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PRODUCTION TN DODI®S oF UATER

e

The sudject of profuction is of partienler interest to fishery bhiologlsis
and it has ssomed sdvisable o define eeriain %arms and to outlins sons of the
Tactors affecting production.

Whils the material presented appliss to all bodiss of water, reference is
nale only to lakes as @ matter of convaniencs.
froduction and Productivity

Thess twd words are best used synonymously., They are so thoroughly confused
in popular usepe that an atien»pt to assign them different and exact nemnings

would e more o less uzsleas,

THE IR DIFDITTIONS

A, Cross Proiuction and Net Production

Ths grose production of a lake s the total smount produced of orpanisms
or orpganle materials per unit of time, Hore partieularly, it is the inerease
in wolght of all sueh naterials during such time, up 40 the polant whare {hey
ehanse thedr form. Thus, 1 tho gross oroduetion of fish durlng & year be under
gonsiderntion, it includes all izz#mm;s in velght of any Cish living in the lake,
at emy tive during the year, regardless of whether they survive to 1ts and or
nots Ur agaln, if the labe’s yasrly gross production of protein be under con-
sldaration, 1% would be the total quaniity of proteins of all kinds sluborated
during ths yoar, mgmi;am of whether these were subsequently dizssted or axidized

during the seme yrarj the same asctual materials (phosphorous, csrben, ste.) might

in fact aspear ssveral thimss 4o adding un the total of protein rodused.

The net production of o Inks par unit of tive may be dafinsd as the exeess
of slaboration ﬁ@y destruction {(or mors gensrally, of gain over loas) of seeci-
fied orgenisms or organic naterisle during the $ime i+ guestion. In the exsmples
above, 1t would be the difference batwosn the total wight of living fish ai the
boginning and 8t the end of the yeary or the differance betwsan tho toital mmount

of protein at the s timws., It is anay 10 ses that the coneept of nat production



is much more susceptible to cqumtitatliwe evaluation than ie thet of gross
production. T6 estimate net production for a given period, it is necessary
only te messure the standing erop at the begloning and ¢he end of the period,
and taks the Qifference, It follows that nsat nroduction s0 msrsured must often
ba negative, end in such ense could be e¢alled net decreass, wheress gross
production, as defined, ean fall %0 zeyo but caunot ever be nagativae,

Hat production is moat useful when the tinme under consideration is shori.
Por example, the net vernal production {incrsasse) of phytoplankion ean be moasured,
and may bs a large quentlity, Thero may be a aét inereasas in a certaln spacies
of fish ower a peried of years, as recontly with the yellow pickerel of lake
Huron, or of sockeys in Cultus lake, Bus in general, as the time interval is
inorensed, the net productions, both positive and negetive, for both single
speclas and groups of speeiss or matorials, tend to be stabilized at somo small
positive or neagetive valua, This valus will be governsd only by the mamitude
of current physiographic and eliﬁmie ¢hanges in the lake's physical nature and
environmant, Txeeption to this siatement must be made, howevar, in th~ case
of the introduction, whather by natural or artificial memms, of new specles into
the lake.

I% is fmportant not to confuse $he concept of net production with that
of utilized production, o be deserided later, Fish, ote. desiroysd by pre-
dators, ineludlng man, ui;}. affset 4o not production in so far s thay ‘affaat '
$he standing eﬁmp at the end of the periocd under discussion; but ’"met™ production
as here defined doos not sugpest utilization of the produet, but rathsy its
aceurmiation,

Bs JSotal Production and Speeific Production

Total groﬁuétivity e;ai‘ a lske refers to its dtotal production of orgmnic

matter of all kinds per unit of time, Total et production of orgenic naterials,



econsidernd over parieds longer than & year, must usually be close to zerc}
mast be, in fact, the slow acmm&étien of organic madder assoelated with champos
in the “trophie” or food characisr of the lake, a8 in increassing entrophy or
dystrophye

The gpegifie produetivity of a lake is its production of ocartaln speci-
fied kind of organiasms or orgsnile materials, Sueh materials may be chosen on
any conceivable basis; e.g. chemical: corbohydrates, amino-acids ete.i or
phiylogenstie: plents, enimels, bacteria, insscis, fish ate.; or secording %o
thedr situntion in the leake: plankton, banthos eolee; or according to their use-
fulness to man: game Lish, coarss Lish, big fish ete.

