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role in the lives of mnny of its people.'

¢

biota on which;thie reservoir is baaed_has been_a-verx neglected-aepect'

development there is a greater potential for deterioration of thia

Neufoundlend'e inahnre waters continue to pley ‘an important

'“‘of-the ielandie marine biologf;-
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L of the landed velue of eomnereial and eporte fiehexiee.
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a fiahery reaervcir influence epecies Uhich contribute more’ than ?DI

The shorevard portian may ‘as

.
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Yet the micro—.
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In thie social eont.ext a porta‘ble plankton pumping syet was.

.

deaigned aesemhled, end evaluated

2

- “The firet module, a commercial

L

diaphragm punp delivera sea water to a' eurge—tenk where temperature,

salinity, conductivity and diseolved oxygen measurements are made.

the third module the water ie filtered by gra\rity ﬂ-ow thrcugh fonr

Nitex plnnkton filtere nequentiaily arranged after which t'ne vatér's

volume is. determined

v :
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labnratory experimenta.

L

operatione.

were aeaEseed

methods.
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Hnat of the field eveluation took place at. .

Cone by Chance edjaeent to an oil refinery prior to its atart-up
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Evsluetion cnneieted of aeventeen cloaely integrated Eield and

Sever‘al aspecta of ita operatien and lahuratory procedures
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Bleetronic environmental a.enaors HEI.'E mraluated against alternate

n

With the increase in coestai-induatriel .

of these only the diseolved oxygen SEnBO!’ yielded statisticelly

significant varietione.
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) ipossibly more. than thirty per cent of the population depended directly

.'recorda -we. have are .those .kept since 195.?. Appendix 1 gives the

fisheries dependent labcur force for the primary and secondary

4 il ! ¥ " N~ . . : -
T SO : -~ %t ' ‘ 200
w0 - - "- 0 : ~ - _..- J 'l . g . 4
o T B - e o1 u, mmonucrmu F g
= ".' B 0o - & - & <l L %
SN dk - . ._'* TS = :' W , : '_;"‘ 5 . -
g Briefly; steted this thesis is an attempt to- apply some recent

technology and a: few novel ideas CD the usc of a planktoc pump in

‘ .
T

collecting zooplanktnn sawples from an inshore area which is i

represencative of 1 very negIected espect of Heufoundland'a coastal

» .-

biota. J The e\.raluation of the pump:lng system takea place at a sitc i

adjacent to e neﬂr oil refinery and projected petrochemical complex, :
prior to its start up The dnt? therefpre constitutes base—ling .‘" ; . i
information Hithin a sccial context. g . .’ 8t 4 f s '. f.-.j g o
e 7 .-. _‘* 1.1 Inportance of inshore hiatine‘watdrs «» |° “2 e

s . to Newfoundland ‘._and ‘Labrador ° b ! o

B et . Ty " I P B s : e 3
The historical association cf the Nevfoundland people Hith i

mrinelgishcries rcsonrces since the islnnd waa firﬁt discovered is g

o F -

in great measure the story of - their insular cultural ewolution. On].y
.k o L
with the huilding Qf the’ trans-ialand railwsy in the 1880’8 campe the

.

first major turning fram the sea (Hcﬁllister 1965) AIthough the

. K i [

_Province con—tinues to seek new resources and new waya cf using its
4 CERE. .
'rescurces, fish oriented industries still play an importént role in i

thc lives of! many of its people.- Statistica]. rccm:ds indicate that .

|
of the fisheries in the last half of ‘the mentieth century. The best

*
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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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- X .o : I . : . S,
’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

; Wi
e r\-—uw ?’6" J ﬁ:};"& "'.t, '
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ki popular use. The pump's application haa been sporadic, I:he deaign and = ilG

acope of both the equipnant and the projects. have been highly varied ¢ F

of applied pumping cEchnology has had an important influence. More-'

_ nver the record of the uBe of the pump ta captute plankton is alao an ,: -

' account of the readiness of zoologists to apply unfamiliar' technelugy - ;

. tu thail research problema. ) ' N T

.
v

The firat practical centrifuge pump was built in 1818 but Lt - -

-f.'

was not until abouc 1900 that 1t attained a high degree of cummarcial

= . b n = E

apnlicn:ion u‘hen better rotative speed was availabla. It took another

3? years of popular use befora zuologista applied the devica to

i planktofl collecriug. Tne au.bmersible centrifugal pump.is widely used ;

*

by the petroleum induatry The first use of rhe aubmarsible centri~ '

fugal pump in plankr.on research was made in 1963 when U'Connell ‘and e T -

- ran 4
o

Leong operared one 100 feet deep i The vacuum pump haa been fairly

.

3 / = = . . - v =V 1 . -

.poaaible-application to planktcm research Jia being explored (Lenz-l9?0). B .. .

i

Probably r.he m,nsr. :importanl: fac:t:nr in the application of pumps ]
L . . ’ -k
and pumpin.g technology haa been the availability of financial supporl:

to m.ake comarcial pumpa more precise in function. " . K

The kind of- reﬂearch undertaken as well as remporal and

T,

y _.efpatial restrictions have 'd_icl:ated “the equipment ona. has had to use . 1

(Mathisen 1964 and Manz 1964). = T gk R
. . % - ~ _" - LY L

= e ad
.‘1& \{I"'" "ﬁ'“ ? Q-T ,"u X

~n -

4 e e . : " N bB
e ' us I ' .
preaenred in Appendix b - .- i e *&&' : : ." .
., In the volum.inoua bodyiof plankton literature it is claarly ¢ .'-'_, K
evident that the pump as a planktcn: ::olleccing device has not bean in y .

- Y . |' N .- * - 3
'_ Tha interplay of varioua circumatancea has caused this. The status ’

o . . s

\'drall eatahlishadl co‘mmercially.aince the 1930_'3-._ It ia cnly now that T
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. ," Host of t:he studies slmarized :ln Append:l.x 4 are based on a

simple design (1 Pig 1.1) andm_]gr_in the type_gi_snriace-eperar-"*“ G
- LE] P

ing pu its capacity, the size of the filtering net, its mesh size =~ s
“g L9

and the support fac:Llities for samPling at a specific depth. : . ¥ B

The 1ncorpora|:inn of simultaneous hydrographic sa.mpling pro— = o
ceduren vas- first made by Cleve (1904). It was not ‘until 50 years e Wt R

- CH ) . oy . 0 " . ".

- later (Banse 1955) that another efﬁort was made to simultanecusly g S e

' ' ror - f N o B0y

' obtain ¥00plankton samples and hydrographic d.al:a (Aron 1962). Casaiej , - .
0 ~ - 3 36 [ | = "" - ,‘:.‘L_h‘.‘

(1958) introduced electronic sensors for temperature and salinity '. . o im
A L oLy

determination. Since then there are only I:hree. other published ac— T N

. + .
SPRC - 7 . T

coun:s of the uae of physical and chemical aensors (Becrs et al. 1967 . _' ! :; a
‘Jhalcy and Taylor 1968 Lenz 1970} . .r'. [ '.- '. - | ,. , ;Ezf
- 73 The simultaueoua u.se oé a sequentia]. neriea of plankton nets " : ’ - :;}
.- or-fi.lt.ers was first made by Held in 1961 (Aron 1962) Since that | % o
‘time lesa than half a do:en other workers have folloued th‘is' pro- - = b
cedure but of thesc only Beera et al. (196?), ‘H'haley and Taylor (1968) . - . e
1 ﬂdg Lenz (1970) have conatrucl:ed an integratcd aampling syatem from _ E ."'"
.tt;e pump, elnctron_ic sensors 'nnd_sequentin_ll_y arranged plankr.on ¥ A - . ‘ -..
filters.. . - A -.‘- o R L S ’ : 9}“:;
e A feature whi:nh 1ncr€aaes the c'cmplexit:.,r of a systen’ while . -
greatly brnadening i_r.n acoPc 18 ‘the capability of sampling while j ‘ i i{..:\'w-
'underway'.“ O‘nl)'r'.one s;';tem t-;as'ye,_l: I.:'ecn: 'b_uilt_:. which can sample' s . :“.
underway at 100 W deep (Beers et al‘w 1967). It is fore.seeable‘ _ _' vé
that devices for deepor sampling will r:sult as a technological o '. g ) :E e
9 spin—off from the preacnt efforl:;of the oil industry to locsce nnd - i 3 ‘
bring into producl:ion oil renourcca in the continental 9h=1f. ) g 4 " *}: -'.':;
v sl . . . ‘,_ . -- b,
P . ' ’ S




.——-E'l‘en‘r y the pu:ﬂp 8 significant historicel value ia thet it

st

.

hes increeeed our understanding of the canical plankton net, the mejor

"
8 -

plankton callecting tool. Using a simple pumping system and a net - ) .

. .+

together l(ofoid (1897) demunstrer_ed ‘that the "coefficients of a.net", '-_' . . A

which' were leter called the filtration coefficiente, calculaterl by R B
t ' N %4
Hensen as fixed values fnr a serids of touing velgcities, could not

~ e,

be statir_- or rigid.’ ThEY were, in fact, shoun to vary eignificently oL w2

because of progressive clogging of the meshee. n . K ' R it
. " ol R
: Through the’ use of a. plankton pump certain hil:herto unknown ) <

| . = 9 IR

.'ecological phenomens have bieen observed Banse, (Aron 1962), was . o

: T N

" "_' able to describe Bhar-p biulogical etratific.ations that cculd not have Lt ¢ ‘:% i

. been detected by etandard tow net sampling.. Cassie (1959, l960] found =, kN *é ~
AL X

.

e

high correlation between the dietribution of some epeciea and the

-"‘" &
o

SN
Sier el
-

temperature and salinity data which would have been unknwn had’ the ke e

* usual tow net and water bnttle cast-sampling been done.’ - Barnea (1949)

- began to unravel the phenomonon of non-random distribution 1n p’lankton , -
using a plankton pump ) '-‘ =N Suew ‘ O A -

" ., . Kofoid (1897) demunstrated thet: all organisms are nol: re-'-

tained by the finest eilk bolting cloth thus prorving erroneous one . .-

of Hens{en 8 bas:l.c asaumptionn. Intereet 1n the problem of plankton

loaees continuee to motivate etudies._ Beers and Stewart (1969) have

ehaen, ueing a’ plenk!:on pumping aystem (Beere et a'z'. 195}'), that D el ,- A

. -

organisms smll ‘enough to pass through 1 35u mesh cloth constitute

+ -t

es much as 95% of the total number of nicro—znoplankton preeent in ¥

4
-‘\.
-

'a o .

, the euphotic zone of the area etudied. Their average volume was 17%

of the average total microzooplankton volume. It can be tentetively

.
.
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.
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e
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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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T
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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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g F o = . ' 4. ] 2.0 MWATERTALS AND METHODS' ... - ' 0 % T o
; - - .. ~-.', ' 2,1, Research Locations~ . . .. . ¢ ;,‘% el
LR | 2 1 1 H.arine Sciences Research Laboratory 'r ) L oae . W o
. :-_ ‘.' .. o - MR A | L g .
” ' i 'I'he" Harine Sciences Research storatory of Hemorial University § DR
. 2 ! of Newfoundland has several 1snd, bssed facilities u‘hich uere used ‘-. .' ) .
-'. - . -a . b . - 3 .‘r!'
. ; extensively. 'l'he workshop area was the aite for most of the % e B & e
T - construction of the pumping system. The running fresh Sea water yhich
i is piped to the. indi‘vidual research lahoratories was utilized for the 4 ’
.5 : -1abo_ratory aspects.‘ofl _d_ealign -_and..ej.frslus_tion._‘.‘Other. latoratory space ey 1
. ‘was used to analyse the data.’ - ;. - . " 2 '
. g4 ,_..I = e ‘ ¥ -‘ . '.. ‘ ‘ & "I‘ . : ‘r". . -t ' FEK: ; ™ b ..-»-‘ : ' o
R 2.1.2 Study' Areas =0 k. B £ @as T ‘-.:." i - '
3 s T .' The field lOcation :Eor th:l.s project could have been any marine"'j ¥ o
K or freshwater body~ 1arge enough to sccomodete the operation. That :
) . 4 ! 3 3
- o selected wss a '.'ery deliberpte choice.' "Initislly motivated b'y the ¢ e o ;
"' absence of scieutific literature on the estuarine zooplsnkton of this s =
.. i island I decided to select an unpolluted estuary for a: quentitative - a !
’ e : ; . i % TR :
2 A . and qualitet:l.ve study. oo T 2 N = - S A el
» r ' &fter an’ extensive survey of" the island 8 rivers end estuaries . R e
.‘ oot DU 1 through the uge of topographic maps, h‘ydrographic charl:s and I‘.'.he Stresm g
i . p 3 - e I " i |;
G Inventory of the Dep&rtment of Environment, twenty-five estuarine d ‘
oY systems vere selected for more deta.iled stldy. Oﬁ these the Swift 1
E s ; . '
- - Current = Black River. estuary met the criteria adequately and was' )
[ g . el J : . ll‘- ‘ f
- A selected as the prine study area (Hap 2 1) Preliminsry samples were | ° -l
.. o e . S 2 5 D . .'-:"-_ -
i . taken by net in April 1969~ However the tmfolding drama of ghe~ - . a2
. o P .- A p e i O 4
y i g ' ' s FrLn
tl..". - e " ‘ g . 2 - B ’ - i -
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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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the central heein ie through Halihut Channel. The ef\féctfof‘ this

i '

portion of the Labrador Current follows the Avalon Channel and enters

the Bay at: the aoutheast ('I‘empleman 1966) Surface waters move in a

a N N . ) T - I . =L .

n counter-clockwiee direction, entering from the eaet, paeeing in around ¢

h . 3 ...__

i - the islands ,and going out at the west (Hodder, Pareone and Pippy 1972) X

_ / -

The effect of the prevailing soutwest. winds -on. western surface water .

ie 'not known. How ‘much this acts ageinst Coriolie Force 1e not clear. = D

Sinee the trough ie bound by ehallou banks, Coriolie Force e‘hould

create a giant eddy in the deeper waters. South of th:l.s cold water 3 Nl
- [} )

mass the Gulf Stream sweepe eaetward along the southem slopes of i:‘he

'.Grand Ban‘ks Under epeeific conditions there ie the possibility that

gianl: masses of thia water may epin fo I:he major current and intrude i

into Placentie Bay over I‘.’fle colder Arctie watere. Winter water - .

temperatures in 1966 and 1969 indicate at thet season all the weter in 8.

*

) ! Plecentia Bay was of Arctic origin. " The range of temperature in the -
water column was —l 0°C to 0 6°C (Hodder, Parsone and Pippy 19?2) o

_ Squires (19?0) states that the trough in Placentia Bay is almost

G o 3

> always full of water of very low temperature (about -1 C) In’

B addition to physical data, the presence of \more southern plankton:lc .

g .. would indicate the occurrence of a warm water maBs intrueion. e

” o
. I S T

! topogrephy on uater circulation is not entirely cleer. An inshore i

v R P

T Ay e I
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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
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. Figure 2.2. Tbi;-ﬂew. -of surge-tank with cover removed - - °
a - éxcess diacharge qutle-t:»

'Y ‘iﬁlét ‘from pump motor unit = ‘-

a . L

e 'éxi_t to-filter-stack unit:

. 1 .posi_tion of oxygen metexr probe. .

o 4 ‘position of salinometer. probe .

