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‘of the totnl employed labour Eorce for 1957 to 1972, The dollar v&].uc \ .
of the fiahary to the Province g, ecornomy since 1958 is given in o LT

Appendix 2. n'm eatimate of the annual contr:lbution of this induatry ‘ E
.."I ~ to the Gross Provincial Product can be made by applying the a]:rpropriate - | &
| economic multiplier to the Valuea given for each oector. For the
prima.ry Bector the muliplier ia 1, 6, and 3 6 for the secondary aactor,
the fiah producta induatry. For 1969 the input to G.P.P. by the. . :
Eish;lng sector was in excess. of $156 millioa, for example. ) S _ L g .

Hhat cannot be made readily 1s & otatement on the value oE the L

.

s o - coaatal marine. environment to. the maintcnance of thia traditionally
labour intensive induotry.__. Although ‘the- continental shelf of the . B %
.\ o I . . ;- -I R
nOrtheaat coag t of North- America is uorld famous for 1its fiahery ' i

/ . ' resources, it ia that portion "closer to the Province which haé\had o _ J

-

more value to Hewfol.mdland and ‘Labrador. The' innermoot portion of the( E o . S

neritic province ia a zone of ehallower waler into: which are deposited
nutrients end -freshwater by--tte-- hy.drological cycle. Tidal o'scillationa,

river mouth turbulence. vind, wavea and coaotal currents facilitate the : S

.

mixing and diaperaal of these. Thia zone providea a aubatrate Eor : S ; R
’ macrophytic algae and banthic invertehrataa, and is a aite for. .‘ ‘ _‘, o
: apecia!.ized_ fisheriea: havving a _troport.iunally higb economic_ value'; ,." _s . ‘.' .
for lexampl’E, the lohoter, hérring and -'aa'lmon' fiaherie'a. “Along the ' h
- o o b .
.-_1 Atlantic oeaboard oE the United States nearly two thirds (63. 71 by R i .
‘ value) of the comercielly important fiah and ahellfiah speciaa caught -, - ri
: ¥ X

in the Atlantic and adjacent waters oonsiat of apecias dependent on
- -. - B 4 |

B ‘_ - this inohore coaatal zone for some pha.ae of their 1ife cycle (Hcliugh

1966 and _Claﬂ__t 1967)- Ifor thoae states bordering the Gulf of'hexico

v - . . . . .
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’this value runs to 902 becsuse estuarial species such as shrim'p,

,menhsden and oystets dominate t‘he fisheries (8Sykes 1968)

To what extent Newfoundland 8 comerciel fish species utilize
L

the inner pottion of the neritic province is not clear beesuse of 'the
scarcity of scientific data’ for the majority of species. " The lii_nited.
scientifically based data on. totsl inshor_e utilization conais.ts'of -
- minor, topi_.cs.'. footuotes and introduttory -sentences in paoera.:more "

I

concetn'ed Hith the occurrence, abundance, ul.etutatidn, sostomical'-'

det ilg and dispetsal of the adult stages. v'ery' occssionei'information‘

exists for those grouth stages not of comeuicsl gize. However, ‘what
1is knowu can be s‘means "for -msking a tentative statement about inghore.
util’ization. For our purpoaes we eccept aa comnercisl those species

. I-fot uhich Statistics Csnsda maiutains\teeotds as publiahed in Landings,

\
quantity . arid value by species snd by ayea, Newfoundland 1972. The

commercial marine msmmals nomally listed s}e omicted. Only l:hose

species relevent ‘to this projec—t are given ijn Appendix_- 3. . b P

"

-'I'he -hssie of ‘a species use 6f the inshore zone {s derived

from the suitability of the lstter for some phsse or phasea of the life

'\

history or ftom the fect that it is a physiosl entity between the
.ocesni‘t envi,ronment and the -J.imnological. Psrt o£ this* sui..tability
:relates ‘to food production for the various consumet levels.. Since

L

there are ‘no puhliahed deta on ptimar)r productivity for most of’
. f .

. Newfoundland one must note vhat is known for sdjscent-similsr sites.
In St.. H.st‘gsret 8 Bsy, Hova Scotis inshore primary ptoductivity by
mscrophytes is among the highest levels for any naturel populstions,

1750 g C/mzfyesr (Mann 1972) . Zooplankte_rs ate_a compooe:rt of the

-_';
T




firsl: and Becond order. of consumers in the tra:nsfer of energy and are
oot direc.tly used as food by moat a.dult comereial fishes, (herring,
smelt: and capelin are ezceptions) R.ather zOOplankters are utilized

by-small '-vertebrate and invertebrate organisms which are themselves'

r

utilized by the comericsl fish speties
of the comercial species lieted in Appendi’x 3, cod, mackerel .
and squid appear _ins‘hpre ‘mainly fpr feeding, and maturation, Cod come
' right in after 'the spawning capelin- ' Squid increaae in weight ag much-
as nix timeg while in Hewfoundland inshore watera.. Herriné on the other -
hand overuinter. feed or’ spnwn inshore depending on location. population
.and Beason (Hodder and Parauna 1971 a, b} Hodder, Parsona, Barbour and .

Ghnulk 1972 and Hintera 1970) ; Othér commercial species pass through T

the zone on their way teo other sites; eel elv_er;, aal’mn.aa maturing
adul és or as smnlts, brosrn‘trout, rainbow trout, arctic_qhar and the

nnadromoun fom of the brook trout. . Some species epend' their' life in

-

' the zone: smelt, clams, muasela and scallops whose food ie planktonic

" The early stages of several valuable species are cmponenta of

4

zooplankton populations. ineluding larval -capelin,. herrina, -and smelt,.

:he veliger stagé of clams,mssela and scallops; larval and juvenile

1ohaters, -pink shrimp and queen crab. Although pink shrimp and queen

crab are. deep wvater organiams, their larval stages in Newfoundland are |

believed to deVelop in, shallwer water, The lobster and capelin mke

"

diverse uaelof. the. inshore zone. Th.e former spam.hatehea, settles, '

n@-ults‘ and,fe'eds there, while the latter spawns and undergoea'early-

- deve lopmeut .

Numer ous individual\s-\ or entire populationa of at leaat 22 of
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the 44-Bp‘ecigs listed in Appendix 3 -live in or fréqu'ent the near shore - -

=t
ORI

el

.z'un'e. Appendix 3 does not list a numbe*t of. spe_cieshc'wf p,oter;tial
commerical value,l for e.:':-mple,: the &ea urch:l.il, Strbngychéutrams .
droebachtenew (Huller 1776) and the common dog whelk, Buccmwrr I ST
undatum L., nor ‘does it incorporate the returne from the aports
fisheries for salmcm,. trout and t'he blue fin tuna. ‘

The Nat;fuuhdlhttd :I.nahoit'.'e zone may as a f:l.shery teaource
reservoir influence species which contribute more than 70% of the

[

1nnded value of the cmnmerical and sports fisheriea.

. . .. 1.2 Marine zooplankton research in waters : .o -
' adjacent to Newfoundland and Labrador - R

" ,- s

BERE T

ll’léllnktu‘n res-eafcl:n in these 'waters ‘has been n;oa_'tly.atéaslioﬁa;]‘.l
and for the must par‘t concentrated ia the'of-f-ahore vaters sbove the | '
-_ccntinental shelf Huch of this data is but a minor component of . I " ' . [ .
projects !mrolving a large gengraph:l.cal sett:l.ng and hav:tng litt.le '_ I_ - - G
Ihearing on local pecu.l:l.aritiea-. Several of the great oceanic ‘

“a

expeditiona sample,d the ocean near the Crand Banka. Perhape modt

n

N notable among these were the Hmbuldu-Stiftung Expedition (Chun 1898), BRI WL

. the Challenger Expedition (Thumaon and Hurray 1885}. and the H:I.chael S _', .
S ' Sars Expedition (Hurray and Hjort 1910). The Canadian Fisheri.es o o
; jExpedition of 1914-1915 and the Belle Isle Strait Expedi:ion of 1923 4':'I
were the basie for aeveral planktun ‘papars (H.untsman 1921 8 and-b, .-
Davidson 1924 Pinhey 1927 a aud b, Tattersall 1939, Kersvill 1940, S 4
-Bougfield 1951 Huntsman et al. 1954 aud Udvardy 1854). : . . .
' ' Since 1959 Newfoundlend has been a'western te;m:l.nllm‘ for the |

Continuous Plankton Recbr;ier P:_:ogr‘ame 1o the North Atlantic-

oA o _..:«.ﬂ? F'!r_ij ?q.“""'““m' ’
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(Bainbridge 1961; Bainbridge and Jones 1962; Glover 1962, 1967;

fl

‘Henderson 1962; Robertson 1964;. Jones 1969 and Gleskas 1971)

European and Asian cnuntriea with fiahing 1nterehts in the uestern

North Atlantic have undertakén plankton research in thiq area -

' {Alvaring 1956 a and b, Souller 1965). Prigr-to the Soviet involvenent

[

' hydrosraphic-and biological\atudies were.iﬁitiétéd in 1934, They are
":-tontinuing (Harti 1963) Plankton reaearch forma'part of this
endeavour (Pavshtika et aZ 1962, Drobysheva 1964 vladimirskaya 1965,

‘1967 and agrebryakov 1965). In recent yeara plankton research has

foraed an-impértant componént'uf the’ atudies dona-by member countries

"of the International Commiaaion for the quthweat Atlantic Fiaheries

(ICNAF), (Bainbridge and Corlett 1968 Glowr . and Roblnsou 1963 and
Colelrook 1972). Individual acientieta have aometimes been interested

in a specific planktpuic group and have not. been asaociated with an

. exéeaition as qucﬂ but-father have worke& with a single goal in mind

(Bigelou 1909 "Moare 1910, Hayer 1912 and Hulinsa 1967). Lacal'
contributione to our underatanding of marine zooplankton.are very

gearce, Except for ‘the uork of° the Neufoundland Governmeut Lahorafory

1930-19h3 (e g. Froat and Thompaon 1932' Frost et al. 1933, 1934, Frost
-1936 a, b 11937, 1938; Templeman 1948; Thompson and Prost 1935, 1936).

