters, but
it is also distributed orn the outer shelf and slope during winter .
Its center of distribution is between Cape Cod and Cape Hatteras . The
relative abundance and distribution of these two;species and the degree
to which their ranges overlap within the study area are indicated by the
Ground Fish Survey Data of the National Marine Fisheries Service

\ (Chapter 7.3 .3, Figure 7-5U) .

During the winter-spring period, when the squid are concentrated in the
band of relatively warm water along the outer shelf and slope, they are
particularly vulnerable to cormercial fishing . Until recently, these
species represented an underdeveloped resource, but within the last few
years, with the stocks of other commercial species declining, first
foreign fleets and then the U . S . fishermen have turned to the winter
distribution of squid as a resource .

The following is a life history Synopsis of these two species :

LOLIGO PEALEI

Reproducti on

Breeding occurs during the warm months in the shallow inshore waters of

~
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the shelf from the Gulf of Maine to Cape Hatteras . Squid are pelagic
and gregarious and pair off after a somewhat elaborate mating ritual
(Arnold, 1962) . The eggs are enclosed in large finger-like cases that
are attached to rocks and other bottom substrate in shallow water .
Two broods are produced, one ubiquitous July brood is probably de-
layed north of Cape Cod and the other, a small November brood, origin-
ates in the southern middle Atlantic Bight (Summers, 1971) .

Fecundity and Larval Life

The fecundity of°t :" alei is quite high . Within a few weeks the
larvae hatch from the egg cases as exact replicas of the adult . Their
growth is rapid with July hatched larvae increasing in mantle length
to 4 cm by September and 10 cm by January (Summers, 1971) .

Growth and Longevity

Growth of L . eP alei is rapid and the stock is basically annual, although
a significant ortion of the stock may be the product of two year olds
(Summers, 1971~ . Summers (Table 7-43) gives the growth data for L .
pealei off the north and middle Atlantic coasts .

Natural Mortality

There are no mortality estimates . However, Mercer ( 1968) suggests that
L . ep alei has a high natural mortality corresponding to its high
fecundity and that the difference between good and bad year classes is
established during the early stages by density-dependent and environ-
meatally related mortality .

Migration Characteri stics and Distribution

Loligo pealei has two distinct distributions, one during the summer and
fall(hlay-November) in which it ranges from the southern coast of Nova
Scotia to Cape Hatteras in the inshore shelf waters, and the other during

: the winter and spring in which it is concentrated along the outer edge
of the continental shelf (Summers, 1969) . During the winter, the great-
est est concentrations of L . ep alei occur between 110-183 m (Figure 7-62)
in the central middle Atlantic Bight . Summers found that L . pealei was
restricted mainly to water temperatures of 8°C or higher . A fairlv
extensive migrztion occurs, particularly for larger individuals, as
they migrate northward up to 600 miles and inshore to 200 miles to and
from their summer breeding grounds (Summers, 1969) .

Distributional data from the National Marine Fisheries Service Ground
Fish Survey (Chapter 7 .3.3, Figure 7-50) and from exploratory trawling

; (Lux, Handwork and Rathjen, 1974) indicate heavy concentrations of
winter squid on the shelf edge off southern New England to just below
Hudson Canyon . According to Lux, et al ., the squid catch in this area
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Table 7-43 . Growth of Logigo pealei (Summers, 1971) ~

3
Date, first of month Mean dorsal mantle length (cm ~

i -

(Months) s
brood November broodJuly Females Males

0 July Iov. 0 .2 0 .2

2 Sept. Jan. -4 4

4 Nov Mar. 7 7

6 Jan. May 10 10

8 Mar. July 12 12

10 May Sept. 14 15

12 July Nov. 16 18

14 Sept. Jan. 18 21

16 Nov. Mar. 20 23

18 Jan. May 21 25

20 Mar. July 23 23

22 May Sept. 25* 30

24 July Nov . 27* 32

34-36? May-July _ _ 45

* Extrapolated from the observed data .

.
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was about 90 percent Loligo ep alei with the remaining 10 percent Illex
illecebrosus .

Population Density

The several estimates of winter density of l . ealei along the outer
shelf indicate a substantial population. Summers (1969) estimates the
late winter abundance in the mid-Atlantic Bight to be 3 .4 and 2 .1 X
10 km, respectively, for the years 1967 and 1968 . Lux, et al . (Taale 7-44)
show the take of their exploratory fishing during January to February
1974 .

Food and Predation

There is little data on the food of Loligo ep alei or its chief predators .
However, there is some information on Illex illecebrosus which, in a
general way, can be assumed to apply to L . eale as we~l .

ILLEX ILLECEBROSUS

Reproduction

There is very little information concerning reproductive biology of
I . illecebrosus . The bi-modal and tri-modal nature of size distribu-
tions within a year class suggests a protracted spawning season and
area (Mercer, 1973a) . Mercer (1973a) and S9uires (1957) heve
suggested that this species spawns in the winter offshore, and that it
is presumed to be monotelic and to die after spawning . Reproduction in
the study area, if it does occur, is probably confined to the offshore
areas north of Cape Cod .

Growth and Longevity

I . illecebrosus appears to live not more than one or two years (Mercer,
T968 . GrowthISquires, 1957) is ra id from May to October, the period
for which there is data (Figure 7-63~_ Thereafter, it tapers off, pre-
sumably, until the time of spawning in thc winter . Sexual maturity is
obtained in the fall and appears to quicken with decreasing day length
(Mercer, 1973b) . No mature males were reported by Squires (1957) be-
fore September, but sexual development was observed between September
and November .

Migration Characteristics and Distribution

I . illecebrosus is distributed on the slope and shelf edge from Georges
Bank to Cape Hatteras, although only scattered below Cape Cod . This
species is less strongly distri'uted in the inshore areas of our study
region than is L . p~ea~lei . The region they occupy in the shallow water _
of the continental shelf is restricted by low temperatures . During the
spring, they concentrate at the edye of the continental shelf in water
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Table 7-44 . Landed catch and value of squid from exploratory fishing on
the outer continental shelf, Mid-Atlantic Bight, January to
February, 1974 (Lux, Handwork, and Rathjen, 1974)

Trip No . of Landed Catch atc
No. Dates Tows Squid Finfishl Value

. Pounds Dollars

1 8-13 Jan. 1974 52 37,500 1,975 6,670

2 18-24 Jan . 1974 60 50,200 6,760 8,508

3 29 Jan. - 4 Feb . 1974 55 41,750 3,640 7,416

10-15 Feb . 1974 51 39,625 3,950 7,206

Total 218 169,075 16,325 29,800

1 The landed finfish consisted of butterfish (39 percent), summer floun-
der (28 percent), tilefish (28 percent), goosefish (4 percent), and
scup (1 percent) .

7-272



1Uii1TRIlRY SCLLES ICectl.ctra)
L NILt - RYEfiAGE rtnTLE LF.NGTH

II FEY ALE - GvER4GE wtNTLE LENGTN

~
0
0
~
0
M

~

F
2
u
Ya
tY~<

<

23 .5

22•4

2o-!

2o-6
~
r

Hli
/qt

16i
16•4

14•1 --117•!

Ma1 JUNE JuLY "6•. SEPL Oct I U

ENVIRONMENTAL INVENTORY O F TH E NORTri ATLANTIC CONTINENTAL SIOPE f

[TRIeQM FIGURF
7-63

Average Weight and Mantle Length of Male and
Female Illex Taken at Holyrood, Newfoundland
Each Mor:th; 1552 (Squires, 1957)

~

• 7-273 !

r~

._ -
. . .

~j

.. . _'__7 ...- ._ . . .1



r=

~ generally warmer than 5°C, and at this time, in Canadian waters, they
are restricted in their vertical and horizontal movements by overlying
cold Arctic water (Mercer, 1973) . In Canadian waters these squid move
inshore, beginning in May and June, and then return offshore in Novem-
ber .ber . The nature of their movement from the edge of Georges Bank in
the spring is not clear . However, considering their preference for
colder water, it is likely that they move inshore in a northerly di-
rection into the Canadian waters .

Population Densities,
~ Catches in Canadian waters indicate that the abundance of I . illece-

brosusbrosus is enormous ( Mercer, 1963) . They are probably less abundant in
~ the waters of the study area where their peak abundance occurs on the
~ southern edge of Georges Bank (Chapter 7 .3 .3, Figure 7-50) .

4 Food and Predation
I
~ In Newfoundland waters (Squires, 1957), the diet of I . illecebros us

~ seems to consist chiefly of euphausiid crustaceans for the smaller
~, squid. Larger squid take fish, principally the capelin Mallotus

villosus , but also redfish, Sebastes marinus ; cod, Gadus morhua ; and
haddock, Nielanogr ammus aeglefinus .

There appears to be a predator-prey relationship between I . illece-
brosus and the pilot whale Globicephala melaena . Their summer dis-
tribution and seasonal movements in Newfoundland strongly coincide
to the extent that the ir.shore availability of the pilot whale depends
on that of the squid ( Mercer, 1975) . Apparently, this cetacean feeds
almost exclusively on the short-finned squid . Mercer notes that pro-
gressively higher peaks in abundance of squid and lower peaks of the
pilot whale may be the result of depletion of the whale stocks in
Newfoundland waters .

7 .4 .4 TURTLES

Five species of sea turtles are known to be associated with coastal and
slope waters (Table 7-45) along the study area . According to Bleakney
(1965), sea turtles are commonly seen off Georges Bank and along the edge
of the Gulf Stream in June . The Nurth Atlantic Drift Current, being
warmer than surrounding sea temperatures, apparently allows tropical turtles
to reach 61°N latitude as far east as Scotland and Norway (Bleakney,
1965) . Sea turtles have been reported active in waters as cold as 11 .7°C

~ (MacAskie and Forrester, 1962), though the sea turtles in northern coastal
waters usually are most numerr,us from July through October (Table 7-46)
at which time the turtles fol'.ow their primary food (jellyfish) inshore .
Three of the species (hawksbill, leatherback, and Atlantic ridley)
are endangered and the-remaining two (green and loggerhead) will probably
be classified as endangered (see Table 7-47) by the end of 1975 (National
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Table 7-45 . Sumnary of records of marine turtles reported from the

-~ coastal waters of New England and Eastern Canada .

Species

Dermochelys

Lepidochelys

Caretta.\

Eretmochel ys

Chelonia

; " TOTALS

(From Bleakn i

t
r

Conn . R.I . Mass . N .H . Me . N.B . N .S . Nfld . Totals

4 5 1 E 1 33 2 25 2 98

- - 7 - 1 - 4 1 13

1 - 1 - 1 - 2 1 6

- - 1 - - - - - 1

1 - 2 - - - - - 3

6 5 27 1 35 i2 31 4 112
~

?y, 1965)

Table 7-46 . Monthly distribution of reports of marine turtles alonq the
coast from Connecticut to Newfoundland, 1840-1964 . (0) rep-
resents specimen found dead .

I
, Species Reports Jan . Mar. June Jul .y Aug . Sept . Oct .

Dermochelys 54 - - - 9 29 15 1

Lepidochelys 8 - 1(D) - 1 3 - 3(D)
i

Caretta 4 1(D) - 1 ;- 2 - -

~ Chelonia 3 - - - - - 2 1

Unidentified 1 - - - - 1 - -

' TOTALS 70 ~ 1 1 10 35 17 5

Sea surface temp . off Nova Scotia : 48°F 55°F 63°F 63oF 59°F
Sea surface temp . off Georges Bank : 53°F 58°F 63°F 64°F 60oF

(From Bleakney, 1965)
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~ Table 7-47 . Threatened and endangered turtles

Common Name Species Name Geographic-Bathymetric Range Habitat Reason for Decline

+Hawksbill ~Eretmochel~ys tropical waters, rare in New deep ocean heavily exploited
turtle

_
mbri icata England waters, nests on for shell

Carribean shores and along
Atlantic coast to Brazil on
und -isturbed beaches .

+Leatherback Dermochelvy New England waters summer- highly some slaughter by
turtle cor~ acea autumn . Closely associated pelagic, fisharmen, eggs

with slope waters during feeds on collection on
migration pelagic breeding grounds

~, jellyfish

~ *Loggerhead Caretta New England waters summer- frequently predation by
turtle caretta autumn . Migrate Atlantic sighted in racoons and

coast to/f .•om Sargasso coastal waters, people, egg
Sea more littoral destruction of

than leather- breeding beaches
back or hawks- due to coastal
bill development

*Green Chelonia occasionally seen in New deep slope reduction of
turtle _ry- Fa - England waters in summer . waters between breeding grounds

Tropical oceans . Rare Gulf Stream a^d commercial
north of Cape Cod . and littoral exploitation

feeding grounds

+Atlantic ~Le idochelys New England waters during more littoral eggs plundered on
, ridley

~
kempi summer months, breeds on than leather- breeding beaches

more tropical beaches back or hawks-
bill

*proposed threatened status +endangered species

~~> ., . . . . . . .-, . ._



~ Oceanic and Atmospheric Administration, 1975) . The International Union
for the Conservation of Nature and Natural Resources (IUCN) has also
listed all sea turtles as threatened, endangered, or rare in its world-
wide Red Data Book . However, sea turtles may be seen in increasing
numbers along the southern U .S . since every southern coastal state has
banned the exploitation of the turtles .

% Leatherbacks, loggerheads, ridleys and green turtles are regular migrants
in East Coast waters and should not be considered strays from warmer
Gulf Stream waters (Bleakney, 1965) .

HAWKSBILL, Eretmochelys imbricata

The hawksbill, Eretmochel ys imbricata , a tropical turtle, is a rare
species in New Eng and waters . One of the species was collected off Cape
Cod in 1968 (Lazell, personal communication) which indicates that it
still does occur . Lazell assumes the species must occur in deep slope
waters, although the only Massachusetts specimen was a dead juvenile
washed up on shore . The specimen was probably not an accidental strag-
gler since the species is rare worldwide and there is some evidence that
the hawksbiil was once more numerous in New England waters (Babcock,

, 1919). However, according to Lazell (personal communication), Babcock's
source may refer to another species, the ridley .

The widely distributed hawksbill is more frequently seen in tropical
waters south of New England although there are no reliable figures on
the current breeding stock (Barbour, 1976) . It nests on Caribbean shores
and along the Atlantic Coast to Brazil where it can find undisturbed
beaches . E . imbricata does not form communal nesting grounds ; females
come up from the ocean one by one to lay their eggs .

The most colorful sea turtle is the hawksbill with the classical "tor-
toise shell" (Lazell, 1974) . The scutes, or plates of the shell, are

~, streaked with light and dark brown . The shell generally attains a length
of about 76 cm. The narrow head allows for feeding on sponges and other
species that live in coral reefs . Occasionally the hawksbill feeds on
organisms that are poisonous to humans iwhich in turn makes the meat un-
fit for human consumption (Barbour, 1976) .

The U .S. Fish and Wildlife Service (1974) lists the haw :csoill as an en-
dangered species . Heavily exploited for its tortoise shell, it is also
mounted for the tourist trade .

LEATHERBACK, Dermochelvy coriacea

The leatherback, Dermochelv coriacea, is a regular summer,lautumn resident
in Massachuse tts waters (Isgur, . Scattergood and Packard (1960)
also report 15 authenticated and 15 probable records of sightings in Maine .
Leatherbacks are highly pelagic warm-blooded animals (body temperature
about 26 . 7°C) 4nd are believed to be closely associated with deep slope
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waters during migrations (Lazell, personal comnunication) . However,due
to the species' deep ocean habitat, little is known of the life history
of leatherbacks between hatchling size and breeding adult size (Barbour,
1976) . In addition, Barbour states that there are no valid reports of
leatherback captures between five and 500 pounds . D . coriacea nests
on muddy beaches, usually near the mouths of sediment-laden rivers since
the absence of a "shell" would otherwise expose it to injury on rocky

- _ beaches and coral (Barbour, 1976) .

Leatherbacks are large marine reptiles (occasionally weighing a ton),
not related, in any meaningful sense, to any other living turtle (Lazell,
1974) . The "shell" is a leathery covering of fatty hide having seven
sharp longitudinal ridges on the back . Unlike other turtles, the nead
and neck do not retract . Leatherbacks feed on pelagic jellyfish (Cyan-
ea), moving inshore as the season progresses and the jellyfish increase .

Human depredation has reduced the leatherback to an endangered species
(U .S . Fish and Wildlife Service, 1974) throughout,the Mediterranean, At-
lantic, Pacific, and Indian Ocean due to egg collecting on breeding
grounds and slaughter by fishermen (Isgur, 1973) . ,~ However, some effort
is presently being made to hatch eggs in captivity . The Atlantic pop-
ulation may be fairly stzble at present, although'there may only be some
29,000 to 40,000 breeding females worldwide (Barbour, 1976), making the
species extremely vulnerable to commercial or environmental pressure .

LOGGERHEAD, C-etta caretta

The loggerhead turtle, Caretta caretta, is also a regular summer/fall
resident with hundreds, perhaps thousands, inhabiting Massachusetts
coastal waters (Lazell, personal communication) . iScattergood and Pack-
ard (1960) report one record of a lcggerhead in Maine waters . It is
the most frequently seen sea turtle in Florida waters (Barbour, 1976) .
C . caretta is usLally found where the ridleys are absent since both
specics feed on crabs . According to Carr (1967), loggerheads mature
in Sargasso Sea beds off Bermuda and migrate up the Atlantic coast as
far as Massachusetts in June or July, returning southward in September .

~ The loggerhead is dark brown with a lig'it colored~bell - and a shoulder
scute. Shell length averages over 152 .40 cm and 4 mature loggerhead
weighs over 227 kg . An extremely pc+werful reptile, the loggerhead can
easily crush an oar with its jaws ( Lazell, 1974) .

Due to egg collection and coastal development, the world population of
loggerheads is in decline ( Isgur, 1973) . Along the southeastern U .S .,
racoons prey on eggs and depredation has increas ,:• l with the removal of

~ the racoons' natural predators . The United States a nd Australia legal-
ly ly protect loggerhead eggs along the coasts, but allow importation of

^ turtles . Many loggerheads are drowned in nets of commercial fishermen .
~ Still more die after injesting plastic bags which evidently appear as

jellyfish to the loggerhead . In developed coastal areas, some hatchlings

7-278

_ . . .~ ._~ . _ --. ..-.._ .,~. . . .o.,r-, . . . ..,._ . _. . ...__.~._.~_



are confused by bright lights and highway li hts and wander inland
where they die (U .S . Dept. of Interior, 1975q) . A public hearing pur-
suant to listing the loggerhead as an endangered species will be held
on December 3, 1975 (NOAA, 1975) . Survival of the loggerhead at present
is due in part to the low economic value of its coarse meat and worth-
less shell .

GREEN, Chelonia mydas

The green turtle, Chelonia mydas , occasionally appears in New England
~ waters, particularly around Nantucket-in the summer (Lazell, 1974) .

The greens that occur there are young and still in the carnivorous
phase of their lives . Unlike other sea turtles, the green soon turns
to grazing on sea grasses (Barbour, 1976) . Lazell states that there
is little data concerning the green turtles' early life history, through
it is safe to assume that the deep slope waters between the Gulf Stream
and their littoral feeding grounds are a regular part of their habitat .
Greens are also found worldwide in tropical waters .

C . mydas is mud-colored with a white stomach . There is no shoulder
scute and dorsal scutes do not overlap (Lazell, 1974) . The shell contains
four pairs of lateral shields . Greens in New England waters are small,
between 30 .5 to 50 .8 cm, aged about two years . When mature, the green
will obtain a length of over .9 m and weigh 136 .08 km (Lazell, 1974) .
Breed*ing age is reached in the sixth year and nesting probably occurs
every three years, each female averaging approximately 100 eggs .

The green tui^tle is the most commercially valuable reptile and over-
exploitation has reduced it to an endangered species . In North Ameri-
ca and Europe, 15,000 to 20,000 turtles are killed each year for turtle
soup, oil for cosmetics, luxury soap and shoe lea0er. The appetite
for green turtle meat, particularly in Japan and Germany, has expanded
significantly since World War II . The meat of the green turtle is re-
ported more succulent than other turtle meat due t•) its diet of sea
grasses . A large green turtle will bring a poacher up to $200 in some
areas, so great is the commercial demand for this species (Barbour, 1976) .

Breeding grounds are diminishinq arouid'the world which further endangers
the future of the green turtle . The species is very scarce in the
Indian Ocean (Isgur, 1973) due to heavy egg harvests . In addition,
commercial fisher:ren trawling for shrimp accidently catch greens in
their nets (U .S. Dept . of the Interior, 1975) . However, two important
breeding grounds still exist : Toruguero, Costa Rica where a hatchery
is also located ; and the other on Ascension Island in the South Atlantic .
Hatchlings from the Tortuguero hatchery are flown to other areas of the
Caribbean (Isgur, 1973) although it is as yet too early to tell whether
this effort will be successful (Barbour, 1976) . Unfortunately, the Carib-
bean areas and Costa Rica are hosts to a number of turtle freezing plants
which make it economically advantageous for natives to hunt the turtles .
Hearings will be held on Decer.ber 3, 1975, pursuant to listing the green
turtle as an endangered species (NOAA, 1975) .
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ATLANTIC RIDLEY . '-epidochelys kempi

The Atlantic ridley, Le~idochelys kempi , regularly inhabits the waters
off the Massachusetts coast during the sunmer months . Loggerheals and
ridleys are more littoral than the leatherback or the hawksbill (Lazell,
personal communication) . Scattergood and Packard (1960) report one
Atlantic ridley seen in Maine waters . Nesting usually occurs on iso-
lated beaches in Mexico near Rancho Nuevo and from Tampico to Soto la
Marina .