“
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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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TR L0 G TR e ey ST R .
et Y o RTINS R it
e Filter-—Stack Unit - 2 *'*-.'ff-f"_”"w e 1 ¥

X ‘ . ’T Perhaps the meat impartant cff the four ftmctions of thie modular : 1. f g ' ™

i co:uponent’ is. cullecting and Borting plankt:on on’ ar eequenﬁial eeriee ‘ , : 4 '

2 of filters placed across a stream of water. The cylindrieel colunm " h .'. , : §
(Photograph 2 3" ie the filtering device._ The plywood base houses an‘u . "’,:_{'. k3 ';l | *'
arrangement nf PVC pipe and fittinge. The~ filter cdl'tmm (Photograph 2 -l;) ' o ! ‘ '

.Lconstructed uf 1 2'7 em. elear aerylic ‘can accot:;date ,fm.n.' f:llters ‘~ - « -. _' ~ ¢ ‘ i
(Fig.l 2 3) Becauee :I.t 15 a relatively ftagile 1tem I:h-e filter eolunm : 'h:'l " (;‘ % .

‘ ‘-:I:,e ‘carxi'ed.q'm-‘ ;hﬁ‘insu".l.ated eaee. __,‘ o « _.‘ i " & !-*‘-.’. ‘* ‘ F '

, g _. Th (filtere of Nitex n}floh heltiug cloth wete mede as e:ets in -i._ I'a , '.' : 2 : -

; eech of whieh the 233p filter has 2 Plain we;ve, while the other three, ‘
153u, BDu, ﬁlm, -are mnnfilement with ‘e a’imple loeking weave. Aftet g ~~“ 1 i‘
some exper.imentihg Dow (;orniug silicnne sealant -effectively bound- the . :_. ' b ) ‘ "

. ma.rgi.n of the filter,. thereby p;eventing fraying anc; d:latartion of ‘ B, ‘-._;-.':_ if !
the meahes.‘ 'I‘he sealent wa.s flexible and salt watet :eeistat:t._ Eech h _I::Z;:.: '.: i _.':i R
filter was 5.01;;1- neodetl by a small ‘peint 'spot fot easy recogn:l,tior; .'-:',' _', 3 " ‘ ¥ J
"(Photpgreph 2 5) & : ‘ ““ _‘.. J ‘_ i . M

. “_ Te assemble the filter coll.mm. 'the bottmn ee;tio;{ is 'placed om , :
a rubber gasketed mnunting arouncl i, .Fig 24 A and is eupputted by rubber" :.":"-‘ 4 " ” #

. Pede at _'I. This is .fellewed by a filtet and a seetion untﬂ all e.re : “ 4 ¥ E : Y
:lrr positiﬂu. By tighténing the winged-nnts on I:he filter clamp, e, ‘H- :‘ '

‘ each aectiou f:l.nnly holda a filter in place. Installetien of" I:he} _fi"_ " I - r
filter eolumn is’ cumpleted Hhen t:he coupling, £, T:'i; 2, & 13 3crewed - .‘:.:_I: Can g % L
do;m. The ;‘uhber ring at e. and e. Fig 2 3 with the gasket mounting . v

i areund i. Fﬂé .2‘ &, make water tight connectiona. -"'.: ’ I ’ ‘_;’
g iRy S o U ek ws s By : ""';
U4 TEREER 1% P s
" :_f'w'.':: , '_,. " g :.'iz’ ; ‘:: < e
L B R e s e et E iy
m‘&m"“".‘l}' Q
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“Phiotograph 2.3 £ colwm in"place
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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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R, L T T “'Iq f!'ﬂ" gt "
e T MR T T N A S S T

Fﬁ?“{l”{f xy i Y R, L
: L w . ‘ . '.: & . _*'., o g Ry,
. : . i o . - i .. y F l‘ b" ) 1 l‘.a et 5
" “ 3 0 2 4 i< " - - ' . .o aid- 4 -t ':.
) Jual: haw these three units and the environmntal aensora form ' L R
T the core of the PAEDS 1s perhaps best explained by Fig 2 6. 'I11e S A
"~ . Ay LA N
g g specifications -of each hose section connecl:iug the I:hree unil:s are ety
7Y r P - _- g o e . N X oawe ¢ ". e . ‘.'
= given in. Appendix 6 sl I R BT P Y e
o The M.r Spray Toit ariih i -;”' o e W R
=y 5 The air%-SPray unit (Phc[:tagraph 2.6) vas used ‘to clean the. - *© . .

&, A 6 5 m3 capacity cylinder, d supplies air to a C6hk 501 DeVilbiss <

filtars and to wash rmainingplanktpn from the net‘l after each sampling. P il -

‘. i Spray Gun, o Eie pasaes 111:0 the reaervo:l.r, e’ and forc;s fill::z.red:' ' '-, o 0 "
' ' 5“-'3 w;t;ar U.P iﬂtc; lﬂ';e Bun where' water and‘air mix to fu::m a sprag;: = ’ . .;-‘ - ",:
Long hoses allow the operator to wrk away from t:he preasuriz.ed .. ... . i ?
.. :-vessels. | . 9 e el e - ere, | " f
{ ‘I'he reser\roir. an experimntal pressure ‘vessel, cuusists of " ' X - ﬁt?
&Y . . ‘a 22 7 litre, pol?ethylene, Halsene car'bo? fibetglaased iuaide a. . ‘_ o4 "
' o ; discarded r:hemical shipp:lng container. Although the reservoir A e & ‘—-’.‘—.‘_
- ' : u:l'l:hatti:od ‘a ;;ealz. preasure of 2.8 kilo’g‘:a.ms pe; ‘aquare centimeter, l:;m ] ‘- 3 = :
) ' best spray pattemlwas produced' a.t 1.4 kilograms per aquare cent:l.meter... . e ?,,
¥ . In ':I.ts 'preeent form it does nc;: meet this &’mvince!s al:andarda code-. :."‘_ “ )
: . . for. Iel.Fhe'.l‘.' metal preas?r;a :veaz;els 0}- fiberglaqg-reiqﬁorced plastic T '
: ".p;‘essure'v.eaaals. 5y 4 ’ i | R K ) 6, 2 ; ‘_
e ' . ‘ kf;er aampling,' th:e ..to.p f:lll:er vag attacheld- lto l‘.he hélder, a,_‘.' E J’ :
) and then invertad over‘l:he filter clea.u:lng atand "b. The p.lanktcm nere' ‘ Ly ?;
-;1' ’ washed off the filter ;J? back—apra:iing Before each section, of l:he 5 '”" ¢ ~ . gﬁ
:"_ . filr.er column vas xam;'ed._ the filter below it was attached to the : . :i
d ) filter holder, and. t;1;! balance of l:he oper;ti;n for e.ach filter uaa ,, X » ,%
! as descrs.bed for tt_;e fifat. ) i ‘ u T N %’
v e R AT ey RS e, TS
s LB o — ol ""f_._,;l _k 3"&

; .
i
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s ¥igure .2.6: PAEDS Fiow-diagram;-
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- ! Prior to a fleld ttip the reservoir was - filled uith £iltered’

. * 9

, sea uater. COa,atal watet Ercnn a sea water tap was passed through a. .

L]
. x

al rat:ing of 15u, much smaller than the amalleat meah filter used in the :

» N an -

Lo f:llter columni Th:la :I.naures that the zuaplankton samples to ‘be taken
: L . i 3 a ) . s, g S
- uill net be ¢ ntaminated AR & P, .. W : . -
L o e g , ) = . s k ot i
. . ] A ‘ * ] " . L 13 F " v ‘: & v - . --.
' * Support Oomponents L SR ¥ - . . '. ."_ . , g .' i

e ‘, The qualit)' of pcrta‘bility 111 the PﬁEDS depends on its modular

-construction, the mtans of land transport and the sea ttanspott. . The
. . first has been deecri‘bed. Transpottation to Arnold's Ccve wag ¢

"

accomplished through use of the Biology Department’a vehiclea and rented

L) = 5 .
-t .

veh:lcles.'. Of these the Econoline type was the best. The M.V. Winnifred
. Shirley (Ptontispiece), a 1ong—liner fishing boat out ‘of Arnold's Cove,

- Placentia Bay, prcvided gsea trarwport. Its afterdeck provided ample

. % . -room, for the pump unit. surge—tank unit, and hoses- e %

. B P @
¥
-

m - The encloaed work atea behind the pilot house pro\rided protection for

. ®

- . “the’ Eilter-stack unit, the instrument packs and“the filter-cleaning ’

. 3
' [
.

P
operation. W . £y EE R .
W S HIR 5 W ’ . I

"The fiéld equipment utilized ‘to monitor electronic sensprs was. .
. e . 1
5 far cemper.ature, a total 1mmersion themometet with. accuracy to 0.1° C;

‘-.. v .,

* for salinity and conductivity, uater samples were collected in numbered

. .

hard glaas, 8 oz. pteacriptian botr.les, and for diesolved oxygen, water

y sanples were collected in 300 ml..B.O.D. bottles.” ° Ny iy G

- P A - + i . +

e L n A checklist of all the items required for operation of the i v,

- - . ot
b . & A ] L. R _' . B [}

PAEDS 1o given in Appendix 7. . . - <. . UL

T l-loneycomb Fil:er Tube Hl?RlO—AV which has A nominal patticle remov- . =




L o i filtering portion made of 23311 meah gize Nitex, nylon bolting cloth’ H'aB L b o met - "
[ B , manufactured 1oc311y. Except- for the boltihg clnth the required . 4 ",
- - T ¥ L
S * materials were obtained locally., This versian of a standard plsnkl:on o Gl o .
L . . . s D R i
] g « capturing devic.e has mesh area 1 4 'sq.ms and a radius to 1engt:h ratio i < K
i g " . . Y 2% - . e
e ", 0.124 (Smith et al.” 1968) . . ¢ _ P L . e I ' 2
e 1 &+ . .. 4 aw “y . o 0 2 = " H iy . 3
=il ¥ o -' . o . N . ‘: 1 : K . . i "‘:-‘. i 2} .
. B3 » T 7 ,: 5 er N . 1 . ol ': Y e, "_'.' 1 ‘
o g ; . R R Nl e - AR o
i i -. ';'. -.! _.‘. .:. - N + s 5 e ; . -‘t. '... : " 3 ‘l.-' e N = ':'
e :' . . - N o L * iy " :\a '_‘ .‘.' N "
. " e e & .. L el U af ol aagiem ek, Ty ;
L . - r . = . " - - bo L d .. N .
1 * L i L » - . " £ + o P o L} 3
. 'o ey, ',o e . s w* ’ LA ; - " i, o Y i
. , N 3 - * o 0 ' « ! ‘n_ k g 1 LA
E e s R M g R T Qo —
Az Y 4 1‘,** i;k’gﬁlr"l,: v 1 E’%ﬂ#ﬁ M by . L e © L e

. :
3 .l. g g A
Ve, ' / : -
.":ﬁ_' i kK * PAEDS Hydrodynamics - Theoretical Aspectn- '. SO i ' Jk A § .
.;‘ d -' .-_,.‘ ‘ ‘Bas.ed on‘the pump 8 rated hourly capnci.ty of 9 aﬁm , :he Y . -
.-:‘3-'? mininu:p rcquired slze nf the surge-l:ank is 2 73 X 10 3 3. I.l;.s final ,‘ § -:":_. & ‘ o )
"":"..' y-‘ size was de.l:ermined by the need to prcvide a water bath for the. s Y ¢ l . .J'_. 3 !
R 'electroni.c sensors. Water enters it at 2 73 x 10 -3 m / sec.. and exits .-' _";. '
:,-':1:_ E . throngh porta capable' o'f handl:l.ng-ﬁ 73 x 10 -3 m /eec. -‘In‘t:he aquation‘-_ e _‘ ! ' ;' ' s
’- for relatiw; rnughne;s .(Appendix 5, Equation 3), € s’ assmed to be b -
.T_{:J - equivalent to that "bf cnpper pipe, that is, €= 5,0 x . 10 (Diagrqm A-Z, ‘ o " i
.:'!,‘ . Giles 1962) and the kinematic viac'uait:y, -rvl 664 x 10 5, r.he value R B . s
' > _' for fresh water at 40°F (Table C 1 Streeter 1966) If the flou of g€ ;'. -. 3 if
: ; watet 13 2.1 x 10 e 3J’sw.t:.. the head 1035 fur the ‘55. 23 ?aters of ) : :..°-“ - L ; “
i . . J‘.ntake. hose (Append:lx 6, a) is 12.02 me!:ers.. At 75% efficiency the - ,_‘- “ . ' .
- theoretically required horsepuwer ia appruximtely O.?g ..The mtor b g - 1€ .
B ’ § . .,-aupplied with' the Edscrn "Bone Dry“ Pump 18 therefbre quite adequate 1 ;-.'.' ‘ : . ..
il ; for maintaining a flmdr of sea water to the ailrge-tank.' Throughnut . : . ‘: - .."' ’
. _ather units of the 'PAEDS watex flava by grav'l.ty S . : .'I £ g B e
P e ;‘z.fz._z' Half-meter net - B - ‘ N ‘ i ’ [ .
@tkh " . -,' A‘D S5m diameter. conical net (Photograph 8 7) with the ) : ) -5 . .