) and & few recent papets (Hitchell l96ﬁ Fraser 1969 Squires 1970}

nothing has’ been publiahed on offshore popularions or -on those inshore

. although researcr is now in’ progress.
Prior to the present study the only plankton research conducted.

in -Placentia Bay and publisbed is that of Templeman and Tibbo (1945)°

who towed for lobster ‘larvae, alfhpagh plankton samples have been taken "

.
}.
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gouth of the BAy Ky various éfﬁiéqg of the Newfoundland’ Government

Laboratory.
1.3 The pump as-a plankton capturing device

1.3.1'_Historicai review .

Iﬁithough I. V. Thompson used .some sort of a met to. sample crab.
and barnacle larvae in 1828 (Frasef'1§68), Johannes Miiller, 1ﬁ'1845,"

‘made the'first coné-shaped‘defice from finely meshed cloth hnd towed

it behind a hoat (Fraaer 1962) Thun the scientific atudy of

“: plankton hegan and the obvioua simplicity uf the conical net hid its’

il

deficiencies. The progress and directinn of plankton research has

largely Beén the slow,qiscovary and.partia;.reptification of these

weaknesaea.

. It was not until 1887 that Victor Heusen outlined ‘hie methoda
for the quentitative study of plankton (Hensen 1887, Jenkins 1901).

He ohaerved that surface planktun samples would aventually be best’

ubtained by aome ‘sort of a tube and a pump chrrying water to a filter

(Gibbnns and Fraaer 1937).. Although Hensen B concluaions about the

pump may have periudically encouraggd some to try ic, his uwn greater

'1ntere5t in the net did not set the deaired exﬂmple._ There {s some

juatification for Baying that it waa frustration with the. Hensen
quanti:ative methud which guve the ueeded encauragement.

Research in uhich the pump hqs been ueed 1s summarized 1n part

© by Gibhons and Praser (1937) and in table form by Arun (1958 1962).

I have chosen to. aumnarize in the manner of Aron (1962) thoae atudies

-gither'uverlouhed or appeqr}ng,since 1362. This updated summary 1s
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s'péculated that the conu'l."ihution of ciliated P:ot;ozoa to energy f'_.'l.oir

" pathways and biomass in the marine enviromment is greater than o

CE

- _, earlier thought. . . S IR

AN

B

ef_;‘gﬁa.z,_u}drodyn;mm of :f.e p'mﬁng method

o : It‘ié ‘evident th;t the I‘lianne'r of the sequential arran:}_semen_l-:. :
. of‘ 'co'mponeu'tlls within t_l'ie.' Eoﬁ:‘sf‘trait;l:s ‘of flll.lu:l.d'mec.ha:n‘:l.cs is & majlo‘r-‘

f : ) determinant to l:rl;e" -_a;;cce_s_afl.ll_l d‘_eé;l.gt;. of ai 'pt:nipi‘ng-_a'ysteﬁ. Aaumary

of Ifhe' component arrangemefit: of - previous systens (APPEDEFK 4) 18 given i
_ by Fig. 1.1. Equél:ions which relate to this aa‘ﬁec:’ire‘ glven in .,
: ‘ . - . - o . . Y a
g Alpp.epd.tx' 5. ) - . I I- ' !
® . - : -
. e v
- ) '"'é..
{- - {
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Figure 1.1 Diagremmacic layout of previous:plankton Ipump‘.l_t_n'g gaystems.

“ (See Appendix. 6)-:' ) . ) . T
i. Variauﬁ;. .
2. Casste igss ' _

3. 0'Connell and Leong 1963

4, Manz 1964 \

'5.. Mathisen 1964

6. -ﬂeéts et:al..lgﬁj o o N | . oo

- . : - . 5

7. Whaley and Taylor 1968 _ . )
8 Lenz 1970 . .. '
9. Langford 1953
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"eleu_:en‘tal phoephorue-(P )-disa'ste'r at Lo'ng H-arbou'r Place‘ntia Bay, -

. i

(Jangaord 1972) cast grave doubts on the undefiled quality of the

o Ty

prime study area, for "red" herring were caught nearby Thie and the-

increasing certainty of -An oil refinery complex at Come By Chance ‘were

AN Ry

major influences in the decisien to change the prime study area to
. Come by Chance and uee the Swift Ciarrent — Black River eetuary as a
. secondary study ared. Since base—line biological investigatiuus were .

" not in progreee at th.nt timé it wea recognized that even evaluation

of the pumping syetem then being constructed would provide some

information against which any environmental change at Come 'by Chance
might be judged. A duai purpose woold- therefore‘be served by conducting |
the field ‘eevaluetion at ICD’Ine hy C'h.ance. 'I'he qualitative and Lo
quantitative evaluation of. the pu.mping evsten would also cuntribute to

an understa.nding of baee-line cond:l.tions at sea’ before the refiner_v

atarted prpduction.
L

: tittle ha.s been'tpuh-lished on the geomor‘pholog‘y"and h‘ydrogrephy

‘ of Piacentia Bay in spite of the, growing hydrographic documentation an
the offshore water on the Province 8 east coast (Smit.h et az. 1937, |

",Hachey.l%l_, 'I.‘_emnleman 1970, Dickson and Lamb 1972, Rodewald 197_2, T L I

'nlekseev et crI. 1972). “'Canadian Hydrographic Ser‘vice; Bath}"netric
- Chart 802 ehows it to be a. deep bay with some prominent ehoala. .I

.. o

., ProtUJdiBB f‘rcrmthe mouth is a 200 meter deep trough, bound to the south

-

Loaaw
pr]

gl

by St. Pierre Bank Green Bank and Whale Bank all of vhich are 1eea b

-

ta.
w aont

- &
'_than 100 mel:e_re deep.: Placentia Bey 18’ deeper than wost. of the e
continental shelf 'adjacent ta Newfoundlend'i south-esat comst. OF the . -~ ;;"‘
few submarine channels adjoining these banka the deepest approach te “

A

, .8 5
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2.2 Qampli:ig Equipment

‘2 2. l Portable Aquatic Environmental Data Syetem
The Portable Aquat:l.c Envirnonmental Data System (PAEDS) was T '
des:l.gned and built 1ocally B0 thet the advantages of the pump a8 a - - ___,,;.'-' ‘
means of co]_.];ecting'auspended par_tit_les fror/n vater were maximized. R
'Coopon.‘ent's ‘of the PAED'IS'wer'e bll.lilFl_ es' f‘orict:l.ooal_lun:itb dr uiodules. - - : -

" Because rhese :are poi‘tahle: the e'yl'stem 18 portable. R R D :

:The"E‘umE Uni't-" o . B 0 SR
 This" component coneistﬁ of an.Edeon "Bone Dry" D:I.aphragm Pump -
Model 120 G.W. B., with d-capacity to handle 9,84 cubic meters of liqui?:l
per hour (Photograph 2.1). The motor', a Br_i_gge & Strattnn air cooled
. engine developa 3. 0 horsepower at .36i}0 _Tpm, Tﬁe unit ‘has a euction ;
l:I.ft to 7 62 metera. 'I'he pump body, the velves and diaphragm are

-'res:l.etent to ee%ywater corroaion. o N

- The Surge-Tank Unit

Thie, the 1argest module, ooneiets of a 0 108m fiber-glaseed '

. plyvood tank elevated on a plywod baee (Fig. 2 l) ‘I‘he bulkhead L Lo :_'.__-.__
fitt:l.nge -are of achedole 80" PVC fitt:l.nge. The outermoat fir!:ing, to'

whioh a‘hoee coupling- ia attached :I.e bronze r;inoe :I.t has the'greatest_ :

probability of be:l.ug damaged dur:l.ng repeated aeeembly of the PAEDS.