The ridley is described by Lazell (1974) as pale, concrete-colored above
and white below. L . kempi is the smallest sea turtle, reaching less
than 76 cm in length . Four or five bridge plates, each containing a
small pore and shoulder scute, are present (Lazell, 1974) .

Due to massive slaughters on the beaches in the past, breeding habits of
the ridley have changed . Whereas the ridleys previously came to the
beaches en masse, only part of the herd now arrives, leaving the rest

~ of the females to straggle in one by one (Barbour, 1976) . The total
breeding population is very low with only 2,200 turtles appearing on
the nesting grounds in 1967 (Barbour, 1976) . The nesting areas are alsa
continually plundered by people seeking to supplement their diets with
animal protein in the form of turtle egss (Isgur, 1973) .

Additional ridleys are killed when caught in shrimp trawlers' nets, which,
due to expandel demand for shrimp, now measure 60 feet acress and stay
down for an hour . Some turtles could be saved with artificial respiretion
(a foot on the stcmach) even after an hour's siib ;;ergence, but they are
usually considered net damagers and are tossed back overboard to die
(Barbour, 1976) . More turtles are killed through permits which are issued
by the Mexican government . The ridley is considered an endangered species
by the U .S . Fish and Wildlife Service (1974) .
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7 .4 .5 MAMMALS

TNTRODUCTION

Of the mammals, the cetaceans alone are of obvious significance in the
slope water region . Considering the wide ranging habit of the ceta-
ceans, one would expect any snecies known from the North Atlantic'Dcean
to occur in the slope waters of the western North Atlantic, at least on
rare occasions . There is, hGwever, very little solid data on what spe-
cies are found in the slope water and on what role this region plays in
their life history . There presently Is a pressing need for such data .
Most available information was summarized in the previous report (Kato-
na, 1974) and we will draw upon this information as our primary source .

The habitat preference oil the various species known to occur in the
northwest Atlantic is shown in Table 7- ;g, Uf these, a small number arF
probably restricted to coastal waters and are, therefore, not
slope water species . These include :

Harbor porpoise
Beluga
Bottlenosed dolphin
Killer whale
Pilot whale

The remainder would be expected to occur fairly frequently in the waters
of the continental slope .

Data on the abundance and relative importance of cetacean species in the
offshore waters are few . Only scattered reports are now available, most
of t:hich have been made incidentally to the pursuance of some other ac-
tivities, such as fishing or other oceanographic work . The configuration
of the coast and bottom between Cape Cod and Nova Scotia suggests the
possibility that many more whales might be seen at sea than in the in-
shore waters . A whale could swim along that path in a direct route and
remain near some of the most productive areas in the northwestern Atlan-
tic, namely Georges Bank and Browns Eank . It could then continue north
along the Emerald Bank, Horseshoe Bank, and other shoal areas offshore
from Nova Scotia, finally reaching the Grand Bank of Newfoundland .

From the very little known of the cetaceans in offshore waters, it
appears that the study area is an important one for these animals .
There is no data on their abundance there, but Levenson (1972) estimated
that 54,000 large whales inhabit the western :;orth Atlant ;c Ocean . 'The
general inference is that the offshore Gulf of Maine and probably the-
Middle Atlantic as well, are migratory routes between northern summering

- grounds and southern wintering grounds (Katona, 1974) . If so, the larg-
er,more oceanic speciec would likely move parallel to the continental
shelf . This would allow them to feed on copepods, euphausids, squid,
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and fish that are so abundant on the outer continental margin .

Several investigators (Dr . Steve Katona and Dr . Howard Winn, personnel
communication) have indicated that the area just beyond the continental
margin probably is extremely important to cetaceans . The 200 m isobath
appears to be the inshore boundary for the distribution of some of the
larger species . The sperm whale is known to be limited by this depth
contour . The proximity of rich feeding grounds along a north-south mi-
gration route would make the slope waters an extremely attractive re-
gion to the cetaceans .

The following describes what is known of the life history of species
that are likely to occur in the study region . A species s .u-.mary of
these cetaceans is given in Table 7-49 .

The life histories of inshore species of cetaceans are not detailed
here . Neither are histories provided for species that may occasionally
occur at the extreme southern limits of the study aree . These species
include the California sea lion, Zalophus caTifornianus ; Florida
manatee, Trichechus manatus latirostris ; Bryde s whalie, Balaenoptera
edeni ; rough-toothed dolphin, Steno bredanensis ; Atlantic spotted 7o1-
phin, Sten ella plagiodon ; and spinner dolphin, Stenella cf. longirostris .



Table 7-48. Habitat preferences of cetaceans

KNOWN TO ENTER ESTUARIES OR RIVERS

Harbor porpoise, Phocoena phocoena
Beluga, Delphinapteru leucas
Bottlenosed dolphin . Tursiops truncatus
Common dolphin, Delphinis delphis *
Killer whale, Orcinus orca

LIKELY TO OCCUR IN SLOPE WATER

OFTEN FOUND IN BAYS, INSHORE, OR IN COASTAL WATERS

Harbor porpoise, Pbocoena phocoena
Pilot whale, Globiceh~ a melaena
Right whale, Euba gTaci- alis *
Humpback whale, hiegaptera novaeangliae *
Fin whale, Ba~laenoP-t-e-r~a- physalus *
Minke whale, ca aT enootera acutorostrata *
Beluga, Delphinapterus leucas
Killer whale, Orci nus orca

USUALLY FOUND WELL AT SEA

Fin whale, Balaenoptera physalus *
Minke whale, Balaeno tera acutorostrata *
Right whale, Euba aena g ~acia -is *
Blue whale, Ba aenoptera musculus *
Sei whale, Baiaenoptera borealis *
Sperm whale, Physeter catodon *
Common dolphin, Delphiniso~eTphis *
Gray grampus, Grampus r iy 'seus *
White-sided do-itpn-i~n,-Lag enorhynchus acutus *
White-beaked dolphin, Lagenorhynchus albirostris *

HABITAT POORLY KNOWN, BUT USUALLY FOUND WELL AT SEA

Pygmy sperm whale, Kogia breviceps *
Gray grampus, Grampus r~g 'seus *
North Atlantic bottlenosed whale, Hyperoodon ampullatus *
True's beaked whale, td2sopiodon mirus *
Dense-beaked whale, Mesopaodon densirostris *

*Signifies key species, based on present atundance or estimated
historical abundance
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ReProduced irot~ • ~
best a~bilabit coPY• ;

, .~
Table 7-49 . Species sumnary of cetaceans . ~,

Western Atlantic Estiruted Abundanct
Co*aot Species Pange and in Western OoAinance in

Fawily NL-IS1 Na•+e Oistritwtion Habitat eorth Atlantic _ Gulf of M aine

Phocoenidat Harbor Phocoena New Jersey to Baffin Coastal and 4 ,000•10,000 Numerically
porpoise coeru Bay; Center of popu- inshore dooinant

T
ion in approaches waters «tacean
Bay of fundy and

inshore Gulf of Me .

Oelphinida! Pilot Globlce ala New York to Green- Palagic No estimates; Frequently
wAalt ne aena land ; Especiaily ( winter) & Most canron whale . seen

coeron in t.e.found- coastal seen in Cape Cod
land ( summ :r) Bay; Schools of up

to 300 on Geo rges
Bank

• Balaenopterldae Finback Balaenc t_ era lopulatior. centered Pelagic, ) ,200 Ocwinant .
whale phisaTus betueen 01o21'N and Gut enter large whale ;

S1o00'N ar,d fror bays and one of most
coast to 2000 a con- inshore corraon ceta-
tour waters In ceans

late sua-
pt.r

Balaenopteridae Minie Balaenoptera CLesapeake Bay to Peijgic, but No estimates kess cwuon
whale e c,[erostra- Baffin Islend tr may stay than Frnback,

ta surrar, aastern Gulf i, earer to but sighttnys
. ofPEaico, rorth- shore than are rnutine

east Flori .ta aad other rorquals
bahama ; in wir•ter ( eacept hunp-

back)

• Balaenopteridae Ikzephack Pe -i altera Corr,on near land, Apprnaches _ 800-1,500 Routinety
whale nwaeailTiae but can !e found land more seen b~t a,ch

--- in deep oce an closely aod reduced from
cor+Wnnly than past atundance
other large
whales ; also
found in deep
ocean

• Balaenidae Right Eobalaena New England to Cult Pelagic and 200-1 .000 FLe.. educed
whale gTie~3s of St . la~rcnce ; coastal ; not from forcer

Possibly found as normally tn- ieportance ;
far south as Flori- shore rare
da

Delphinidat Killer Orcinus Tropics to treen- Mainly pela- No estimate ; ap- Uncoanon
whale oru land . Spitztergen, gic ,r4 parently not seen 1

Baffin Bay ocL e . , r.ow- as c ar .or,ly as 1n
evcr . y more northerly
d a , :nly are .s

_.. .t . -

Oeiphinidat Cor.eon Oel phin--i- s- Caritbean Saa to Seld,r, found Poorl y lr.c m ; pro- Not kno.m ;
dolphin his Newfoundland ; very inside 100 w bably c.orc cacvn possibly

wide ranging ; ray cor.tour, tut than a .allable re- Phoroena ts a
be :ost widespread does trcqaent u rJs inJicate ; nay con;xtito .-
and ahua9ant del- seamountS, be ,^ore to.•rron tn
phinid in wrld escart ::Knts, Y.assacl•usetts Bay ;

1: other off- no esaR.atcs
shore features

• Endangered Species
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Tab1e 7-49. (cont .)
Delphinidae Lottle- Turstos

nosed Zruncatus
dolphin

Oe?phinidae

Delphtnidae

Argentina to Gree.- Usually
land, but .ost close te
cwwn fro. Elnrida, shore 9
Yest Indies . i near
Caribbrae to New islands ;
England enters bays .

layoons .
rtvers

trom .
~si oa"a lab~ coPY•

Itare, especially Part ; per-
{n 1nshare re- haps ihocorna
lions ; no estt- Is aioapetiior .
.ates D

thite- laget?j!!yn - Massachusttts to Coastal Rare stray In Gulf Apparentlybeaked ilus Davis Strait, but waters of Ha1ne ; no esti- •inital
dolphin ilbirostrus ranoes farthtr sates

north into Arctic
waters than t . ,
acutus ; rare`y seen
south-of lkbradcr
and Newftruodland

NMte- la eno
-

Cape Cod to Davis Often Not co. .on Apparently not
sided c _hus Strait schools twportant bydolphin acutus with pilot Irw„ers

whales, Lat
is less cor
.on ude
that specics

OeipA{ntdae Grey Gra.pus Ranges south froo Coastal th.co .iwn, but Muc1 less ccrron
gru,pus, q riseus Massachusetts weters• ha- possibly not rare ; than Phocoena
Risso's bitet poorly no esti.ates
dolphin known

Monodontidat Beluga De!k hin_ ap- St . Lawrence River Prefers Rare visitor from Rare
teras and Gulf to Arctic estuar/es i Culf of St .
leucis regions $hallw Lawrcnce

watFr areas

• {alaenopteridae 31ue Balaenoptera Gulf of St . Lawrence Pelaqic . Generally not Much less
whale a,ituloi to Davis Strait ; decp ocean ; co^ron ; surne sight- coma.n than

routinely si•1hted hcnre.er oc- inqs erpected in fi a .back
on bar.t.s fnngir.g casior. I lly offsho-e re-gtons ;
outer Guif of Maine ; approaches ro estlratet
Population ruch land in d-ep I
reduced from origi- water reoions, e .9 . .
M1 nwabtr of atAut th, laurectU .n Chan-
1,100 in west.rn N . nel of the St .
Atlantic Lawrence River

• Salaenopteridae Sei Bala~en op te~ra~ New Enyland to Pelagic . 1,570 oif ttova Much less
wn.le Loree iT"s Arctic Ocean dxs nct Scotia corewn than

usually - finback
approach
coast .

• Physetertd.e Spern Ph seter EQuator to 50o!t Pelagic, Estiaated 22,000 tlncn.non
whale catadori ( females I ju,re- drrp inhabtt North visitor

niles) 4r 0ris oce.n Atlantic Ccean
Strait ( aales)•

Physeteridae PYgey Kp~ia Tropics to Nova Pelagic In Yery rare ; only Mtniaul
, sperm 6roviceps Scotia warm ocean one record

whale waters

2iphildae Bottle- Hpperoodon Rhode Island to Pelagic ; Poorly kn o~r; be- Poorly known
nosed a 1Tatus D •is St ait c ld . t~ ?"~ 7~0

r

<
.

9

a

~ .

t

(

ti , .

~
1
t
i

whale
_ _ al . 0 t+ -

perate and
•_en uJ-
taken ant.aally in

S
y

- su4a e clic North Rtlantic ,. ,
waters Ccean, 1 ;'>8-70 a

2iph/ldae Trx's tksoplodon
- -

Northern rlorida to Nothing is C∎tre+.ely rare; M.nteal ~
beaked e=T s Nova Scotia known poorly kno.n
whale

~21pAiidae Dense- Memlodon Tropics to 9nva Probably Eatreoely rare : Miniwl
beaked &ns l rostris Scotia pelagic in stray visitor
whale tropica: ar d - ~

warn waters ~

-t
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LIFE HISTORY DESCRIPTIONS

FAMILY BALAENOPTERIDAf. ; FIN WHALE, FINBACK WHALE, RORQUAL, FINNER, PIKE
WRALE, Balaenoptera physalus physalus

This is the second largest whale in the Balaenonterine group, reachi,lS a
matkimum length of about 24 .5 m and a weight of perhaps 59 metric tons .
It resembles che other whales in the genus quite closely in general form,
but may be distinguished by certain charactev-istics . lost distinctive is

` the asymmetric coloration of the jaws and t ;:2 baleen . On the left side
% both are the same dusky gray as the dorsal psrt of the body . However,

the right side of the lower jaw is white or light gray externally on the
anterior quarter, shading to the dark color of the head posteriorly .
Correspondingly, the first third of the baleen of the right side is white
or slightly yellowish, while the pesterior portion and entire left side
is dark blue-black . The portion of the external right upper jaw in con-
tact with the light-colored baleen is also white . The coloration of the
interior af the right jaw may be reversed from that of the exterior, at
least in males (Tomilin, 1957) .

The ventr3l portion of the body is mainly white, including the underside
of the flukes and flippers . The body of the fin whale is more slender
than that of other balaenopterines . - The dorsal fin displays small dif-
ferences in morphology from that of the sei or minke, but this is not
always discernible at sea . While feeding, the fin whale often blows
three or four times, at equal intervals, dives for five to ten minutes,
then reappears (Mitchell, 1972a) . The long period between the blow and
the appearance of the dorsal fin (over one second, but less than two or
three seconds in the case of the blue whale) may help an experienced
observer to recognize the species at sea (in conjunction with an esti-
mate of size and, especially, a glimpse of asymmetric head coloration) .

~ The finback does not show flukes when diving . Arnold and Gaskin (1972)
saw one finback breach twice in the Bay of Fundy, but this behavior is
unusual for the species . Allen's (1916) description of this whale is
useful .

(1) Distribution and habitat preference . The range of the fin whale
covers all oceans of the world . It is somewhat less numerous in
the Northern Hemisphere and somewhat less numerous in the North
Atlantic than in the North Pacific . It is not found in the tro-
pics (Tomilin, 1957) and only rarely among pack ice (Pilson and
Goldstein, 1973) . Within the North Atlantic, the finback is very
widely distributed from Spitzbergen and Greenland south to the
Azores (Kellogg, 1929) . It is the most commonly seen large whale
in the Bay of Fundy (Neave and Wright, 1968), along the Maine coast
(Norton, 1930), and is the most commonly stranded large whale along
the New England coast (Allen, 1916) . The latter fact probably stems
from the fact that in New England it readily enters inshore shallow
waters perhaps in pursuit of small schools of fish, although it nor-
mally stays at some distance from the mainland (Allen, 1916) .
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This is perhaps peculiar to our area because in most other icca-
tions the finback is considered to be a creature of the deep sea
(Tomilin, 1957 ; IUCN, 1972) . Allen (1916) felt that waters off
Cape Ann and in the northwest part of the Gulf of Maine seemed to
be favorite haunts of the finback, although Mitchall (1974) indi-
cated that there is some evidence that fin whales of one or r,ore
populations concentrate 8n the Canadian continental shelf . Pilson
and Goldstein (1973) state that its range exrends south of New
England with one possible stranding in Florida (Moore, 1953) . Ser-
geant (1966) and Mitchell (1972d) considered the fin whales in the
Gulf of Maine-Grand Banks-Davis Strait ar ;.as to be atAstincC aop-
ulation group with no interchange with the west Greenland or V•ie
east Greenland populations . Mitchell (1974) considered the follow-
ing populations tj be distinct, with little or no interchange :
(1) Nova Scotian stock, (3) Laborador stock (ten percent inter-
change with Nova Scotia), (3) west Greenland stock, (4) east Green-
land-Iceland stock . Fin whales in the Gulf of Maine should proba-
bly be considered part of the Nova Scotian stock for the time be-
ing, however, no data are yet available . ;

(2) Migration . According to Mitchell ( 1974)., the major popula 8ion of
northwest Atlantic fin whales is centered between about 41 20'N
and 57° OD'N and from the coast to the 1,000 m depth contour .
lhat area can be considered the summer feeding range of northwest
Atlantic fin whales . Within that area, fin whales appear to spend
summer months in the nc~rthern reaches and winter months farther
south . However, there appears to be enough latitudinal stratifi-
cation of discrete fin whale populations along the western Atlan-
tictic coastline that grounds occupied by a,southern population in
the summer are probably occupied by a northern populatior i n the
winter ( Mitchell, 1972) . Although Allen ( 1916) could find no ev-
idence for a regular migration of finbacks, he nevertheless ob-
served regular periodicitiea of abundance in which the wha ';es
were present in summer but not in winter . On the whole, migra-
tions of this species in the North Atlantic are apparently less
regular than in other areas (Tomilin, 1957), and are also less regu-
lar and less well known ( Kellogg, 1929) than those of the blue
or humpback whales . However, Mitchell ( 1972d) has demonstrated,
by tagging rcturns, a general seasonal migration from Cape Cod in
June and July up to and including waters on the central Labrador
Coast up to 57°N latitude, although individual whales probably
do not make the entire trip . Mitchell ( 1974) also demonstrated a
regular migration parallel to the Nova Scotia coast . Tomilin
(1957) thought that the warm water of the Gulf Stream provided
favorable breeding conditions not only at low latitudes but also
relatively far to the north and allowed some fins to winter on
their feeding grounds, because food is still abundant . He listed
April through October as the periods of fin whale abundance in the
Gulf of Maine, with Januar_v and February being tim es of extreme
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rarity . Clark (1887) reported the northward migratioi of large
numbers of finbacks in the G ulf of Maine early in March . During
autumn, the bulk of the fin-whale population migrates (pregnant fe-
males first) south from summering grounds in the Arctic, or off
the coasts of Newfoundland, Iceland, New England, and elsewhere to
more southerly winter feeding grounds, which are not well known .
Probably depending on their stock of origin, some finbacks reach
the Bay of Biscay, Portugal, the Mediterranean, the Azores, or
possibly the Gulf of Mexico or the temperate U . S . Atlantic coast .
However, some finbacks apparently winter on the Grand Banks of
Newfoun8land (Kellogg, 1929), while others reach Nantucket or Ber-
muda . Strandings have been recorded on the coast of North Caroli-
na (Caldwell and Golley, 1965 ; Brimley, 1946) and as far south as
Florida (Mitchell, 7 974) . On the whole, one can suspect that the
migrations of fin whales are primarily determined by the abur•dance
of the gregarious fishes (capelin, herring) which form the main
food items in the North Atlantic, and that food abundance is gov-
erned to an important degree by temperature variations . ta'.tchell
(1974) mentioned the possibility that winter dispersion of the
population is not random, but that individuals return year after
year to the breeding areas where they were conceived and born .

(3) Popu l ::tion dens ity . As far back as records are available, the fin
whal,! has always been one of the most comnon large whales in New
England waterc . According to Tomilin (1957) it is the dominant
species of whalebone whale in the Northern Hemisphere . Although
no quantitative records of past abundance are available, Clark
(1887) called it the most common whale taken in Massachusetts Bay,
and Norton (1930) called it the most common near Portland . Colo-
nial and 19th century whaling concentrated on the right and hurrp-
back whales because they were easier to catcn ; however, a fishery
for the finback was prosecuted on and off for many years in Massa-
chusetts Bay (True, 1904), and sporadic hunting occurred from the
Maine coast (Norton, 1930) despite the fact that Captain
John Smith's group could not catch any in 1614 . Allen (1916) re-
corded that the finback was not hunted during early New England
whaling ventures . However, during the period from 1810 to 1896,
finbacks were pursued with success by coastal whalers in small
ships from Prospect Harbor, Tremont, and {•lir :ter Harbor, t•laine ;
and from Gloucester, Provincetown, and Nantucket, Massachusetts .
During 1835, five small steamers were engaged in this fishery in
the Gulf of Maine, but no data are available on the catch (Allen,
1916) .