" Photograph 77 -0.5m.
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' ABBessmenl: consisted of- -an 1ntegration between the. laboratory i -
ancl field pbas.es. One. ;:haae vas des.igned to conrpliment the- other. « '
. ', The laboratory‘eveluation began before the field eveluat:l.on an::l continued - , ;
) afterwards. The f:l.eld asper.:.ts eonsisted of elew.‘ren field trialg duriug ‘ ;.-"., '
% b P al
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‘ i ) ‘ this Project.:." - e 5 ¥ ' '-::-E._ < '.._ - i 1* ! % - s

) Sensor evaluation —-Conductivityfs.aliﬂity . = T N S _
« r - & The use of an 1nducti.cn salinometer 1\1 a confi:ned plaee aueh o _ e E’)-:I
. a5 the nurge-—tsnk can reault ininterference ::.n the. sea conduc::!.vity f A i

loop. : Haterl turbulence :I.n “the ta.nk neceesitated Beeurling the gensor’ e ‘_°-:‘ i,

: probea, The instrument prohe rar:k Mtroduced another poeaible avurce ~ By ,{

o .of intérferenc;. Hoaever Bince the surge—tank was c;f plyw;od and : . P o _' 3‘.;
g B e L. T
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e i ne.gligible hinderan::e in the Dperatiou of the salinoseter in the PAEDS o ' ;,’
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v o . o CL ; - ‘ ‘:1.:__‘ oo . ) d‘ '- o , \ h_*
. \ v ; - : s '
. v . . . _ . . . - 5? i . - "_-I
: : 'a: e R
¢/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%“

- " . _‘ -
¢ . ' -
.
!
. .
Rl . f "
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




¥ B -u—bw‘i'l'n‘ '\.‘.ﬂ.i ‘«-.mn.a -Id-"!a-‘-m._ u%ﬁ-’d‘&-.«i‘ "J“u}.n.hf.."'u".z “"i'f.'l'-';l..‘-i‘."'ul-.'-u:"'-'rf.'f"'-»w‘.ff e [F o 4E L
B2 . e TR e e : Mog . L,
¢ o : - ' -._“‘ = [ L p— e Y
.z ) T ) L |- . - " ' i
1 p Y -, e . v, 5 4 p ' N “ pl o ..' |‘ B : o :..'IJ.S.‘ [
T s & Table 2 2, ’a . . Tl e
a1 R . . f" Test:l.ng Hedia f.or Bxperimnt DD-J.L "é\[ C ' 5 Y
: . c - I = =~ .. . . Y 1 - 1T
J _ 2) M & . ‘. ¥ . 4 3. . Y * iy Bl
- ‘ 'Gbs';::.’:tion' 2 e :_ .. Characteristicse , e gl E ! %’ <
- . : - : : : v x ¥ 1 S
LR T _Filtered sea water at room temperaturé -- . .. : - : e K
- i TR _.Culd fresh wal:et at room temperaturf,' |, e, : b |- - g == T o
x A I . Fresh water ar. ‘room: temperature R R o e . ' i
. - b ¥, : . PSR RN o o
SR T C Cold fresh water at room temperature o < Al ] oy
" & To, facilitaté use of this. instrument the probe was prepared ! - ¢ TERTER 4 Ry o
: . prior to each field trip. Upon comp'lletion of -the manufacturer's © = R S S 2
© " instructions for preparation, a small acrylic cylinder ﬁa_a attached, A o 19
‘filled with distilled water, capped and the Tﬁéns-or guard was attached & BT "N o
(Photograph 2.8; a, b, c, reapecti_.t'reljr).l b, i - ’ ’ , , i ® . "-',2. i
" Two experiments were done to evaluate the’ field aépurécy; In:. ' e s
: the first, Experiment DO-1F, a comparison was made between:the YSI - g A
- s , . b - > " o g " ' .. d : : ; b D | .-'f "y
B ', reading at the surge-tank' and at. the hose intake. In the second, g __'_,:;,‘_,f N
Experimenl: DO-ZF B.0.D. bor.:le samples cullected from the surge-tank R ) ,,.

" during PAEDS f:l.eld I'.rials -5 7 and.8 and "pickled“ in the field were o . i’é;&“ g

.
t:’:trated by the’ﬂinkler methud (Strickland and Parsona 1968) h 'j’ 1 ) o |, ‘ : I-...":
. .. \ 5 S '. 4 ;;. Ey P
Sensor Ew‘:l.ustion = Temperature s e | .‘;: : a ; . <o . ) Rt -,
I Since the salinomefer and the. d:l.s.sol\;ed oxyge merer are - " nol \y
. capaﬁ_le 'of'.':eé;:lrd':l.ng_te;n;;eratul:e_s-aéaessmn,t 'c-pf- ‘cl}ia .;sﬁec'?: _enltéi].ed- .- , :';}_: yc
ca;;mpariﬂop of 'one with the éther-‘and verifica tion with . a hand<held - A i ; ef\'-’
, themmeter. 'I'he l.aboratory evaluation. Exparinent T—l-L'. was run '°' rtn;:\
3 simull:aneougly Hit'.h Experimenl: CIS—}[,. The f:leld Experim.e?t-, . " ) .. B o ' 'éb-
E o . - . g : ; . i 2 g

. — . ﬂ":‘! sl
B 1
5 " e
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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 . "




s et ns” ;A

. F . r iy e £ '
obsewed the more often a filtering Burface is used the- more plankton will . ;!.'-":“.‘:i‘
be entangled in it.- If- I:he m{athud of filter-(':lesning here used ia. nat : g i | :.:'

: effective itlshnuld be evident from l:his. experimen;. Furtlluermcr;a the a .' : v Co ¥ T
numher of planktunicl ol.:ganisms retained should be inSignificant in f =5 >~ " f;.

' rela:ion l:u’ r.hoae in the e.nl:ire sl:ation plankton s.ample. { - - r g " i '.'-.,f

% PAEDS Station Procedure e e o P W | . :’.:'-'.‘. E - T ZL‘
o " The’ proéedure for collecting physical data with the PAEDS was 3 ',\ % I . y

L —""varied be‘ca.use- of the evaluation experimenta. Hwever thase mod:l.fi-' p dt

, cations were impoaed on a series of stepa. Theae steps are given in oA - o Sk

A .

' Appenﬂ:l.x 8, the atsndard PAEDS Bampling procedure. Table 2 3 liata i
~ the PAEDS field trials during which l:hia fornat was followed ' '_ CoAr Ao
A . 2 b, gate et " ] ! s
L2 . o - = ) ] 1 W - + " -\. # T N o "
S - Table 2, 3 T W i §h . T S !
o : Starions sampled by atandard PAEDS sa.mpling pracedure bt B ® - . Y
D U 8 g ey +F g L : '.
. PAEDS . - Study Station Sampling - e, = X
i Field Trial - Area’ Number Depth "o I
. 5 PN . - - i -
o 5 2 e 1T L : H A
' ] ¢ i : 1 5 surface S !
' ask N - & - 2 5 ] surface R | 'l '
v -0 . 4 e ol - ; ' ! = )
Sl g | 1 “gurface = | - S A
- = [ i , ) o gt . E | i -'_ 2 i v b ‘E‘. ./"
# & a3 Y D .|~ 5 meters T X
" BH - SRl “1 - |.' surfaece 2 A F =
Lol o G " i ’ ; ] L e g A 5 e i -~ 2 “::f
g B A 2.7 L 5 meters - &~ 0
o 8 ' LT »"'; L o 5 .- 5 . O : " H _'-"...:.
A N ST o T 5 metera’ T
: - - [ . - *
i . . - 3 ] b S¥) g0
" - - . - :'-
. 5 1 . . [
0 o ’ ‘ " o + 3 ?
/ . ':':‘_ : g . B ‘: ¥ , " ) :‘ . e } ' -f.u » ' .. ul
5 l" '- — - - " + t. r- r --'
- “ + .
1. o . 1 A 12 * H 3 . -
) ,' o ' = i ’ % K Ll ] e
o5 , I ‘. _ - . - K -. .‘ ' “.‘: :._ g
K ¥ " . s iC N ' N
' . . .f o " _ £ & A .
WO Dy g hpl e e v L W S B R S 1 R oSl e ; 4% idpis o b o
Ll ’;ﬂ...t ahe't tpl .‘.';'n v;...-‘rh»-‘ & Y }'i.:‘ﬁ;,-}_‘.lij;‘.}i ‘i‘{«"-':s-\_",,"“ afli b h e :n;-v‘i:%?:;' [T " _“ ‘ . “ﬂ,ﬁ?
. B
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e =i = L O Ty R CRC0pC SN 2 : ) ;
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_ 2.3.2" Blological.Parametera- '~ = | & <L 2t . T e : 3.

) - .Field z'ao'plank'tsn Smlin'g and Baudnng‘ Procedure.‘a 5 L e e N ! L

-‘;’E. As stated earlier modifications were imposed on some stagea . O - __: - i

of the standq;d PAEDS sampling procedure. Th_e -variations were neces—- g - g e X1

i /k . -y S 2 JARCIE ¥ _‘. ‘

' sary to determine the zoopla:nkton}l eemplig efficiency of the ayetem ' SR E i

and are embodied in three field experiments. The f:l.rst, Experime'nt 1 _ o \
- _ o _— 3 O

X Z—IF wes cpmpleted during PAEDS field trial la end sought to determine . I e
. P there uere any m.ajor differences in the numbere aud kinds of " - iH T T =gk ) '
L = plenktonic__o.:ganiams_retained bz the 23311 mesh filter in the filter § .l , - o :5‘
. ' stack unit end the 0 Sm, 233u mesh plankton ne.l: held beneath the ex— N gL . oo ﬁ r
E , ) ¥ g 5 S v 5 '|‘ E - D
cess discharge hosge. Experiment_ 2-1_!F comperes the 233y mesh filter of ~ . Fanlll - by e
th’e‘fi.a.ter-stack.unit'with the 233y mesh plankton net when: both = O - S o
- A R, ” . § )
o : simultaneously pulled through the. same veter colum.q Thie experiment e 4 PR z
; ! L@l . -l &
rwas r?'“mleted during PAEDS field triale 5 and 6.. Experiment 2-3F' com— LU 2 e el 3 o
0 . g CF e S
’ pleted during mzns field’ triels 8, 9, 10 and 11 conparea the net uith . B
' full complement of . filtere. ‘I'he atendard PAEDS aa.mpling procedure ’ "
& ‘_ - ‘_-' . &
L . is therefore rewritten gs Appendix 10 the modified PAEDS sempling pro— B R g G
- T o h = . ¥ . . I =l - ¥ ‘; ‘_ o L
. cedure._ . ‘ . : . . + . . & i N .l' - - . . . . o '. =4 f -:u
y o el _ L . . b
A y After each filter 'was clea'ned .and eaeh zooplankton semple : " P . o 5 .
- T N -t culel 1 g
y flushed intg a bottle, 402 commercial formaldehyde (1002 fomalin) o o RN
3 ‘= BN AR . o
buffered by sodium borate was edded to make a 102 formalin (42 formalde- =8 v T
9 hyde) pmaemtive seawater solution. 'l'he net mples had to . be atoredo < k '
' in moré than one numbered aemple bottle. . % PR ) - S
. P 2 . ] i i
: - l "EI vaet ! d ™~ I 'f . . . -:‘,;'
L §: 2| S T T & . ' y " s
Y ‘ ' ! - ‘--' ] ! » ::. .l'" '. N 4 o l kN . . 'jl.:
) ] \ en & 4 . :{I.-.'.’ . 4 ! = . D . Fl ‘_' P a‘:“

E ..' "?*i s
/!J Y )H, “‘d.‘\
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it ™ e o0 et Gl e PR L me
: l:aboracorx' Zooplankton Harfdligg Procedur.;. T G # e ' ) hall i o "
: The 'tl'hefulnesa of the PAEDS theoret:l.cally :depends o;1 its suit-— P - i ;;i. ,“ 2 -
; abil:l.ty tb perform severa'l o;ergtions adequataly,. the most 1mportant of ' N i e ; .', ik .
which is che'collecl:ion of the planktonic organisms in an accaasible ' ﬁ " " L
. body of water.l On this premise proficiency might be assessed in terms § i : ' i
of a compari..a;m with a traditional sampling tool, the conical plankto;: . o ‘ ‘ & B ‘
- net., .Plankl:on bicn!:asa, diversity or telative abundance might a;we as ' i l i g ' ‘, \
" a I;asis.fta.r comparigon. Hwever, it was hypothesized that a eriterion ' . 'f ; A g
‘ : and an expég.‘imentlal design based on’'a comparison between the siz.e .and ..‘:‘ i ’ % . ‘:'-'I'
: shnp-e of meshes ;ﬁd the size.and al.lap.g_ qf p;anktonié organiams wou..ldl ‘ : f \ -
b‘t'il:lg evalua’tion to a more precise Focus on s.ome of: the 'problem of ’ ] i :‘ ’
. plank:on sawli.ng mr.htn this context it was deﬁided to base efficien/cy ; ) . r; .
" on the number and ‘size of individuals retaiued by each filtering sur- - * -:"_— ,l . ? N, .
f_ace and to reduce'va_rist:l.on by the specific design of equipment and . b .-: o £
’ prot;edur'e. :Rather_ than use the physical dimensj:ma"of an organism 28 ,1 . ‘._ ‘-.
..-athe basis for sizing, maturation stages vere a_electeél.__ This is espe- °’ e e
cially feasible il; these nurthedm waters s:l.-ﬁce the dominant'planktoﬁic 0 i . _
. forms are copepods - (Hardy 1956; Fraser 1962, Hicchell 1964). A ; " ':.=,:‘
.: ' During the eleven field trials 54 zaoplankton sa.mples of vary- ' : ‘ “
' ing.size we're‘collecl:ed. l.iowev.r_;'r only those from which ‘most could bfﬂ._ = T , )
‘ .- learned about the -éfficieﬁc‘y of the sya_t;z_m as a plankton céllectiqg o e R i‘ "
+ A . ] =
) device had any immediate priot_'j._tjé, namely, _thlos'l_e frqm'the. Fi_el'd zoo- N i .§ N ”
Dl.anl‘:tr"nla exp,erimén:s outlined in the t.ffe;vious section. The ;la;rgles Y. ‘ « i F";, :; ‘ "I';"
. A 'uezé_ brought back te tﬁe la.borat:o;y far-concentra_tion bf settling or S I . %\y ;‘: ‘
i sedimentation. Since this procedure var:les with planktologi.sts. that . f oy ;::;‘.:
" folloved here 1s 3iven in Appendix ‘11, and is evalusted by Experiment,.- I '.:-3
oy o . = . Y ’ ) . . ! R 3 5 ] : i ._.,:. 5
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SE-lL to be oul:lined Bhortly. " | ‘ - EhE 4 5 e e S
: y Total couul:s ‘were made nf .urgani'ams retained 01;1 I:h:e 233].1 *m'eal.) alt | :
o _ ‘ filter and -the 153u mesh‘ filr.er and for the smaller samplea retained by ‘ , B ;_.,
) - the 0. 5 m, 2331.1 mesh net. Eatimate count:s'ver;a nade of the large nar. sl I .- . ,,
samples becauae of l:he‘ number of organiama in each The BOu and 64y . P ‘k
i ‘ samples cnnsisted of small stages usually a;:cumpnnied by detritus. L | B ’ :‘
-Individual handling was not feasible therefore eatimate counts weré made P ':'_.- ..‘. s, I
'of these as well. b - s, B Sy = . W o . ' ..
' The’ equ:l.pment uaed to handle the i.ndividual zooplanters dotie. S : - ‘
. Isisted of the fououing- R el - .' W L ‘s =t : 4L
. wroe(a) The cuunting ;lish for t:otal counts was a petri dish. cn rhe . N H '8 Ly i . ._.._._:‘53';“ :
' : o outside-bottom,aurface of' which p’arallel lines 0.5 cm. a;_}arl: = a8 3 g 3 i ": ' . :-:-.'-
) " were. etched Hlil:h 'Ja 'carbo;:u.ndum sl:y]tua. .. .- : : - e I "_ ; b l.% . : ':.".
a (b) Estilﬁai:t; counts were made using t.he average: of-ten .counts L - f y : '-‘l'." '
- . from circular fields 0. 5‘cm. dimmeter dist;f_tbuted on a . b . | *"'
: logar:l.thmic spiral (Kramer 1955). ’I‘he spiral i:‘:“aced‘on b, I E "
) :: -_ ‘ acetate was placed between I:wo pieces of clear gla.ss which y ; : ' ‘ ' : =
' e ¢ were blocked to hold a petri dish (Photograph 2 9) AT ' ,' ; :\ ‘. /-“.. ' ‘: “
? (c) A Carl Zeiss Stereomicrnscope v fitted Hith 25X and 10X ' (' - - N ::.':“'l
) eyepieces aufficiently magnified both 0. 5.cm. wide fieldsl : ' bt u ‘ _- . .‘ »‘I
‘ '_ ! to meke idenr.:l.fication. L e | _ '_ - ' ) BN k& y e
T ¢ .(.d). Tocla for maints;ining nrganisma ~1:|:ir1|51:latt=.-d of a pair.of :‘{ X h.':.f 3 3 ‘
‘ e smsll tweezera - to ‘whlich two p:l.g 8 eye lashes were cement—-" R ;;i\ - i
G 3 €d, two glass. l:ubea each dra'wn to a fine tube into which I'.' o o ‘ ,l v JJ :
1 g ‘a pig 8 eye laa’h was cemented and two 1nsec|': ‘pins al;:.ta.éhed . " _"-_' n ‘:‘%{ ‘h
;:' to the handles of- small paint ‘hhmhes. ;f ) e :; : E? ,IE

: & _

- e 3- P i rs, 2 ,;_.';iré':gt‘:flﬁ~: o
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TN g , - lar .o B B - '?\ "
{e) 'An array of seven Denominator tally cou'nters and a ’

F o . Clay-Adame gang counter vere’ uged to record counl:a. Sy

(£) ‘-Total counts, estimted counts ‘and numhers per cuhic
a b.'
meter was recorded on a zooplankton analys:la sheet
(Appendix 13y, - ' R T . )
& .