. The unit- has three d:l.stinct funct:l.ons. Water Erom !:he pump un:l.l: ‘enters-
o .

| at h Fig 2 1 and F:I.g 2. 2 directly opposite wh:l.cﬁ 13 €, the ex:l.t Lo SR
the filter—stack uuit. A.s the water rises in r.he tsnk 1t reaches_ an | ~I
enlarged upper port:l.'on vhere‘.i'te aurface a'rea -inc.ressles'. This ; - ‘ o

.modulates the puleing act:[.cm of r.he pump uu:l.t and iri_sures.“a mre constant

_.head to the f:l.lter—stack un:l.t A

P . PR € ) ¥ TR DR L TR A e e s s
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" Flgure'2.1 A side view of the surge-tank
' a excess dlscharge outlet ' - ‘
. . - . e . _'_ . N - - . ! ”-I - -
poT g - . " . -+ b dinlet from pump unit ' -
. . . . T ’ . S ’ LI,
) "~ ¢ exit to filter-stack unit N :
"4 maxdmm head level 0 - 1T v Lo
. . i R - . . ' . . __" - '
c . .7 0 e minigum head level - - ‘
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.36,

This. 1is the first :Eunction of the 5urge—tank

I Located 1n the upper ae‘btion of the I:anlt ia the excess
' discharge outlet a, Fig 2.1 and Fig. 2.2. Sinte water d¢an discharg'e.' -
here it permits one- to have the pump u.n:l.t. operating properly withuut{

: affecting the filter-stack unit. I‘his 15_ also importpn_t becguae the

£

e watet column which enters. _the intake hose as it 1g lovered must -first
"be removed to avold contaminating the sample u'iti} water from nearer .- .- .
- 'the su'rfaéé. e

T‘he third function comea from the fact that water pumped

' 'from beloﬂ ‘the surface is nol: normally exposed to atmospheric

_conditiuns. The tank therefore, Berves aas awal:er bath for electrcnic
_phy_sic'al an_d chemi‘_t:al gansors as well ag a site for col]_ecting water.
e B ) H . " . : S R
gamples'.

‘Environmental Sensors - [ T P - s

l-ii's toritaily qu'antitative z'oopla.':.lkton ﬂtu&:l.'ea’; have necessitated .

ha.ndling numerous, -_@redominantly micrnscapic organ:lsms one individual

“at a time... . To insure a greater portinn of time fm: zooplanktm
’ ident:l.fication and counting, electronic Benam.'s were uged - to provide
dire:t resd-—out of temperature, salinity, dissolved oxygen and
conductivit.y, rather than - the ‘standard ch.emical cu: mecha.nical methuda. K E
. An RSS-l inductiun salinome ter frt;rp Industrial Instnments Int. was. - L ki.
_ used to measure sal:l.rﬂ.r:y,)r I:e.mpera.ture and conductivity. ‘A Hndel 5&
R:3 Yellau Springs oxygen me.ter monitored dissulved oxygen. Bnth,
instrmnents are Hg battery powered Photograph 2, 2 .and Fig. 2.2 shaur . o . f__.‘ﬁ

Tr

Ihuw the probea vere supported. In .Fig 2.2 the Bal:l.nomete.r :l.s at 2

- _the YSI, at 1 They ate at the same level a8 the minimum head 1eve1,
e, Fig.Zl. ¥ R

"




. _ Photograi?h. 2.2 Inatnment probe ra

ck with probes in position’
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“Phiotograph 2.3 £ colwm in"place
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4 Filter cblixihf'x ‘vith car\:g:ying -"c;a"_s‘é



















P Y

T L
S ‘\' ,:f::’ I?:I.gure 24 Scale drsw:l.ng‘tv:ufl filll:er—atack unit ' .
‘ .I cfa ’ ir:let g "‘.___' ’ . G
s s b ;rater.l- c-onduitb . ‘I - '
- intemal plug _ L
8 air bleed conduit :'_ RERS ‘ O l
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i Water enters at’ a, Fig 2.4, Until the -pump unit the surge J;E

.tank§unit. and the environmental .sensors are uorking properly and the S e .jf%

system haa been fluahed the valvea at "1 and 'k Fig 2, S,are closed. . To "i

make the filterlctcck unit operational only the valve k 1s ‘opened. o : ,,_JA"’if;Tﬁz

Water then passes through k to rise up through the vartical pipe,h,- . : o ;

.‘3 ; (Fig 2 4) " A plug at c, Fig 2 ﬁ in the tee diverta water doun through. | %
. w
fote the filter cdlumn and the deflector:cone d, Fig 2.3, distributcs .“EJ

. 1t over the-first filtering surface.' After paasing through the filters, 'E:

-~ At exits via 1 Fig 2.4, and pssses through the water meter at m, Fig L _TE

2.5, to exit from the unit at'h, Fig 2.4, - : S - ' E

Hhile the right hand pipe b, Fig 2 4, carries uater, thc opposite ?

! Fi

one, d is- part of an air blced linkage. It is ccnnected to each section "E
‘of'the-filter colum by a short‘piece of detachable flexible tubing. .A ._;

.small opening at g,'Fig;Z.&,paintairs atmospheric equilibrium in tte . , Ei
column and_allcws thé filtering to proceed b;-éravity fiou. This 1s o ‘-_I:d:

’

the Becond function of the filter—stack unit. .
4 " The third function, measuring the volume of water filtered is-.

accnmplishgd by the Hgter_mater. It-is a Neptune, TYPE S, cold prina

s

-

iﬁductridl-meter, bronze,. with.a'simple hurizontsl totalizing

_ cur-reacttnﬁle reﬂtater. , Ta" avoid trapping air which would cause ’
incorrect ragistraticn t;e peter 1s geated lower tham the rest of the )
. plumbing. Additional care was taken.duriqg transportation. In uinter B _ I %
antifreeze was added to the-ﬂater to prevent ice damage.to thc -
meter's mech;niam. . |
The fourth and final function cf-the_unit-is provided by a ball .
valve at'n; Fig 2.5. Ihis-;ilows one td take a suﬁsanple-of_filtered.

hater;forbhﬁtdplankton analyu;s. - o : I

o
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" Pigure 2.5 - 'Diagramatié'-acéle drawing'

of l.lt'uim'ls_i‘t:léf ‘of f;{:j.t:er‘--_a:taclt unit .
"_a- :I.nlet. .‘ .
b - water éonlclu.i.;:
d " 'a-‘:l.r' bléed gondu:l.l:l
h exit o
- ‘i exit ‘f.rom g-ilter-coj.\.@ .
'k inlet valve L
C- 1 I‘:y-—ps.s‘s vla-lé"a N
C . m il"&t;:l' me:er' | , | 3

n Eub-—samplin‘g valve E

N . ,
o - sub-sampling qutlet.
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s ¥igure .2.6: PAEDS Fiow-diagram;-

2 Surge-tank wnlf

/"3 ‘Pilter-stack it -

Ca=f "‘h'o:;sfes (See Apper'ii'l:i?!'.ﬁ) -
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" Photograph 77 -0.5m.
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¢/5-1F and’ CIS--ZP) were cornplet.ed In the 1aboratorry l:he aurge-tank ' S " “‘:‘

vwag kept fu11 with a continuoua flm-r of sea uater, at ambient ' T ' . %

tperatures, with one exception. _ '['he conductivity oensor of l:he . . L e

salit;omel:er-uas l:esl:ed againat a Radiometer DM 2e 'conductivity , S o , L s
-méter.  In Experimenl: C/S-lL the salinometer probe was atfnched to the e ;. e
instrumenl: probe rack calibrated oith a Imorn resiatance and placed . ST T ‘ 'r

_in position 4n the surge-tank Hlth the conduut.ivil:y meter probe. B K o T .

Cbnductivity vsluea for Experiment C/S-ZL were recorded under the L ' S ':.',fb-.‘:;f-

cunditions given in Table 2. 1 T A _-_ S ‘ , R
s T . stle'zﬁl e S A A S
N N . -"._ T . i . C - ' : i‘ I
Conditions for Experimént’C/S-2L .~ . .. 7 . 1. e g

pata . . - R S R
Set No..| ~ .. S : D:ascri_pt:l.on‘. . - . R . o :‘-l'._"-

Sslinoneter S L .

Al _ 'l'he pmbe in. poail::lon on I:he instrument ptoba rack :l.n o h _
,' the ourge-tank. '
a2, |\ The probe in & plastic bucket aupplied with st . o] e
# . 1 econtinuous flow of sea water.. A Con . .
o Co _' ' '_— R . (:onduct:l.vity Hel:er s AN -. T oo -

.. BL - The pro‘be in the autge—tanl:. ' e . T --‘-
. '._. ) F e . . . o s , ..’_. " . . :: "; ’.
B2 - | The proba in a sample of water from the surge-tank. T L el
v K o " S ) o | .. . - o L I ."I’ o ) "..' . ' PR B . . ; B I.“' .
B3’ As in AZ. oo o . o] Lo s

. o a . ,| T . . e LT “ Sl

. . 'S ; P - L S

B4 | The probe in a aa.mple of water fron l:he plgal:ic bucker..

e . _ . _ ' T E%E ,

Experinznt CIS-SL was 1:lke Exper:l.ment C!S-—lL except that the conductivity _' '5'- . ,.M

meter's raadings were for vatér samples from the surggl—tank.. The laot AT P-

1 . ..‘ . . ' f’z%“

- " . _‘ -
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R T s e Pl e g e AT e i i
Il = 4 Sl X i &iﬁ}}fl!