Now, especially since the serious declina of right whale and hump-
back populations, the fin is by far the most abundant large whale
in our area . Allen (1970) estimated that approximately 7,000 fin
whales inhabit the area between Cape Cod and 57°N . During a cruise
along the continental shelf from Cape Cod to northern Labrador,
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57 percent of all cetaceans sighted were fin whales (Mitchell,
1972d) . During a whalewatch from Mt . Desert Rock Lightstation in
the Gulf of Maine, about 75 percent of the 350 cetaceans seen from
July 7 through September 20, 1973, were probably fin whales (Katona,
Kraus, and Savage, in preparation) .

Data from strip census and tagging studies suggest that a total of
about 7,200 fin whales inhabited the North Atlantic in 1967 (Mitch-
ell, 1972d) . Canadian whaling stations in Dildo and Williamsport,
Newfoundland, and in Blandford, Nova Scotia (Schmitt, 1972) used
to take up to 748 fin whales per year before whaling was stopped
in December, 1972 . Whereas stocks of fin whales used to hP hun±Pd
at various places within the North Atlantic (Canada, Iceland,
Greenland, Norway, Por :ugal, Straits of Gibraltar), little, if any,
hunting occurs . According to MacKintosh (1965) overhunting in the
Southern Hemisphere has diminished the population .

(4) Growt h 3nd longevity . Data summarized by Harrison (1969) on the
Southern Hemisphere finbacks illustrate tha course of growth in
the northern subspecies, which is generally somewhat smaller . At
birth, calves are 6 .5 m long . After seven months of nursing, the
length is about 12 meters, at which time weaning occurs . Sexual
maturity is reached at an average of five years (3-8) and a length
of 19 to 21 meters . However, Canadian finback males mature at
16 .9 to 17 .5 meters and females mature at about 17 .6 to 18 .4 meters
(Mitchell, 1974) . At sexual maturity, cetaceans are abjut 85 per-
cent uf their full size at physical maturity . The latter state is
usually approached, rather than reached, as the growth process
gradually slows and epiphyseal fusion of the vertebrae occurs .
The maximum recorded length is 26 meters . Longevity appears to be
50 years, and fin whales normally live 40 years .

(5) Natural mortal i ty . In life, the fin whale apparently has no seri-
ous enemies . Killer whales probably do not often harm this large,
very fast whale ( 25 km/hr, possibly 40-50 km/hr in a sprint), al-
though fin whales are known to flee an area inhabited 5_v killers .
However, at other times, the two species may be seen feeding to-
gether on herring (Tomilin, 1957) .

(6) Reproduction char acteristic s . The peak of the breeding season in
the North Atlantic aapears to be January to March (Tomilin, 1957)
or November to March (Harrison, 1969), at which time most fins are
on their southern warm-water feeding grounds . Mating occurs at the
surface, in a horizontal belly-to-belly position. Gestation is
11 to 12 months . Single births are the rule, but twins are occa-
sionally seen . Calving occurs between December and April off the
Canadian coast though calving grounds are not identified (Mitchell,
1974) . Lactation continues for seven months . After weaning,
young whales feed mainly on small planktonic crustaceans, such as
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Cslanus sp ., a trend that may be related to the fact that their ba-
leen fringe is much finer than that of adults (Tomilin, 1957) .
This may represent an economical way of partitioning resources be-
tween fin whales of different ages . The maternal instinct is high-
ly developed in fin whales, but possibly less strong than in hump-
back whales . Females probably produce calves every other year .

(7) Food and feedi ng methods . Although young fin whales feed on small
plankton, older whales feed on larger planktonic crustaceans such
as eu;,hausiids (Thysanoessa sp ., Euphausia sp ., Megan,yctoohanes
norveqica ;, gr-garious fishes (capelin, herring, mackerel, sardines,
and in various areas sand lances, arctic cod, rockfish, arctic
smelt, chum salmon, cod, walleye pollock, (and occasionally dog-
iish), some cephalopods, and small crustaceans (Cal anus ) . The
iiet varies according to season and food abundance . Nemoto (1970)
listed the "preferred" order of,diet items as : euphausiids=larqe
copepods=gregarious fish>small copepods>squids . All told, the fin
whale is the most e6ryphagous of the large whales, a feature that
may underlie its wide distribution in the wo.rld ocean .

When feeding on crustaceans, fin whales scatter ; however, they
assume a more gregarious concentration when•feeding on fishes .
When feeding on fishes, a fir whale usually swims on its side and
turns round the'body axis, belly up, so that the heavy lower jaw
emerges fran the water . This maneuver may help prevent fish from
slipping ^uc of the whale's mouth and may help close tl- ;, mouth
faster. Water is fnrced out of tne mouth through the baleen with
the tongue, and food is retained on the inner surface of the ba-
leen . Mowat (1972) reported that a fin whale he observed swari
clockwise in circles around schools of fish, ; herding them toward
the center and'catching them . Millais (1973) also described this
behavior. Mowat (1972) hypothesized that the light-colored por-
tions of the right side of the baleen and jaws helped to startle
the fi!n an J I;cep them r:ithin a tight school . Mitchell (1972b)
suggesteu ; :Iat this colo .•ation is used for obliterative counter-
shading to avoid startling fish . Either idea•is more intriguing
than Mackintosh and Wheeler's (1929) suggestion that the dark pig-
mentation of the left side of the jaws protects them from slightly
greater exposure to light when the whale swims on its right side .

Schevill, Watkins, and Backus (1964) reported that fin whales are
responsible for producing the somewhat ubiquitous high-intensity
20 Hz signals that had previously been detected in various waters .
It is possible that the fin whale uses sounds to help locate food
(Perkins, 1966 ; see also Beamish and Mitchell, 1973) or in orienta-
tion (Norris, 1969) .

(8) Indi cations of er.vi ronmental stre ss . None available except for ev-
idence of depleted populations . The concentrations of Stronium-90
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and Cesium-137 in 11 different tissues from seven fin wh ;les taken
near Blandford, Nova Scoria, in August, 1968, rr ;:re all very low
(Samuels, et al ., 1970) .

(9) Aes theti c and economic importance . After the demise of the blue
whale, the fin whale became the most important species for the
world whaling industry . In 1937, when the world take of this spe-
cies reached its peak, 1,197 were killed in the North Atlantic .
The North Atlantic generally yielded only three to ten p- :rcent of
the Antarctic take of fin whales . In the years 1964-1971, respec-
tively, t'le three eastern Canadian whalino stations killec; 56, 14?,
427, 748, 700, 510, 576, and 470 fin whales (Mitchell, 1968, 1972d ;
Allen, 1973) . Earlier catch data are summarized in Allen (1970)
and Mitchel ; (1972d ; 1974) . Recent Canadian whaling has apparently
exceeded the sustainable yield of Canadian fin whales, which ap-
pears to be about 418 whales or less (Mitchell, 1972d) .

The fin whale has always been moderately valuable to the industry .
In the old Blue Whale Unit system, two fin whales were worth one
blue whale. The whalebone is coarser than that of the right whales
and was used in the fabrication of brushes, springs, soft furniture,
and other items . The usual products (glycerin, lard, soap, margar-
ine, thin leather, meat, oil, lubricants, cattle meal, fertilizer,
liver oil, and pharmaceutical extracts, among others) were ^ :ade
from fin whales and continue to be produced in Japan and !;ussia .
Substitutes for all products are available .

The fin whale is a relatively inconspicuous creature . It is only
the second or third largest animal ever to have inhabited the earth .
It is not unusually acrobatic ; it is not known to be notably vocal ;
very little of its huge bulk is ever exposed to human view . On
the other hand, underwater films and photographs by Jacques Costeau
(Costeau and Diole, 1972) have revealed it to be a graceful, power-
ful creature possessing surprising beauty . Also of interest, a
fin whale is the tragic hero of a recent book (Mowat, 1972) which
has helped to focus popular attention on an examination of the re-
lationship between humans and the great whales and has contributed
a great deal to current sentiment for whale conservation .

FAMILY BALAENOPTERIDAE : MINKE WHALE, LITTLE PIKED WHALE, SHARP-HEADED
FI+SvER, LESSER RORQUAL, PIGMY WHALE, BAY WHALE, Balaeno tera . acut:_rnttrata

This is the smallest species of the genus Balaenoptera . In conxlon with
the other three species of this genus present in the Northern Hemisphere
and in the Gulf of Maine, it has baleen, a dorsal fin, and ventral
grooves . However, its small si?e (usually 6-9 m, occasionally 10 m),
yellowish-white whalebone, and characteristic transverse band of pure
white across the flipper distinguish it from the blue, sei, and fin
whales . Dorsally, the minke is dusky or black-gray with a bluish tinge . .
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It is lighter on the flanks, but usually lacks the ovate s pots produced
by epiphytic or parasitic organisms that flourish on other balaenopter-
ines while they are in warm waters . Ventrally, the minke is porcelain
white ; however, the ventral groc ves sometimes take on a rosy hue owing
to the distension of blood v e ssels .

At sea, the minke can be recoqnized by its small size, the nearly simul-
taneous appearance of the blow and the dorsal fin, the sharply pointed
head (from which the species derives-its .ame), and the white patch on
the flipper . It is the most acrobatic •~ the balaenopterine whales and
and often breaches . Its jump is more graceful and arching than the
humpback's . Finally, the minke has the habit of approaching ships .
Additional information on this species may be found in Sergeant (1963),
Tomilin (1957), Mitchell (1912a), and Scattergood (1949) .

(1) Distribution and habitat preference . The minke is a widely dis-
tributed whale , found from the poles to the subtropics (in the
Southern Hemisphere it is represented by B . bor.aerens is, a very
closely relzted form) . In tne western Nnrth Atlantic it occurs i n
Davis Strait, Baffin Bay, and Greenland down to 25°N . The frequen-
cy of occurrence in the Davis Strait can be described as rare in
summer, and in Baffin Bay it is also rare . It is cor. mon in the
Gulf of St . Lawrence, off Labrador . In New England waters it is
most frPquent in August, but rare in winter (Tomilin, 1957) ; Allen,
1916) . According to Sergeant (1963) the northwest Atlantic popula-
tion of minke whales summers along the coast between Cape Cod and
Ungava Bay, Labrador, and winters offshore and south to Florida
and Bermuda . Allen ( 1916) compiled 15 certain and nine possible
records of occurrence of this species in New Englarid, 16 of which
were from the Gulf of Maine . Of the 15 certain historical records
summarized by Scattergood ( 1949) for the occurrence of this whale
along the Atlantic coast of North America, 13 were from the Gulf of
Maine . Norton ( 1939) also found this to be a common whale in Maine
waters . Sergeant ( 1961, 1963) described its presence in eastern
Canadian waters and pointed out that almost all individuals record-
ed from the Gulf of Maine and farther south have been immature,
whereas specimens from more northerly areas include many mature
specimens . Although this whale is often found far from land, it
still appears to stay nearer the shore than do the other rorquals,
not counting the humpback (Tomilin, 1957) . Sergeant ( 1963) men-
tioned that areas of cold, turbulent water may be especially attrac-
tive to this species and Allen ( 1916) noted that it tends to fre-
quent bays, harbors, and shallow waters near shore during its
search for herring .

(2) Migration characteristics . In some areas the minke performs regular
migrations, but they are not well understood . There probably is a
southern movement throu gh or within the Gulf of Maine or outside of
it during the winter and a return to these waters in spring . Ser-
geant ( 1961) concluded that the population migrates north past

7-294



4

f

j

Nova Scotia i n May, reaching Newfoundland in June and northern Lab-
rador in August, then starting south for winter . Sergeant (1963)
judged t,hat the earliest weaning females migrate north earlier than
females which calve in August, tiien starting south fcr winter .
Usually the minke swims alone, less often in couples, and rarely
(only in food concentrations) in groups (Tomilin, 1957) . When pur-
suing fish schools it may travel with larc;er rorquals .

(3) PoQu lation densit . Historically, the minke has been a relatively
abundant whale Scattergood, 1949), no doubt in large part because
it was, until recently, too small for large whaling operations to
hunt. Now, with the successive decline of the populations of blue,
fin, and sei whales, the hunting of minkes is taking place at an
accelerated rate . In 1970, 3,616 minkes were taken by commercial
whaling operations (Food and Agricultural Organization, 1971) . The
International Whaling Comm :ssion established a quota for this spe-
cies for the first time in 1971 . While it is not yet an enGangered
species, there is serious concern for some stocks of this species
if hunting persists . Populations probably still number in the
tens of thousands, at least, within the northwestern Atlantic Ocean .
The population in the North Pacific is probably less tnan 46,000
(Mitchell, 1972), but no data are available for the Atlantic Ocean .

(4) Growth and l oaevity . The minke is about three m long at birth
(Scattergood, 1949), and is physically mature at 7-8 m (Tomilin,
1957) . The time required for maturation may be four years (Tomil-
in, 1957) . In the northwest Atlantic, females reach sex u al matur-
ity at 7 .3 m and males become mature at 6 .7 to 7 .0 m (Sergeant,
1963) . Along with other balaenopterine whales, this species proba-
bly lives for decades ( Mitchell, 1972), but n o data on maximum
lifetime are available .

(5) Natural mortality . In addition to the usual assemblage of para-
sites and disease expected for any wild mammal (Tomilin, 1957),
the minke whale is probably subject to predation by killer whales
(Orcinas orca), a common problem shared by all whales but perhaps•
more serious in minkes than in other balaenopterines due to its
small size &nd slower swimming speed . In addi-tion, this species
(and especially juveniles) are quite prone to 'entanglement in Fish-
ing apparatus and subsequent drowning (Tomilin, 1957) .

(6) Reproductive characteri stics . Knowledge of the breeding habits is
scanty, but in the norzhwest Atlantic, mating appears to be spread
over several winter or early spring months (Sergeant, 1963 ;,Scatter-
good, 1949) . In the North Atlantic Ocean, the pairing season ap-
pears to be from January to May ; females give birth every year
(Christensen, 1972) . Gestation occupies about 1 0 or 11 months .
Calving appears to take place from December to February . A calf
abandons its mother at two years of age and is ready to mate at
four years, according to old data cited in Tornilin (1957) . Much
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more information is needed, and research in progress by Dr. Edward
Mitchell of the Fisheries Research Board of Canada will help clari- =~.
fy our knowledge of the reproductive cycle of this sF .ecies in the
northwest Atlantic .

(7) Food and feedin . Although these processes are not yet well stud-
ied in this species, certain conclusions can be made . Of all the
baleen whales, the minke shows the greatest dependence on fish as
food ( Tomilin, 1957), and its short baleen plates appear to be
well-suited to catching them . In northern waters, herring (Clu- ;
pea sp .) is eaten frequently, and capelin (Mallotus sp .) is also
a common food . Other fish such as cod (Gadus sp . , pollock
( Pollachius sp .), and whiting (Merlangus s are eaten in European
waters ~S ac ttergood, 1949) . In Newfoundland, capelin, cod " red
bait " ( copepods?), "snrimp" ( euphausiids?), squid ( Il ;ex illece-
brosus), salmon, and herring are eaten in that order o F importance
Sergeant, 1963) . The consumption of euphausiids ( "krill"), crabs,
shrimps, or p lanktonic crustaceans appears to be less common, at
least in the Northern He^risphEri . . Beamish and Mitchell ( 1973) pre-
sented evidence that the minke whale produces pulsed audio frequen-
cy sounds which could be used for echolocation of fish during feeding .

(8) Aesthetic and economic importance . Although cortain local fisheries
in Norwa.y, Canada, and Iceland have hunted this species in the past,
it has usually not been an economical whale to pursue and the com-
mercial va!ue has apparently not been great . It should be men-
tioned that the minke has been the subject of one of the most bar-
baric hunting operations in the world in fjords near Bergen, Norway,
where individuals were trapped in bays and shot with arrows that
had been dipped in the festering sores of a previously caught whale .
After a period of time the animal died from blood poisoning and was
captured . Up to 20 whales per year were taken this way until ri-
fies were introduced in the 1940's (Scattergood, 1949) .

Probably the most valuable qualities of this whale are aesthetic .
Its extraordinary tendency to approach ships (Mitchell, 1974) and
to perform graceful, acrobatic leaps may provide people of the sea,
and its shores, with breathtaking experiences that will long be re-
membered . Weighed against this must be its eating of harvestable
fish and the occasional damage to fishnets caused by entanglements
of this whale during its pursuit of food . One must suspect that the
size of herring stocks was probably much larger hundreds of years
ago when minke whales were more abundant, leading to the conclusion
that whales (and other marine mammals) are not primary or serious
reasons for the apparent decline in fish stocks . The damage done
to fishing gear is probably scattered and, in toto, rather small .
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FAMILY BALAENOPTERIDAE : BLUE WHALE, SULPHUR BOTTOM, Baiaeno,ptera muscu -
lus

The blue whale is the largest of all the whales and probably the biggest
animal that has ever existed . The average length is 25 m, although the
largest record is of a female measuring 31 m long . The weight reaches
150 tons . The color of this species is a mottled, pale blue-gray with
black baleen plates and fringes . The body is long and streamlined with
a relatively small dorsal fin set far back and with small flippers which
are approximately 1/8 of the body length . The numerous ventral grooves
are close together and extend from 55 Lo 58 percent of the body length .
This is the only one of the rorqual wi .ales which may consistently show
flukes upon sounding (Rice, 1972 ; Allen, 1916) . At sea, it may be iden-
tified by its extremely large size and by the long interval (two to
three seconds) and long expanse of back that pass between the blow and
the appearance of the small fin ; and by the numerous patches of light
skin which give the whale a mottled appearance .

(1) Distribution and habitat preference . The blue w'nale is found in
the Atlantic, Pacific, and Indian Oceans, and is .most abundant in
biologically productive areas where there are large swarms of plank-
ton and krill (Ruud, 1956) . There is no exchange of populations
between the Northern and Southern Hemispheres and those in the
northern population (by approximately 1 .5 meters at the same age)
(Nishiwaki, 1972) . In the Southern Hemisphere the blue whale
spends its summer in the packed ice area around Antarctica, but
there is some disagreement about where it breeds in the winter .
While the IUCId Red Data Book (1972) and Pilson and Goldstein (1973),
state that this species breeds in temperate waters, and Allen (1916)
states that it avoids tropical seas, Nishiwaki (1972) claims that
it winters in the warm waters near the equator . Perhaps Tomilin's
(1957) suggestion that the wintering grounds of the blue wnale in
the Southern Hemisphere are in the areas of the subtropics away
from navigation routes may account for some of the confusion and
lack of information . The Northern population spends its summer in
the cold waters of the Arctic seas, but little is know of its breed-
ing grounds . Allen (1916) gives its southward limit as New Jersey .
Within the study area, Pilson and Go'dstein (1973) state that the
blue whale is usually found north of the Gulf Stream .

The occurrence of the blue whale in New England waters is rare .
Allen (1916) was only ablc to find occasional possible records of
its presence and no positive record . It appears to prefer cool
waters (Rice and Scheffer, 1963) and is usually found north of the
Gulf Stream (Allen, 1916) . It used to be common in summer in New-
foundland waters and in the Gulf of St . Lawrence, scattering about
the Grand Banks in winter. Blue whales still congregate in the
St. Lawrence River near the Saguenay River (Dr . E. tiitchell, per-
sonal communication) . Occasional sightings of tilue whales are made
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at the entrance of Passamaquoddy Bay in summer (Sergeant, 1961) .
The sightings of blues in the Bay of Fundy during the s_udy of
Neave and Wright (1965) are open to question owing to the difficul-
ty of identifying blue whales at sea . The species is best catego-
rized as nearly completely pelagic ; however, all four of the rela-
tively small (18-29 m long) blue whales studied by Cummings and
Thompson (1971a) off the coast of Chile were in water less than
175 m deep, and one was observec+ so close tc the beach of Guato
Island that it was among breaking waves in water estimated to be
only 7 m deep . According to McVay (1966), the blue whale is sel-
dom seen except in these more emote southern seas .

(2) Migration chara cteristic :: . The blue whale travels singly or in
pairs and does not seem to gather into large group- . (Allen, 1916),
except perhaps in the higher latitudes when they are concentrated
in rather aarruw belts in the polar seas (Ruud, 1956) . It is be-
lieved that the whales disperse as they leave the polar regions
(Ruud, 1956) . In the Southern Hemisphere, this species migrates
towards the equator in the fall and remains in this area, where it
breeds, until spring . In the spring it moves south to the region
around Antarctica . The blue whale population in the Northern Hem-
isphere spends the winter breeding in the temperate waters north
of the equator . Then it migrates to the Arctic Sea in the spring
and stays there until the end of summer, when it begins moving
south again . The migrations are not well documented .

(3) Population densi ty . in the past years the blue whale population
has been grFatly decii-iiated because of extensive hunting . Over
350,00J blue whales were killed during modern whaling prior to
1956 (Ruud, 1956) . Most hunting was done in

'
the decade of the

1930's . In 1930-31 alone, 28,235 blue whales were killed in the
Antarctic (Pilson and Goldstein, 1973) . The species has declined
from an original worldwide population of about 200,000 in the 1900's
before intensive pelagic whaling concentrated on it, to about
15,000 in the Southern Hemisphere, 1,500 in the North Pacific, and
only a few hundred in the North Atlantic (Rice, 1972) . Allen (1970)
concluded that the initial stock size in the northwest At ;antic was
slightly over 1,100 blue whales . Mitchell (1974) noted that the
blue whale population in this area has not recovered from overex-
ploitation as rapidly as has the humpback whale . The species is
now fully protected worldwide by the member nations of the Inter-
national Whaling Commission ; however, some hunting may still go on
off the South American coast . All stocks are seriously reduced in
numbers, and even with full protection it will be on the order of
50 years before the b'sue whale is once again abundant . During t~e
1960's and early 1970's, many authors expressed the fear that the
blue whale might become extinct . Now that some stocks appear to be
increasing slowly, there is reason to hope that that possibility
has been averted .
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(4) Growth and longevity . The life expectancy of this species iq per-
haps 90 years and rarely over 100 (Nishiwaki, 1972) . At birth the
calf is about 7 .5 m long and weighs 2,500 kg . It gains about 90 kg
per day and reaches 15-17 m and 22,700 kg by age severn months, when
it is weaned (Ruud, Johsgard, and Ottestad, 1950) .