B : + “ i " » by - -

The procedure for cbgn}i:{ng and identification 1s given-in Ap- ol . : ~
' _ penai:;: 13. | Fiches d_‘Idenrific’ation_:du'300p1enkroh (1939—197;'.) , Sars , - o ,.
(1903, 1918), Brodskii (1950), Davie (1955), Hyman (1955), Barmes~ -~ - ' & .~

(1963)- and Hegiitsch (1967) ‘were 3uide.a'.for' .':l_c:llehtif:gcation‘.',‘ Shih et. ok - . o F

{1971) vas a very helpful source bnok. g L SR =1 / ‘_.'-" :
- . IJ y . b3 ) - i vt
' Spec:l.al_effort vas made 'to educe the number of times the .

e - ¥ . - = faur
P Lind

samples we.re-handled aud Idiv:ld'edl Lat:k of accana t‘.o a su:!.tahl'e plﬂnk- i - S

. ton splitter led to the design of the devj_ce ghm in PhOtograph A 3. i . ‘~.

It was asaumeél thet t:he B:Lze of tt:e bore" would uot 1nterfere with the '_ . ) ’z i I

even dis:ri.bution of :he planktcn :l.n the fnur' heakers.‘ As a Pft_,’.caurion,' . " ’ | RS
.l;'owever, i:m; portions were t:ount.ed and valuea averaged. .‘ . : )
- s Lo ) e L s i

! . ey ‘ 5 & i .. -

. o
n . I . st

Sedimentarion Procedure Evalual:ion T e R R o 5

4 ' "

.4

Frum the 11tereture on plankton methods 1l: is evidem: rhat the 3 i
i .

step by srep procedure of aeztl:l.ng or eedimentation var:l.ea greatly.

!
—"I‘hat being” so it was imporl:ant l:he methods folluued here (Appendix 11) - ' i i _' . } 3
be appraised Hith reapect l:o plankton 1088&8 in the superna;ant pre*— o ‘ .
b'._servative. Such lbossea could be ~a.n important anurce of error :ln the - :.-- il 3.8 ll K
‘Comparieon of the PAEDS Hil:h the half-meter net. In Experiment SE—-lL '_ . & o ' : N ! >
three sets oi tenxf:l.eld samples bottlea“ were selected for anslyeis of -, & , i %,
“the aupernatanr. All supernatent frc:m each set was pollected and o ] i
3
filtered through l:he Dﬁﬁu f:l.lter. Each conl:aiuer used vas fluahed,with .o " = s : 1':" r"
. ) s 0, : . | "
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' T e - " . Rt A
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" . ' an

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 . .




. ..- . . .‘: ‘:::“ . :“ .'_": -‘.:.. '..‘ ) (8 ) ....‘:".‘ ... ' “- i ',”.’..

e [ b y ‘." P ',#,. g : . ;~”‘ o
© -~ “Statistical t;pgt’s were not: applied-to the’ zooplankton data of = ¥
. > E , ' : - .'..‘=_‘ ‘;:’ o= 7 . i L ot ROk e ,‘ .. ...4_‘ ‘.'.:'

. Experiments’ Z~1F, Z-2F and Z-3F because cﬁgcluaions' réleyant to the . . -
- project s objectives are obvious.’ ;. o7l BT ki T
. ~ -."H".' ) . . .':“~ : .‘,‘ ¢ :-,‘.":’ "_- ord ) ,.,~".“."_’.:“‘=,,.
. 7' 'Sokal and'Rohlf (1969) and Hoel(1966) were the.referénces for- -
o0 . B0 £ | \.‘I ‘. I. kil ' : e Y bl . - -',

.*" the 's(gt{iatical_ méthods. * - "o
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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 .
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.temp‘erature aensor evelu.etion are given in Appendices “24 snd 25. Ip
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. I 3,2 Meter Calibration S R o
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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
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The three sets of filtere in Experiment AS~-1F.were uti'lized
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"“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%,
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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.
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. 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
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' Zooplankton per cubic meter
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IBma’utd:.us smlw (G. 0. é;;a, 1903)
. Calarms ftmnarchwus (Gunnerus, 1765)
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Centropages typwus Kroyer, 1849 )

E‘fmytemm ap. _ _
Temora Zongworm.a (0..F. H’uller, 1?35)
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;Order Hs:'}acticoida ,' L '_ o g
‘Oncaea baz-eatw G. 0. Sara, 1918
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]ahoratory experiments can be seen by comparing thia Appendi; with _’L,Z N N
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Appendix 30.

given in Appendix 31.

o
Y]
e
- .
* -
-
e
¢
. 3
b
"
- N ! 1
i :
. Ty
.
\

Abaolute values of zoopIankton sampling dctails

a:e"-"

L} A
- N
d
*, N
.
- r1
‘¥
- 19 al
1
|I
.
. -
- i
” ! .
- 1Y
L
.
»
. R :
. -
A !
-
o
. .
.

:
e

[E R

S L Y



oo, - v

:;and C/S~2F aupports the conclusion that there is no sig'n:lficant d:l.fferenco

" meter io both 1a.boratorvy a.nd field measurementa of conduotivity ‘and

ao DISCUSSIOH" @t

- ot

¢ [ M f
» ' - . A o o0 .- . .
Y, ~ . ’

: 4.1 Env:l.ronmentnl Sensors -

4 ‘@ e L 1 . 4

. H
-~ w L

© &, 11 Conductivity/Salinity 3 . - e R F . :

,_ . & . R \

Acceptance of the null hypothes!s :l.n Experiments C/s-lL C/S—ch ) ' -

h N y’ . . '_"<
between the use of the salinometer :Ln the. PAEDS and the conductivity

‘

L i ) /" '..-‘h . : )
hence salinity.‘ The resulta of Experiment C/S-QL especially. strongly ; g -

* -

-support thia conclusion for in it speo:l.fic conductance is determined S T [ s

. againsr ohanges in both temperature and electrolyte conoentrat:l.on. - Im ¥ i o ) l,

= -

" relating to a apecifio test are grouped. '

L]
1 Ve

Experiment C/S-ZL rejeotion of l:he null hy'p‘othesis for pooled apecif:l.o

iy \

oonduttivit}l (Appendix 15) contrad:l.ctn itn acceptance when paira are . B =ik

] not pooled (Appendix 16) Repeoted accepranee of the null hypothesia }

-

(Appendix 16) supports ther conclnoion 'there ia no difference between

the effectiveneaq of the oonduotivity meter ond the salinometer :I.n the . -

0y

-5urge—tank or. out “of ity . That pooled pairs ahould lead ‘to rejeotion £ '_ O . ,

-

of the null hypotheeis likely reoults from an inappropriate pool:l.ng

of the’ pairs of observati.ons But th:ls is questioned beoause the
members of each pair of obser\rations are the same fof. hoth poo].ed or
un-pooled evalunt:iorn. Io the’ first instance (Appendix 15) all po:l.rs '_-

are taken collectively wh:l.le in the second (Appendix 15) only Pﬂil'B

* 4 The reoults of Experiment C{S-BL although contradiotory for

v
T
i

a. sim:llnr e.xperimental oondition (j.l-Bz, page 57 and Appendix 15) ; l e £ ES "

%
", “F:.- -r_.

. [ . .
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: ‘,dieaolved oxygen a8, determined by the Hinkler method

.supported b)' Whaley and Taylor (1968) who utilized a Chesapeake Bay

” |, &5 .

) Institute eonductivi'ty l:emperature indieetor ((IBI-CTI) (Schiemer and

Cdd, 2 Diesolved Oxygen "‘. o T T ‘o

R

may be interpreted as oupporting the premise here. At a prohability

a= 0 025 the critical value is +2 6850 for uhich we could aecept :~ gt

.;t_

'thenull hypotheeia. 3 ® L. Tl Y. T ok

PORETS J.
In the initial field evaluatien, Experiment C/S-IF (Appendix '19).

-

there wae no obvioua major variation in the operationr of the salinometer
T

T

~in" the surge-tank and at the hoee 1ntake.

PO

That there would be no: iuterferenee from the surge-tank 1a.

e

Pri—,tehard 1957) io a-_t_woden tank, '-.-. | e - Bk |

~

The operatiun of the Yellow Springe Instrument, Model 54BP

' oxygen meter in the PAEDS wae not eatiefaetorf during the fie].d trials.’

In the laboratory vhere experimental condit,ions were carefully controlled -

4 L S

(Exper:lmenl: DO—lL) resu'lte were eimilar to the Winkler Teat, Lo

‘ (Appendix 21) On this. baa:ls field evaluat:lon was not initiated. un,til

s

PAEI}S Field Trial».S. At ttlet time consideration was given to the -

¥ problems erising during field caliﬁration of the instrl.nneﬂt. -I 'I'he _': 3

UQ
menufacm-rer s eeiibration eablee are for freeh weter and for eea water

a

eith- chloride ion concentration of 20000 mg/l. Field eonditione were’

) estuarine, therefore neither te.ble was: appropriate exelusively. In’

-the abaence of eny instruetions for such a eircumatenee, estimate

' o

calibration values were used. The. YSI for the moet part underread -

LN
i

'I‘here are. ot:her popeible eauaee for the. resulta of Experimeut

I

DO-2F. (Append:l.x 23) “’L‘he modif:l.ed preperation of the probe pr:l.or to
B 3 i L N . .

e AT A T e

tae
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n / "", l_’ . ./. Y 1 b e o n
- . d g ;. o Y 3
o, &g S v 8.
v -4 2 . - . . 4 o
o each field trip is mot considered to be one._ The electralytic cel]. '
; L. "does not funct:l.on unt:ll a pola’rizing carrenl: activntes :lt... Obviously
o ’e . . : E
ol i salting out phenome-na (Home 1969) contr:l.butea compenontion values !
/, for this could not be’ determine;l from !:he :I.nformation supplied w;m- o :
.-.'.__,_.‘,':, s . i v R 5 i = ) : B
- : AWA-H?CF) 1971.... 'I'hat disoolved oxygen measuremente were made on = .. LN
L g L e ' -y i
YR~ P .. water ‘in ‘the eurge—-tankf from. deptha to’ 50 meters might be regarded i - o~ T x
T = : '.a source of error-. In eurface waters t:he dissolved o:tygcn concentration . . , i
2 B it . Lo — il S !
et IFee 19 a function of"ambient temperal:ureo, and ‘the partial pressure of 9% 3 LE-C. @
= 1:’.l ‘ o= 4..5 L 3 i . 4 ‘ C L !
o Fler ok ' 3 &
“_" oxygbfx in’ the a:l.r. Bot:h the YSI Bamples Bnd, t'he ﬂinkler spmplea were e ) 3
H‘ . .~ taken from the " surge-tank and -were therefore eubjeot .to the aame turbulence et
A a}nd preeeure chgngee. Theoretically then, the difference should be in-' - i R
x' o.:’- ..' .= b : % gn c . - -, . .
% signif:ldmit. 'I'he source of crror that might be encountered here :Us iy !
s 'l_‘-' no greater. than. that faced :ln determ:lning the d:l.aﬂo].ved oxygen content R - l
) i '’ v © . oF water semplea collected by Van Dorn, Kemerer or Nansen water hottles
E l_'-""'_-_ T . '. ) :
- ot which are also brought to the surface.-’ Because the resulte of F g = - i L
A Experiment DO—ZF were not conoiatent \-rith thoee in the laboratory, the hy '
':.‘:. - 'YSI wao not ueed for the Jlast three field trialo.- ) o
NSRRI "'4.1.3._'Tp'era|:ure' . ' _' TR = B oA - T
- S 0 a r " - =3 ¥ L 3 " =) . "l' . -
> it 3 The tperal:ure 8€ns0Ts functioned very well in the 1aboratory i "
‘r"_ . ' . 9 . r
5 " = 8 'and the, field. This conclus:l.on ie based ‘on the accepted nu11 hypotheais = & (
” © of E'.tper;imente '1'-11.. and T—lF (Append:lces 36 and 25) No effort vhs made : .
o d N e de:ermine 1f there eere any chanses in watcr temperoture between A ) ' 1
s ™ intake and the ourge—tank.- J. H. Allen (?aculty of Eﬂsiﬂe“-rinB L R ¢ i
ol | i . AR »
W o " -Applied Seience, Hemorial Univeraity of Neufoundland) (‘.Peraonnl .
= » comunication) did not oboerve sigoificaot changes vhile pumping uater P ¥ 5 -
: F l{'.l ¥ N ¥t By " ) ! ' r . : r- : *, I '.
= ) -“_'f_"‘ e fi i from aimiler deptho. . asd TR - T N o Ly . ‘
e . 0 A J ' o ..' ': . -. l-: . { i ' ' . A LI A ,’ P . :f‘ _5‘;:
. .I-! - i ' % ‘l Co 5 - r - ":‘f’ J
w . e ) F g t:'”
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'ﬁ l &4 - Practical Com:uente on‘_ 'Sensor Operstion - . ' .o
: The ease with which the YEI meter operates, its r:ompmmeﬂB R

W 0 o - .
and portability are desirsble qualities for its usé in the PAEDS. ‘ e

However, the’ effects of salting out’ over the range of estusrine ’

' in the surge—~tanlq a’ compensation factor for partiaI pressure changes

. hose intake, thst is, at the sampling level. +Its capability of-

4 measuring t-perature below O°C is. an asset heyond thst "of the :

s b . N ) “'.'.

have permitted easy calibration prior to each observu.t:l.on. ' L
4.2 -Evslustion and Implications.off PAEDS Hygzodymmica T

. inside diemeter hose secj:ion (Appendix 6)., Since the pump has E:

’ ‘msximum suction lift to 7. 62 meters, we' ca.n deternine a closer

'probe removed from t e surge-tsnk A seIf-cslibrating device would

salini,ties needs to be determined. Furthermore, if 1t is to be uaed '
A -j

over depth is required 'I'he oltemati\re is to locate the probe at th S

D

¥

!
_'1'

| .

|

L

salinometer. Fgr this resspn measurements made during PAEDS field

- 1

trials 3 snd 4 are oot considered in Appendix 20. Cslibration of the _

1

salinometer presents s.nother problem. This can only be done with the

H

Because the pre\liously calculated loss of heed (Page 4‘3-) for

the pump is in e:r.cess of that possible, we muat now detemine the o E

,significsnce of this in the operstion of the PAEDS. IE we include the". -

o, FLE

frictionsl head loss Erom ja-iuing Ewo - hose sections of : different e St

= : 8y . .

diameters toger_her on’the suction side of the pump, the* theoretical

f . . “‘ . } :l‘ .

head loss 1s 12, 25 metere, most of which results from the 3. 1?5 cm.