L™ E R e e A X e
> . ?-4‘
: by
, o e
. 1aboratory experiment, Experiment C!S-flI. vap deaigned to test for - I ';:vi“"' '
possible interference over a tenperat:ure gradient and an eleetrnl}:te EEAR i
gradient. A hot freshwater 1ine vas ‘:_l_ntrodueed in the sea wa;:er line ‘ : };‘: )
to the sur'ge‘-ta.nit. B : . o RIS e 3
« The field eualual:ion' of the enlinometer in: the PAElJS involved )
two experiments. The first, Experiment C)'S-lF follcmed Experiment ’
| c{s IL and was deaigned to explore interference under field conditiona. .
The procedure con_sisted-of _takling.a conductivity reading with the. “ R :
'selinameter I-pro'ne -in,-poaition. in :’r{é 'nur'ge-“-t-a'nk and' -Itheh-’with il; heltl e .I . | S w
adJacent to the submerged hose intake valve. In the gegond fiald - ‘
experimenl: (Experiment CIS-ZF) vater samples ware cc;llected during the !-
‘eleven f'ield trials., 1In the labor‘a“t'or_y, the specific conductivity of -' . -I ) A
each was measured using the ebnduetivi‘ty meter. Salioometer readinge_ II : c s F .
-recorded under variable field conditions were atmdhrdize‘d using the Ty .
. chart Electrical condl-ietivi'ty. of sea -water prbdneed by Hartek . }_,-
.Instrlments Inc., California. . b -
" Sensor Evaluation - Diaaolued Oxyg_ o o T} ' - ‘
I The laboratory evaluatien of the Yellow Spring Inﬂl:rumente " ‘ - - i
OXygen meter coneisted of one’ exper_imen_l:, Eirperinient 'DO-lL,-.‘to test, 'the ,
instrumeut against the clessica.ll Hinl&ier p_roi:edure‘.' After celibration' h
the instrument’a probe was nlace’d.' in a 1000 ml beaker cont.aining the’
testing ﬁetiium. The testing med:la were as given in Table 2.2, ‘ ; - r__a-
When . the YSI reading wae campleted a. sample wad collected for Rinkler - '
analysia (Strickland and Parsuna, 1968). -.;
~ A
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_ Erperiment 'I‘-—lF ccnsisted of 10 peire of field obsewal:ions. In it

HAR

.n-.‘l—l
P L I LA

A

. :he YSI is cnmpared vith the salinometer unly f . T o : ' - : _ . R

Meter 'Cal:lbretion

. 1 Lt " ° R ._A _.‘ .. ) -
Although the manufacturer’s ageut Btated that the eccuracy of ..

-

'r.he Neptune industrial met:er' was well within 1%, it wea’ tested againat v

-

a kncwn volume of ‘water to determine ite accuracy :Ln t:‘ne PAEDS. In -
this exper’iment, Experime,ntlHC-lL, “the’ Eilter-eteck unit was coup_ieq E _l",
to. the surge-tank erln'd the 1-étte_r‘- vas repeatedly i:ill_ed and Idrained' by et Lo o
" .gravity thus'dupliceting 'conditiona in the field for .operation of the meter.l | I

Air—spray Unit Aseasemenl:

! .
The air-spray unit’ dqscri‘hed earlier vas. a second attempt,

T

the‘first being very inef_fective . To eveluate the present deaign

Experiment’ AS-1F was completed durinq the last 'Ifive' field trials.

Thtee vnused filter aets were employed fbr routine aampling After

normal back—spray clea.ning, each filter u'nen returned to the 1aboratory

.was placed filtering aurface side up, over a board in which eighty ' o . - o ' e

4. Gmm diameter holes had been drilled. and numbered ccneecutively._ _.;: .

.'I\renty fielda vere aelected by a. random numbers r.able. Eacb ofAl:he )
* 'selected fielda vas examined and the’ number of plankton remains seen -

-uas recorded,’ The plenkton cnunt for each filter in a set is con:pared

vith the total plenkton count for the PAEDS field trial in which it

was uscd. Since plankl:on ‘counts were not made, of the mns field trial

7 for reasona given later, 1o \ralues are )available for Set 2_and‘partia_1

- values are given for Set 1, however, those for Set. 3 are complete.

Thia experi.me'nl: ,uas‘designed to test two hypotheses. It is generally

=z

-")I . "
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s filter'e'd sea vater Leing the air-sprey unit. Any organisms on the

filter were fluahed intq a- numbered eample~bott1e. “Sets 2 and 3 were R _ - . ‘_-'._"

R

: cnunted by hethod A, hppendix 13 while fer Set 1, both methods' A_and

B vere follo-ared beceu.se of the .naupl_'l_.:l_ and copepo_did' .Btﬂ‘:sEB present., __— : Ct
'2.3.3. Statietical Methods » ., | R . -
i . .,H,oet of the 'phyeical‘tlata consists of pairs of observat‘ioﬁe

|

- about an en'vironﬁ:éntal factor,, One mémber of each pair was determirlecl .
by a component of the PAEDS, the other by an alterna'te device. In L J
any. eXperiment ge purpuee was not ta compare t:l'«er pairs of observetions

because the paii'ra will vary sinte th«a)r were . recurded under varying en-' ‘ . L : LR

virtmmental cu:lditions. Rather the purpose was to eatahlieh thet the '

EY

differe ce betJeen the membere of a pair was a consequence of chance ‘ . ‘ SR

and not the reJult of an :therent weakness in the design and function.

L T

1 i "
£

of the PAde . - ' ' - . " ' I 4 o
7 ' i : : o : S

In thia particular inetance one could use a‘ny one of three ’

statisticsl tnols. the non—parnmetric rark’ gun f.est, the traditional

ot [ . *

studente" t-teet for pe:l.red comperiaons or m.ntched paire, or 8 tﬁm-

H "
.J'. B

factor analye{.a of"veriance for paired compariaon. 'I‘he first was mot

L - s
. aelected becau.se it is generally regarded LR luw pcruer etatiétic »_ | - ! :

~ .

l:eét since it operd.tea oﬁl "’the median rather than the mean. Since the~_ '
. tesults of the. o%'ner mthode are E‘h‘e—-snme (Sohl e.nd thlf 1969), for - ‘ .. .
pairergl observetione on, conductivity, disso].ved o:rygen and -temperatureh, ‘ .
choae the t—test for paired cumparisons. B : N : K

) : In Experiment HC-lL, the t-test for tha differente between

two eample means detemined by indep-dent sanplin.g’ vas- employed

f . " ]
- P . .
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3.1 Sen.eor Evalnat:l.n'n'“ s .
31 l Conductivityjsalj_nity C . ’ .

Del:ailecl stal::lst:l.ca of l:'he 8ix experimenl:s on the. operati‘on of
| - 'the salinometer and its compariann with tl:g conductivity meter are . - ‘ '
' given-:l.n Appendicea 14 to 20. The field exper:l.ments and most of thqse | |

‘ .dune 1n l:he laboratory BhOH there was- ng s:l.gn:lf:l.cant interference 1in

-I_l:he operation of the condnctlvity sensor..
S | _ . '
3.1.2 -Dissolved Oxygen |
JT\IPPe‘ndice_s 21 to 23 contain‘ the de’]*.aileci_reeull:e of the “three o _: . '. ;
e:tpefimehts- on the operation of the‘Yellw Sp.rings ‘Instruments oxyg‘eﬁ_ | |
_meter in the PAEDS. In 'the leboratory'this 1nst:rtm'ent- gslve ;esult'e
. comparable to those ohtained hy the H:I.nkler method, but in the field
'erperiment the difference betneen ite: nperation and the Hink.'!.er enely— s I '_ ,!

sis was sigr}ificent. I_ o . ’ : _ . L ' e .

. 3.1.3 Temperature - S, . . ~ ’ : L ' ’-'

betailed-records"nf ehe outcbﬁe"of- the tvo exberimenfé on

[P ' ) -

.temp‘erature aensor evelu.etion are given in Appendices “24 snd 25. Ip

" both field and laboratony Iuperil'nenta the nu11 hypotheais was acceptad.

. I 3,2 Meter Calibration S R o

e . , ’ =

. Detailed sutistice fnr ‘the reeults of Experimant uc—u. ara

glven :I.n_Appendi:_ 26, Ag;gp:ance of l:he uu11 by-pothes:l.e demonntrates ' = -

L}

--------
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b

the degree of. ar{curaey of the water meter.- Furthermore, the percent . R gt

variation betueen the known volume and the metered veluee is 0, 52

as shmm in ‘I‘nble 3 1 The number of plankton rem.eins found in twenty

3

The three sets of filtere in Experiment AS~-1F.were uti'lized

ba oo
-

73

.3 Air;-epray Unit E{raluntign' - ) o . - k

k]

af .