(5) Reproduction characteristi cs . Estimates of the time of sexual ma-
turing for the blue whale vary from four to five years (male) and
five to six years (female) (Harrison, 1969) to ten years (Rice, 1972) .
The pregnancy lasts from 10 to 11 months, and in the Southern Hem-
isphere birth takes place in temperate seas during July and August .
The lactating mother and calf then travel together for eppt-c:imate-
ly 12 months . After weaning the female can be impregnated again
for the following winter (Nishiwaki, 1972) . The average female
will give birth every two or three years . In the Northern Hemis-
phere this species also breeds in temperate waters in the winter
months . Twins occur in 0 .7 percent of births (Harrison, 1969) .

(6) Food 3nd feeding methcds_. Most of the feeding is done in the sum-
rwr in the regions near the Antarctic and the Arctic, where the
Dlue whale is able to find swarms of planktonic food . Food may be
echolocated (Beamish and Mitchell, 1571) . The blue whale eats by
taking in huge amounts of water wher2 the food is swarming and then
discharging the water thrcigh the bal :en plates, using the iarge,
flabby tongue . The food becomes caught on the inside of the rough
fringes of the short, tough baleen plates . !n the Antarctic the
major diet items of this species are Eu~hausia crysta llorophias ,
Eup.~a_usia superba, Thysanoessa macrura, andThysanoessa via na . In
the Arctic, euphausiids make up the main part of the diet (Nemoto,
1970) . The blue whale has possibly the shortest food ;,hain of all
the baleen whales . It consists of phytoplankton>herbivorous eu-
phausiids>blae whale (Mackintosh, 1965) . Furthermore : of all the
balaenopterine whales, blues are the most stenophagous, rarely
eating anything besides euphausiids (Rice, 1972 ; Beamish and Mitch-
ell, 1971) . Beamish and Mitchell (1971) recorded narrow band sound
pulses of frequencies between 21 and 31 khz in the presence of a
blue whale and suggested that the sounds could be used for echolo-
cating euphausiids . However, Cummings and Thompson (197 :a) recorded
only low frequency moans of frequencies 14-222 Hz which they felt
would net be suitable for echolocating planktonic crustaceans .
Instead, they suggested that those sounds could be used for long
distance communication . They also noted that the moans were the
most powerful sustained utterances known from whales or any other
livino source .

(7) Indications of environmental stress . Other than evidence of severe-
ly depleted population size due to hunting, no ~ata are available .
According to Mitchell (1974), only ti.ith continued full protection .
can blue whale stocks be restored . Only a few hundred now exist in
the northwest At'antic (Mit-.hell, 1974) .
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, . (8) Aesthetic and economic importance . In the modern history of whaling
the blue whale has been the most valuable to the whaling industry,
since one whale alone yielded 20 tons of oil, plus tons of meat and
byproducts . Between 1900 and 1950, approximately 25 iaillion tons

~ of blue whales were taken in the Antarctic . However, because of
the present scarcity, this species is now of little economic impor-
tance and since 1967 has had complete worldwide protection (Rice,
1968) . The fact that this whale is the largest animal ever to have
inhabited this planet must certainly confer upon it a unique aes-
thetic and biological value .

FAMILY BALAENOPTERIDAE : SEI WHALE, POLLOCK WHALE, RUDOLPH'S RORQUAL,
Balaenoptera borealis

The body plan of the sei whale is similar to that of the other whales in
the genus Balaenup tera, but its coloration may be somewhat more variable
between individuals . The back of the sei whale is a dark gray with a
bluish tinge . The flanks are lighter, often with small, bright spots,
and the belly is a light gray with a patch of white . The inner surface
of the flippers and the undersides of the flukes are gray, and the ba-
leen plates are black with fringes of fine, white bristles . The flip-
pers are smaller, relative to the body, than in other rorquals . The
dorsal fin, however, is relatively large . It is triangular in shape
and curved backwards . The largest sei whales recorded in the Interna-
tional Whaling Statistics are an 18 .5 m male and a 20 m female . More
recently, the largest caught are 15 to 16 m in length ('1ishiwaki, 1972) .
The sei whales in the Northern Hemisphere are about two m shorter than
those in the Southern Hemisphere (Tomilin, 1957) .

(1) Distribu t ion and habitat preference . According to Kellogg (1929),
sei whales have a "roving disposition and occur sporadically in
large numbers from time to time at widely scattered localities ."
This is a cosmopolitan species ; howi.:•er, in neither hemisphere does
it seem to frequent as high latitudes as do other rorquals . It is
rarely seen in the packed ice regions (Nishiwaki, 1972 ; Tomilin,
1957), seeming to prefer warmer waters than blue whales or fin
whales . (Marcuzzi and Pilleri, 1971) . It spends its winter in
temperate seas, but it also is seen in :small numbers in tropical
areas where it is more abundant than are other rorquals . Within
the North Atlantic, the sei whale seems to be commonest in waters
on Northern Europe (Allen, 1 916) . This species does not frequent

, ;,'tne coasts and is rarely seen in New England waters, perhaps be-
cause cause it bypasses the region during its raigration (Pilson and Gold-
stein, 1973) . According to Pilson and Goldstein (1973), the sei

~ is distributed from Labrador waters and Newfoundland south to
Florida and Venezuela . However, it may actually be more numerous
than the records show, as it can easily be mistaken for a fin
whale . In fact, experienced whale scientists are often very skep-
tical that this species can be positively identified at sea .
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The records of Neave and Wright's (1968) study are certainly sus-
pect . However, Beamish and Mitchell's (1971) sightings of two on
the south edge of Sable Bank in late May, 1969, are reliable . The
only stranding and only possible sighting known to Allen (1916) for
this species in New England, occurred on the south shore of Cape Cod .
Sightings in eastern Canada (Sergeant, 1961) have also been report-
ed to frequent waters southeast of Cape Sable, Nova Scotia .

(2) Migration characteristics . The migration cycle of the sei whale is
probably generally similar to that of other rorquals, but it is not
well known . For example, neither the geographic limits, migration,
nor ranges of the sei whale population that ware fished at Blandford .
Nova Scotia, are kncwn (Mitchell, 1972c) . The sei whale appears in
temperate and subtropical waters . However, according to Tomilin
(1957), the movements of this species may differ from those of
other rorquals in several respects . First, the sei appears later
in the high latitudes than do other species . For example, its
peak appearance in Antarctica is in February and March as opposed
to January and February for the larger baleen whales (Mackintosh,
1965) . Second, it has lower tolerance for cold and makes less dis-
tant migrations in the summer . Third, it concentrates in the re-
gions of warm currents in the temperate and temperately cold belt .
Fourth, the migrations of the sei whale are muc*d less regular than
those of other rorquals and migration paths may undergo large, sud-
den fluctuations in regions affected by warmer currents . According
to Mitchell (1972a) sei whales tend to travel in groups of about
ten ; but Tomilin (1957) records that'they occur mostly alone or in
pairs, except when food is abundant, at which times groups of 50
or more may congregate . .al*.nough they -nay graze in company with
right whales(Neomoto, 1970), there is apnarently a mutual exclu-
siveness between the distribution of ;ei whales and of the other
rorquals . This is probably explainec= ry the different prey size
requirement as described below (Tomi :i ;i, 1957) .

(3) Population density . In 1971 estim=.ted population of the sei whale
in the North Pacific was 46,000 (Mitchell, 1972a) . Gullard (1974)
estimates that sei whale populations are perhaps the same magnitude
as the fin whale : 7,000 animals between Cape Cod and 57°N .,

' (4) Growth and lon evit . No sei whales have been found older than 70
years (Nishiwaki, 1972), suggesting that the life span might be

~ shorter than that of either the blue whale o- the fin whale . New-
born sei whales are 4.3 to 5 .3 m long and ti .,.y grow at the rate of
about 2 cm per day . According to Nishiwaki ;1972), sexual maturi-
ty is attained at lengths of 12 m for males and 12 .8-13 .5 m for fie-

•' males, and physical maturity is attained at 13 to 11 years of age .
However, at the Blandford, Nova Scotia,whaling station, where an

• average of 114 sei whales were taken from 1968-1970, most mature
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females were at least 15 .1 m long .

(5) Natural mortality . According to Tomilin (1957), the sei whale is
one of the fastest whales and is probably not bothered by killer
whales . However, no data are available on the relative swimming
speeds of the two species .

(6) Reproduction characteristics . Sei whales become sexually mature
by at least 18 months of age, and begin to mate in the second year
of life (Tomilin, 1957) . Gestation lasts for 10 to 12 months
(Mackintosh, 1965), and lactation for approximately five months .
Females generally give birth every two years with a six to seven
month interval between lactation and conception (Tomilin, 1957) .
Sexual activity continues the year round ; however, the peak mating
periods are January and February in the Northern Hemisphere, and
July and August in the Southern Hemisphere .

(7) Food and feedin g methods . The sei whale has the typical rorqual
baleen : short, tough plates with rough fringes . However, both
plates and fringes are more delicate than those of the blue whale
or the fin whale, allowing the capture of smaller food species . In
the Southern Hemisphere the sei feeds on various plankton, includ-
ing ca rnivorous amphipods ( Parathemi sto gaudichaudi ), herbivorous
copepods !Drepanopus pectinatus, etc .J, and also zooplankton, in-
cluding the decapod Munida re aria (Lobster krill) . All of these
are found in the Antarctic and subtropical conv?rgences-, and this
is the reason that the sei does not move into higher latitudes
(Nemoto, 1970) . In the North Pacific, the sei feeds on copepods
(Calanus plumchris ) . The diet of the sei, in order of importance,
is made up of : copepods>amphipods> auphausiids>swarming fish>squid .
Its "food chain" is : small phytoplanktor-protozoa, larvae of zoo-
plankton, small copepods-carnivorous amonipods-sei whale (Neomoto,
1970) . In the North Atlantic the sei whale is very closely associ-
ated with the crustacean Calanus finmarchicus (Allen, 1916 ; Tomilin,
(1957). -

The sei uses two methods of feeding . The first, which is used for
food that is swarming, is to swallow large amounts of water and
then to use the tongue to discharge it through the baleen plates
where the food becomes stuck on the inner surfaces . The cecend
method, which is used when food is more sparse, is to swim along
the surface with an open mouth . This method could subject the ani-
mal to stress from any surface pollution of the ocean, including
oil, plastic wastes, or pollutants accumulated in the surface mono-
layer (MacIntyre, 1974) . When skimming for crustaceans, the sei
whale may swim slowly at a depth of 1 m, covering a distance of
15 to 20 m at a time, and rolling gently from side to side so that
the left 3nd right margins of its upper lip alternately touch the
surface . After seven minutes of such swimming, the whale rolls on

7-302

~ \ ~



its side (Tomilin, 1957) . The respiratory rate of sei whales is
much mor- even and constant than that of other rorquals, according
to Mitchell (1972a), because it does not dive deeply and stays near
the surface .

The sei whale is less well adapted to feeding on fish than are fins
or humpbacks and uses a different methed on the unusual occasions
when it does so . It does not make sudden half turns around the
body axis, but instead pursues fish at the surface with its dorsal
fin exposed . Although fish such as capelin, walleye pollock, Arc-
tic tic cod, sand lances, anchovies and sardines are taken in various
locations, copepods - and especially Calanus species - remain the
overwhelmingly important diet item . Tomilin (1957) suggested that
this whale probably evolved in the North Atlantic, since it is
here that the structure of its baleen is best adapted to the small
size of the local food .

(8) Indications of environmental stress . Although the sei whale is not
listed in the IUCN Red Data Book (1972), it is listed on the
U . S . Department of the Interior's Endangered Species List of 1971,
as are all the baleen whales except the minke, owing to the serious
decline in population numbers from overhunting . As blue and fin
whales became rarer, attention 'turned to sei .whales, whose catches
increased dramatically, starting in the middle 1950's (Mitchell,
1972a ; Mackintosh, 1965) . McVay (1966) lists the sei as one of the
eight that have been important as a commercial species during re-
cent years . Canada's three whaling stations began catching sei
whales in 1966 . In 1968, 104 were caught . Canada stopped all
East Coast whaling in December, 1972 . Although our Gulf of Maine
population is now apparently safe from hunting, tne sei whale is
under heavy pressure in other areas of the world . For 1971 alone,
the estimated catch was approximately 9,366 a6inals worldwide (Cc .-n-
mittee Merchant Marine and Fisheries, 1974) .

(9) Aesthetic and economic importance . In 1938, the sei whale was
rarely hunted because of its small size, but as other species de-
clined the sei has grown in economic importance . The sei is now
among the eight species commercially most important in th,2 world
(Pilson and Golustein, 1973) . An average of-114 sei whales were
tak2n at Blandford Land Station, Nova Scotia ; each year from
1968-1972 .

FAMILY BALAENOPTERIDAE : HUMPBACK WHALE, Me9aptera novaengliae

The humpback evhale has a short, fat body with long flippers that are
approximately 4 the length of its body . The color is dark, with some
unpigmented skin on the ventral side which extent varies among individ-
uals . Coloration in this species is quite variable (Tomilin, 1957) .
The North Atlantic population is distinguished by the huge, pure white
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flippers, which are a striking field mark and help in the identification
of this whale at sea . The edges of the tail and flippers are irregular
and the head, snout, and flippers are covered with knoblike swellings
each of which contains a sensory hair . The dorsal fin is small and set
fairly far back . The ventral grooves, which extend back to che navel,
are widely spaced, with only 12 to 36 grooves, as compared with the
Balaennpterine whales, which all have more than 40 grooves . The largest
humpback recorded was a 19 m female althbugh at present the average
seems to be closer to 15 m(Nishiwak.i, 1972) . The species is also char-
acterized by its acrobatic behavior . This includes frequent breaching
(leapisig completely out of the water) followed by rolling over onto the
back,"rolling on the water surface, and turning somersaults under and
above water . The humpback usually shows its flukes before sounding,
and Lheir irregular trailing margins make a good field mark . This spe-
cies is known to follow or play alongside ships for long periods (Tom-
ilin, 1957) .

(1) Distri bution and habitat preference . The range of the humpback is
very large, comprising almost all of the oceans between the Arctic
and Antarctic . The range in both hemispheres is from the poles to
the tropics (Tomilin, 1957) . There are six separate populations
within the Southern Hemisphere, but there is little exchange across
the equator (Mackintosh, 1965) . Similarly, there are probably a
number of separate stocks within the Atlantic Ocean, but their i-
dentity and relationships are not yet well know . Within the
Gulf of Maine the species is well known from strandings and, espe-
cially, from live sightings at sea (Allen, 1916 ; Norton, 1930) .
Most of the records are of schools seen about Nantucket Sncals,
on the Georges Banks or off Provincetown and the outer parts of
Massachusetts Bay (Allen, 1916) . Allen (1916) included records
of sightings of large schools of humpbacks near Cape Elizabeth,
Maine (June, 1841) ; in the Bay of Funay near Grand Manan Island
(July-early August, 1859) ; and of over a hundred humpback individ-
uals uals or pairs seen during a cruise from the Isles of Shoals to
Nova Scotia (September 4-6, 1903) . Norton (1930) included one ob-
servation of a herd of about 100 humpbacks inside of Stratton's
Island near Portland, Maine. Humpbacks have been recorded as far
south as Florida (Pilson and Goldstein, 1973) .

Tomilin (1957) characterized this species as living close to land,
although it can be found in the deep ocean . Tonilin (1957) fur-
thermore, suggested that the long rlippers may help these whales
to free themselves if they become beached in shallow water, and
that individuals may be helped out of such situations by other
whales . Voice communication is apparently used (compare Mowat,
1972) . Schevill and Backus (1960) observed a daily patrol by a
humpback of a fixed area near Portland, Maine, over a ten-day per-
iod, sometimes only one or two miles from land .
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(2) Migration charac teristics . In general, the humpback migrates along
well-defiried routes, generally close to the coast (Tem:iin, 1957) ;
however, the tracing of movements of specific stocks or herds in
the northwest Atlantic is not yet possible due to lack of informa-
tion . In both hemispheres this species arrives in the polar regions
in the sumner to feed and begins returning to the tropics in the
early fall . It reaches its tropical breeding grounds in mid-winter
and remains there until early spring (Kellogg, 1929) . Northward
and southward migrations each take about two months . Five and one-
half months are thus spent on the feeding grounds and a little over

~ one month on the breeding growids (Wolman, 1972) . Humpbacks usual-
ly travel in pods ol' two to five individuals, and the average rate
is less than four knots (Wolman, 1972) . Apparently, males and bar-
ren females leave the wintering grounds (near Bermuda and the Great-
er Antilles) first and are later followed by the lactating fem3l ;-2s
and newborn calves .

From Massachusetts to Maine, humpbacks first appear in April and
May (Kellogg, 1929) and large herds seen about 200 miles offshore
in April probably indic_Ae that many humpbacks travel over the
banks rather than entering the Gulf of Maine . Later migrants re-
main offshore of New England instead of going north to Newfound-
land, Greenland, or Iceland (Tomilin, 1957) . The southward migra-
tion may be more gradual, and may also take place largely offshore .

~ According to Kellogg (1929), humpbacks havc been observed off the
Neti•: England Coast as late as October, witih one December record for
Massachusetts .

(3) Population densi t,y . Before exploitacion by hunting, the humpback
"• whale population probably numbered from 40,003 to 50,000 in the

Southern Hemisphere and somewhat less in the Northern Hemisphere
(Wolman, 1372) . Sources generally agree that the present world
hopulation is urder 10,000 . The IUCN Red Data Book (1972) gives

~ the total pcpulation as 7,000 to 8 .000 while Flolman's figure is
5,000 (Wolman, 1972) . Since 1966, this species has enjoyed world-
wide protection, and in the North Atlantic since 1955 . Within the
northwestern Atlantic Ocean, Allon (1970) estimated the population
to be 1,500 on the basis of cumulative catch data, but a large
scale strip census survey from shipboard, which covered over six
million square nautical miles, yieided only 96 sightings during
spring and summer, 1966-1968, leading to a population estimate of
1,259 (Mitchell, 1973b) . The interrelationships among stocks from
the Caribbean, Bermuda, the eastern U . S ., the Nova Scotian shelf,

~ and the Grand Banks are not yet clear .

(4) Growth and longevity . According to Torilin (1957), individuals
live at least to 20 to 22 years, judging by old harpoons :'ound in
their bodies ; but they probably can live much longer .
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(5) Reproduction characteristics . Sexual maturity of the North Pacific
humpback is attained at the age of two years and physical maturity
at the age of 10 'years (Tomilin, 1957) . Females are polyestrous
and may ovulate five times per year . The gestation period is 11 to
12 months and lactation lasts 11 months . Females generally bear a
calf every two or three years, and only rarely two years in suc -
cession . Birth appears to be in mid to late winter in the northwest
Atlantic, where newborn calves have been sighted off Puerto Rico

; in February, 1069, and one suckling calf has been seen on the Grand
i Banks on 8 Ma'rch, 1961, (Mitchell, 1974) . In the Southern Hemis-
phere breeding peaks in Auaust (Mackintosh, 1965) in areas very
close to the eqjator (Tomilin : 1957) . In the Northern Hemisphere,
the peak is between October and December in latitude 10°Fl to 20°'J
(Nishiwaki, 1972) . A newborn humpback measures 4 .5 to 5 m in
length . Its rate of growth is somewhere between 17 cm and 45 cm
per month . The incidence of twins is about 0 .5 percent (Tomilin,
1957) . Maternal instinct is exceptionally strong in hump5acks,
and females will not abandon calves even in extreme danger . Wean-
ing occurs when calves are 8 to 9 m long . Growth decelerates after
weaning . Calves stay with their mothers at least for a year, and
perhaps longer . It now appears that the main calving area for per-
haps half of the northwest Atlantic pooulation of humpbacks is in
the Navidad Bank-Silver Bank area off the Dominican Republic, where
up to 700 whales have been seen .

(6) Food and fe eding methods . The ash black baleen plates of the hump-
back are short and tough with rouyh baleen fringes . The main foods
are euphausiids and gregarious fish, both of which can form swarms .
The humpback eats by taking in large mouthfuls of water and food,
then discharging the water through the baleen plates, where the
food becomes caught, by us'ng the tongue as a plunger (Nemoto,
1970) . In the North Atlantic, :?umpbacks are known to eat the eu-
phausiids Thy sanoessa inermi s and Meganyctiphanes norveg ica, her-
ring, capelin, and rarely, cephalopuds and pteropod molluscs . Eu-
phausiids appear to be more important to the diet than fish in
this area . Southwell (1904) described a humpback whale that was
found dead near Scotland, apparently after eating too many cor-
morants, which had perhaps been swallowed accidently .