- - . P

L " 1
3 i .

appr@ximtion to the true velocir_v of water in the smaller hose by . .

. u_sing the Dsrcy——We:I.-shsch equstion (Equetion 1, Appendix 5).. e ' e

AR




. st e e Fav 4 i 2 . Toal ekl 5 My
h g A ST, ) }ifr R LLli-—,,:__:;#'(mi s a;ﬁku.ﬁ 0 “’?‘V‘L‘t‘;’ﬁﬁ"‘ sy i »
& e "% ’_‘h . ‘."'_' : AR ,3? : I ¥ -.')# % -
i R wasbilrtie R .0l R e s A ;fmff&.. - '
\."’ K .' 3 .’ . ) : . o : :' . 3 - 1 = . ... . i . i : .-,
' . - e . =
] * 5 &
= F] | . i 5 =
P *491. .
"approxfmate velocity then 1s 2. ?m/eec. which s 78 a91’ of the\ Wi ol Oy L.,
e ol e, BT 2 ' ! PR ™
:hecretical' _We.can® compare thie value with approxim:tions detemined . o EEy
i | .
. for several other pumping aystema (Appendix 32). . . ) Y
-~ L .. Tk .: :
- v Although the pmnp-motor unit is theoretically capable of ) :
delivering one cubie meter of sea vetez in s-.l.x m:{nutee the frictionel )
o |

head loss reduced efficiency, result:l.ng in longer t:lme on station. ' i :

i Station time was’ also. extended becauee all the water delivered by the

'pu.mp '-ras not filtered, only that uhich flmred by gravity to the filter ’
i .
stack unit,”” However i t:hese field triale l:he extended station t:l.me T N
”-":;H . was necessery to complete l:he. varioue exper:l.ments. S '," . - -I;-’-
) ¥ " When the ancilldry probleme discovered in the first t:hree ' -
_trial‘B were reaolved 'no further delaya in ﬁhe ayste:m B operutiou were ke
e = ] - _ . -y B2 : - IERe . ¥
R experienced. . ' .o L I S SR U S -
B o o . - _ A o . . ' 3 1.
b _*’4..3- . ﬂper_ation of the Water Meter i oo
g g * 2 i With respect to the operation of the water meter dn the field Lo -
ol ' there-were no <prob1ems. The resulte of Exper:lment HC-IL (Appendix 26) , .
: il 4 »
_ are further support to its efficiency. The: percent variation is well."
1'»'.» u; o within the value of 12 stated hy t'.he m.anufa.cturer 8 agent and generally._ !
- ‘:c ' ' ubsen'ed for positive-displacement meters (Streeter 1966)." . . " T
I i 4 R 'glo'.la' OPeretioh 'of_the"Air:BPraY Ondt’ . . oo 1 VY & #

i

Although t:he reaults of Ebrperiment AS—IF ‘are 1ncomp1ete there - - o _.
. is clear eviden.ce l:o shw thet the air—SPfa)’ ’U“it f.unctianed egtiafac'- *

' corily. There is no apparent relationship between the number of times ik _

a filter was uaed and the numher of pla.nktere retained (Tables 3 1 and f ¥ 5K . ’ E
= . - o ’ b E 7 " ‘ . , -

> '; . i o . h E‘:

v s v 8 i
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3 2) Furthermore there tloes not appear to be any relationsh:lp between 3 ;
J G ! .
the total plankton count for a specif:l.c fi.lter and the number of plankters - §

retained on .the filter after claaning with the air-apray un:lt

o " 4.5 rhé_PAEne—.a Plankton Sampling Device = ° . F A

'..4.'5'.'1 TheChoicenfMethoda @ e w X ' B T

| I g r

The rationnle for designing a pcrtab le plankton sa.mpling sys tem

T - [
£ C . was preaented earlier. 'I'he ‘mafiner of 1!:3 usage as a plankton capturing

device and the, aignificance nf t.he findinga must now be cousidered N T

t

|

1

. A o - ' - WA K . . i
. o B il o 23 ORI [ S S A

' Samglé- Size . b R e v yuliEl ) 1

5 I ) "The deciaion to filter one cubic mel:er of wa‘ter iﬂ baaed on . ‘ ) = i

r .‘u‘ - - ’ 5 - : .3

Cassie (1958). For the rmge of organis'm.s being sampled "that is, the § S

' 1 P R -

' . 5

(’ o 3 0l -}_
B W i

microplankton (Lenz 19?0), thiﬂ eize sample can be used to atatisticallfy
e - assess the pp..pu_lation-. ¥ R - L
Sl e Vo i ! “ ' ) i o

i & e e : i T . ; a

Hinimm Pump Capaci ty and Intake Veldci _1

t

* §inice Wihorg (1948) ataterd that 200 litera a minute. should be 2
the minimm capacity of a plankton pump, Scient:l.sl:s have reacted in
varioua uays '_Some chose to atcept this w:l.thout queation- others have .‘

{
designed aystems to handlé more than thin amount ,, some 1ess (Appendix 4). .

e YN " Why this: specific amourt and not anot]'ler ahould be l:he nindmm’ ia not . - L -

'diSc:uss'*d 'By Dr Hiborg, however, J’lE dnes gi.ve two hypotheaea. Firstly

f&ﬂt moving erganisms can aucceed in avoiding the suction currenta at

3 _sj - the mouth of hose. Secondly rarer- organisma will not: be sampled > _ {'

v

1f a amaller volmne is filtered 0! Connell and Leong (1963) question A

i the’ requir_ed m:l.nimum. Concerniug I:he aecand premiae, they shaw that : L

-
St
g
AT

0 s, . l P b ol . . 3 L -
= B0 . 3 - T . R T e
P 0 faen
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2 _:Ln thc suction zone a efficiency ﬁhen aampling while statianary ‘and

-'."that to be observed while tmdervay (o' Connell aud Leong 1963). I-‘urcher- '-

. 'captured. It 18 not the quantity of water ptmped per m:lnute I:hat ccllects

: l:here ia a reciprocal relationship betvcen the aize of the conduit and c

'approximate wal:er velocity of the PAEDS that is, 24 7m)‘sec. with l:hnse

- ' 3 . : of T
L e 3 8 ., ! ;

fcr'a'delivery‘ r.al:e of 92 liters per _miimtc;. :h'ey collecced adeq‘uat'e

L data in a C-alifnmia fall sut\rey for precise statiatical’ &nal‘yaiﬂ on

. caZanus helgolmzdwua euphausids and chaetogn.aths. Schram (1958)

[

i reports 200!1:11.11 :Ls well abova chat: aasumed to be aufficient for

collecting represeal:ative Bamplea of invcrcebrat.e larvae. It mighr. be :

t

fhir to %ay for a specific sampling devlce there haa always been rarer

organisma. The "uncommon- organism ia uot excluaively a\yographical ) IR JL

e By
=
—

|f

phenmnenm (Ahlstrcm et al. 1969) Al f '.i' & " \ -

Hhile there may be limited justiﬂcation for Wﬂ:org s sccond

b

.premiac, the first can be questionad becauac of the d:l.ffgrence expected

S

'more a pump 8 capacity has 1:ll:l:1e bearing on the type of organisms

)

' 'Iplanktcm. Ral:her ik :Ls the velacity‘ in' the in:ake tha.t capl:urea planktan & @

and in the conduit that retains them ]E'or a specific volume of flow

the velocity of a liquid in il: (Equation 4, Appendix 5). Compa:ing the )

of Appendix 32; it ranks fuurth. Yet: for tHis, the appmximate volme

[ S e = R R

uf flow ia 129 3 °1{min., one uf the lowar volumea compared to :hose of

w

Be " .

Agpendi & and Aron (1958 1962) _ - - LI R

(i ) 3 1

L e By far the major-lty of previoua pumping s:.rstema employed the o P

centrifugal pump which theoretically ma:l.ntaina a steady flow at a _' e ol v

consta.nl: \relocity. In tﬁe pu.mp motor uuit l:he water- valac:l.ty went s . &

- from zero to mximum to zem during the snction port:l.on of each stroke. e N o

Il
’
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of the dia'phfs'sm; The suction zone would therefnre be expected te vary

_ in size, “shape and durat:l.on as the velocity changed. Other than. the ¢ o ,.‘ .,‘:
‘_ observation nade hy O‘Conuell and Leong (1963) tha.t. ‘8 clearly defined i . '
3 hulbnua shaped suction zone about: 3.08 cm. in’ dimeter ,was 1oca|:ed ahead 2

cf the 1 9 cm. pu::rp intake orif:l.ca in their system, there 1a no infor—

. i
e 7 A . . Ve,

mation in "the plaqktcm pumping J.iterﬂture on the configuration of this

zone ‘for various velocit:l.eﬂ and :lutakea nor on ThE"behaviour of plauktonic a-"‘
} ' ¥ - g
. foma _when 1n thg zone. - Hiborg 8 first premise haa yet to. be demonstrated ) ’ g
. o 4 v ® . y [N . ) . Y o PR
) experimentally, T R, B .
i I- . > s it "-.:‘..-".' . . ¥y ‘..' - .‘I & 2
: "-Pump Dma&_ to Plankton ) ‘ '. - 2 s '._, o _,'- . o

. Pump damage l:a plankton has I:een a rezil source of concem for

R " those who .yould choose this l:ype of sawpling ¢evj,ce. ’I'his ia expected 3

_:‘:“ ; y " to be éspeciallﬂfl ‘true' for tht;se :g';ele';ting hiéh sp'eeai cenl:rifugal pmnps ' ,"_. - ' : ‘llfl
- . ‘,i . K -yat hare the evidence \raries. Leong (1967), Aron (1958) 'l'eater and ‘
- . _ : ""s:emson (1968), Pyefinch 99y, Banse (1955). and Col1der (1957) 511
| a ._.report varying degrees of damage. Beers et aI. (196?) us:lng a 1750 r.p m.;_' 5 -_"" '
‘-‘.; r:‘:;‘ . 'six atage centrifugal pthnp had dmse to copelatans (Appendic:lcularia), ._ - b ‘_
ﬁ”“ ’_ A B severe damage to chaetugnaths and quite a d;.fference 1n the counts of . 5
B : ; . .Nocttluca mtlw:m-s Suriray, a fragile dinoflagellnte, as compared wil:h P ..
- those taken by’ met. Yet a .pump 1n the range of 1800 .p.n, caused o e

1 'damage to organima l.ess than 5. Oﬂcm long (Gibbona and Fraser 193?). Coeo w7
" Schram (1968) was able to study 'l:Lve samples taken hy pu.mp.

In l:he PAEDS Eleld l:rials clear evi:dence for da:{mge vas- aeen

K Iiu Erperime::t z-u,r (Table 3 5). Although the.-n'e't valuea are total counts- - -
s ‘;rathet than- cuuntu per cub:lc meter, ve can compare the 233u meah net-e ¢ . ‘
L5253, § y . A E
-% i e Mg ;- 0 ‘*g
> : N
-I'-:" l‘ ' : : a I F:-
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’ = bty Mg te 1T Ep vy e am = gy Mt T -t i ‘e LR

TanT ety
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T, I L Bt L R

thrnugh the net. r.hm t:hraugh the f11ter and shauld have resulted :I.n a -.:

. hrger net count.. II: 18 unusual tor tha 233;1 PAEDS f:lll:er to. hzwe ccmnl:s s

. gre;:er than the 233;1 mesh net. (Ia‘bles 3.7 l:o 3. 10). Il: 13 cancludea

. that variatiou in Experiuenl: Z-IF reehlts fran plankton dmage a.nd

..‘nutilated othera. Drga.nim w:ith m:!.ssing appendages 'aere o‘baer\red in

Flltration Efficien cy of the Half-meter et - o '.'1, S YR Y

o

-destrucl:ion. 'l'hia however did nnt reault from the ptm " The D Sm, -

233u mesh net: was auspended above the ws:er a surfac.e at t‘he side of

oo

the boat vhile the excesu diechurge hoee emptied into it. 'I'he .' - .

¥ v

"turbulemce of fa].ling wster :l.e auspected to have deetroyea* sone az::d
the net sanples counted. It 13 surprining that G:Lb'hms a.ud Fraeer - "
(193 7 did not have extensive phnkton dmge for !:hei.r Hltrntion 1

N . ” ‘ = aa
procedure for the net was very mc}vthe same u above. mrthethe

their punp wvas of & higher capacit.y.‘ Perhapa the fina meeh silk met -

. retained vater 1onger 'reault“j.ng :l.n less a.bmion of orsani.am againut )

.““.A-. 'y

B

3

.the netting. In prerimentsz-ZF end Z—JI’ the proportioneuy lower

w

ccunte fur aoft—bodied forme, cn:ldar:lens. cheetognatha, capelstans nnd

echinoderm larvae may be attribul:ed to pump dmge althaugh contradictory o

count:s ‘are shmm for . l:l:ese forms in st.lee 3.6 to 3 10, —

x

[ §

1

‘the 0.5 aet fiahed at: moz efﬂc.tency. Alchousb netering devices were

" not 1nets11ed :here :Le suffic:lent evidence 1n the literacure to demon- Lan

strate r.hal: th:ta assump:iun is not cotrect.' The term_;nology followed .~
o e e M L

llere as in Aron (1953) and Beers et aZ. (1967) it 1= gssumed + -

" is thac of Smich gt aZ. (1968). Cwte vl T gty e )

.vlth the corréaiodndiﬁg' nésh sige PAEDS filter: A larger volime of water Weat - =

LI
dN
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. Porosity for a. ’variel:y of !lite:l: plnnl:m muze has’ been

. dmonstrated to be tn r.he range of 0. 39 I:o 0 flﬁ (lhsnaier 1968, Sm:l.l:h_.- : a

- et at, ma and thnken and’ Joss1 1917). 1t u_p \mm the Nitex 233;.__ e
1 y & .-:" ? ' -
d mesh plankton gauze uaed 1:1 che (I .'m net haa' a poroa:l.;:y i.n t:his ranse QECSE () Of 20
then the fill:etina area’ ra::lo is between S 05 and 3. 61._ It had a side ‘ VR { o
) a‘hgle of 82° and & length l:o dimter ratio of 3 55.- Tha t.wi.ng '_ -'-,': ‘ ;' ~ g 5":_‘
velocit‘y vas from s Sminin o 12 aufmin Bued on 1ts Pfﬂhable Pﬂ‘-‘““?' S
- r.he a:I.de angle, :I.ts con:l.cal fom and r.he touins \raluc:lty t.he parcent AR K
' filtrﬂtiom effi;:iency of. the ‘half meter net; was between: §0 and TR R B 1
(Saith et aI. 1,953), _‘ e o e N /“‘ 4 g TR T et
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. B ¥V o the techniques proposed tiy. Allen (1930) ‘aid Wreradhl (Lund et al. | :

g ';".: :_E .: ‘ 1953)” In this pr?‘feﬂpre plnnkton losaes ‘are. influr;suceq. by aetcling ‘J ‘ ?