é

"“random fielde on each filter ie g.‘..ven in 'I'ahle 3. 2 and ie expreeeed o

" as a percent of the toral plankton count for the related PAEDS field .

triale 1n- 'I'able 3 3,

than .0.5%,

L) :

!

The tetal plankton tount for the field sample bottles which -

fnnn each set 1n’ Experiment SE-1L is presented in- appendix 27, AP"‘ T a

each of these seta.

in each set 1§ recorded inm Table 3.4.

Fl
1

I ﬁe nunber of. zo%lanktets ‘per_ cubic meter fer the three
_ eip_erinente“(Experiment Z-lF, 'Z-2F and‘.Z—Si-‘_Js nbtained during PAEDS -
field _rr}ials' 4,5,6,8,9,10 and’ ll ie recorded by ‘l'ables 3.5 to 3.10
i inclu.sive. 'I‘able 3 11 shcus the relar.ive importance of. the copepods - . \
. ia these trials and Table 3.12 gives a listing of the ma jor speeies

. encountered. A eumary of the progress of the field trisls ie given

. 3.6 Sed{mentarida Ap‘p.raisel'_

‘pendix 28 gives the ‘plankton count ‘gn the supernathnt collected frod . L, )

-An approxinie.tion of thé percent of plankton lost, =~ .

in Appendix ’29. How these. Lelate ta snd are integrated with t:he

: .\ 3.5 '-Zeoplatjkton ‘Sampling -

a - - ) 4
Y .0 . - [y

Seventy-five perceut of these ‘values gre less'
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Table'3.3 \J N 9

Pla'nl:;ton remains rel:,ainl*.il as’a peréent of the- total
p . i .

piaﬁkton count for the relevant PAEDS figld‘?nls.,_ - . . : - S

L qurimnt . } AS-I-lF . . i
. o ‘. . : . . B
|

Filter nies_h size () .

r—

L B R RO L R PR - B
1. '<0.058 | <0094 | U<0.042 | 0,070
Sl oAJ108Y ) (10584) ) - (2377). | (1419)

»

., N

2 . — v e cme RS R B

Cta o esau [ 0.269 L 0.307 . | 0.889
' (820) |- (5190)° | - (1950) - .|  (1462)

Cog B

Note: The numbéys in parentheses are the ‘total. planktyn counts for. o
o : . ’ T - . - , ol

the relevant 5'; field trials. B % ' N
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Table 3.4 _

‘Experiment:' SE-1L ‘_-

LI

Percent: df pl_aul’:toh lost in supernatant

I 1
U

L.

Z,n

14852

* 114611
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. Hef;md’m Ionga (Lubbock 1854)

Pswdocalanus mimatue (Reoyer, 1849) - . o .

e i s i e gt R iy
s £ -85
‘ ’ . ‘Table 3.12°
o jnﬁénfirﬁéd.idénﬁﬂcation of major @e‘p&ds
.- S - . S :
Paylum A:thﬁ:opodh- - R - -
Clﬁss Crustéceé o . i A
' . .Subclass Copepoda | - : )
| order Caldnoids . - -. “'..-r.'-ﬁ “ .
teartia longireris (Lmjeborg, 1859 -
IBma’utd:.us smlw (G. 0. é;;a, 1903)
. Calarms ftmnarchwus (Gunnerus, 1765)
‘Calamw helgolandwus (plaus 1863)
t 0' Centropages hamatus (Lilljeborg, 1853) , |
Centropages typwus Kroyer, 1849 )

E‘fmytemm ap. _ _
Temora Zongworm.a (0..F. H’uller, 1?35)
Tortma discoudatue (Thompson and. Scott, 1898) )
;Order Hs:'}acticoida ,' L '_ o g
‘Oncaea baz-eatw G. 0. Sara, 1918
- Order Cyclopoida - : o ' . .
Oithona similis [:laus, 1866
Oithona sptniros@m.s_,ﬂaus-, ‘1863‘ :
: ‘
: e

iy
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]ahoratory experiments can be seen by comparing thia Appendi; with _’L,Z N N

[
Appendix 30.

given in Appendix 31.
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- I.device used was described on page 66.

'%.. [ﬁﬂu. '54:. d&i?’..\.%}ﬁfﬁ&“ i -ﬁ%"

I S

L -

1s ex.trscted beccmea campounded by that in th.e calibrated pipetce and
‘this in: turn by the ncrn-randomness in the ccunt:lng diah.
'l'hc most pcwcrful l:ocls of scatistics have been -applied to

:planktcn research eepecially ‘n receut yeare (C-aeeie 1963 1967 1969

band Golebraok 1965) R:I.cker (153-7) and Caasie (1962) re\riew the mre . .

,,cc‘mon atatietical devicee, cne of which 19 rhe Poisson disl:ributicn.

%},..

Bnth Serfling (19419) and Kutkuhn (1953) found that the distribution of o

J '
. gome speciea in the Sedgewick Rafl:er counting chamber approach a .

'.Poisscn distr:l.bution, Hl‘lile others d:ld not; the latter graup did not
W

. meet the unifcm distribul:ic-n assumption required by t:he Pcisson o

'funcciou. _ Kutkuhn (1958) found that a uajoril:y of thcse not E:I.tted by o

the Pcieapu dietributicn uerc edequel:ely f:l.l:ted by the negac:l.ve .
binomial distributicn. Bqth au!:hora concluded l:har the size of gub—
of -each micropla.ukton speciea and to reduce variance 1n & given aa.mple
ccuccntratc wculd be too 1arge r.c be of pmctical value.

: Because of che statistical problems created by non—randomess

: 1n the f:leld and in thc hbcratary, the syetematic couutiug procedure o

"

outlined in B A.ppendi.x 13 was Eclloucd fcr estimte coun:a.

S
'Tempora.'l. and Spatial D:l.splacemen}:*

Several scienriats chcse to ccmpare their pumping systens Hith.

B pla.ukr.on net (G:l.bhone and Fraae.r 1937, Wiborg 1948, _Pycf:lnch 1949

~ ‘Aren 1958 Beers et aZ. 196?).° In all these inatances there are vaq-ing

amcunl:s of l:emporal and!cr spstial displn.cent between fet’ emnpl_iug

o sanple necessary,' to assure rea;on'ably' precise estimatea- fo'r th‘e-ni@he_'rc '

The'_,".
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R - and PU‘E smpliug._ For exanple, Pyefineh (1919) nnd H‘iborg (1948) made <
deel ‘ .horizonl:al net tous but: eolleeted pump samplee from £ixed sl:al:;l.trn.e. 5 N
| ¢ibbons ahd Fraee‘r (_193?.) made collections simultaneously_ but with- N
ve'rti-cel-and hb:i'zoucat ‘dieplacetit. The puzmp collected discrete
sa.mples at 12 meters and at the aurEece while the net made v:rticalx towe T

_doyntoSOmeters. B -',, - . ,

Pl.ankten patch;l.uees 1s a general.ly recognized phenomenon . . .
" . ;. 4
Howaver, distributional variatione exist op a very emall seale (Caseie S

1959) as well as on a large one ([‘.assie 1968 Hiebe 1970 19?1). }

: Therefore in Expetiment Z-ZF and Z—3F the mouth of the net was, sec.uted :
'.,‘ui‘thin 1.6 meters of the hoae intake. The net bri_dle was attached ‘to. BRI

the foot valve. The vertical variation is compensated. for by the

‘vertigal tow, ‘By ‘this procedure the poseibility of variation belc':au_ee‘

of digp'la_eeme:it has beem redueed te_:a g’reeter deghree‘ than previouély
demonstrated R c '
Although both dewieea sampled the. same water eolunm simnltaneouely
in Exper:l.ments Z—2F and Z-3F there uae a lag in what waa happening to '
.'Ii" - _ ) the uater aa.mplee (Appendi.x 10) Hhen the filtering phese'Eor both
':Ideviees began watet\ teaching the PAEBS filter firat uas From I:he 50 m
] 1eve1 ha.ving been previouely pumped up during measurement of abio tie
parameters., Thet paseing through the net waa alao from the 50 i} level. AI'_ Q:

As the hoee was raieed water entering the hose inteke was repleeed by
3

i ) adjacent water which was filtered by the net. It ia a.esumed that the S . )
- Hater filcered by the net ie moBEL similar to that taken by the pump sinee\ N ‘
hpth ea.mplee were proximal. Since_ _the ‘diaphregm_p.tmp only toe’lt qteetiuet \: "
."'of ifa'ter durins the intake et_rdlte 1?3 eampliug ﬁas_intermitteh"t. In SIS o [?I

- - R ' o - . -




' contra.st, the uet eampled vater in a continuoue uninterrupted menner. Each.