(7) Aesthetic and economic valu e. The humpback was one of the most im-
portant species to commerci.ai whalers . It was easy to catch, be-
cause of its slow movement, coastal habitat, and lack of fear of
humans . A small fishery for humpback whales used to be carried on
near Seguin Island, PortlanS, Maine (Norton, 1930) and Clark (1887)
noted that whalers out of Wellfleet, Massachusetts, used to saii to
the Mt . Desert Island regici for humpback whaling . Frim 1810-1860,
humpbacks were the main ob,iect of the Maine shore whaling stations
at Prospect Harbor, Tremonc, and Winter Harbor (Allen, 1916) .
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Additional humpback whaling along the coast of Cape Cod alsc oc-
curreidurina the 18th anu4 19th centuries . Between 1909 and 1947 .
11 .4 percent of 902,000 whales killed in the world were humpbacks
(Tomilin, 1957) . As a result of extreme overfishing, many popula-
tions of the species have been decimated and since 1966 the spe-
cies has had complete protection, so that it is now of no direct
economic importance. Populations of humpback whales are growing
very slowly, if at all, and even under full protection many will
take as long as 50 years to recover maximum sustainable yield lev-
els (Allen, 1973 ; Wolman, 1972) .

Vocalization ability is remarkable, consisting of a wide range of
tones and an extensive vocabulary . The "songs", which are the
subject of scientific studies (Payne and McVay, 1971), are availa-
ble on several popular recordings (Capitol Records, 1971 ; Hovaness,
1970) . There is no evidence that humpbacks sing while in New Enq-
land waters, and all recordings of complex sounds have been made
around the presumed breeding area near Bermuda or in the Caribbean .
Dr . Howard Winn of the University of Rhode Island is trying to de-
tect dialects in the vocalizations of humpbacks to make an esti-
mate of the population size in the West Indies (Anonymous, 1971) .
The songs of the humpback whale have probably kindled public in-
terest in whale conservation more than any other discovery with
the possible exception of Lilly's (1961, 1967) early work on Tu r-
siops .

Finally, the acrobatic nat .:re of this whale ('tillais, 1973), its
striking coloration and morphology, ard its habit of playin-- a-
round or following ships earned it the nickname of "veselyi Ot"--
"the rierry whale"-- among Russian whalers (Tomilin, 1957) . ?-e
can hoE,e that this interesting and inspirational species wil'l re-
cover from the human depredati ons and wi 1 l c,nce agai n enl i ven our
waters with its abundant presence . The possibility for making the
Navidad Bank-Silver Bank area a humpback wiiale reserve has occa-
sionally been mentioned .

(8) Indications of envi ronmental stress . Samples taken by Mitchell
1973b are being analyzed for pesticide and heavy metal residues,
but no data are yet avaiiable .

FAMILY BALAENIDAE : RIGHT WHALE, NORTH ATLANTIC RIGHT WHALE, Eubalaena
glacialis .9 l acialis

This species is easily recognized by its thick, stout body, arched jaw,
the absence of a dorsal fin, and by the large, light-colored,wart-like
calluses or "bonnets" which adorn the anterior of the upper jaw and
various other positions around the blowhole, eye, and lower jaw . Indi-
vidual whales have somewhat distinctive patterns of bonr.et arrangement .
The baleen plates are olive black, and the body is a deep ebony black .
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The maximum recorded length for an Atlantic right whale is 16 .5 m .

It is called the "right whale" because it was traditionally the right
whale to hunt, owing to its large yield of oil and whalebone, slow
swinriing speed, and tendency to float when killed . In the Atlantic 0-
cean, this species was hunted for at least 1,000 years, and it plus
tne humpback ( Megaptera novaeangliae) were the two whales most common-
ly hunted by earliest colonial whalers in America . However, by 1750,
right whaling had already been nearly abandoned at Cape Cod due to the
lack of whales (Allen, 1916) .

Nishiwaki (1972) and Tomilin (1957) provide additional general infoma-
tion on this species, and Allen (1916) includes a wealth of biological
and historical data on the right whale in New England waters .

(1) Dis tributio n and habitat preference . The right whale is found ir
te:nperate waters of the North Atlantic Ocean and once was distrib-
uted from the Gulf of St . Lawrence to Florida (Clark, 1887 ; True,
1904 ; Allen, 1916 ; Tomilin, 1957) ; however, it is absent in the
tropics, and it avoids the ice of latitudes higher than about 700N .
Following centuries of depredation by hunting, the right whale
population was nearly reduced to extinction by the late 1800's
(Committee on Merchant Marine and Fisheries, 1974) . This whale
was protected in 1937 by international agreement ; however, it
still remains an endangered and fully protected species (IUCN,
1972) . The population now appears to be recovering and can once
again be seen in New England waters, although it will be many
years before this whale regains its former abundance here (Allen,
1916) . Between 1620 and 1913, Allen (1916) recorded over 50 in-
stances of sighting or capture of right 4hales in flew England
waters, 22 of them from the Gulf of Maine . Most records were made
between February and May, and less frequerrtly between June and
September . Waters and Rivard (1962) reported an increase in num-
bers in Massachusetts, and in Cape Cod Bay a herd of 30 to 50 in-
dividuals can sometimes be seen . In addition to summarizing
sightings south of Cape Cod, Pilson and Goldstein (1973) listed
sightings of a s ._:hool off Cape Cod in 1953, an individual at Cape
Cod Canal in June, 1957, and a school in Cape Cod Bay in May, 1959
and May, 1961 . Watkins and Schevill (1972) recorded the sounds
from members of a herd of 20 right whales in Cape Cod Bay in May,
1970.

Whereas Allen (1916) listed no sightings from along the Maine coast
and considered it rare in this area (perhaps owing to lower pro-
ductivity in the northern portion of the Gulf of Maine), Norton
(1930) listed one stranding in summer, 1919, in Sheepscot Bay .
Recently, Arnold and Gaskin (1972) sighted at least five E. gla-
ciaiis in the Bay of Fundy in late August, 1971 . The photograqh
of a right whale which appeared in the Calais, Maine,A dvertiser
for September 2, 1971 could be one of that group . Neave and
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Wright (1968) included the record of a herd of 15 right whales in
the Bay of Fundy during August, 1968, and although that report was
criticized by Schevill (1968) with good reason, the additional
comments of Neave and Wright (1969) lend support to the record .
Residents of Eastport and Lubec, Maine, claim that right whales
often appear near the West Quoddy Head Lightstation during August
and may engage in mating activity . However, the whales were not
seen in 1973 . Most recently, one E . g lacialis was observed for
three hours from Mt . Desert Rock Lightstation, July 12, 1973 (Ka-
tona, et al ., in preparation) .

(2) Mi gration characteris tics . Although Allen (1916) noted that this
wha7e migrates individually, in pairs, or in very small groups of
three to five individuals, the recent sightings of'herds indicate
that larger groupings can be expected more commonly as the species
becomes .nore numerous . Allen's (1916) observations indicate that
the northward migration began to pass through Massachusetts waters
in January, became stronger in February and March, and peaked in
April . Southbound right whales appeared to pass that coast in No-
vember . E . glacialis appears to migrate through~the Gu?` of r:aine
in early spring on its way to feeding grounds around the Grand
Banks,Newfoundland, the mouth of Davis Strait, Iceland, the Faero
Islands, and the Hebrides . However, as Allen (1916) pointed out,
most right whales probably bypass the Gulf of Maine . In late
sumner and autumn, they return to warmer temperate waters, probablv
including Florida, Bermuda, the coasts of Georgia and the Caroli-
nas (Caldwell and Golley, 1965), and ;Lssibly Massachusetts Bay
(Allen, 1916) .

(3) Po uop lati on d ensity . This whale is still exceedingly rare every-
where in its range althouqh it has been protected for 50 years .
The northwest Atlantic stock was hunted as ear,,'as 1631, and,by
1750, the right whale fishery off the United States had collapsed
(Allen, 1908) owing to the drastic decline of the stock . Mitch-
ell (1974) summarized evidence that the population may possibly
be recovering slowly both in the southern and northern limits of
its range, (Florida to Canada) ; however, the population still ap-
pears to be only in the tens of individuals in the region off
eastern Canada during summer . The total populat;ion inhabiting the
waters of eastern North America and eastern Canada has been esti-
mated variously as less than several hundred and perhaps less than
100 (IUCN, 1972) .

(4) Growth and longevity . Newborn calves measure 4 .5 to 6 m in length .
There are practically no data on growth rate (Tomilin, 1957) .
Sexual maturity is attained in three to five years (Nishiwaki,
1972) .

(5) Natural mortality . Attacks by killer whales may occur (Allen, 1916),
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but are poorly documented (Tomilin, 1957) .

(6) Reproduction characteristics . Like other baleen whales, the right
whale female calves once every two years after a gestation period
of about on: year. Mating occurs in May to July, and birth from
January to N;arch . Pregnant females tend to remain apart from the
rest of the stock (Tomilin, 1957) . Calving probably occurs in
still waters neat shore (Tomilin, 1957 ; Payne, Curtsinger, and
Nicklin, 1972) . The exact location of calving grounds is not
known. Lactating females have very well developed maternal in-
stincts and apparently refuse to abandon sucklings even after
death (Tomilin, 1957) .

(7) Food and feeding methods . The baleen of this whale is very finely
fringed, allowing it to strain small plankton animals from the wa-
ter, and its diet correspondingly consists of copepods, especially
Calanus finmarchicus (3-6 mm) and,less comrnonly, euphausiids such
as Thysanoessa inermis (16 mm) . Occasionally pteropod molluscs
are taken . The right whale sometimes grazes in company with the
sei whale . It is important to note that the method of feeding is
quite different from the "gulping" strategy of most balaenopterine
whales . The right whale is a"skimmer", cruising along the sur-
face with its mouth open and continuously filtering out food (Ne-
moto, 1970) . This suggests that the right whale is probably much
more vulnerable to any pollution of the ocean surface than are
whales which feed underwater . Pollution of the ocean surface with
oil could possibly affect this whale in a serious way, although no
data are currently available . Similarly, the accumulation of pol-
lutants in the organic surface microlayer of the ocean (MacIntyre,
1974) could affect this whale more than other species .

(8) Indications of environmental stress . Other than the drastically
reduced populations of this species, owing to overhUnting, no data
are available . According to McVay (1966), the right whale is now
protected worldwide .

(9) Aesthetic and economic importance . Prior to the adopiion of steam-
powered whaling vessels and the invention of the explosive harpoon,
this whale was a mainstay of the whaling industry . After inten-
sive hunting by many nations (starting in the 9th century), the
North Atlantic population was decimated by the 18th century, and
whalers turned to its Arctic relative, the Greenland right whale
( Balaena Frv~sticetus ) . Very few have been killed in the last 80
years, because few were left aiive . In the old days these whales
yielded up to 18 tons of oil and up to 600 kg of whalebone each .
The species probably will not be commercially important in the
near fut!re, and its return to abundance will have to be encouraged
for non-monetary reasons . Among these might be its occasionally
acrobatic nature, its unique morphology, the possibility that it
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might produce complex sounds and communicate vocally, and for rela-
ted scientific and aesthetic reasons .

~
FAMILY PHYSETERIDAE : SPERM WHALE, SPERMACETI, CACHALOT, Physeter catodon ~

~,
The sperm whale is the largest of all the toothed whales (Order Odonto-
ceti) . Males may reach a length of 18 .3 m, although a 15 .2 m length is
more common . The females are significantly smaller than the males (as
is the case in most Odontocetes) and average under 11 .3 m. The head is
massive and makes up from 1/4 to 1/3 of the body length . Most of the
volume of the he ad is made up of the barrel-shaped spermaceti organ,
called the case, which contains the spermaceti . The spermaceti is the
sperm whale "oil" . Although it is a clear liquid when heated (or re-
fined), it has a white paraffin-l -s ke consistency when cooled .

There are 50 teeth on the long, narrow, lower jaw, 25 on each side .
The upper jaw contains cavities into which the teeth fit, however, it
sometimes contains several rudimentary teeth which do not show outside
the gums . The whale does not possess a dorsal fin, but instead has a
somewhat. rectangular hump or dorsal prominence set near the back of the
body . Females appear to have a"callus" on the hump which adult males
lack (Kasuya and Ohsuff.i, 1966) . The flippers ate relatively short and
round . One of the unique characteristics of thr : sperm whale is that
the blowhole, which is single as in all the U:,ntocete whales, is off-
set toward the left side of the head . The color of the adult body is
generally slate gray above with a paler shade of gray on the abdomen .
A young sperm whale is light colored, but grows darker as it matures
ana then becomes faded and liaht again when it grows old . The skin a-
round the mouth is particularly pale and is almost white . In all sperm
whales, the skin has a wrinkled corrugated appearance that is distinc-
tive .

(1) Distribution and niche preference . The sperm whale lives in all
oceans of the world, and its range extends from-the equator to
both the North and South Poles . However, the distribution of
males and females is quite different . While females tend to re-
main between t he latitudes 45°PJ and 45°S, and to perform abbrevia-
ted migrations (Tomilin, 1957), males annuallv migrate from tropi-
cal waters to the polar regions (Rice, 1971) . The females, includ-
ing those that are pregnant or lactating, along with juveniles of
both sexes, tend to congregate in groups called "nursery schools ;
which may number from ten to several hundred whales, and average
25 individuals . After weaning, some young whales may form "juven-
ile schools" containing ten whales or less . During the breeding
season, eligible males (males may start breeding at age 25) appar-
ently vie with each other to join a nursery school and to breed
with the mature females . Such a group is then cal ;-d a "harem"
when it includes a bull . Old "socially mature" males form small
"bull schools" or live alone . Harem bulls probably leave the
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nursery school at the end of the breeding season and live alone or
in a "bull school" until the next season (Ohsumi, 1971 ; Rice,
1971) . The behavioral repertoire of the species is quite var?zd
(Gambell, 1968 ; Gaskin, 1964 ; Ashley, 1944) and requires further
study .

While Nishiwaki (1967) states that no sperm whale marked in one
hemisphere has been sighted in the other, Mackintosh (1965) claims
that the world population is not segregated in northern and south-
ern stocks . Instead, he suggests that the population is segrega-
ted into Atlantic, Pacific, and Indian Ocean stocks with some
mingling at the southern ends of the continents . Bennet (1840)
claimed that sperm whales are fond of areas where there are power-
ful currents or where currents flow in opposite directions .

The sperm whale is seen only rarely in New England waters . It is
generally an oceanic whale, found in deep water ; however, it is
not uncommon in coastal waters in some areas . The bulk of the
population generally is lucated south of our waters . Although
males do migrate to high latitudes, they probably migrate along
the continental slope, and they may follow the Gulf Stream or stay
outside of the Gulf of Maine for other reasons . Only a few records
of the sperm whale are available since its first description here
in 1608 by Josselyn (1674), including Norton's (1930) listing of
three seen in 1918 south of .Monhegan Island . In October, 1968, a
live female sperm whale stranded at Seawall on Mt . Desert Lland
and died . During the summer of 1973, one enterprising mariner
chased a sperm in the region olf Provincetown in an attempt to kill
it for its teeth (Malcolm Jones, personal communication),

Evidently, the Micmac Indians of the Passamaquoddyi Bay region had
a name for the sperm whale (Ded-men-ak-part = "head cut off square-
ly or sharply") and Piers (1923) suggested that the species may
have been somewhat more common along the Nova Scotia coast in past
times .

(2) Mi ration characteristics . The migration pattern of the sperm
whale is unique among all the cetaceans . Much of the population,
including all the females and juveniles, as well as the males in-
volved in mating appear to remain within temperate waters all yiar
round (Rice, 1971) . Short migrations are made in the spring,
northward in the Northern Hemisphere and se!thward in the Southern
(Tomilin, 19~7) . Unlike other cetaceans, mating is done in spring
and early summer, and this orevents the mating males from moving to
colder waters durinq the war:n periods, as usually occurs in the
other large cetaceans . Accerding to Marcuzzi and Pilleri (1971),
migrations depend on temperature, abundance of cephalopods, anv
the presence or absence of harem schools or solitar .y males . :n
addition, Pilson and Goldstein (a973), state that migrations are
bounded by latitudes 40°N and 40 S .

7-312

,
;
i
;,
!

;
~



. . . Y

The males not involved in mating also migrate in the spring, but
their migrations are far more extensive, and they spend their sum-
mers in the polar regions . According to Mitchell (1974) bull
sperm whales migrate along the continental slope and pods have
been seen feeding on the slope as far north as Cape Chidley, Lab-
rador . They return to lower latitudes in the fall (Tomilin, 1957) .
Little is known of the migration routes . The extent to which the
non-breeding males become separated from the rest of the popula-
tion is still not clear .

(3) Po ulation den sity. The total population of all age~ in the north-
west Atlantic is estimated to be about 22,000 . Evidently, tar few-
er sperm wnales inhabit our seas than live in the North Pacific
(70,000 males ; 184,000 females) or southern oceans (128,000 males ;
295,000 females )(Oent, 1973) . The sperm whale has been only
lightly exploited in the North Atlantic since the nid-19th century
and complete cessation of whaling would probably permit a'slow re-
turn to pre-whaling population size (Allen, 1973) . Few published
records exist for the sperm whale in the Gulf of Maine, probabl_v
because it stays farther out to sea during migrations .

(4) Growth and longevity. Calves are about a .0 m long at birth . Fe-
males mature sexually at about 8 to 11 years of age ai,,A at a
length of 11 .0 to 11 .5 m. Males reach sexual ma :urity at 10 .0 to
11 .9 m (Ohsumi, 1971 ; Dent, 1973) and at 19 to 25 years of age .
At 25 years, males are "socially mature ." Males continue growing
until they are 15 .5 to 16 .3 m long . Both sexes can live to be 70
years old (Ohsumi, 1966) .

(5) Reproduction characteristics . Many aspects of reAroduction are
still unclear in this species, and there is some disagreement on
statistics among authors . The sperm whale is polygamous, and dur-
ing the mating season, harems are formed, composed of from ten to
several hundred females and juveniles and from one to sevgral
breeding males . The femGle comes into heat in the spring or early
summer. Judging from the scars and tooth marks found on mature
males, battles over females may occur cor.monly (Ohsumi, 1971) and
Hc :kins (1922) witnessed and described a serious battle between
twt -iles which left one with severe injuries . One bull may ser-
vice 14 sexually mature females on the average (Ohsumi, 1971) .
Gestation lasts 16 months in the Southern Hemisphere ; however, it
may be shorter by four months in the Northern Hemisphere (Rice,
1971 ; Tomilin, 1957) . Estimates of the length of the lactation
period vary from six months (Tomilin, 1957) to 13 months (Ommanndy,
1971 ; Nishiwaki, 1972) to two years (Rice, 1971) . The relatio:i
ship between cows and calves is very close, and mothers will not
desert a wounded calf. Calves are weaned at about 6 .7 m length .
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Females go through a period of sexual inactivity after calving,
~ .; but timre is some disagreement about the average interval between

calves . Estimates include every two years (Tomilin, 1957), every
three years (Ommanney, 1971) and every four to five years (Rice,
1971) .

(6) Food and feedin . The main food of this species is squid, partic-
ularly the larger species (Rice, 1971) . The mouth of the sperm
whale seems to be particularly adapted for seizing slippery ceph-
alopods, but the sharp teeth are apparently not used for chewing .
Many authors believe that the sperm whale must battle with some
of the larger squid, which may reach 18 m in length . This is sug-
gested by the scars left by the suckers of squid around the mouth

_ and body of many sperm whales ( Tomilin, 1957) . In order to catch
~ the squid, sperms must dive to tremendous depths . They are prob-

ablyably the deepest diving whales . Drowned sperms have been found
~ entangled in submarine cables 3,720 feet deep ( Rice, 1971) . Sperm

_ . whales can remain underwater for at least an hour .

- . Sperm whales may feed most frequently at njght (Gaskin, 1967) . At
any rate, there is no sunlight at the depths where the sperm whale

J usually hunts squid, and it relies strongly on a well-developed
echolocation system . The whale emits clicks at a rate of six per
second and the encased spe rnaceti may somehow act to focus these

, pulses ( Rice, 1971) . Additional information on the sperm whale's
sonic capabilities is given by Backus and Schevill ( 1966) . Gaskin
(1967) contends that the sperm whale could not possibly support
its huge food requirements by hunting individual squids, even if
it does have the ability to locate them . He hypothesized that the
whales may take advantage of the luminescent secretions of some
squids in the following manner . The whale 6ould echolocate a

_ squid, catch it, and allow some of the luminescent material to
remain between its teeth . The whale could then hang motionless in
Cie water with i ts mouth open and let the light lure other squids

~ to it. This energy-saving mechanism would be analogous to the use
of luminescent lures by sorre fish, for example, the deep sea angler
fish . Heezen and Hollister ( 1971) presented additional evidence

•- that sperm whales may also plow furrows in the bottom with their
lower jaws in search of food, which •Hould explain the propensity

• of this species to become entangled in cables lying on the sea
floor . One must conclude that m l tch more information is needed on
the feeding methods of this species . For example, one rmuld like
to learn the importance of Murphy's ( 1924) finding of seal vibris-
sae in the stomach of a sperm whale .

When the sperm whale dives deeply it experiences a significant drop
,~ in water temperature from the relatively mild surface temperatures .

This fact may help to explain the narrow geographical distribution
of females and juveniles, which remain within temperate or tropical

..,

-ti
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~ waters. Sperm whale calves do not possess the thick blubber of the
s adults, and may require relatively warmer habitats . The deeper

wanned la_ver of tropical waters may allow them to dive to greater
a depths when they begin to seek their own food, then to return to

the surface to warm up . Additional reasons for this geographical
pattern are available in Tomilin (1957) .

' Heezen (1957) summarizes 14 instances, between 1877-1951, of sperm
whale entanglements in deep sea cables, concluding that entangle-
ments occur as whales swim along the sea floor with their jaws
plowing sediment in search of food in depths as qreat as 1 .200 m .