_-,Z. f' “ :: .‘ i l:ime :and by ;:h; size and shape o‘f organisms. The choic.e of this ) - gi I .- FE

'_1.‘.:. -‘:.-'- i } method I:ogether u'ith filtration 'was ‘based. on- the hypothesis that ‘ u g !L
v ® . o . . £l z
4 "'5}‘ % f e organig:]:s of the_ sizg p:o_- be samp];ed uquld re_sp_onc_i _t_o- thifs pro.;:edur_e.-' e - ¥l "
¥ il '/"' ® ; 'Altl';;llug.h‘ l.:hel.ré:- 1s variation in I:‘be literﬁt':ure.'n'n th'é ‘liti;j‘.l:s of’ -:* . A '!“"

_",‘- ' : . ! X sedim,entation and centlr:ifuga:ion, they do ova‘l.'lap a.nd one has fo -‘_{-:.' d ‘

B : A l b ance what_ 1(111 be gaiued ‘l.); ;J'ne procedure agﬂiuat what w:.].l be 'la.sl: ! {3

N’!j: (b;. a.not:her. Centrifugation is comunly used for phytoplankr.on 'anc‘l § 1 i & :3?};‘.‘
:, - nancplal;ktc;n (Raymond 1937, Littleford et al. 1940, Moore 1952, Haertel s o %
. \ gt al 1969‘ Hood et aZ 1969) Caul:inn Dust I:e exercised with this " ' ‘ :' A
. procedure although it’ ia rega‘rded as ‘the tnosr. rapid and efficient mea::t.ﬂsl ; " ? ‘
) W - of concentratir;g even t.he stnallest nanoplankt:on (Kutkuhn 1958). ° Some :
;T" _u; ’ - of tha proﬁlems- are; losses thrm:gh adhesion to .apparatus, d?mpaétness o :.- ,

‘ S "} ’ (Kutkuhn 1953), and differential settling (Wood et aI 1969) . Sedinditation .

", U , on the o,r:her hand takes :mef Dav;s (1973) allowed zounl nsnoplankton - ’

-." 4?: 'jr T ., samples ta settle for a- minimm cf 72 huurs. Conover, as ;e.port;d'i)y - . 2 T
& ‘trll I. ": ‘ Hood et. a?. (1969), perm:ltted 250m1. phytoplankton samples to settle for ﬂm - h;;
3 e v ‘," _‘L_ at least 48 hnur:é'* and then concenr.rsted them by siphoning off the '4‘.{': E_

_ - i ‘"_ oy = ‘supamatant, ﬂgain allawing settling and- then again re.mwing the - o = e .- "
""7 r 't 'su;ematant: She reported.‘ah 1039 of 0.22 on I:hese aamples. For l:he ) ' “ _ ; ,9 %
" L . . size of .orga.n;.;msfto be handled here .il: wat:;. cons:l.deted r_hal; 80 extended i B R

e a, aetl:ling time w;)uld nat be required. ‘The validity of such a conclusim‘;\. .‘ "'. ] . ‘

13 verified by the resulba of, Experiment SE—lL, ‘I‘able 3. 4.-_ The high " g ""I

. E .éercent for Set 1 r:a;ults frr.m l:hé prese.nce ofl. cupepod nauplii » - e L ?

£ e 1 i b ,‘-‘ d e : i
. ;:'.' i’ ) .,.'a':.f ; ; - .. *"_t;" l f ‘ i

: i . : i -:' fies o ? s i T l-; "- ’
Coen 5 ¥ =y ] ‘ .- K : . T A ;
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& Harshall 1968 Shcmura and Nakamuta 1969) often with modificatiuns
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T e

) t sedimentation because nf their buoyancy. f"'ﬁ J' ;w 3 gk ﬂ. ;;g )
/‘ Syatmatic Counta Verau.a Randmn Counts e N -
Be oA d & Becauae concentrated aamp,lea are nften too denae or too large

= o

o

Thls procedure iq likely l:o precipitate ae\reral EVEntEI.‘ Each-atage‘-ot i

. . 5

" . handling increases the probability and opportunity for human error,- ic. |

g, “: Df plankton in the Sedgeuiek Rnfter counting chanber has alao been

‘
£0,37

s E ) Th‘e Stempel pipette or/ equivalent suction pipette is often

‘1ncreasea-opportunity-for creation of non—randomneas and givea an o § By

“ e

artificial atatiatical impoﬂ:ance to the, aubaa.mple of the subaample.

When a sample ia di\cided it beegnea a statiatieal population. y o

used to select aubaamples or aliquota {Bicker 1938 Haertel and. 4 .

Oaterberg 1967 and Herman and Beera 1969) The oldeat and moat .common, . .

# * T S

device for quantitative analyaia of phytoplamkton is the Sedgenick G
Rafter eotmting chamber (C!handler 1937 Haertel et al l969, and
: ’: Hood et a?. 1-969). It 1g alao widely used for counting zooplankton .

(MHA*AWA-HPCF'M?U. Uae of both theae itema is based on the aaaumption

oy '~ ' that ‘the plankton in an aliquol: plB':Ed in eac.h 1e randomly distributed.

e
Frolander (1968] has’ demonatrated that variability in uaing the Stempel

pipette 18 cau.ned by the :non-rsndom diatribution of zooplankton wh:l,le

a f
~

the aliquot ia heing exl:rected.. Hc»tal:ol}ir his tmncluaions are derived

from ten aliquots taken Erom each seml:le. Non—random diatribution

demonstrated by Serfling (I%Q) anxl Kutlr.uhn (1958). Therefnre the _

3

non—randumnesa inherent in the populat:l.on from’ whic‘n a aample

st ..ui" & -'1--;1 ¥t

fnae iy

c o far total counting they muat be divideﬂ or, aub-divide,d (H’iborg 1962). '~ ’ L

. decreases opportunity for quantitative analyais of the rarer forma"it'_ -

IR I
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- I.device used was described on page 66.

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

Fm e

——aa e,
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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]

P
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. meshes.

. can also be e:tpecl:'ed (-Vannucci 1968).

42 '&"1 l}ﬂ;
A s !""..'hh A,

33,;:;;,:31@-ﬂ’\?.r*?~~— R R

-t "--—n" i i L HIEE

a .

_' in large numbers may result from eecapement ‘or extrunion through t;he

Hagmeier (1968) demonatrates vnrying amounts of mesh defomation

i
o e |

in nylon planktnn gauze. Hnwever as filterin,g proceeds 80 doas clngging

of the meshes.

the filtering surface ‘a more efficient

'organismn.'- Since the direcciun of watg .flow is not perpendicular‘ ta

f‘. "

" +

ushing action is- expected 1n g

. the net thus reducing the effects of clogging. Pa::chiness could hardly

-

have been a major cause for catch’ varintion, fpr reanons nlready

diecussed. e

(Tables 3 11 and 3 12)

Il

.452 'rhePlankton LW

That nmaller' forms do not occur . -

Thie increasen the capacity of the net to retain smnller -

L

As expected the -copepcds dnminated the PAEDS field trials

v

I
.

All have been previnualy reported for the outer continental shelf wat:ers
o

around Newfoundland (Pinhe—y 192?’ a and b Vladimirskaya 1965 Pavshtiks

‘o

et aZ 19&2).r Three apecies were reporced by Hit.chell (1964) at b

'and Tanom ?.ongmomw .,

J Salmonier River estuary, C'alams fimarakzaus, G‘entrapagea hamatus,

Gopepnd prenence comparee Hith l:hlt of

‘adjacent shelf Uatera 1n St. Hargnret 8 Bay, }lova Scctia, (Pnranjape

;important link :ln energy transfer frnm primry prnducere to higher

_' level coneumern in Come by Chance and Placentia Be.y. )

"19?0)

. and Gonover 1973) ana 1‘:1 the Gulf af Haine (Sherm.an 1966 a and b, . 1968,

In view uf their abundance the copepods conatituteavery

.} .

ot '-"-4.'6 Reapp\'failsal of the Pumping Method

4 B P SR ) a
. s 3 M : .
. 5 ' . .

- The ideal' quantitative e_t:uciy of plankton- begins with the removal

Thc-se present were typically neril:ic and bdreal. i

v g T
waithew 5o
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Ty m ¥ y © o of only the neceasary organisms from a volume of water whoae sizf and

| lucatian ;Ls k.now:,l'. It m.ay aan ‘be neceaanry to" know soleth:lug of '-h F % L 38

related biotie and abiati:: phennmena. How cloae one comes. to achieving
S . © 7 this, goal is determined by the strategy employed to accomadate to, the - S

. ’ characteristics of the plenkton an& of their environment, the limitationa

o 3

o -of l:'he sampli.ng equipment and the ]o"gistics of-.a given prc’ject. Plankto'u

' '( d s is s0 varied in kind, .aize, shape, activity, number and distribution of o
TR T species that it is o'bvious no s:l,,ngle dev:l.ce is remoi:ely sul.table L A
Za"k e sample all forms. But' given a get of circumatances one device will be -

e . _more efficient l:han another. The auitability of the pumping method for N I g

a

g “-:. ) _collecting phytoplankton ia recognized (Rabert 1922 Kokubo and Tamura

L ) 1931 Hhaley and Taylor 1968 Houd et al 1969). For sampling l:h :

3 eup‘notic zone it has been demonsl:ratad that the plankton pump has . Y . ,'

gkl several advantagea over the plankl:ou net (Aron 1962 and Leong 1967).
These are st.mmarized in Table 4 1, Like any other aampling device the' . .

s L3 -
- [ r 4 = b

T Ly I : pump has its limitations. It :I.a nor. the device to sa.mple all pla.nlr.ton

-+ R | e e 2 o

R

L= T

: , 7]
- . EOF Aoy than a butterfly net can be used to catch elephants. By 'the

[ v & . L]

a usé of procedm:es for measuring env:l.ranmenta;l. paramel:ers and a aeries of
' * | - ': . fi].ters the PAEDS exceeds the capabilities of r.he 0 Sm conical net 111 )

.several'apherea. However, more inporl:aut canclusiﬂns reaull:ed from the '

field trials., Toger;her the net and ‘the. pump have _prwided e nmrel means . e d

RECH. L of gathering information on plankton mumbers’ and diversiry. The efforts_ ' ¢

to reduce apatial a.nd te.mpural dinlaceme.nt increases the® coufidence EEEE R b

R S
AN

.
"
fan sy s
s

" one haa in the conclusion r.hat the numbers and diverair.y of plankton 1n-

- N . .the va!:er c;olmnn are more closely approx;l.mated by both devicea together

oo

¥
3 2 . .-

. : than hy either cunsidered aingly. :

&

ey
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..:' . a . N . . : . 105 \/\ )
o o . , = - . ’ L ©
A o k ' i g | . . ¥ . .
L - 4 ;o 0 Teble 4.1 ) ) P
Cumpar:l.aox_m of ‘the Pump Method and Net Method f
. of Plnnkton Sampling f&:,tp _ »
& - B Sampling Feature , . Pl._unpl K ~ Net~ ; J
; ,__,'.— "+ |plankton size group aampled (Lenz 19?0) oy Y- g " :
' B i nanoplankton (< 20 w o, Yes. : No. -
Vil 3 microplankton (20 - 200 u) Yes.. Yes. 2
i X . megoplankton - (0.2 ~ 2. cm,). Difficult Yes.
N macrcplankton (> 2 ¢m, Yiv o " No. : Yes, ' % "
_- ) a8 'Dis:rete mult:iple 5i.multaneou3 plankton ‘ ’ ) I
- - : samples. . Yes. .° No. A
. i [ . . - L ' |
" i Poss:l.ble method of sampling' 5 b s o '
i _ © | -vertical = 2o T 7 Yed Yes. i
o & 1 * horizontal . Yes. ' Yes. .
cdss © | obliqae - Yes. Yes. 3
i fixed spot (discrete aampling) Yes. . No, . p :
?‘:-‘ Gh . il 5 [ L £, B -/ '
e ‘ Fi,lt_ratinn losses. . - - o= | Fews | Hany. g
i -_".:t' . AT p T i o = . ’ ¢ , - ) . ‘ 1 3 i =
B PR - . |Exact -determination of sampling depth. | Not. difficult) .Sometimes
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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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.- ' T Cenaus ‘anue Added for Primary and Secondary Fishing Sectora as.
. compared u:l_l:'h t:ha.t. of cthe Total Comod:t!:y Producing Sec.t:or % -
B . .‘''.'?'x'::l.n:ua.r;rc Seccit;dary' o - _Total ‘Total-  °| Fishing ‘ag a i
. ik Sectox 5\ ‘Sector Fishing . Commodity ' Z of Total
-YeRr (Fishing) (Fish Products . Sectar *. - | Produning b s C?’médi:y: )
L "(§ Millions) [ Industry) | ($ Millioms) 'Sector ‘Pioducing .
_ e _ ¢ = | (8 villioms).' T e CE: ($ Millions) | ‘Sector (%)
it "--‘ - - EF s : W g .
' 1958 ek - - | - e 18.0 | . 190.2. e B :
© 1959 14.6 - 56 0.2 e A 9.8 :
- 1960 15.9 . 6.9 2.8 . L241.4. . .94 .
T 1961 T A5.0% - 8.4 23,4, t. 245.1 - 9.5 3
1962 A1 - © 9,8 27.3 . . 262.9° 10.4 !
, . 71963 .- 20.5 .. - 9.6 <, % ML 281.4 N N i
ST 1964 - 22:9 X2 35.1 1 320.3° - ..JAL.0
Gy . 1965 24.1 . ,17.1 - . A2 1333.7 -12.3 ]
T 1966 -26.6 . . 18,0 . b4.6 419.9 -10.6 L i
Leo-a ] - 19677 28.9 - . 14.6 - 43.5° L 414.6° -2 10,5 . '
: .. 1968 28.8 - . 17.9 .- 467 459.6 ‘. AD.2
1569 : 3o.8° -~ (- 1 SR 60.7 521.1° - 11.6
TV A - S S, GRS K- A M e L i
1971 . | 36.7 | SR R BT TN I 713.2%. |0 e iF e _
S : ..Hbi‘. availéble'. A s L L i ’ : e +
N o = 1Iucludas Primary Potasf:ty (logg.tng), Primary Fishj.ng, M:lning, Electric Pawer, Manufa.cturing‘ . .
= ¢ (1nc1uding fish and fish product processing), and Construction. Coneeptual ehanges in.Census Value.- ] .
. Added in certain commodity producing industries- makes the -total column inconaistent within itself. .
. anever - t:he Pr:l.mary Eishing \compone.nt has not chaunged: conceptually. .. . ' L - r
& s - 3 . "._-' . . - "y - P l . . o - -': ::‘-. ". ] ': & ' " - - E - j
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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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Oemerus maz-dax (M:Ltchill) 1815-.' a

Ty .

capelin .. Mallatua 'mZZoeus ‘(uuuer) 1777 :
: Sa;velmus fonttmlzs (Mitchill) 1815

9 [ d Salvehnua alpmus (L:l.nnaeua) 1758 a
. g SaZm trutta Linnseus 1758 - %

_': Salm gm-rdnen Richardson 1836
. Dther” .. -Lanma-‘r‘zqgus'. (Bognat:en-e)_ 178'8'-,‘ . N

oo, oo o

w0 | Bqualus qc'qnthia‘e Linnacus 1758, : "

— T 3
‘.4- T & 3 .