_ Flltration Losses

Z-—3F (Table .:3.7-3.10), for moat. taxonomic g’roups the saze ip true, Where the

_Pllmp han 3i\ren a higher count than the net (Gibhone aud Fraser 1937 enq Aron

o . 101_

L

plankton sample is therefore reprenentati\_re of the enr.ire ueter column
sampled., For this reaeon there was no need to be concerned ebout the effect
of the niiting of\ uater Erom different 1eve.1.e. Such "eme'ering" would be

K}

l.mportsnt if- continuous diseret:e oampling were proponed Tn use -the PAEDSr-

fbr profiling one’ must repeat items 4 to 14, Appendix 8. The Standerd PAEDS_

Sampling Procedure, Eor each level sampled | Continuoue profiling Hould . C
require modification to the surge—tank unit -and 2 eeeond filter etack unit. I.

One muet distinguieh between simulteneoue eempling and ainultaueoue -

filtering. For eveluation of the PAEDS it was eoneidered eesentiel that

gsamples be taken oimulteneouely 8o as to redude the poenibility of \reriability ; L

ceueed by time and apaee. H‘het happena aEter the eample ie ceptured then

servea to demonstrate differences in the samplin,g devices rether then in the

-

,semple.',--“ ' - _ . -z.-

- ’ !
Some who have compared the pumping ‘method Hith the net, method have

expressed diaeppointment uith the punp (Collier 195? and’ Hiborg 1948). This

arises, from t:he feet that Hher. only one filtering surface is used in the

pumping eysr.em, the n.et in most instancee, is a much more efficient plenkton -
cetqhing device. Experiment Z-2F clearly de.mon%ratee this. (Teble 3 6) : Qoql-,_

paring the net catch uith that of its _eorresponding PﬁEDS filter in Experim_ent

i

1958) -other factnra are evident including clogsing, men‘h alze, plenkton gauze

o

materie.l_,_w_ater velocity ‘and’ pump cepaeity. When c‘omp_ering a net with a pump

WD

only one other,ay_stem (Beers ¢t gql. 1967) used more thén one filtering surface

elmultaneously: The eigniﬁf‘jce of filtracion losses on the catch .1°f these

o

' ' . " R A R e
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two devices can.be.-'demccctratec dran‘mtl:lcally.- For example, if we c;:clude ) E
fron codsideration the plankton counts-for ‘the PAEDS 153y, 80 aid 64y filters .
. e - . ' . b
: '..._. - ' (chles 3.7-3.10) a vcry diffcr.el'lt picl:ure of :ﬂé plankton‘resuit‘:a. ﬁhat ié B g“f
. ,' - reta.ined by a small-er mcahed filter 1e filtration losae.a for thc proceeding B . &*

'filter. Such loases resulting through uae of only one filter have been an : ey,
imporl:nnt consideration in evalual::l.ng aeveral previous systems (Gibbons and
e , o Fraaer 1937 ‘Hiborg 1948, Pyefinch 1949 Aron 1358 and Leong 1967).. To
determine their 1ossesJ Connell and Leong (1963) collected water ua.mplea S
from the .filtral:e. T'he orga.nim lost. _through l:hE filt:er are. remarkably
“ N ,similar 1n taxonamic 'group, grwth stage and number to thosc retained by
the smaller meshed PAEDS filterﬂ -
’ . Nc_attempc was mde_during the, PAEDS field trials to determine
the na_i.:c'n_e of plankters whi:cl{ pm.;__& ql;fough all four 'filtccs although
theré -1s provision in- the f:l_l'l.ter-unit to take vater aample’s _.(\"alve-h,‘_

Fig: 2.5). I I P

~ Latch Efficiency of the Balf-meter Net

That the 0.5 net’ captures more of the laréer_a.nd more motile
forms but less of .the smallet f:omé than doea the PAEDS is evident from. - L N

the results’ of Experiments Z~2F and Z~3F (Tables 3.6-3.10). This’

c:ay result from’'a mmbe'r- of phenomena. Since -lt-fi'ltérs a lacge _folllmle' e 1_‘ ' i

. 6f uater there :I.s ;éreater probability of encoc:.l:.efiﬁg more organisms. .' ;};
'- Avoidauce of the mall pump Lntake ‘hy active o::ga.nisms uould emphasize ’ I:l

-' those ta.k,en by the net. Hiborg (1948) noted the Clarke Bumpus mpler o _ f

took more of the larger copepods, Fish larvae and decapods than did the

ﬁmP and credited i'!: to avoidance phenamémon.’ Yet avoldance of the met

L]
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T Appendixl

Fiahery dependent labour force (Primnty and Secondary Sectors)
a8 compared with employed portion of the Total Labour- Force

"_‘- " * Year . . Total - Employe.d Fisheries based,emplajment' . Total' © |rishéries _'F
' " Lgbour X 1000 —— ., X1000 .-|Labour Force
" Force . E Primary . | Secondary © .- . |as a X of
: x106001 . Sector .. | . Sector - ‘{Exployed "~
. B I . . X 10002 N IR w0003 _ '~ jLabour Force -
.. 1957 109 | 8 ] 163 2.4 8.7+ | 19.1
“cags8 | - 108 | 8B Ce2+. | 2.4 20.6+ . | 234 I
1959 111 . -89 - 18.3+ e 2.4 20,7+ - 23.3 . ' L
1960 - 11k .91 . 18.3+ { -72.8 . 1.1+ | 23.2 T
1961 13 f- . 81 - 18:0+ . L 2.9~ 20.9+ 2300 '
1962 117 97 © 19,9 ' 3.0 P~ 22.9. 23.6
.1198) T126 _108 - . 21.4 3.3 24857 .| - 2209
1964 - 1260 -} . 112 o 0 22,6 3.3 25.9 23,1
1965 : ‘133 - f119 - .21.7 4.0 25.7. - 21.6
1966 .- 139 — . 1127 20.3 4.5 L RELE - -19.5
; 1967 143 ’ ‘131 . 19.8 \‘ 4.4 24,2 . . 1B.5
ot 1968 b - 144 130 19.3 . 4.9 L 24,2 18.6
- 1969 - 146 - 131 17.8 5.1° 22.9 . 17.5 -
e . 1970 . 148 “1 - 133 17.8 5.4 23.2° . 17.5
Y Croo1en . 158 o 139 15.8 LI 5 20.9 15.0
- : 19?2 ~f 165 .| - 145 U145 g 5_,,3 19.8 ©13.7
: s lobtained from Table c-1, Hiar.orical Sﬂatiatics of Newfoundland apd Lebradet a.nd Table 3,

Chartbook of -Selected Ecagomic Statistica for Newfoundland and Labrador.

. o 20btninzd from Tables K-8 to K—ll. ﬂistorical Staciacica ‘of Newfoundland and Labrador and
' Fiucal Policy Division, Department of Finance, Newfoundlaud and strador. L e

soh:ained frcm ‘Table N—3 Ibmd and ?1scal Policy- Division, Department of Finance. ’ -

bl - Hewfoundland and 'Lq.bradur.
o~ - 5
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Newfoundlsnd and Lal:n:a.dor Commercial Pish nnd Shellfish

Groundfish : ST - ' RS B

]

| Goa . Ga&;amrhmumeususs; R R

=N --_-.‘ PURETHY
n
L}
L

* i . . R N

Haddock .. ' HeZanogramus asgleftms (Lin.naeus) 1?58

Redfigh i " . Sebastes mmrma (Limmeus) 1153

Wi
L]

: -iia'l:[butl ) HzppagZoasus k:.ppog!osm ('L:I.nnaeua) 1758

X
LY

| . Flounder o Hippoglosgoidas platessm.dea (Fabr:l.c:l.ua) 1780
' Glyptocephalus aynoglaasus (Linnaeus) 1?53 _ i ‘ V.
Lm:a'a farruginea (Storel;) 1839 : _ : SR .:‘._i
Paeudop!-euronectes americarus (Halbaum) 1792 ' L St j

TP AL L

_: " Turbot Remhardh.us kzppogzassoz.des (Halbaum) 1792 RN IR A
;3 R ] Pollack B Pollackws u-u-ens (Limeus] 1758~ ¢ » o N D
E . . - . ]
Hake | U‘ropkycu tenuis (Mitch{11) i815 B
_ Herluccws hlvmna (Hicchill) 181& !
| Catfish | Anarhichas 1upua Linn&eus 1758 . _ !
= Amz'htchas mnor Olafsen 17?4 - '4, : _
. o - Tomeod Hicrogadus tameod’ (Halhaum) 1792 . .' |
4 . ) — ; e u
a;' .

. ﬁ . | ) : ' Pelﬂgic and Estuar:l.al

B Rerrimg | Clupea harengus ha:r'engua Linnseus 1758 °
_Hat:k';rél o 'Scomba' acanhrua Linnseus: s
I"Eels - - ‘Angutlla rasf:mta (I.ESW.u.r) 181”? ’ "L _‘ .o U
Saluon - | Salmo o ealar Limaeus 1758 o p!'