, Possibly sperm whales attack tangled masses of cables, mistaking
it for food . Most cable entanglements occur in about 914 .5 m,

~ perhaps due "^ the natural occurneroe of food at this depth or be-
cause cause slack cable is laid in deep sloping areas by cable ship mas-
ters, since exact depth is more difficult to determine on steep
slopes . A similar entanglement occured between Lisbon and Maloga
at a depth of 2,200 m (Nishiwaki, 1972) .

(7) Economic and aesthetic value . In the 18th and 19th centuries,
spermaceti was a crucial part of the New England and world econo-
mies . This waxy substance was the main lubricant and liquid fuel
in use at that time . Ambergris, which is a hard, dark, lumpy sub-
stance stance found in the intestine of this whale, and probably forms as
a concretion around undigested squid beaks, was used as a stabili-
zer for the scent of perfumes . It has always been rare and valua-
ble, ble, and in 1962 its price was $100 per kg (Nishiwaki, 1972) . A

~ svnthetic substitute is now available . Scrimshaw is the name given
to the art of carving on sperm whale teeth . The art was practiced

+ extensively by American whalemen during their long voyages .

The New England sperm whale hunting industry began in 1712 when
the first sperm whale was caught - by accident . For the next 150
years, the industry prospered and Yankee whalers ranged the sezs
of the world in the hunt for sperm . American interests dominated
the industry . Whaling expeditions lasted as long as five years
and reached every part of the globe . The hunt was pursued from open

. . boats and was exciting and dangerous . Unlike the more passive
rorquals, sperm whales were often aggressive, especially when
wounded . Whale boats were often overturned and loss of life was

_ not uncommon. On some occasions, whole whaling ships were sunk,
the most famous examples being the sinking of the Essex in 1820
after ramming by a sperm whale and the sinking of the Ann Alexan-
der der off Peru in 1851 (Nayman . 1973) . The world's best know whal-
ing story, Melville's Moby Dick centers on a sperm whale and is an

~ excellent historical description of the whaling industry of the
mid-1800's when the American industry was at its peak . At the
time, there were over 7C0 Frr ..erican whaling vessels, and over
100,000 barrels of sperm oil were brought in annually . This
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amount of oil represented a kill of only 500 to 70 0
apparently did not affect the stocks of sperm whales
Massachusetts was the center of the industry, whose
has been chronicled by Allen (1973)in a recent best

whales, which
• New Bedford,
rise and fall
seller .

Accordi ..g to Pilsen and Goldstein (1973), profitable whaling
grounds existed at what was known as the Charleston ground (290 to

` 32°N latitude and 74° to 77°W longitude) and at the Hatteras
ground wfiich extended along the edge of the Gulf Stream. During
the late 1700's and early 1800's, hunting was frequently concen-
trated on the southern ground (from Philadelphia to Cape Hatteras)
which was bounded by the U . S . East Coast and 60°W longitude (Anon-
ymous, 1968) . Aircraft oceanographic observations which began in
1966 established that whales are still fairly numerous in this re-
gion near the western edge of the Gulf Stream (Anonymous, 1968) .

In 1859, the industry suffered a sharp decline and eventual death
` when petroleum, which proved to be a superior fuel and lubricant,

and which was easier to obtain than sperm oil, was discovered .
~

.~ ~

!

J.

A

.~

In the 1870's, the modern harpoon was perfected by the Norwegians .
Its use, in combination with the use of steam whaleships, would
soon make possible the caPtur,e of the large, swift, rorqual whales .
This began a new, more effective phase in the whaling industry .
At first, the sperm whale was largely ignored, because its waxy
oil was not as popular as the oil from baleen whales . Prior to
World War II, the annual sperm whale catch rarely totalled more
than two or three thousand animals . However, as rorqual whale
populationsdecreased oring to overhunting, sperm whales were once
again subjected to increased hunting pressure . The annual catch
began to rise and reached 25,921 in 1967 (Rice, 1973), though
McVay (1964) reported the peak catch was 29,000 in 1964 . In 1971,
22,781 sperms were killed worldwide, 558 in the Atlantic Ocean
(Dent, 1973) . The sperm whale is currently the most important
species of the world whaling industry . The only limitation is on
the minimum size of sperm cow (38 feet in length) that can be
killed (McVay, 1964)- .

It is difficult to speculate on what effect this harvest has on
the sperm whale stocks . Owing to the polygamous social structure
of this species, many male sperm whales can be killed without re-
ducing reproductive potential . However, if we have lea :•ned any-
thing at all from the vast over-exploitation of the other whales,
it is that we can no longer afford to be complacent about the o-
cean's resources . The continuation of sperm whaling must also
be weighed against the fact that the meat of these whales is not
eaten, even in Japan or Russia . The products obtained from its
body are used entirely for industrial products of many kinds, in-
cluding crayons, photographic film, oils, waxes, an, ; lubricants .
Synthetic or vegetable substitutes are readily available for all
these products .
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FAMILY PHYSETERIDAE : PYGMY SPr:RA1 WHALE, LESSER CACHALOT, Koqia brevi -
ceps

~,

~.

. .,

~

The maximum length of the pygmy sperm whale is 4 m, and males are lar -
er than females . The general form resembles a dolphin (Tomilin, 1957~
and the skull is as wide as it is long (Nishiwaki, 1972) . The dorsal
fin -s quite low and somewhat to the rear of the middle of the body .
The dorsal body is a dark gray and the ventral surface is light gray to
whit? . The flippers and tail flukes are slate gray, and the flippers
are rounded and large (1/6 body length) .

(1) Distribution and habitat preferen ce . This species is widely dis-
tributed in warm waters of the Indian, Atlantic, and Pacific 0-
ceans . However, as it is rarely seen, nothing is known of the
size of the world population (Nishiwaki, 1972) . One individual
was stranded in Nahant, Massachusetts, in 1910 (Waters and Rivard,
1902), and a decayed specimen washed up at Sable Island in Janu-
ary, 1969 (Sergeant, Mansfield, and Beck, 1970) . Piers (1923)
reported a female found dead under the ice in the outer part of
Halifax Harbor, Nova Scotia, on January 1,7, 1920 . Caldwell and
Golley (1965) reports K . breviceps as far south as North Carolina,

(2) Migration characteristics . Gunter, Hubbs, and Beal (1955) as well
ar Caidwell and Golley (1965) indicate that the stranding records
for the species suggest a northward migration in summer with a re-
turn to warmer waters in the fall for breeding . The pygmy sperm
whale has only been seen singly or in pairs .

(3) Food and feeding habits . Nishiwaki (1972) and Hand'.Py (1966) re-
port that this species feeds on squid, crabs, and shrimp .

(4) Aesthetic and economic importance . Since specimens have only been
strande~ at the very fringes of the Gulf of Maine, with only one
record on the shores of the Gulf itself, this species is of value
merely as a scientific curiosity in this region .

FAMILY DELPHI14IDAE : BOTTLENOSED DOLPHIN, Tursiops truncatus

The bottlenosed dolphin is distributed along all coasts in the regions
of warm water in both hemispheres (Tomilin, 1957) . It does not reach
New England frequently, though it'is quite common along the southern
portion of the eastern coast of North America . The bottlenose is a
migratory species off the coast of North Carolina (Moore, 1953) and was once
the subject of a fishery off Cape Hatteras (where 500 to 1,500 animals
were taken annually (Committee on Merchant Marine and Fisheries, 1974) .
Usually it is seen within 12 miles of the coast (Gunter, 1942) which
means that the bottlenosed dolphin will be found near slope waters pri=
marily off North Carolina where the slope is closer to the coast .
T . truncatus should not be considered an important species of the slope
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FAMILY DEL PHINIDAE : WHITE-BEAKED DOLPHIN, SQUID HOUND, Lagenorhynchus
albirostris

This species is similar in shape to the white-sided dolphin, but is
somewhat larger, and it may reach 3 m in length . The dorsal body is
black, including the flippers, the flanks are dusky and the ventral sur-
face is white . Specimens from the Gulf of Maine area probably do not

~ have a noticeably white beak .

(1) Distribution and habitat preference . This form ranges from France
northward and westward past Greenland to Canada, and from the Da-
vis Strait te the coast of Massachusetts (Tomilin, 1957) . The
first reported sighting in New England waters (Waters and Rivard,
1962) refersto an individual seen April 27, 1901, thi'rty miles
north of Cape Cod, and another was washed ashore at Orleans, Massa-
chusetts, April 29, 1901 . Watkins and Schevill (1972) saw some
L . alb irostris in Cape Cod Bay during May, 1970 . Gilpin described
two white-beaked dolphins (called L . leucopleurus) which were shot
at Digby Gut in August, 1975, during the Micnac Indian porpoise
fishery in the Bay of Fundy . One specimen measured 1 .78 m long
and the other was longer. This species apparently prefers colder
waters than L . acutus (Sergeant and Fisher, 1957) and could possi-
bly be considered a stray in the Gulf of Maine region .

(2) Mi ration characte_r isti cs . The migrations are pooriy known . 'Fhe
species appare-itl,y travels in schools of more than 1,500 iridividu-
als in some areas (Nishiwaki, 1972) . In the Davis Strait, this
species appears in spring and summer together with harbor porpoises
(Phocoena phoc iena ) after the rorqual whales, belugas and narwhals
have already appeared and migrated north (Tomilin, 1957) .

(3S Reproductive characteristics . It is assumed that most calves are
born in mid-summer Tomilin, 1957) .

(4) Food and feeding characteristics . The dolphin's food consists of
squid, octopus, cod, herring, capelin, and small crustacea (Nishi-
waki, 1972) .

(5) Economic importance .- White-beaked dolphins are taken commercially
along Norwegian shores, where they are known as s,quid hounds . There
they occur ir sprino and fall (at lea F t March to May and October
to November) in small herds of six to eight which apparently do not
associate with other species .
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FAMILY DELPHINIDAE : WHITE-SIDED DOLPHIN, L agenorhynchus acutus

Male white-sided dolphins are between 2 .3 and 2 .75 m long and fE;•aies
range from 2 to 2 .4 m in length (Tomilin, 1957) . The dorsal bod, is
mostly black, and the ventral side is white or yellowish gray t .ith a
sharp boundary becween the shades . A wide white band runs alonq the
body on both sides below the dorsal fin and onto the caudal peduncle .
A black line runs from either the eye or the mouth to the all-black
flipper, and another from the caudal peduncle to the black dorsal por-
tion . However, there is a great deal of individual variation in color
pattern, and there may be a variety of different white portions on the
black dorsal area . The flippers are short and the dorsal fin is high .

(1) Distribution and habitat preferenc e . This species is commonly
found in coastal waters south of Greenland, off Norway, near the
Shetland and Orkney Islands off Great Britain, and off Cape Cod,
Massachusetts . It has never been seen in tropical waters (Nishi-
waki, 1972) . The species visits inshore w~'ters of Newfour•dland in
summer (July to October) often in the company of pilot whales, and
there is a record of some white-sided dolphins being driven a-
shore with pilot whales (Sergeant and Fisher, 1957) .

The species is seen more frequently in New England waters than is
the white-beaked dolphin (L . albirostris ), perhaps because it likes
the warmer waters of the area . Nevertheless, there are not many
published records of sightings, probably because it does not ap-
proach shore as closely as does the harbor porpoise and because
mos'. people do not report sightings of small cetaceans, even if
they are able to identify them . Norton (19;30) traced the history
of one iruseum specimen which was supposedly taken from Casco Bay,
Maine . Beamish and t1itchell (1974) saw four specimens on May 22,
1969, near the Sable Island Bank, Nova Scotia . Fifteen individu-
als beached themselves in Wellfleet, Massachusetts, on May 11,
1973 (McGrath and Thomas, 1973 ; Mead, 1973) .

(2) Migration characteristics . Th
has been seen in schools of on
ilir., 1957) . Little is known
Fisher (1957) reported that it
40 to 50 individuals .

e species i, quite gregarious and
e to 1,000 or,1,500 individuals (Tom-
of its migrations . Sergeant and
usually forms medium-sized herds of

(3) Populatio n density . No accurate estimate of population has been
made ; estimates range from 30,000 to 50,000 .

(4) Reproduction characteristics . Birth of calves is thought to take
place either in midsum.ner Tomilin, 1957) or in spring and summer
jNishiwaki, 1972) . Gestation lasts about ten months (Tomilin,
1957) . Little or nothing is known about the longevity of the spe-
cies . Of the 12 dolphins which stranded at Cape Cod on
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May 11, 1973 which were exdmined (Mead, 1973), nine were females,
eight of which were pregnant or near term . The ninth female may
have had a calf a year before and was still lactating . One other
female with a yearling lived for a short time at the Sealand A-
quarium in Brewster, h'assachusetts .

(5) Food and feeding methods . The species feeds on pelagic fish, ben-
thopelagic lish, and crustaceans . Eight dolphins beached at Well-
fleet and Orleans, Massachusetts in May, 1973 had been feeding on
herring, striped bass, and bait fish when beached .

(6) Natural mortality . Predation by killer whales or sharks is proba-
bly an important source of mortality . Carcasses of the dolphins
which stranded at Cape Cod were found to have heavy parasitic in-
festation in the inner ear and nasal passages which may have im-
paired their sonar ability so that they could not find their way
to deep water (Mead, 1971) .

(7) Aesthetic and economic importance . The white-sided dolphin is of
litle ecoomic importance ad is only taken in Norway in the sum-
mer when it enters the fjords in pursuit of herring (Tomilin, 1957) .

FA(4ILY DELPHINIDAE : COMMON DOLPHI,J, SADDLEBACK DOLP=iIN, Delphinus del-
phis +

This species reaches a length of about 2 .5 m with males slightly larger
than females . The color of the highly streamlinea body is d'stinctive
although there is some variation among individuals . The ent .re dorsal
surface is black, thP ventral surface, except for the caudal peduncle
and flukes, is .:hite . The complex and variable color pattern ori the
flanks is basically composed of an anterior and a posterior field of
light gray, separated by a downward projection of the black dorsal col-
oration in the region below the dorsal fin . These gray fields include
w&shes of ochre, intrusions of lighter shades, and narrow, dark bands,,
whose arrangements probably differ among the different geographical
races . The head possesses a long, markedly defined beak . The fairly
high dorsal fin is triangular and sharply pointed with a slight back-
ward curve . The sides of the body may bear parallel scratch marks, per-
haps inflicted by other dolphins (Sergeant, 1958) . Tomilin (1957) in-
cludes information on intraspecific fighting and other behavior .

(1) Distribut ion and habita t preference . The common dolphin is a pela-
gic and widely distributed species, found in tropical and warm
temperate ocean waters (Sergeant, 1958) . It is known to range from
the Atlantic seaboard of the United StatPs northward to Labrador
(Marcuzzi and Pilleri, 1971) . According to Kellogg (1940), it
follows the Gulf Stream as far as Finmark, Norway . It is also
found in the Indian Ocean and the North and South Pacific . It
does not, however, move into the cold waters (Nishiwaki, 1972),

7-320

:! 1 .,. . -



and since it is a deep water pelagic species it is rarely seen a-
live close to shore (Tomilin, 1957) .

Pilson and Goldstein (1973) state that it has been reported as far
south as Florida and the Gulf of Mexico . Golley (1966) reported
the species has been seen off South Carolina .

Delphinus delphi s sometimes ascends rivers, and a school of 30 to
40 was observed in the Hudson River (Moore, 1953) . In 1956, two
individuals were seen 75-175 miles up the Hudson . Although sight-
ing reports of this species are relatively numerous from the region
south of Cape Cod, there are not many published records for the
Gulf of Maine .

Eleven animals were stranded in South Wellfleet, Massachusetts, in
February, 1949 (Waters and Rivard, 1962) . An individual stranded
at Falmouth, Maine,on March 13, 1974,and autopsied at the New Eng-
land Aquarium was originally identified as Delphinis del his, but
may actually be Stenella ceruleoalba (S . Katona, unpublished in-
formation) .

(2) Migration characteristi cs . The common dolphin's migrations have
not been studied except in the Black Sea, where it seems that the
large herds follow the movements of the sardines and herring,
which comprise the main part of their diet (Tomilin, 1957) . How-
ever, an individual shot in Newfoundland while associating with a
school of pilot whales ( Gl obicephala melaena) had been feeding on
squid (Sergeant, 1968). ~ +

Although most Massachusetts records involve winter encounters, they
are believed to be most common in these waters during the summer
months (Waters and Rivard, 1962) . They are also numerous off the
east coast of Nova Scotia in late summer (Sergeant and Fisher,
1957) . This may indicate a seasonal migration pattern .

(3) Popu lati on density . The number of Delphinus delphis found in the
Atlantic Ocean and all adjoining seas is estimated at more than
30,000 (Nishiwaki, 1972) . Far greater numbers are found in other
areas such as the Black Sea, the Mediterranean Sea, and along the
coast of Anatolia, where populations•number in the hundreds of
thousands or millions (Tomilin, 1957) .

(4) Growth and lon e~vity . Sexual maturity in this species is reached
at three years . Individuals are assumed to live 25 to 30 years .

(5) Reproductive characteri stics . The peak mating season in the Black
Sea is from August to October, and the peak breeding season is
from June to August with a nine-month gestation period . In Cali-
fornia, birth occurs in December through March and the gestation
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period is reported to be 11 months (Harrison, et al ., 1969) . Mat-
ing may take place mainly in mid-to late summer. There is a period
of nine months after every three pregnancies when the female re-
mains infertile . The lactation period is four months, and females
are thought to mate and calve annually (Tomilin, 1957 ; Harrison,
et al ., 1969) . Additional data including descriptions of copulation,
birth, and lactation are included in Tomilin (1957) .

(6) Food and feeding meth ods . Common dolphins typically feed on pelag-
ic fish which they catch in the upper layers of water far from
shore . Their very sharp teeth are extremely numerous (160-260)
and well adapted to seize and hold slippery prey . Although Tomil-
in (1957) lists crustaceans and molluscs as accidental dietary i-
tems, the most important foods are a variety of fishes, including
mackerel, anchovy, pipefish, mullet, flying fish and others, de-
pending on season and location . Cephalopods may'at times be second-
ary food items . Data cited in Tomilin (1957) indicate that a com-
mon dolphin can eat between 5 and 10 kg of fish per day . Food is
found by echolocation (Tomilin, 1957) . .

(7) Aesthetic and econo mic importance . In some areas, common dolphins
consume large amounts of commercially valuable fish . For example,
in the Black Sea they consume about four times as much (Tomilin,
1957) . On the other hand, Mediterranean fishermen follow dolphins
and find them helpful in herding anchovies or sardines to the sur-
face where they can be netted . The importance of the species in
our region has not been evaluated .

I
FAMILY DELPHINIDAEL: RISSO'S DOLPHIN, GRAY GRAMPUS, WHITE-HEADED DOLPHIN,
Grampus griseus

Full grown Risso's dolphins are 4 .0 to 4 .2 m long . The head and front
part of the body are quite round and fat, but the posterior body, from
anus to flukes, is slender . The dorsal fin, which is high and narrow,
is sharply pointed and curved backward . There are no-teeth in the up-
per jaw and only two to seven pairs of teeth in the lower jaw (average
three or four) . The color is generally gray, with dark gray on the
back, light gray on the flanks, and white on the belly . The dorsal sur-
aces of Risso's dolphin become covered with white scars and scratches
inflicted by squid or possibly by members of their own species during
fights (Nishiwaki, 1972 ; Tomilin, 1957) .

(1) Distribution and habitat preference . The Risso's dolphin is widely
distributed in the warm waters of the world . However, since it is
seen only rarely, its exact distribution and miqration pattern is
unknown (Tomilin, 1957) . It keeps to the open seas and approaches
the coasts only rarely. There is only one uncertain record of a
stranding on the New England shore . Paul (1968) states that along
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the East Coast of the United States, G . griseus exists from Massa-
chusetts to New Jersey . Risso's dolphins often travel alone or in "
pairs (Tomilin, 1957), although they may also be seen in small
groups (Nishiwaki, 1972) . Schevill ( 1954) reported sighting three '~
indivi.duels 200 miles east of Cape Cod in 1950,and 60 individuals
70 nautical miles south of Block Island ( latitude 40° 00'N, Longi- '
tude 710 31'W) August, 1952 . The animals were grouped in threes j
and fours, and were quite frolicsome, often breaching clear .
Sometimes one waved the posterior third of the body in the air. -
They were shy of the ship but approached a dory. They appeared j
to be in vocal communication with each other . Schevill (1954)
noted that field marks for the species include the high slender
dorsal fin, reminiscent of that of Orcinus orca , the pale gleam
of the back in front of the fin, a rather blunt snout, slender
tail with lunate flukes, and characteristic scratch marks on the
back .

(2) Food habits . Cephalopods are the main, if not the exclusive, diet
of this species (Tomilin, 1957) .

(3) Rgilodu ction . Almost nothing is known of the breeding biology of
the species, although there is apparently one documented record of
successful interbreeding bftrleen Gram us riseu!~ and Tursio s
truncata (Tomilin, 1957 ). J

(4) Aesthetic and economic imoortan ce . There is no fishery for Risso's
dolphin. One Risso's dolphin named Pelorus Jack, became famolis in
New Zealand for its habit of accompanying ships across Cook Strait
between Wellington and Nelson, New Zealand, fror,i 1888 to 1912 .
The dolphin was protected by an Order in Council . It disappeared
before the outbreak of World War I (Tomilin, 19 37 ; Nayman, 1973) .