Molluscs and Crusﬁaceans R IR I SR L

| Mya arenarm L:Lnnaeus 1758

- | Magoma” balthm (L:l.nnaeus) 1758
Spwula solzdwsuna (Dillwyn) 1817

h A

- Mytﬂus eduhs Linnaéhs 1758 e -

.‘.,” '7, | votgella mo&wz,us L:l.nnaeua‘ D _‘*" ]
i 4 . i . . ¥ .." . . N b

PZacopecten mgellanwus (Gmelin) 1792

“IZZe:v ‘bZZecebroaus (Lesueur) 1821

i Ty

Homa.rus amerwmxus H:Llne-Edwards 1837

Pandgz:lus boreal‘z.a Kroye.r .,1838
Pandal,m'a 'momfagm. Leach 1814 l‘- - "‘
- g = T ‘N

Chwnoectes opz.l't.b Fabricius
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T Y L8 Ugda:ed sumary of previoua plankton pumping reaearch (After Table 3 Aron 1962) 3
2 "‘ Inveatigator : Year - Type cif _pump| Capacity’ - Howuszd-\ § - %gt:-_e-; ‘_us"ecl
e ek Frenzel s 1897 Not: stated -. ‘]I.OO-"li"térs- With an esPecially . _i{Lakes- - ) e
g (G:lbbons and Fraser s I e .+ .~ |per minute |reinforced hose- collected i R
ETRRTE, [ 7o NSt eyt ol oo sl v [samples -through the ice; 4 PR L
O RILE oarod co gwaglR, s e Ton ¢ |minimum of 500 liters: per o S At
}_;=;*~~ SRV A R T S et T sample. =~ . o a g e 1
" |Kramer, Herdman, Wolf, l895 St"gp:l_imhip‘s_ |Not stated {Filtered s'lii;f-aqé‘wﬁfefé ...[Marine="» %.: 7.
-7 |Steuer, Hurray and ‘|t [pump - v T 5L from the' pump. e T )
. 0" |Blackman. .. '_’ ABOEY L TR T e, e Ty B B 2 oot s
" '{{Gibbons ‘and" Ftaser i ke o B B ‘ | R e
1937) Com s R o WA ‘ X P, " . L e &
4 W _Lohmann Y " |1903" |Hand pump. - |Not stated Operation of the. pump also Marine- . - b
oo« 7 o« {(Dakin 1908) it  EoA SR Sk g

'~ - |(Gibbons and Ftaser
R o IR )

* - . o *

R “Dana“ Expedition g™

i . | v § ggo pump T . =4 through plankton net. -,,'_' 36 atat:lona on foul:e.‘._ .2 S
i BRI ': 4 S RCRR - TEDEN ol &7 -
el -y v T .'I» ¥ :.. i S Lu‘) ':‘ i v 1 e . |'. Cw '5..'* = e F

< a ﬁiﬁéfg §o N 1943 centrifusal &bOut 43 One inch armed rubBer i ‘Harine-"‘” il R

3 il e < “|. 7. [pump driven . liters per .,|suction hose 38 metars : West Fjerd Noway
et B 3 sy 20og0 (1) ° tby- ship 8- ‘iminute. * ‘long; 500 litera’ per-. . o .

! -, . - = a ", L. g . . . 5 K =

s, 3 : B L engines. .. ©, " |sample; ‘No, 8 anﬂ No. 11 - . .
i > i S N2 K . ailk nets.: .. - 3

) [ship's

Not stated

controlled depth of lower .
end .of “hose which sampled
dcmn to 100 meters.

L

Surface watera.filtered

Mediterranean

Marine—'
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Marine— e T

8 : . ' . . i L Appendix KA (Continued) - ,A e S ol L e
: ,It'l\réé'tigator': A Year. T);pe °'.f pump é*‘-‘Pdci_t'}' ] T How _uséd' .:4.' il ke ; .Whé:r'e.'lqléei&‘ ik
‘|Anrala .- e . [1956. [Hand pump, | .|About’13.2 |A z cm. diameter hose:’ .o |MArime- " . o
E " i ... 7 . |liters per |fixed: 2 meters below o v|Hokkaido, Japan -,
Ll B “ 0. |minute.: surface; 20 liters per | . T
i, PO (RN LSS »sample. o - GO

‘11958 . Centr:l.fugal 544° micron mesh size net 2 5
- lpump, U e per m:l.nute in an eapecially designed Elliott Bay,.
i . - 1{1) gasoline- ] . drum i s .7 |Puget Sound, S
e - o powered.; ) ' b e b Washington ) i
f ¢ | N 3 - [ = = 5 3 y = & 5 " ¥ § "
wibaut-laebree i _1958‘ |Hand pumb +|Not -atated Samples of 20 liters each Marine- L S
. A . S collected and filtered Noordzeekanaal and
. Z'_.' DA S through No. 24 plankton: ! _Ymuiden Harbours,.
N = o . ! gauze, '15 meters deep. . Natherlands- R s -'..‘
Submeraibles {3 to 4 - Init:ial testa for & -0 ‘|Not 'étateg:l',"-
centrifugal - gallons per collect:l.ng dissélved: - | .. -
“fpump. - minute with- oxygen samples. e - ey .
A - ‘{hose” 195 - ) , IR FEA i .
3 - g5 :Eeet, deep. % | R S ‘ B - '.‘_ YL A
Submersible About 92’ ° With ship underway at 9 Marine— ) e
cent:ifugal 1iters per knota, 100 feet of hose A Cal:lforn:la 3 -
pump ', - v|minute~ - semples at .5 to 6" maters - S
3 e ‘.,.‘ e o N _deep. \_.. - ':. K . e "-' R -
v s . ,'.__‘.;_.'»,;r;,_r,__'_.....__'.,' 5
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oA r T | o 08 " g 4 r W 5 ar P S 5 e L 28 - A By 0
= % - %, = - - me = el i -
r oRd » o - - 1 s e, N 3 . [Ty
: = B L SN o i = " BT g
* E ' o - . 3 L # == w T - - & AL 3 - \
. B _ 3 v i Y i O ol e E i
o4 . < - . q i = B
- . = 5 - i S + - Ll & -
B c - a o 0 = p
] . - .
= . - . - - - v o - . -, - X S
. N L N . 2 . - ¥ ]
g ! - s - - - . B . - - " -
3 \ s 1 . - -
9% L < o

] .- e, S ol B com — e g - :,-'- 5 4 '."' e L - oo s A o I ." N ol , M‘
ﬁ{i‘ Lo - s .l - Appendix 4 (Comtimued) - - o 7 i O e . -
T e i e I R ———e i T
" 0 ..t Investigator " : - |Year |Typé of pump| Capacity | = .- ‘How used.. ‘.. | ‘Where used 1 - X

1
e

. |Mamz... o . . 7 - |1964 |Centrifugsl |28000. ° 1A 3 inch suction hose  |Lakes- . - = |0 % L el v

s e : SRR S |pump *° ° |gallons per|intake attached -to a sled |Lake Erde -~ =~ | . TS F‘,I.
? S o (L L | T A " . |sampled near the bottom at|. "' o - “ ; - ,&
% By o By e GEEY RIS F IS 6 " |depths from 5.to 40 fest.. |- . . -t ) e iroti 4
. .. .. |Mathisen ¢ v .. |1964 |centrifugal |B500 Hikucs 10.2’ cm. diameter hose at’|Maiines - - - | 0 T g
i DU OR | b DL pump- . |per minute 22.9 meters ‘delivered. - Rongelap Atoll N AR B R
g I peghaly, & WL B R EER-B YAl e NS s . |water to 3 filters with L T MERER " O A e
X 2 B g e 2 LE e TT AL I '. ’ mesgh gizes No. 6; 12 and i NSRRGSR
& - SETE i N - w e 20, respe::tively. NS LS BT e L §
: 0 Bl ': i S - 5 - ¥ : a, ' o Ee . " ‘ > ! - g .:l' .9 "- b . g J . g k "
3:: . |Quayle and Terhune . |1967 |Centrifugal |About 57 - Sur—face-vaters “samples . \ Marine- W G el TSR
& R R P e o = . . .- |liters per .|from O to'8 feet. . ° _ |Pendrall Sound, 4 gt 2 -
b= RS O s, 3 {mtawee.. L. bt L CfBritish Col:umhig -:.__.- BT 8
. . Be,era, Sl:ewart and A 1§6? Submerﬁible About 150 b ﬁos.e'retrie.vél syftem can’ Harine- Yl W -y < *
w5 ] Strickland Wi | --'|6.stage, = '[liters per-|sample’ down to 100- ‘meters :{Off Del Har, N e s, ™ 4 :
i 2 TRl ol s tue . "|(6). |centrifugal. (minute - °|while underway at 3 to 4 |california and Gult’ T . -
Tt e Ly e o o s lpump . o f- .+ . {knotaj- sample sorted on . -|of Santa’ Cata}l.ina“ = A= =
L ' N | Y A gl - o TR I four E:L.‘Lters, depth sensor. Sl N S S 0
; S AL Lo Whaley eiu;d_ Is‘y]_.o;: b s }968 Cehirif_,ixé&i-. Not stated Three nets with P sizes Harine- B dru ». W% L o

I e i SR "~ pump . ' -+ .. 1570 u, 75 y, and'65 u, . Chesapeake Bay b P N -

N K a“l- P ' - ."- N ' il (,‘2) . . :'_ ) [ g 32!‘130!‘8 ‘for . Cﬂ‘ﬂdu‘-‘-tiVity " T - . :,-' s ‘- LR R w.. .
= Gl N . . 1 g = T . . _ . |and tewperature* &ampled A R sk R
A e gl R i i T - % R A * surface waters. SRR T g ARG eSS i
e = " o . e L 5 - s Vg % . 3 we, 0N S SR % it ;! - L. ]
23 N N - i S iy - e
T . 2 ! ST : il : : e e &
4 v " L} T . ". : - - H -
i . 3 2k q i} -y i S “ - o Pl . [
o ! * y -7 7 . g - . - [= ]
= % -: . - . .-' :.-“. % : o 3 = ' - S g o N S 000 o . .t o S 1 A
A L .~ L) ' ‘ .... ‘:’ 3 ‘- i ) - e 1) . . L .- K E R __.
’ i gt W i o . 'y " A ‘ i t . g " i 5 2
Sala ' L W : o o= J i N &
: Tera -, " \ .,_..,,.q._......,...‘.n.._..._...n:-\;._...,.. ! — ol Gy ; z e - '..'--—, 1 ) 2 LR = e ol 2 Y
‘$j‘ g 43 ‘,.. N v . T il 95 e 5 Ty v i -"'-"L “
_1 -'"-'. ~ o2 _',. '
L F = ST : . .
o TS -
= f 3 R
¥ Sy - - : !
o - P ' . - . , g 1 _.' = |8 = . g - - -
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‘Ca'p'a‘c;l:ry .- g .wa' qsed.' :__: ‘._ s Where -used .. SN Bl . T
R T T I -
200. liters Vertical sampies at select Marine- R N &

.

|per minute

5 .
i - g
<, .

With 1nli§ké‘L
8

at 40O'meter

depths. g .-, .

.I. . b

Irmer Oslofjord = O =N

Norway e T

Mfarine'— e

RN

Wes tern Baltic

and 502’ _— ‘;' 8 AT I
' vacuum, 40..|: = - .
. liters per | = 7.7 .o : Tl - G
. minute. . . W = o TES T e,
5‘- Not s't}a_t.edf‘ Not stated . ‘ . 2 B I
- Y e Quebec . ;.- e WRE N
3 i ol ) £ T C ' P ﬁ" S e -- B R -
& T g S “THe number in parenthesis iu the colum:i "Year refers to t:he type | of aequent:l.al arrangement used SR
o g it IR and illustrated :l.n Figure.1.1. - - : " o B o '
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K
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N ° 0 - B S0 1 o B o - = . , . N .
o - = - - . ' . f 3 . N d . . 5 o
- . CHE AT s S - M 3 H . S e N - L . 4 G .
N . e o e P L N - . By . - . - ., f [ 1 M - . ol 23
. e N . HER L N 0 c. o0 [ IR .. 1o = . N s - -




130

' 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 5 (Continued) DA A
h S ¥ " The Darcy—“eisbé.ch equation is defined as o " e
o 3 1 B _d i o e . ; Bl '

it : T oh, = EE =, S : Equation 1 . G

: y o - g . . iy :
T o P ‘_’ - (Giles 1962) Lo
s ' : 4 % - g .
'. 'I'ne frintional factor, f is cammunly determined by use of the.
il : t oo

E Hondy Diagram, American Society of Mefhanical Engineers, (Figure 5. 32,
+ g Ty Streeter-1966) Th:l.s disgram givea the telationah:lp bet\reen f 3 !
L / b oL Reynulda Number R‘E’ and the ralati\re roughness R 3 The Reyno]:ds

‘fumber repreaenta the ratia af the 1nertia forces to the viscous Bl 1| A ] RN L5

-
- '

“ : -' Eorcea (Streeter 1966) aﬂdS is expressed by r.he equation Eoo .l

o _ ‘RE - S T S N Equation 2

'  a =y D )
; ¥ i S : ™ g B D {c;1es'1952) ok 5o
S p Relative roughness ia a ratio of l:he aurface imperfectiona ta the
) diameter o/f/ the’ c:l.rcuit and 15 stated ae Ca ) ; ' — " H ./ -
K e B ' e T TR . 'E."'uatic;n ‘3 ‘
k / - ) : '
=4 '_ - """ The mean linear velacity, V. may P may not be given aud can :
e " |be determined from the equation for Q, the flow \rolume 1n cu.ft /sec. f ;
= e B - which 13--atared as - - . R S EE - A ¥ - g -
: ‘. - i ¥ - . - - '-g,. Lt - ) ' - i s =
"l 1 L R SR P I TR S
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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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«‘.'.;,: " 3 1?5 cm, dia. (111: in. dia B U’niRoyal Royaline gas g = i
. 8 A and o:l.l hoee with two su'l.ve]. female brass Compresa:lon "-_’
& G 4 . . I
m Y s ' pring couplings. T T .
": o o B ".d'. ‘Excess aiachatge hoae o 'li.b m. (38 ‘fl:.)'X' 5 -08‘ cm,. dia:
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FLA i -
' o hose fitted wil:h one szl.vel female brass long. shaul: T, T
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, : . &% ' 7 . . ’
o el i il ," e Filter—atack diacharse hose. 15.2 m. (50.ft. ) X 2.5 - -
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& 4 W ‘. . e
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; . - . - . N
P | y wil:h one Punch-Lok clamp. In this sr.udy the hose vas’ 3
‘-,-' , ) b not uaed [0 the water’ flowed off. I:ha deck via the ecuppers. g &
5 '-' H -‘I k . , . . . . 5, & . N =) 0 N
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r - kK il . 2 f 3 I - -
g é PAEDS opérating checkli.al: e a Bl Soad” SR N

10,

i
o . (b) Two 1’: in. x 2 ia. reducer unita. ‘-'; T 4 R

5

; Pump Unit with ‘one, 2 in. x k) 1n.. brass n:l.pple, and tm:, 2 111.,

_'PVCcaps.."_' .: e TR ¢ - :.