T N

oL . Sléte . Raja nzdwta: Dono_va_n 180_'1'_ S _ R | e .
R - | Raja. laovie Mirchill 1817 ... - g o L4

" Rija spinicouda Jemeen 1914 . . LI F RS
Reja’ ocellata Witchill 1815 -~ . S Lo
X o -. " | Baja ‘serita Garman 1885 .- o
“I‘.' ! 1 ‘
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' Appendix 5
Some- equations of fludd mechan:l.c.a which relnte to the
‘ . deaign and construction of plankton pumping system U
) o No?enclatnrg'-
& k : -‘ aréa-i-n ft.2 .
a " piipe inside” diametep in fe;t
‘ £ ‘ E "dimensionlesa fr:lctioml fnctor I
i. . g i\ ' grav:l.tational acceleration, 32 2 ft faec 2', -
h/ . head 1oss" gu_e I:u f_r:_l.ct:ior_x, in ,Ifeet.-'u L
. ‘ HP " h'orsgpmft-?r;‘..- G . |
III._hp. il'ea'd -o“f the 'pump Iin-'_fee't'. :
: . ‘L . -1angl:h in feet. .
_n' - r-effic:l.ency Expresaed as a decimel )
. P :pressure in ponﬁ:ds!sq. in,
g volume in rate of fluw cu. fr. fsec.
; _' B’E | \Reyuolds Humber, dinena:l.onle’sa | .
' llr ;. 1. '-relative roughneas |
v - '.maan linear veloci(lcy :I:n fr. !sec. ‘ 50
- .'v' - -'_'-lineat velocity 1
z * 11quld height in feet. .
~ r. (gpﬁiipn)- _Iaurface rou;hneas in faet. ;, . '
u(nu} | L '_I:i.nemat:l.c \_riscqsity in ft.2/sec.
P _{l.'l'll‘:l-? ) o dég.qitf in lilug_u.(fl:'.l3 ar lb.lllcu.b_fl.:i.
“h : | 'to:ai'he-‘at_l in feet. -
: R ‘ . .
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 Appendix & E
PAEDS hoge specifiéat;.i_onjs .‘ . X
© The P_AEDS flow diagram indicates -wh'ere'b each section fits -.'f-_. -
- | . - : ) N L. . - o~
a Lower Portionm ] - £
30.5-m. (100 fr.) x 3.175 ‘cm. dias (1% in cua ), 5
. : ;
UniRnyal Royaline gas’ and oil hose fitted with one male L ‘
* . and one suivel female brass Gompression Spring cuupling. : , ':
. . : E ‘.
' : : LA
Upper Portion R v
' 2 section,. each 12.2 m, (40 ft.),.X 5.08 cm. dia. " f :
(2 in. diﬂ ), Aeroqu:l.p ‘Republie :I.nterwoven wire suct:l.on S IR
' 1 B
. [ N
' hoae, RBW 26, smooth bore. Each length is fitted with . z ] -
one mlg-'snd_ one Mvei-fe:mgle b_raaa long shank coupling : ' ;
which ia -aél;échc-ac_l with two Punch=Lok clamps per coupling. o
Foot Valves ] ’
Two brass vé.'lver';, -3.175 cm. '(11& 1n.) aﬁd's.OB cﬂi. (2 in.)
. When assembled the intake hose sectian a, Fig 2 2 b 13
_ 55 23 mel:ers lung, (181,19 ft. ) It 15 colour coded for
: l:he sampling deptha of 0, 5, 15 25, a.nd 50 m.eters. ] y
[l PO
. . !
’ : i SR Pl
b’ Pump to surge-tauk hose. 3.7 m. (12 ,f:.) X 5.08 cm, . ) ;:3 i
dia., (2 in. dia.}, B.' P. Goodrich Super Eighflex P
“water diacharge hose fitted with. two swivel female, .
brass leng shank couplings each attached with two :-:i ;
. . . e ” ".'.
Punch-Lok clamps. . - = - _ ' . :
\'.
i)
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| . Appendix 0. ‘5’_"' |
Ihe Standard PAEDS Samplins Procedure . - o '
o Lo Approach statinn using. lenrl mark co—ordinates.
2 Anchor boat so that the mooring acope‘plsceai it on ntetipn..
-3°. . nnee.mble PAlEDS securing each unit uith equipment 1ines where
L Inecenaary b
4 Determine tl-:e water depth -un st:ation using the metered : -,::'_ -
I- - aounding 1ine or the ship 8 depth eounder. R ' - B
5.; Lover intake hase Lo °required sampl ng depth and secure. _ ‘::
6 . Place E:I.lt.er-stacli. unit on Btand-b} -, - ,
7. Start motor and pump put the atandins colunm o.f uater in -
, the intake hone. - - "
8. .Hhen the’ surge—tank in full of \irater from the required nampling 2
‘- | 'level celibrate the aslinumeter -and dissolved orygen m.eter. ; \;_
9. _Recurd the uater l:eter [} initial readins and stnrt filtering -
'_ phase. ! . .
A0« 'Hhile t'he filtering is proceeding take readings of p'nyaical
| paremeters'. salinity, conductivity, temperature, a.nd X
'Idissqolved oxygen. ] :
, _1-.1"- Collebt water sanples-aa' required." v . .‘" .
{12 Hhen the required volume of sea water hna be.en filtere;l firse,-
- 'shut off the - filter—stack unit, next, t'he plmp-'mtur unit and
| finally, the senaors. o o s, :
13'.‘ Clean plnnkton filters uith eir—apray unit taking care to uaah
dmrn the inside nf ear:.h ecrylic eection before removi.ng the
) rele'\renl: £i_1te_r.' ) | - B
..,h . I . : 'I. .
N
T - - e .
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- ' . -.‘App;ann; 10 .
- "["he.'}‘tot_ili.'_'f':l..e‘i'.-.l"%l?s_:__ Sampling r'roc;dqfe. J
. . . \ * ] r |- L.
1 : Approach station usiu; laud mrk eo-ordinates . ',j. o P :
2. _Anchor boat ao that rhe Innoring BCOpe place.s it on. atation. :. o
3. -Asdemble PA.EDS securing each unil: with equipmeul: l:l.nes uhere IR
r ""necessary o ‘_ oY P ‘, 1
- R "Detemine thé uater depth on‘station u‘ainglthe matered c K ,;_:" ’
: | | ‘sounding liue or I:he ship & depth sounder. ’ __'-. .I".__.
5. Attach 0.5 m net to the intal:}e hoae foor valve and louer v ' i; j'
. .assembly to the 50 m sampliug 1eva1‘. Secure hose ‘li_ue.l ’ | ‘:
: 6. ?laee‘filter-stack unit on_ srand-by. - |
; 7. Start motor and pump uur the standing column Iof ueter in, o _ o
3 . the intake hose. | | |
i - 8. Hhen the aurge-tank 18 full of water from rhe required ]
) « B . | .sampling level calibrate the - salinameterta-nﬁ disaulved | .
o - - oxygen meter. 2] . o oo
. : 9. Take readings of physieal parameters for 50 m aamplins ) .
II level:. aalinity. conductivity, temperature and diusolved o :. "_ i
 " onygen. . ‘ o . i
':_‘10'.' Collect uater Iaamples for 50 m level from surge-tank as . A I ' “ :;
. IR o required o N | |
’ 11.- Record the water tneter a 1nit:la1 readins. ‘: AR L ]
" / _ 12 On signnl simultaneously atart fill:erins phase and hose .' . : f
- . -\‘r_ee],ing. , ' ‘ e )
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"¢ Appendix 11

. Sedim'eptation prc}c_edure '

. PAFDS Bamples

Lo

.1, Allow field sample bortles to rest on rhe lab bench for hore _
than 48 hours.
-'Slwly aiphoﬁ off the s'uperr.:ai\:ant preservative above the.

3. Pour rema:l.ning solution and organiams into a 4 ot. bottle

- 6, Remove supernatant solution with cantrolled eiphon ',

7. Pour gample and rinsinga into appropriate t?mnting dieh.

-9, Allaw mst witer to evaporate at room temperature

Rinse field gample bottle uith Eiltered eea water and add

Bettled or;anisms in each botl:le.

Al

uaahi‘nge to the comtents of the 4 oz. bott],e e y

Add sufficient formaldehyde ko bring preservative etrength to .

6 ~ 107.’. Store samples until tequired for counting.:

8. Add 20-30 drops of counring al:abilieation solution, a.nd cover :

. with a Kimwipe 1ens tissue.

a

B, Small 0.5 w. net sawples

.1. Do steps 1,'2 above.

- 2 Pour gdmple and. filtered sea water rinsings into a 50 ml.

‘4-.' After thia further petiod of settl;l.ng poir sample and tinsinge

.

gradueted cylinder and allow to settle for more than 48 hrs. .

Remove aupernatant golution Hith control siphon.