FAMILY DELPHINIDAr : PILOT WHALE, BLACKFISH, CAAING (=CALLING WHALE, ~
POTHEAD, GlobicephaTa melaena !~

The pilot whale reaches 6 .5 m in length and, as in almost all other '
toothed whales, males are larger than females. The color of the body '
is black and is more deeply pigmented above than below . A narrow, mid- {=
ventral streak of light color widens into an anchor-shaped spot at the ;
base of the flippers and on the throat . Viewed from the side, there
is no constriction between the head and body,and the flippers, which are
pointed, long (1/5 body length), and appear to be attached at the neck .
The dorsal fin is high, strongly recurved, very wide at .the base, and is
set slightly behind the midpoint of the body . The forehead is high and ~ .
bulbous . The shape of this bulge (also called the "melon") can be
changed by the individual whale, to focus pulses of sound for echoloca- '
tion (Norris, 1968; Matthews, 1968) .

(1) Distr ibution and habitat p reference . Despite the fact that it is

7-323

~



~
~
~

apparently much more common north of the Canadian Maritime Pro- y~
vinces (Mercer, 1974), the pilot whale is still one of the most ~
commonly seen species of whale in New England waters . Norton r
(1930) listed it as common in waters near Portland, Maine. This )
species is common throughout the North Atlantic,reaching from the ;
Mediterranean Sea and Madeira to New Jersey, and from southwest ;
and southeast Greenland to northwestern Norway . Mercer (1967) re- i
ports having sighted four pilot whales at 38° 44'N, 730 04'W, on
April 2, 1967 . Mercer also cites Schevill as having reported
three sightings from on board Woods Hole 0ceanographic Institution
vessels at 390 42' - 41° 00'N, 70° 25' - 70° 53'W between Deceinber
and March . It is found most frequently between Iceland and Scot- ~
land, near the Faroes, Shetland, and Orkneys, as well as in the
region of Newfoundland (Tomilin, 1957) . Strandings reported for
Virginia, North Carolina, and Florida (McGrath and Thomas, 197 ,3 )
could possibly refer to G . macrorhyncha (Mercer, 1974) . Although
it generally favors the pelagic regions, this species can come
quite close to shore in its search for food (Tomilin, 1957) . In a
list of whale strandings kept by the British Museum since 1911,
there are many more instances of pilot whales coming ashore than
any other species (Ommanney, 1971) . The species is quite gregari-
ous,often traveling in herds nu ..̂heri!+g in the hundreds . There is
one record of a herd of 1,97~; which beached in 1895, near tJelifleet,
Massachusetts, and another r•~cord of a herd of 3,000 stranded on
Cape Cod in 1974 (Pilson and Goldstein, 1973) . This tendency to
strand en masse is one of the most interesting features of the pi-
lot whale . There are numerous reports of large herds becoming
stranded on beaches and eventually dying . The pilot whale seems
to have a strong tendency to follow the leader of the herd and
once the leader becomes stranded, the rest follow . This herding
tendency has been exploited in the past by the hunters of the
northern British islands, who used to drive several individuals
from a herd ashore and then wait for the rest to follow . Omrianney
(1971) explained this on the basis of inherent limitations in the
whales' echolocation systems . Pilot whales, like mar.y other
rrhales, use echolocation to find food, maintain cr,nmunication and
perhaps to navigate . Experiments carried out on the'bottlenosed ;
dolphin (Tursiops truncatus ) have shown that the beam of sound
pulses emitted by that species never falls below the horizontal .
A majori ty of pilot whale strandings have occun^ed on long sloping
beaches of sand or mud, which must present two problems to a whale
approaching the shore . First, mud and sand never give as clear an
echo as do more solid substances . Second, when the whale is very
close to shore, its upwardly directed beam will receive no echo at
all because of the gentle slope (Ommanney, 1971) . The strongly de-
veloped schooling instinct impels the other animals to follow and
stay with injured or stranded fellows .

(2) Migration characteri stics . The pilot whale spends its winter in
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the warmer waters of the North Atlantic,offshore of the continental
shelf, and in the early summer moves northward . According to
Brown (1 961), G . melaena are found in deep water across the North
Atlantic throughout the year . The direction and extent of north-
ward migration is determined by the abundance of squid, which is
the main food of this species (Sergeant and Fisher, 1957) . The
times of arrival of the squid in northern waters seem to be deter-
mined mainly by ths temperature of the water, the preferred range
being from 5 to '5 C . It is, therefore, diffi,~ult to give the
summer range of the pilot whale, since it varies greatly with the
fluctuations in squid distribution . For example, in the summer
of 1954, pilot whales reached as far north as White Bay, Newfound-
land, where the squid were also abundant that summer . In other
years, when squid were scarce in the area, pilot whales failed to
reach Newfoundland inshore waters at all (Sergeant and Fisher,
1957) . Pilot whales do not commonly penetrate into the coastal
..aters in the southern Canadian Maritime Provinces (Sergeant and
F .sher, 1957) . Although i* is so commonly sighted in Maine waters,
the species is still outside of its main range when ;in our area .
South of New York, G . melaena is replaced by the subtropical
G . machrorhyncha , but the species interactions in that area re-
quire much more study .

(3) Ejouiation density . No data have yet been obtained .

(4) Growth and lonq_evity . The maximum age has been estimated at 25
years Tomilin, 1957) . Newly born calves average about 1 .8 m. By
age one year, females are 2 .3 m long and males 2 .4 m . The largest
individuals finally weigh up to three tons .

(5) Reprodu ction characteristics . The age of sexual maturity has been
estimated for females as six years, and for males as 13 years . Fe-
males seem to breed between the ages of six and 18 years, and in
that time produce five to six young, usually as single calves .
The periods of gestation and lactation each last about a year . Al-
though newborn calves are found in all seasons, the peak of the
mating period is June and July, and the peak of breeding period is
in July and August. The sex ratic in herds seems usually to be
equal ; nevertheless, the pilot whale is a polygar .,aus animal and
bachelor males may sometimes form separate herds (Tomilin, 1957) .

(6) Food and feeding metho ds . The main diet of the pilot whale con-
sists of cephalopods and gregarious fishes . The wide rostrum with
sharp teeth in its forward portion allows this species to catch
both fish and slippery invertebrates . Judging by the marks left
by the suckers of squids on the lips and head of pilot whales, the
squids consumed may reach 1 m in length (Tomilin, 1957) . The pilot
whale sometimes dives to the bottom for food and its stomach may
contain stones and sand (Tomilin, 1957) . Squid species on which
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it feeds include Ilex illecebrosus, Ommatostrepho s saQfttatus and
Todarodes sag ittatus . In Newfoundland waters, I . il?ecebrosus
short-finned squiaj is usually the only food eaten and an average
sized pilot whale (4 m long, 830 kg) will eat about 34-41 kg (4 .1
to 4 .0 percent of its body weight) per day (Mercer, 1974) .

(7) Aesthetic and economic importahce. A f,shery for pilot whales was
developed in 1947, in Trinity Bay, Newfoundland, where a few thou-
sand were taken every summer (Sergeant arid Fisher, 1957) . This
species has also been important to the people of the Faroes, Ork-
ney and Shetland Islands . For hundreds of years it has been hunt-
ed there for its oil, which provides these islands with winter fu-
el, and for its meat (Ommanney, 1971 : Tomilin, 1957) . However, in
recent years the number taken in the North Atlantic has decreased
considerably, from 6,412 in 1955 (Sergeant and Fisher, 1957) to
738 in 1970 (Pilson and Goldstein, 1973), leading to the specula-
tion that overfishing during 1951-1961 severely depleted the
G . melaena population around IJewfoundland . During that period,
over 47,030 pilot whales were killed there, over 30,000 between
1953 and 1957 .

Owing to its propensity to strand in great numbers, the pilot
whale is more intimately known to many people than are othnr ceta-
ceans . There are freqi!ent reports of people who have .rorF e7 to
rescue stranded whales . For example, clamdiggers worked to rescue
a stranded pilot whale in Milbridge, Maine, on March 28, 1973 .
After covering it with seaweed to keep it moist, they went to get
the warden . Before they could return, local youths kili,d the an-
imal . Often these animals swim back to L)e beach after being towed
off .

Pilot whales of the genus Globice hala hdve been maintained by var-
ious marine aquaria since about 1949 Kritzler, 1949 ; Brown, 1962) .
The animals respo,id to training and provide an opportunity for
many people to see a live whale for the first time .

FAMILY ZIPHIIDAE : DENSE-BEAnED WHALE, BLAIN"ILLE'S BEAKED WHALE, Mes-
o lp odon densirostris '-

This species averages about 4 .6 m in length . The body is dark with a
small dorsal fin set far back . The flukes have no median notch . The
body is generally covered with white scars, possibly formed from wounds
suffered during intraspecific fights . As this species is known solely
by stranded specimens, there is little information on its life cycle
or migrations .

(1) Distribution and habitat preference . M . densiros tris is found in
all oceans having tropical and warm temperate h~aters (Rice and
Scheffer, 1968) True (1910) reported a female stranded at Annis-
quam, Massachusetts, in August, 1898,and that is the only record
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' of this species in the Gulf of Maine . Originally, Allen (1906)
described that specimen as M . bidens . One individual stranded at
Peggy's Cove, Nova Scotia (Sergeant and Fisher, 1957) . However,
since the species appears to be mainly pelagic in warm waters
(Ulmer, 1941 ; Moore, 1958), individuals found in the Gulf of Maine

- are probably strays from the main population and might be unhealthy,
drifting animals . Strandings have been reported off South Carolina
(Golley, 1966), Texas (Gunter, 1955) and Florida ( Caldwell and

„ Caldwell, 1971) .

One possible reason for the lack of sightings of M . dens irostris
is that its breath is apparently directed forward over the snout

~~ instead of stra ight up into the air, as in most othe r cetaceans
~. . -" which have beern observed (Anonymous, 1973) . If this is true, it

may be nearly impossible to see these whales at sea, unless the
observer is very close .

(2) Aestheti c and economic importance . None, although any new records
,, -- or information would be of great scientific interest .

~-
- FAMTLY ZIPHIIDAE : TRUE'S BEAKED WHALE, Mesoplodon miru s

T

This whale is about 5 .2 m in length, with a s'lender body compressed l at-
erally. The forehead is low and the dorsal fin is situated behind the_
middle of the body . The flippers are small z nd the flukes lack a medi-
an not:h . The whale is black above and on flippers and flukes . The
underside is yellowish purple flecr;ed with black, though the colorat i on
varies .

, - (1) Di stribu tion and habitat preference . Meso iodon mirus is primarily
a North Atlantic species Moore and Wood~ 1951 It has been found

~ in the Gulf of Maine on one occasion in which a male was stranded
on Wells Beach, Ma4 ne, as reported by Raven ( 1937) . Its distribu-
tiontion is inferred from the records of strandings, which have occurred

-~- from Florida to Nova Scotia and on the British Isles . Little is
known of its migrations and life cycle .

(2) Food and feedi ng methods . Stomach contents of beached specimens
i indicate the whale's food to be squid an d sometimes fish .

(3) !teproductive characteristics . A newborn calf measuring 2 .2 m was
found with a mother of 5 .2 m in March ( Brimley, 1943) .

~•- FAldILY ZIPHIIDAE : NORTHERN BOTTI-ENOSED WHALE, Hyperoodon ampullatus

Full-grown females of the species reach 7 .3 m and males reach 9.1 m .
The dorsal surface is usually described as a dark, charcoal gray and
the ventral surface is a pale gray . However , observers who have been
fortunate enough to see the animal at sea usually describe the color
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"` as brown. Winn, et ai ., (1970) noted that smaller animals were a uni-
form chocolate brown,while larger ones ha G varying amounts of cream or

• yellow blotchiness . The ventral portions were cream-colored . The larg-
estest individual possessed a cream-colored, bulbous head and the smaller
individuals possessed distinctly brown or tan heads . The short flip-
perspers are darker than the body . The forehead i s high and bulging, par-
ticularly in males, and becemes larger as the animal grows older . The
rostrum is in a"bottlenose" shape, which prompted its co mmon name .

(1) Distribution znd habitat preference . The range of this species is
limited to the North Atlantic (Tomilin, 1957) . Northern bottle-
nose whales have beached in North Dennis, Massachusetts (True,
'.910), and in 1906 at Wells Beach, Maine (Norton, 1930) . Rice and
Scheffer (1968) give the southern limit of its rangF as Rhode Is-
land . The species penetrates quite far north and frequently is
seen among the floating ice . It is a pelagic species but occasion-
ally is seen close to shore including off the New: England coast

, (Tomilin, 1957) . Mitchell (1974) reported that concentrations oc-
cur mainly in early summer months near Sable Island and along the

' edge of the continental shelf around Newfoundland and along Labra-
dor. Winn, et al ., (1970) encountered small groups of two, five,
and four animals off the Nova Scotia coast near th2 200-m
lige at 43° 50°N, 58° 56'W on August 24 and 25, 1969, in water of
i1 C surface temperature . A 21-foot immature male H . ampullatus
1-3s found beached on the shores of Cobequid Bay, Nova Scotia on
October 9, 1969 (Case and Densmore, 1970) . Informal reports sug-
azst that bottlenose whales approach stopped vessels very closely

~ or are attracted to non-mOtorized vessels (Winn, et al ., (1970) .

' '2) Migration characteristics . In the spring, the whales migrate to
the Arctic where they spend the sur,mer . The return migration be-
gins in September and continues into the winter . Gray (1882) re-
ported that females and juveniles migrated closer to shore than
did males . Little is known of their wintering grounds . The spe-
cies forms herds of up to ten individuals . Bottlenosed whales
generally keep together in small schools, and if one is harRooned,

~!^ the others usually do not leave it, but move more or less close to
it until it has been killed (Jonsgard, 1969) . Southwell (1384)
reported that the species was playful and that individuals reacted
to sounds in the water .

~ (3) Reproductive characteristics . Very little is know of the repro-
duction of the buttlenosed whale . It appears that most calves are
born from ttarch through June and the lactation period may last
five to seven months (Tomilin, 1957) .

(4) Food and feeding method s . The chief diet of the bottlenosed whale
consists of cephalopod mollusks and occasional fishes (Tomilin,
1957) . Supposedly, this whale can dive for longer (two hours) than
any other cetacean, but no recent evidence confirms Gray's (1882)
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old report .
~ . (5) Economic importance. In the late 19th century after Greenland
~ right whales had become scarce, bottlenosed whales were hunted ex-

tensively until the development of the rorqual fisheries . They
were hunted for the oil in their blubber, and also for the sperma-
ceticeti in their foreheads ( Southwell, 1882 ; Nishiwaki, 1972) . They
have been hunted in recent times by the Norwegians, Danes, and oc-
casionally the Canadians within the nor thwest Atlantic . A tatal

` of 2,014 were killed by those three countries from 1956-1970 .

CONSERVATION EFFORTS

Conservation efforts to date have slowed the decline of some whales, but
several species are still in danger of extinction (right, bowhead . fin,
sei, blue, gray, humpback, and sperm) . Overhunting of the great whales
escalatFa in the late 1920's with the development of floating factories
and pei«yac whaling fleets (Committee on Merchant Marine and Fisheries,
1974) . The efficiency of these units created a gaut of whale products
and led to a collapse of the market in 1931 (McHugh, 1974) . At that
time, Norway and Britain agreed to limit their catch in order to stabil-
ize the whaling industry . But Japan and Germany soon became the whal-
ing countries, defeating the conservation efforts of Norway and Britain
(Committee on Merchant Marine and Fisheries, 1974) .

From the late 1920's through the sixties, the whaling industry system-
~ atically drove one species after another into commercial extinction

(Committee on Merchant Marine and Fisheries, 1974) . As one species be-
j ~ came too scarce to exploit commercially, the hunt shifted to the next

economically exploitable species, until the right, bowhead, blue, and
humpback whale populations became dangerously low . At present the sei,
sperm, fin, and minke whales are harvested commercially .

As early as 1929, efforts were made to establish a regulatory agency to
: slow the decline of diminishing whale stocks . By 1935, the Internation-

al Convention for the Regulation of Whaling had come into force, orotec-
~~ ting the right and gray whales,prohibiting the taking of female whales
- . accompanied by calves,and the killing of calves . In 1937, an agreement

protecting the gray whale was reached although this did not apply to
Japan or the U . S . S . R . (Committee on Merchant Marine and Fisheries,
1974) . The International Convention for the Regulation of Whaling,
held in 1946, established the International Whaling Commission which is
e,npowered to protect overexploited whales, set minimum size limits be-
low which various species cannot be taken, set maximum annual catch
.,_itas for the Antarctic fishery, end designate areas closed to hunting
(McVay, 1966) . However, overhunting continued, despite efforts by the
IWC (McHugh, 1974) . By December 1970, the U . S . Secretary of the Inter-
ior had placed all eight species et great whales on the Endangered Spe-
cies List dnd as a result of this action (Endangered Species Conserva-
tion Act, effective June, 1970), all importation of products of these

7-329

~ . .,.: ~.. .--- .« ... . . .-. :_ _~__. . . . . _ - .. '1
_ . .._ ..~ : ~

.

.. ._ .~__ . . . . ~ . . ., . . . . . ~~ . ,._. . ~~, . :~ v.~ / .~



whales ended and any remaining whaling licenses were cancelled (Commit-
tee on Merchant Marine and Fisheries, 1974) . In 1972, the IWC took ac-
tion reducing the quotas on fin, sei, and sperm whales . Conservative
quotas were established for minkes and an international observer scheme
was implemented to ensure that quotas and regulations were upheld
(McHugh, 1974) . Finally, the IWC abolished the old blue whale unit for
setting quotas in the Antarctic in favor of a quota based on species .
This method was based on the premise that one•blue whale was equal to
two and one-half humpbacks, six sei, and twe fin whales (McHugh, 1974) .
At present, Russia and Japan take about 80% of the world's whales and
continue to consistently object to most conservation measures proposed
by the IWC in an attempt to maintain stocks of great whales at sustained
yield levels (Committee on Merchant Marine and Fisheries, 1974) . The
Marine Marrmal Protection Act of 1972, passed by Congress, prohibits
U . S . citizens from "taking, harassing, or importing any marine mammals
or its byproducts into the U . S . except when authorized to do so by

~ special permit." The bowhead, right, gray, blue, and humpback whales
are completely protected except for some hunting by aboriginal inhabi-
tants tants of the U . S . (i .e . Eskimos, :ndians, and Aleuts of the Ncrth Pa-
cific cific and Arctic) (CommittEe on Merchant Marine and Fisheries, 1974) .~

'~ DATA GAPS

The diversified group of animals that comprise the nekton, with the pos-
sible exception of a few species that are important as commercial
or sportfish, have received relatively little scientific attention,
particularly as they relate to the slope water . Many of these species
are relatively remote, highly mobile and of little direct importance to
the economy of the northeastern United States . Because of this, tnere
has been less incentive to investigate these groups then their nearshore
counterparts. I

Of these groups, the epipelagic fishes have probably received the greatest
scientific effort because of their importance to the fishery industries .
Growth, migrations, population size indices and other biological charac-
teristics of the tunas and billfishes are beinq studied currently through
tagging programs and sampling of the sport catch . The squid have also
received attention recently because they have emerged as an important
commercial fishery. For both of these groups more information is needed
for adequate resource management .

The mesopelagic fishes, turtles, and whales in the study area require
more research effort if their role in the slope water is to be fully
understood . In particular, little is known of the life histories or
migration routes of the deep water species of whales and turtles. F
As Winn (1975) states,a comprehensive study of several years duration
should be initiated irmnediately to define geographic distributions of
species, patchiness of distribution, migration routes, population levels
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; of cetaceans . Specifically, Winn believes that it is very important in
view of future oil and gas development activitiesin the Baltimore Can- -
yon and Georges Bank areas that these studies relate the potential
environmentsl impacts of such activities to the life histories of cetacean!; .
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7 .5 BIRDS OF THE ATLANTIC CONTINENTAL SLOPE FROM CAPE COD TO
CAPE HATTERAS

7 .5 .1 INTRODUCTION

The records of occurrence and relative abundance of oceanic biHs in
the western North Atlantic have been discussed •' rs the literature :
Rich, 1920 ; Wynne-Edwards, 1935 ; Moore, 1951 ; Cro« , 1954 ; Buckley,
1973 ; Drury, 1973 . Wynne-Edwards (1935) contributed a major 1+aPer on
the subject and thoroughly searched the literature . Moore tl°51) com-
piled data from various trips of the Woods Hole Oceanographic Insti-
tution vessel, Atlantis , and graphically represented each species in
terms of average numbers seen per day .

This chapter deals specifically with those pelagic species found on
the continental slope from Cape Cod to Cape Hatteras . There is e,
general problem in placing the species present in the area into either
the ecological "offshore" or "pelagic" habitats (Wynne-Edwards, 1935) .
Some of the species mentioned occur in both areas . Other problems are
the vastness of the open ocean and the dearth of records . The Great
Shearwater ( Puffinus gravis) for example, is widely dispersed over the
North Atlantic as a biological "winterer", as is Wilson's Petrel
(Oceanites oceanicus ) . According to the literature (Bent, 1922) and
the above cited references, these two species are considered to occur
more frequently and in greater numbers than either the Sooty Shear-
water CIP . griseus) or Leach's Petrel (Oceanodroma .leucor_hoa) .
Lockley's systernatic banding of the Manx Sfieari~`ater _, pu finus ) on
Skokholm Island remains as one of the few times sea bird migrations
and movements have been accurately studied (Dorst, 1962) . Certainly,
more records and banding studies are needed to further extend know-
ledge of the birds of the study area .