, H - :
g Surge-tauk base._ Y 7
- n .i :

Snrge-tank with three Pvc caps. I’.Ho. 2 in., one, - lix in. A

; Filter-stack Unit with two, 1 in., PVC caps.. T e

Filr.er Column in carrying case. ’ .,\.“' .

‘12 ft¢ hoae section, 2 in., I. D. e -' g & e W

. {a) Two mdif:lzd brass foot valves: 1% tn: and 2 :I.n-_

100 Et _hose aect:ian, 1k in. I D with one 1% 1n PVC cap.

. ‘Two 40 ft hose sectiona, 2 in. I h., each with one 2 in. PVC cap. C

Overt'law dischsrge hoae section, 2 :I.n. I D.
20 £t hose sect:lon, 1x 1n ! e D ". ; "' T - ’

Fittinss. ‘

i

LY

(c) Pilter—atack intake reducer unit, 1& in. x1lin.

Air-—upray Unit o g ; ) 4 R T F

. . i I

T {a) Full compressed air cylinder or cylinders. - -
“(b) Oxy\-acetylene hose, aasembly. ‘ : % /
':(c) A:lr—lj.ne hose..: X ¥s . A = ' P
- (d) Cmpressed a:l.r regulator: ' 1 '-; -
B T R PR g
(f) mn water reservoir. y _: & o '
(s) H.‘Lter holder. ] .r_'. _l _. T _'°_ '~ . !'
“(h) Fill:er clean:lng atand Ty Vi O oy
s 2 3 ) -
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' 13, Salinometer: . . ' Y- -
(a) Pfobe-.aﬁud caBle. ¥ 5§ ’ s ¥ .'._‘f': b~ ; ' '
-(b) Terminal box.- . -
: i (c) Calibrating res:lntor.__ L & e . : s &8 Lk .
‘ = (d) Bpare batl:eriea.l o "j' + - IR 5 : '
) : d DO LR o 0 - W ) ) . \ L . P
. 1&." T S I. dissolved cxygen m.ater. f . ¥ ) ol A | {h
(a) Termi?al box. by . & o R - i ) i I- _i‘;,
| . ] - " . i ! . .
( (b) Cable and probe in preparatian chamber. ’ ) ] - E‘r
kA Calibrati hamber. .- s w5 % Ja B TS
_ \‘.,_.Ef?_. bl o 15 o 2%, SN S
. "(d) O-rings. s P ol SR - ! i l
» - . ) -._ . & y q ; [ !! -
_ (e) KCI solution. ' : ' ' —_ ' .
' 3 [ . ) : ! - % h v 1
' (f) H&mbranes.- TR e, o £ R B
) : . (K} Ring rubbe'r and stoppera. ) _ .
. O il (h) Operating :I.natructiona and calibration tables. ) )
' 15, Alternate enviro.nmental paramater dgviqea: e MRS
. : {-a)'Immers:lon ther{nometef, 1/10°C. o« B ‘ B
r ‘_-\- A ] . b k . . ;
_ ) (b) thered B 0.D. bottles. ¥ i a4 i
(c) H.angannua aulphate solution and l. ml. dzopper. : : / 5 ' :
’ " (d) Alkaline lodide aolution and 1'nl. dropper. iy : :
(e) Numbered salinity bottles. ‘ - " PA !
- .16... instrusent Probe Rack. " y 24 R
e i Todls' . ST :
(a)’ Funnel with strainer. - L -F
. . e Kl 1 4 : \
! = (b) Screw drivers (three) alt Ny b C -
! : (r;) Set of Allen trrenchea. - o ¥ - 78 .
..‘ ‘ -. ‘(d‘) Ilmgr' ¥ R _‘ _l .. :- i e 1 - g ._' \' >. 1 ¥} 5 ‘ g Al
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FE 3
e Ke) AZ in. Ridgid strap vrench. Jgi
- ¥ _;(‘{E') Set of spanner wrenchea. g e - "
® (g)'_Crescent wrenches (three)
(h) Vice—grip H‘rench. K : 4
= [+ 4
€] 'Large §te1gon wrench, K
(j) Pliers. - I b
' k) 2 1n.’ lug wrench. . P ?
. ) Equipment securing l_ines.' ,
(m) Hoae typing linea bl =
(n) Electrode cleaning brush.
: - - L 5 I,Ii-' P
(o) waah bottle. v, E% . T JE OO 7 .
J - | F - . Aq . .
(p) Flat file. * :
iBI, ‘ Tﬁreé sets of, filters. - 1 4 .
14, Six air vert hosea. ; _ _
20. Hoé’e-gaskets* 151 m., ‘3x 1!5 m., 5x2 m. )
2. . Hetered saunding line. UG g by o D
2. ?ield nompass. ' o Ve
5 B Q Il
23. Suppliea. o . . 4 :
2 , = T I g
) (a) Gas container with Rp.gular Gasoline.. ' .E
{b) Lubricat:l.ns oil, "Por Service M.S": .smer-,'sm 30; ES
b R - Af. B ) R :
win:er, _ 5-2ou.- 3 W - A )
, (c) Spara pump diaphragms and’ v.nlvea. Y = ;‘; ;
¥ i, ]
(d} Diatilled wal:er. s & 5
.t N - i . .
, (e) Teflon Tape: . i :
_ - - e - i &
. (£) Filtered.sea water. _ - v % ; ;
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" ‘(g) Spare p:l.ns.- , R g - i
(h) Numbered sample bottles. 8,"32. oz, :._36,- 16 oz, . .
. - ' RO P b :
i (1) Comerpial fomldehyde. E X & L . =
T % . c g P
L E ; P | liter of TRIS buffered solutioé:. i . " / :
¥ T ] o/ : iy
- o 3 11ters of Burax buffered solution. “u o i 4
i . 2 ' § 4 et SO
Y - (j) pms sample data cards. - - - ; :
M e /Zﬁ Half-meter net 233 . mesh and . plankl:on bucket. . i SRR
: 1 1 Sampling level colour code {meters) P oars 5 0 et 0 X
7. “' ol : B y . ;6 oo . i . :_. > X
LI ) 00 Y_ellow!req. . ) L5 ™
 wl @ ) WA . 3 » :
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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
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"_-'.E‘A.E:'.I)S sample dal:a card o

RN
i .
] L4

18 "_' pmczu'm BAY ZOOPLANKTON' STUDY'

" stiady Area ..« Station No.: | EE

P,A E. D.S MASTER DATA CAHD NO..

Sarnplmg iml. - - . @ @

ey PLANI(TON SAMPLE .

-

.

ENVlRONMEN]’AL PAHAMETERS

Mor;ﬁq: l : l .'" ‘Da,v: ' ?ear. ] ] I Woater depth at station: Es .rneters,_ i
© % Weter meter reading: - .( 220 ﬁnllgns= 100012 met{rs : i Sampfmg nme (00.00) b - - , 3
1_ - _FINISH: 1] “‘\ RV T TEINISH: ¢ s
1. - sTART: HEEES = it Rl B, T W START: - -3 - ’
i T S SRR S S : AT
1+ o voLume x454Bx 10"3 bl moc meters3, TOTAL: . . ;
| e e

. NetNo. |  Bttle No.- Saliésiw(oo.oui " Tempersture (0°c1
I IR LS Ty Y. .  Dissoived Gxygen goom e T 5 -
I. :‘- 233 ] ._ -’ .. ,'\l' ¥ | mumtw 100 m' Turb!dtty toooui ‘-__‘-'_ . ___‘
PR RASTRCIRIC I X . g
B wmn maecncm ;;__,Pm; WIND VELBCITY: 1 2 E R
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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 )

by
f
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19;

20.

~21.

small items in transport boxes and secure equipmeut for . 4 i

‘: res:l,atant markere, nn one or. more PAEDS Bample dal:a catda o 1 I

o Al Tl e Vw9 e O 5
T ‘ Aﬁpé;i&;:;' 191._«_:6:1:1::&&&) -T. :'-  y g
13 Hhen the foot—valve rbreaksl sn:u:face, ahut the pm;;-mntor'lunit =

L fo a“d "-Iui“—kl}’ bl'iﬂs the mouth of the net sbove I:he aurfac:e. . 3
14;‘ ;kllow filter—atack Sn:l.t to operate until the water t:aken at. N K -i
. -
the surface ‘Ya filtered L o .' o ..‘. e
15, ‘Record operating time for hoae recov;;try and filteriné phaae.. ;..
16 Haah down the outaide of the 0. 5  net with sea wa‘ter. ] ! :
.1_7._ Remove zooplsnkton sample from the co;l .end and’ plankton : ' g ‘ ’
‘ ' bucket using the 3ir-spray unit. . "l a* gl e -'
_13.. Collect water'samples and recard \ralues of pbysi.rt.:al b W . '

: = & .. 3 o AT
Suitch off senaor 1nstruments.. e \ _' R F g

Clean plankton filters with air-spray unit taking care to

' wash down t‘ne inside of each acrylie aection befure remcving

. " e
b v 1 & 2 . . p

" the relevent f:l.lter-. sk I 4 ) ot

4»'

R.ecord all station data v:l.th soft lead pencil or Ual:er

(Appendix . e & e e, g 3 I
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At l:he end of the field. trip dismantle the PAEDS, store the .
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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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W - . & ’ Iﬁppe_ndi‘x”iif- ,(Co;ifip;leﬂl) F o we

[ _1‘5'.

.5-

1? v

iB'.a Add 20—30 drops of counting scabil:l.zation solutiou. Rl

9.

.

-e.ach cylinder. Con 0 as i B :_ e 1 b : _.'--

After first settling carefully remove the aupematant frmn

= i

]
‘| &

Cambine the t:wo portions of the aample not to be cOunted,

.
I

1

i allow the solutinn to aettle a further 24 hrs., re.mow the

rema:lning aupernatant snd store Bpecimen fur reference. e y

3 RS

Tranafer ‘the two portions to_ be counted tu two 100 ml

.

graduate cylindera and repeat aettl:l_ug and aiphuning

pracedure until the volume of concentrar.ed plankt.on .can be

accamodsted in the apptnpriate Cr:funting dish. P _' DR g

* =B

Covar cuunt:l.ng diah with lens tissue and allaw rema.ining

vater . to evaporate at. rocm temperature e -
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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
| | ’
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" Appendix 13

- Cuun'ti'ng' procedlure e 8 . R

A For the PﬁEDS 233 a.nd 153 M samples and fot the smaller 0.5
‘n., 233y net samplea. “o TR o I_.j c e
1.. Place countiug dish on'mit.:ras'co.'pe stage. . A *
'i. Begin r.:areful systematic aaarch betwe.en the parallel lines J
‘ ident:l.fying, . counring and remnving Dtganiams. . .
3 Place thoae e be kept:. for ;:efarence in & Syracuse wat]ch glaas
'cont;l:lnins 3ta‘b11izat1un solution, | = -, - . e =
. b ,A@ter.rem\{mg a]:,; visjble organisma take -.gidiaa tu‘l:e-: prf:b’e,'..- l

break all deb_:r:‘la. masges,; identify, .cmmtl and. transfer any ° ’ .

trapped specimens to the watch glass and search ‘parallel £ields|:
égéi'r_t.

ot

Punch counts on the appropriately labélled keys of the c:ount.er.

L3

; After exmi.ning reference apecimeus flush t:.hem into a vial adfl :

."a:abiuzazion solitions dnd label. . L ey

Record counts and ident:ificati:m

._1_'
t

y:

For ‘the PAEDS 80.p and 64 1] samples and for the lﬂ.rge 0.5 m., :

233 o et aamples.. jaiy o W

i

A .._-'-:1——,-'-:-'-,...‘.-__. e

-‘~_-....-.t_,-,_

Shake and awirl 'counting .dish so that organisms appear’ to be -

Y

evenly dis tributed.

’ After placing dish .on r.he apiral counting biock carefully put

both on the micmscope stage. o

1 Enlarge 0. 5 cm. diamter field mgnifical:inn BO - thal: it

g approx:lmately filla t:he microscupe 8 field.
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4,

»

5, _Il'ecprd " cuuﬁts for ea‘ch of ﬁlie'.ten field'a. Tota]. and avarage

b, One 0.5 cm. fi'.led 18 2.9 x 10 of the, total ins:lde area of t.he

Icirlcqia.r fields. - - - . ] 1-:.—‘. " IR

. Starting at the ’eex_ite.ir carefull'ly-_ 1den£ify; count #nd' remove
al'l'l org'anjl.g;ms'inéideb L:'he _b'utei'» qircumfe:‘ence-'bf‘g‘a'llf ten '

- eaeh to obtain est:lmate cmmt for each tuxon.
-3

= c.nunting dish. Therefore npply multipliar 334 9 to avarage
% o . o
A counta ‘to obta:ln an estimte t:otal countzfnr each taxun re—

presented 40, the anmple or, snmple ;port:l.ou baing snalysed
7 Racord :I.dentificationa and counts. ok i 4 r
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Salinome:er
5.
31.26

31,20

314 1

:?;;:.5_0 o
+34,86
;30,03

o .31.26
©."3L.20
) % U

31.50
o 34.36\ .

730,30 ¢

32,34
. 31,08
‘. 32‘]‘.6- b

31,38

38,40 -

| 30.48

3234
"31.08 -

- '32 16
31 38 : _

38.40

30.48 ..

&2 '

30.45
30525
- 7.30.75 -

30,35,
"130.75‘~
L. 30.25
30.35
30.96 .
-, 30.75
v 30,35
30055

30,35
..31.57"
" " 30.45

" 30.65

' 30.35
30.35 !

‘-30.75

Radiomet.er "

l:I '30-‘55 --
3035

-.__30.6‘5; '

130.65 .

,'3d.251-‘

30I. 75 A l

_"b;s; -
" 065
"700.89 .
BRLE

4.11
—O 62
0,91

0.5
0.89 .
115
g '3.90-.
~0.45
. 199
0.53
1.51.
J 103
683
0,03
ra.ds .
. 0,43
© 18l
T .09
765
|27,

. 0.2025

‘L 0. iaog_

" |58.5225 | /
0.0729 |

0.6561
0.4225

0.7921 "

I 1!. 3225'

16.8921 | - -
10,3844 )
| 0:8281.

:,- " 29‘25

‘0.7921 |

1.3225
15.2100

3.9601

2y 2801 ;
1, 0609

J46. 6489 |
0.0009 |

4.3681
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:.‘ .: 1 ¥ : " 5 l o . y ’_ “" . “*::'" .
: i ;' ' ‘-Api:_eqdli'x.ﬁ. J —_— _ ' _,
J - i o ; E Spééiﬂc‘ cquﬂétlﬁiy 4n' the surge-tank J -::_:"’- Y, S8 p. : .'.
o ., il 0o . Experimenti CfS=3L° ‘ :
' e : e g i Sy o 3 i
o 7+ 7| " observation = ':|. Specific Conductivity- | | D | .pZ 1T - 1
R L milldmhofen - .. |- - - .
: Salinometer | 'Rﬁdiq;net_'er "‘ '
._r . xil k N ; / .xiz ‘ ' b : " w g
- ’ iy 27660 © | - 20,41 .| T0.25 |.0.0625
5 A C2r.66; | 27a41 -0 0,25 | 0.0625 |
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