-
- into appropriete counting dish. '. -
-3, Add 20—30 drope .of counting Btahilizatian ealution /
!
I . --'ﬁ_} H,;J \, H \.“_3,_‘;
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Appendix 11 {Continued) o

. . Allow remaining water to evaporate at room. temperature after. .

covering dish with. lena-_ i:issue;

C. 0.5 m. Net: le_rge samples.
1. Use plankton spl':ltter (Phqtog;aph'n-l). -
2, Clean glassware and rinse. ‘ |
3. " Bleed air from the apl:ll:ter by ellowing filtered Bea water. to
fluah through it. Turn clemps down after air 18 bled and while
some water' re‘mains' in the resewoir. |
. 4. Place beakers under autlet hosea. ‘ i
5. Poqr sample into reservolr and add filtered sea water rinsiugs.
6.. Shake reser?oh‘.. :
Si.mult-ene'ous‘ly open tl;ne two clamps and allov reservolr to di-e:lu.

Close cla:mps.

S -.“ "Jf::'-'l-'.';‘ e e L 2 LAY B e
Ea Y | T h"-“-"'-’“ﬁ‘d‘!”"'i‘l{\‘ it [ . |

B. Transfer aliquote to correspondlngly nuu:\!:-ered 500 ml graduste
cy'l:l'nders. - Return beakers to l:heir previous positiona.
9. Add anol:hel' purtian of filtered. Bea water to reservolr, shake
reaervolr and open clamps elluwing rema:l.n:lns specimens to drain.
lq; Add Hashinga I:o respective greduate cyl:l.nders. - L
ll.l .Record the wel:er volumea of each greduace cylinder. )
12. Rinse beek.er with filtered sea water and adal washings _Eo -
"respecti\;’e cylinders. . )
13. Add 10-20 drops of' Luﬁol.’_s aolution If.o: the surface of E;ch
¢ylinder. Do eol:-:i:l.'x. ' | .
14, Cover ey’lln&erb__ efnd allow them to stand undi.sl:urbe‘d‘ for me:;e )
than 2'4_ hre, . ‘ pa N ' |
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-~ - : I . i :
Append:lx 12 . ? :
1
. ) Placent:i.a Bay Zooplankl:on Study 3,
- .1 T
Zooglankfon Analysis ' d. ' : *
MASTER DATA CARD NIPMBER ’ - I I H l 1 ) I H : [ E x
C ) . 1 ", [ A} 1 A b i
- N A ] i ] ! C s -
Study Area: Station No: . B
Sampling Level: Date: ' L [
.' L. 1 =
Purpose of trip: - ; g .
: . Ty 7
Method of sampling:s ' : K‘ ;
o LE : P
- |Total filtering- time: . minutes,length of water columm sampled: ~ m| é
Volume filtered: S s - ‘ -
' . PJAB.D.S; m3: . 1. .
, 0.5 m Net 0.19635 X m = m3
) Filtering rate: R . Filte.r No: i !
{Bottle No:_ ) '
. lflethéd of concéntration;
U " |Method of , counting:’
by , . A ; : . ‘ o .'}‘
” . Gen}la ; 'Specj.éé o  Tally ". Total’ Number /meterd . '}
’ o ' : Count o ' : ]
7 = N
| | ’
- R [ ! ':
T 3 I
o]
bl , v
- I ]
- _ l | W
i R , ﬁ; :_..
— : I
Lo o F
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: A
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-','_Ihitihi-field‘evalnatloﬁ of interference

Experiment: -.C/S~1F

P

’ ‘Bnae intake

-Units

Cnndﬁctivity

'Sglinity .

'Tempg?aﬁure

31436

:'Surﬁehtank -
D taree

13.76

37.86

31.44.

13,96

“millisho/em
Dfoo
o -

*
-
R
’
i
’
L=
L)

B

A e

et s

T

]
- r.
H
|
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‘ Diésolve&-o;ygeﬁ_- PAEDS field series

Appendix 23

[ .

: Expe;imeut: DO-2F

Observation .

- IR T R R

D = -6,93

In2 = 9,870%

D = 0.8662

SD =.0.?§32

Dissolved Oxygen D
* EE

Pro .

YST

x:l.l

"8.09

8.3
8.3

© 8.09

' 8,09
8.3
7.3

Winkler

xiz _

9.09
9.09 -
9.32,
932

9.66
9.66
8.11
9.15

. al.0
-0.79

-1.02
~1.23
=1.57.
~1,36
-0.81

.1.B496

0,85

Sﬁ = 0.2627
et - 3.;972
C.R. = 2,3646"

. Eﬁject mill hypotheais -

1.0
0.6241

- 1,0404)

1.5129
2.4649

0.6561
0.7225
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~ Appendix 24 .

Laboratory evaluation of telﬁper_ati.xre

Experiment: T-1L
: I

164

Observation * |

o

o C

Temperature - .

v Salinometer
) -
1 |7 10.48

2 . 1064

2 R 9% > T

3.0 1 o4 eaz e

5 ' 11.68

6 - 11.00
ST ; .
I = -0.16
2 = 0,0992

D = 0.0266

.31

xi2

10-4 o

10.7

9.4

11.7 ¢

1.7

10.9

' 0.08

-0.06

| -0.28
- 0,02
©-0.02

0.10

p

0.0064
0.0036
0.0784
0.0004
0.0004

0.0100 .

Sp = 0,1378 ;/ . N
S5 = 0.0563 | 4 .
teept ™ 0".4'{25 - .
‘C.R, "= 2.5706 “
A'{:cefpl: null hypothesis
. Vo
!
¢} : -
. - -
/e
s . . W ade s e

LF IO
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.‘“'l":

s

s s bttt

B s I S

P prerarrapt e = VP S S S A

’.:.:5'-..

——



165
!
_Apl;epdix 25
- Pield trin_l'evafuation of I_:enparatur.a '
"Experiment: T-1F
Obgervation "E‘pera:ure : P D2
e
c
Salinometer Y.s.1. '
1 Xia
1 13.92 Y 136 0.3z {0.10%4
L2 12,28 1 ‘125 | -0.22 |0.0484
a3 0.72 T\ 040 ©0.32 °]0.1026
e 4,207 4,2 0.00: ]0.0000°
| 5 18.60 17.3 1.30 (1.6900°
"6 T 17.68 ' 17.4 . 0.28 0.0784
7 3.84; 3.2 . 0.24 [0.0576
8 . 2.76 2.7 . 0.06 [0.0036
9 2.96 2.9 0.06 |0.0036
1o 2.84 2.8 0.04 }0.0016
Ib = 2,40 S5 = 0.1296
2 -. ” . - '.
 I0? - 2.0880 trege = L-0516
B = 0.2600 C.R. = 2.2622
Sp = 0.4098. Accept null hypothesis
b . . '
¥
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' a3 X
N
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SigtFicance of difference between two meand . g
i ' - . ! o
- ' ) A - ', ) R
§'=20:3917 o
g 7200 T
- '4 . "C.R. .= 2.3060 \
.} Accépt mull hypothesis . ‘ .
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' 'To'tél_plankto'n count for soixr&_es bf:aets _\I'
: Exper:lme.t-:l::"_ SE-1L- . ;
Set.1 Pleld - PAEDS L PAEDS Total
- Sample Fleld . Fllter .| Plankton
Bottle . Trial B " Count . ;
. — !
a?7 "9 - 080 ‘6363 :
261 10 233, 665 ,
" als- Ho } 153 747 . 5
: 8 gl 153 445 :
a60 8 g . 1 ;
a52. . u . 080 2781
_ als 74 080 ———
) a42 7 153 -—
a51 " pil 233 797
. 876 8. 233 699
' . a39 S8, 233 1355
1,1 # 16852 ",
e . - R " L P
>
. . ;’ 1 ' J .
r N : 4
r. “ P
¢ ; .. L \ ) ; L ‘ t . ;r :
e - s Y
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. Appendix 30 -

- Startiﬁg-dates offlaboratory g;pgximénté

176

Expé:imeht ST

Date initiated -

Ce/s=1L-. -
- ¢/5~2L

' G/5-3L

C/S=4L.

e
DO-1L

T-1L

*

- 13-V1I3-70 '

s
- "13-XL~70

20-1v-72
2Ue1v-72.
29971

13-VI11~70

ML~1L L eITI-72
. SE-1L 28-VIII-71
’ i
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Experigent

| PAEDS
Fleld

Trial

" Start of

filtering
(hrs,) _

Volume
filtered

by PAEDS

@)

Hose

retrieval
velocity

(Flmin.)‘

Vhlume-:" 3

filtered
by net
(0)-

IE -:'I].F '

Ef-lzﬁ.

3 - JF

4

r

‘10

11

1419 - 4"

S 1738

1057

2022 ¢

959
1158 .
1556

0.9592 ..

o.}oob

10.1546

0.1845
0.{;59‘
0.2573

.0,1709

10.31
6.65
7.7
6.83
12.88

6.44

10.13.
10.13 ;
10.13-

- 10,12
10.12
1012
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