The list of species occurring in the study area (Table 7-50 and 7-52)
was compiled from the state bird books (Cape Cod, Massachusetts : Hill,
1965 ; New York : Bull, 1964; New Jersey : Stone, 1937 ; Maryland : Stewart
and Robbins, 1958 ; North Carolina : Pearson, Brimley and Erimley,1959),Some state
bird books were not available, information was taken from Heppner and
Gould, 1973. Three field guides were also used : Alexander, 1938 ;
Peterson, 1947 ; Robbins, Bruun, and Zim, 1966 . The journal American
Birds proved to be invaluable in updating previous studies, i .e .,
Bu`ckTey, 1973 .

The species accounts sections (Table 7-54) were done from various authors :
Bent, 1921, 1922 ; Matthiessen and Stout, 1967 ; Palmer, 1962 .

7 .5 .2 STATUS REPORTS

Since most of the birds in the area are visitants, rather than breeders,
and,densities are difficult to determine, an accurate picture of the
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population trends of the species in the study area is unrealistic .
Apparently, two sp=~,cies have decreased since the early 1900's, and two
have increased .

Drury (1973) cites the steady decline of Leach's Petrel in the New
England area since 1900 . This species is considered uncormon to rare
south of New England (Stone, 1937 ; Stewart and Robbins, 1958) . Drury
(1973) states that serious detrimental effects to the breeding popula-
tions occur when sheep are introduced to islands where this petrel
breeds . Another factor in the decline of this species is the rapid
expansion of the larger Larus gulls, which are major predators on the
breeding gro6nds of the petrel . Zeldin (1971) summarizes the negative
effects of oil spills on seabirds in general . He gives no specific
data for Leach's Petrel, but it is likely that some foods ingested by
the petrels in their wide peregrinations may have been contaminated by
oil . All seabirds are adversely affected by oil (Giles and Livingston,
1960) .

Hill (1y65) states that the Black-legged Kittiwake (Rissa tridactyla )
may be decreasing in numbers, coincident with the decline of the fish-
ing industry in the Cape Cod area .

Hill (1965) believes the Sooty Shearwater (Puffintis griseus) and the
Gannet ( Movus bassanus ) are on the increase iNe-Cape Cod-area . In
both cases, Hill contributes the population increase to the cessation
of persecution by fishermen. The Gannet is now strictly protected on
its Canadian breeding grounds . At the time Fisher and Vevers (1949)
studied breeding colonies, history and population of the Gannet, the
species was increasing in numbers . They found no reasons why the in-
creases should not continue . However, a recent television program on
the Canadian Broadcasting Company ("Earthwatch", October 29, 1975)
stated that Gannets had decreased in numbers on Bonaventure Island .
Damage to the ecosystem by pollution was the suspected cause, but
the matter needs more investigation .

7.5 .3 GEOuRAPHIC FEATURES INFLUENCING BIRDS

The Gulf Stream is the major ocean current in the study area . Its
pathway into the western North Atlantic carries with it warmer waters
and food supply for pelagic birds in the area . Wilson's Petrel is
definitely concentrated in the Gulf Stream during migration through
the study area in the spring and fall (Moore, 1951) . The Stream is a
principal supplier of food to pelagic species following its course .

The migration and local abundance of seabirds is largely governed by
the prevailing winds and the food supply . Pelagic species do not
struggle against gale winds while over the ocean, but may become ex-
hausted trying to regain open water after being blown overland .
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Dorst (1962) cites Leach's Petrel, Black-legged Kittiwake, and Dovekie ;
as examples. Wilson's Petrel and the Great Shearwater have ;
almost identical migration routes which are governed by the prevaili,,3
winds (Dorst, 1962) .

7 .5.4 BIRDS OF THE AREA

Most of the birds in the study area are strictly pelagic in habitat,
although at various seasons and under certain ecological conditions,
all of them have been seen from shore or over land on numerous occasions
(Dorst, 1962) .

Most pelagic species belong to the Order Procellariiformes or "tubenoses"
which includes the Fulmar, Shearwaters and Petrels . The Gannet (Pele-
caniformes) is not apt to occur in most of the study area, being pri-
marily littoral . Because many Gannets wir.ter off the coasts of Virginia
and North Carolina (and further south), they have been included in the
Species Accounts . The Order Charadriiformes includes the remaining
species, with two members of the family Phalaropidae : Red and Northern
Phalaropes ( Phalaro ~us fulicarius and Lobi s lobatus ), respectively ;
three members of the Sterco- r r : the j aegers ; one pelagic gull
(Laridae), the Black-legged Kittiwake ; and four members of the auk
family ( Alcidae) . The latter are primarily littoral ( except Dovekie),
but undoubtedly occur in the study area at different times in varying
numbers .

7.5 .5 SPECIES IDENTIFICATION

One point should be made regarding field identification of the species
found in the study area . Both Wynne-Edwards (1935) and Moore (1951)
mention that there were discrepancies in the proper field separation of
the Great Shearwater (P . r~ avis ) and Cory's Shearwater (P . diomeda ) .
Wilson's and Leach's Petrel may be misidentified by the inexperienced
observer (Hill, 1965) and the Red and Northern Phalaropes are sometimes
very difficult to distinguish in winter plumage over the ocean (Hill,
1965) .

7 .5 .6 MP.NJBIRD RELATIONS

OIL

Oil is L,doubtedly one of the worst enemies cf seabirds . Oil pollution
fouls the feathers, robbing the birds of insulation, and poisons the ;
bird when it preens and ingests the toxic oil (Zeldin, 1971) . Much has
been written on this topic. The reader is referred to the references s
at the end of this chapter . Virtually all seabirds are affected by oil ~ :
pollution ( Giles and Livingston, 1960) .

~
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CHEMICAL PESTICIDES AND RESIDUES ~~
In general, birds most affected are the more littoral species, i .e., ~
pelicans and cormorants (Stickel, 1963) . However, Stokes (1968) ~
cites positive decline in egg productivity of the Cahow ( Pterodroma :
cahow), ~a petrel closely related to those found in the study area. i

i
7 .5.7 SUMMARY j

The occurrence of pelagic birds in the study area, and their numbers,
are dependent upon several factors : primarily, available food, the `
location of the Gulf Stream, and prevailing winds . ~
Studies are needed to determine more exactly the status of species at
various seasons of the year in the study area .

;

S

~
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Table 7-50 . List of all birds occurring in the area (scientific names are
from Checklist of North American Birds , A .O .U ., (1957), in
taxnnomic order .

* denotes accidental occurrence
** denotes casua'f occurrence

*** denotes common occurrence
**** denotes •e~ y species

* Dionedea chlororhynchos
** u marus glacia is

**** Puffinus diomeda
**** P. rg avis
**** P. rtg seus

** P: puffinus
~meri

P
erm

* erodroma hasitata
* terodroma arm oniana
* Pe agodroma marina

** Oceanodroma leucorhoa
**** ceam tes oceanicus

* ha~ etho aet~Tiereus
** Phaethon lepturus

**** Movus bassanus
**** ~hala ropus fu icarius
*** U-biDe s lobatus
*** StercorErius pomarinus
*** S . parasiticus
*** S . ongi cau us
** Catharacta skua

**** Rissa tridactyla
*** Alca torda
** Uria aalge

*** U. lomvia
*** Plautus alle
*** Cepphus grylle
** Fratercula arctica

Yellow-nosed Albatross
Fulmar
Cory's Shearwater
Great Shearwater
Sooty Shearwater
Manx Shearwater
Audubon's Shea naater
Black-capped Petrel
South Trinidad Petrel
White-faced Petrel
Leach's Petrel
Wilson's Petrel
Red-billed Tropic bird
White-tailed tropic bird
Gannet
Red Phalarope
Northern Phalarope
Pomarine Jaeger
Parasitic Jaeger
Long-tailed Jaeqer
Skua
Black-legged Kittiwake
Razorbill
Common Murre
Thick-billed Murre
Dovekie
Black Guillemot
Common Puffin

R

F

P

~
F
~

!
~~t
~
:c~
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Table 7-51 . List of abbreviations used in Table 7-52 .

Acc . = accidental Sp = Spring
Cas . = casual S = Summer
a = abundant F = Fall
c = common W = Winter
fc = fai rly corrrnon V = Vi s i tant
r = rare Mg = Migrant
o = occasional HYPO = Hypothetical
r = regular
i = irregular
u = uncommon
* = largest numbers

i4onths of the Year In Reference to Months

1 = January e = early
2 = February m = middle
3 = March 1 = late
4 = April
5 = May
6 = June
7 = July
8 = August Relati ve Acundance Aiombers = August
9 = September numbers likely
10 = October to be seen in
11 = November ~ one day or
12 = December locality

I = 1- 100
II = 100 - 500
III = 500 - 1000
Iv = 1000 - 5030
V - 5000+
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Table 7-52 Distribution and Status of Birds in the Study Area

Long Island,
Cape Cod New York and

Massachusetts Rhode Island New Jersey Maryland Delaware Virginia North Carolina
Status Dates Status Dates Status Dates Status Dates Status Status Dates Status Dates

Fulmar Acc ; I 9-5 Acc. Acc ; no recs, no recs . no recs . ----- ---
* ory s 5- c/a IS& *7-m ,1 c c uSV&
")earwater SV ; I *m7-m9 SV I 8-10 - 1E-110 SV I 16-m9 no recs . Acc. - 7-8 ;
*6reater r/a 5- 'r/c SY r a u/o SV, 6-8 ;
Shearwater SV• I *8-9 rS&FV 6-e10 I_II 15-e10 SV I m5-e6 no recs . Acc. 8 12
* ooty u c , c/a SV -m

_
-r Sp u r r/a 5- ;

Shearwater SV• I '"e9 u SV 15-e9 I_ *T5-e6 Y I 5-e6 no recs . Sp V I 5-6 _-S+Fy_ 9 _ i
u u on s cc . Acc. Acc. cZ• cc' '-
Shearwater ( 1 rec (1 7) 3 recs . ---- 5 recs (8) ~1 rec (8) no recs . Cas . la u SV 7-8
Leach's rS cc . ; Cas . r + 6-10 r r
Petrel FMg ; i *9-10 3 recs . ---- e5-ell I *6-8 Acc. SV:I 7-8 S&FV I 7-9

*Ti son s c/a Mg c/a
Sv r c o c r/c

~ Petrel I-III 6-e9 SV 6-m9 1 5-18 I-III m5-e9 Acc i-II 6-8 S&FV 5-9
w c/a Mg - o Sp 1 3-e c/a Mg 13-m u c rTy-5 - u c " a WV,r 8 ;11-12 ;

'Gannet I-II 13-m5 & FV 97-,:12 T 10-e12 rWV•I-II *11&4 Acc . Mg ;I-III *1 1 SV ; c Mg 4-5

Northern c/a Mg ; -m P + g9 LITTORAL
Phalarope I-II *9 FMg 8-10 CasSpMG I 7-9
*1Fe c/a Mg m-m u e4-5 -cS&FMy ; _-_ r e4-15 rFMy u r Sp
Phalaro e I-IV m8-mll S&FM 17-11 I-IV 9-ell I 8-9__ Acc . V I 9-el^ M&WY 3-5• 2

omar ne as r ..- u/rg Mg r fM; 9-10

Jae er &SV ; I g-9 r FM 8-10 _ o FM;I 9_ 0 no recs . I 9-11 u Mg (1) ;5

arasit c u/fcMg 15; m-e rg Mg m5; uMg; 5; rSpMg&WV ;

Jae er rSV I 19-m9 u Mg_ 17-m10 I e5-mll r M9 :I 9-c, Acc. rWN I 8-9 uSVFMg 9-10

ong-ta e as ph _ ; 15-e6 • no recs . ----- ----- Acc .m9 Acc . 1 rec 5/1/05Jae er r F m8- ""'"" ' -
*B ack- egged cWV; r - u/c WV LITTORAL _

-Kittiwake FV I-II *11-12 r_WV 11-e4 I-III 11•2
azor- i e u r W ; - r/i WV LITTORA-
Auk I *11 u WV mll-e4 I 112-e5
Comm*h r/iWV r WV 11-14 Ias' no recs- -----

I mll-e4 _ ------ no r:cs . ---°- no recs, no recs . -----
Murre . - - -
Thick- e r W r/i WY; ----- no racs. no recs . 11-i
Murre I mll-e4 r WV mll-e4 12-2 Cas. oWV 12-2

~ r ' 11-2
Dovek i e

0
I-IV ell-e4 u WV e11-13 I/~ WY mll-e3 I ell-m3 no recs . I u/r WV 11-2_

* ∎ Species Accounts
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Table 7-53. List of abbreviations used in Table 7-54 .

a - abundant
acc = accidental
avg = average
Cnesa = Chesapeake Bay

• Ext = extreme
F = fall
fc = fairly common
freq = frequent, frequently
gen = generally

. i mm _ imr.iature
imFt = important
indiv = individual, individuals

, infr = infrequent
-~_ i = irregulari
-_ L.I . = Long Islafid

Max = maximum
Mg = migrant, inigrates, migration
f's = nu:nbers
o = occasional
r = rare
R = resident
reg = regul ar, regul arly
rel = relatively
S = summer

. Sp = spring I
uc = uncommon
W = winter
Yr = year(s)

: V = visitant

.. 'i

.!.~

~
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Table 7-54 . Species accounts .
Species :

Puffinus diome da Cory's Shearwater

Li terature :
Bent, 1922 Heppner and Gould, 1973
Buckley, 1973 Hill, 1965
Bull, 1964 Palmer, 19E.2

Status :
Summer visitant to study area ; common to abundant ;
replaces Great Shearwater in warmer waters of
study area ; the last Shearwater to arrive and last
to leave . S ., and F., Mg . V .

f~ Distribution :
- Very pelagic ; offshore, over Gulf Stream and farther

east in more southerly portion of the study area .

~ Habitat :
Over oceanic waters where currents and upwellings
occur .

Breeding : Does not breed in study area .

Effects from Man :
Oil spills on open water ; in past, persecution by
fishermen .

Food:
Not much data ( Palmer) ; fish row and cephalopods .

-- Some plant material, fishes and crustaceans . Follows
. whales and predaceous fishes to clean scra s which

come to surface . Feeds on herring (Clupea) and oily
substances .

!
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~ , Table 7-54. (cont .)

Specips :
Puffinus rg avis Great Shearwater

.
Literature : {

Bent, 1922 Hill, 1965
Bull, 1964 Palmer, 1962
Heppner and Gould, 1973 Wass, 1974

Status :
Pare to abundant, depending on good fishing years .
More abundant in northern waters of study area

^ (replaces Cory's Shearwater in the more northerly
portions of the study area) . Post-breeding
"winterer" . S ., F., Mg ., V.

Distribution :
Pelagic entir:? area. Arriveson New England

_ fishing grounds around May .

Habitat :
Oceanic ; most abundant offshore over currents

~ ' (Gulf Stream) and upwellings .

Breeding :
Does not breed in the study area .

~ Effects from Man :
In past, persecuted by fishermen ; used for bait .
Oi 1 spi 11 s may be a present hazard .

Food : :
Mainly squids and fish ; also sand launces
(Artrrodytes ) and capelin ( Mallotus villosus ). e
May feed on cetacean feces. 9

~t

~
E

;

7-353
,~

. ,

~ _ .... .~. - ..



11

Table 7-54 (cont .)
Species :

Puffinus ri -seus Sooty Shearwater

Li terature :
Bent, 1922 Heppner and Gould, 1973
Buckley, 1973 Hill, 1965
Bull, 1964 Palmer, 1962

Wass, 1974

Status :
Rare to abundant, depending on good fishing years .
Nut usually in as large numbers as preceding species .
Post-breeding "winterer" . First shearwater to
arrive and first to depart . Sp ., F., Mg ., V .

Distribution :
Pelagic, entire study area . Moves up along west
Atlantic in April and May . Most common in study
area in Sp. '

Habitat :
Oceanic ; most abundant in good fishing years, and
under certain ecological conditions . Follows
currents and upwellings .

Breeding :
Does not breed in study area .

Effects from Man : I
Oiling may be a factor . Formerly caught with hook
and line by fishermen - used for bait .

Food :
Mainly squids ; small fish, e .g ., capelin and sand
launces ; also crustaceans .

7-359
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Table 7-54 . (Cont)
S ecies :

Oceani :es oceanicus Wilson's Petrel

Literature :
Bent, 1922 Hill, 1965
Bull, 1964 Palmer, 1962
Heppner and Gould, 1973 Wynne-Edwards, 1935

Status -
Rare to abundant throughout study area . April-
October (sometimes later) ; post-breeding
"winterer" ; Sp ., S ., F ., Mg ., V .

Distribution :
Pelagic, chiefly along Gulf Stream ; most common
in study area during summer months .

Habitat :
Oceanic; most abundant in good fishing years .
Follows currents (Gulf Stream) and upwellings .

Breeding :
Does not breed in study area .

Effects from Man :
Oil possible ; fishermen did not persecute this
species because of superstition that it brings
bad luck .

Food :
Little specific information for Atlantic - probably
mainly plankton and offal from boats ; have fourd
remains of squids and otoliths of small fishes .
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Table 7-54 . (cont .)
Species :

Movus bassanus Gannet s

Literature :
~

Bent, 1922 Heppner and Gould, 1973
Forbush and May, 1939 Hill, 1965 ;
Bull, 1964 Palmer, 1962 ;

Stewart and Robbins, 1958 ;
Status :

Sp ., F ., Mg ., V . ~
Distribution :

Ranges in summer, rarely to Mass . In winter from
coast of Va ., rarely fr om Mass, to Fla . Migration :
N . England peak in early Nov . ; mid-April to early
May . i: . J . and L . I . - late Nov . ; April
Sp ., F., Mg ., V .

~
Habitat: '

Littoral and pelagic ;uncot~non beyond outer limits ef
continental shelf .

Breeding :
Does not breed in the study area .

;
Effects from Man :

Killed by fishermen for use as catfish bait (Bent) .
Numbers reduced, comi ng back under protection (Hill) .
Young birds eaten by humans (Ben t) .

Food :
School fishes, i .e . : herring, squids, possibly other ;
mollusks and crustacea (Heppner and Gould) .

I
r

i

~
i
t
{

. r
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Table 7-54 (cont .)
Species :

Phalaropus fulicarius Red (Grey) Phalarope

Literature :
Bent, 1927 Heppner and Gould, 1973
Matthiessen and Stout, 1967 Wass, 1974
Hill, 1965

Status :
Rare to abundant in study area . S., F., Mg ., in
area. Also W.V . in Virginia and North Carolina .

Distribution :
The most pelagic of the Phalaropidae ; winters in
rich waters of all oceans (except Antarctic) .

Habitat :
Oceanic, far offshore, over currents and upwellings .

Breedin :
Does not breed in study area .

Effects from Man :
Hunted by Eskimos cn breeding grounds ; oil may
be a factor at sea .

Food :
Planl:ton ; mainly crustaceans, some jellyfishes ;
krrown to feed in wake of whales and on whale
parasites .
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Tablq 7-54 (cont.)
S ecies :

Rissa tridactyla Black-legged Kittiwake

li terature •
Bent, 1921 Hill, 1965
Drury, 1973 Stokes, 1968
Heppner and Gould, 1973

Status :
Uncommon to common winter visitant ; rare fall
visitant northern portions of study area .
F., W . V .

Distribution :
?rimarily pelagic, becoming more littoral in the
southern portions of the study area .

Habitat:
The most ocear.ic of the gulls ; becoming more
littoral in Maryland, Virginia and North Carolina .

Breeding :
Does not breed in study area .

Effects from Man :
May have declined due to decrease in fishing
industry. Oil on high seas possible factor ;
no longer persecuted by fishermen - in past were
shot in large numbers .

Food :
This gull unique in that it can swim under water
in pursuit of fish ; eats capelin and sand launces ;
fish offal from boats .
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Table 7-54 (cont.)
~

~`,

The following birds are listed as occurring commonly in the area in 7`
Table 7-50, but are not in sufficient numbers to warrant "key species"
status . ~`

S e cies : Stercorarius pomarinus Pomarine Jaeger
Stercorarius parasiticus Parasitic Jaeger
Stercorarius longicaudus Long-tailed Jaeger
Lobibes lobatus Northern Phalarope
Alcatorda Razorbill
Uria ol mvia Common Murre
Plautus a TTe Dovekie

gryTle Black Guillemot

Literature : Bent, 1921 Bull, 1964
Drury, 1973 Hil l , 1965
Heppner and Gould, 1573 Stokes, 1968

3

The three jaegers, Stercorarius pomarinus , S . parasiticus , and S .
longicaudus occur rarely to frequently in the area . 3eing predators,
these birds occ6r in relatively smaller numbers than other non-preda-
tor species, especially S . longicaudus , and for this reason have not
been considered key species within the scope of this chapter (Bent,
1921 ; Bull, 1964 ; Hill, 1965 ; Heppner and Gould, 1973 ; Stokes, 1968) .

Lobibes lobatus ( Northern Phalarope), Alca torda (Razorbill), Uria
lomvia (Thick-billed Murre), and Cepphus gry-Tle( Black Guillemot ,
aTl occur in the study area during migration and in the winter, but ~ ;
their major numbers demonstrate a more littoral than pelagic distribu-
tion within the limits of the area (Bent, 1921 ; Drury, 1973 ; Heppner
and Gould, 1973). _
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