Co Agtusl Production and Potential Production

Ac‘mal nroduction refars to conditions as they ave now, Potential
vroduction is B useful coneant %o indicate the srobable affact of proposyd
changes, ond shouldbe used in conjunction with n clemse indicating the nature
of such changsos, 9.8, "this laolom has a potential roduction of 1000 ibs, @f
bass per year if the pike ware to bs desiroysd”™) or "lake “rie has a postential
(utilized) productivity of § times as many classos as at prasent, were 1tn
fisheries to be roperly regulatad,” A gmeat varisty of chanpes may be proposed
‘ax‘ anticipated: adding new specles of plenis or saimals, removing others ale~
rondy present, iaproving spewning bads for fish, waming the watar by deforssta-
tion of the shores, changlug the volwe of flow, atc., etes Thors is, ize%avar,
an upper indefinite limit to mermiusibis chansoe, as for exampls, if the lake
wers damed to double 1ts arma, 1% would in effect ba & new lekes, rotential
productivity, 1ike the sctual, may be thought of as gross or nat, total op
spacifie, but in practies the form s usually confined to the sense of spoeific
uiilizable uroduciion,



B, Usilized Production

L. Actual Utllized production may be definesd =3 that part of
s lakets 'argmie produets which 1s used by man,

e Jossibls Utilized Production may be deflined as thot part

of a lale's orpenie product which may be used by man withe

out sndangoring future supplies (de0. causing depletion)s

hen the Asctusl Utilized Production exeseds the Fosalbls

Utdilized Produetion depletion is taking place,

B, Potentlal Utilized Preduction may ba defined as that part

of s lame’s organie produet which might be used by nen,
without endancering future suppliss, providing esrtain
chianges were node in the environwant, whersby production

is ingressed, Potential Utilized Production is a useful
concapt 0 indicats the probable effect of propossd changas,
and should be used in conjunction with n elsuse indleating
the naturs of such dianges, 7. G., "'his iake has a Potentlal
Ytilized Profuction of 1000 pounds of bass pepr year 1f the

piks wara to 53 desiroysd.

Definitions in Drdefl

The setunl orpanic nroduetion of a lake may Ye subsumwd under the following

heads:
Total Production Speeific Production
Gross Production Totsl elaboration of orgeanie 411 inersases in mié
materials, plus organic stuffs {or numbars) of a
from otler OUreas,. gpacine} or fotal ne
. afdditions % the st
of = organic subaie
Hat Production Txesss {(or defact) of organie Ingranse or {dedresss

ineoms over loss) whish ls a in sbhundsnes of a
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Total Produstion spesific Production
Hat Production manssure of the changs in a spasies, or in its
{eont*d) laka®s tyophic character, total waishts Soue
ovar lons mriocdse for givon classes of
organle atulfs,
Utilized The “ealeh™ of &
Produestion speelss of Plahg the

aount teken of aay
ether uilliized orgonie
object.

ML O AOTORMINTNG T pnODUCTION OF LARMD

l. Utilized Production

ihe Actual Utilized Produetion cmm be dotormined by keeping "eateh" rocopis.
This is Pairly easy in tho case whare a commercial fishery is prosscuted bud
is Prequently difffeull in the case of a sport fishery.

The Possibvle Utilized Produetion is Aiffieult to determine amceurately, how=
avar o study of {1 is eamsentinl to the intelligent regulation of a Lishary.
If tha entch, or tnke, is constant for a period of ¢ime and evidence is at
hond $o indienta that doplotion is not teking place then $he Pocsible Utllized
Production nay be Pairly c¢lose o the Actusl Utllized Produciions. This doss
not necsssarily follow for if the fichepy e not intenalvely prosseutad ¢he
Acpual Utilized Production may be eonsiderasbly below the Possible Utilized
Profuetion, Iowever s fishery which has mueh walue is usually setively vro-
seguted and the population iso alther beling deplsted or is in denpgey of
dapletion, If depiaﬁaa is just beginning to oceur zome Infommation on ths
size of the Possidle Utilized Production may be ascertsined fronm $he dats,

If dadetion he token nlace 4% i3 obvious that the Aotusl Utilized Produstion

has sxenedad tho Possible Wilized Produetion and conservsiion measurasg mist

be inmpuratad 4o save ths rosource. To dotermine the Fossibls Utiliced

Produetion the eatch and ths siandin: erop, or population, at fairly short



intsrvals of time muast be knows. The stending erop has men determined
sorptimma by (1) polsoning mnd then collseting all dead Fish or by (2)
draining the ldw and then esli@&%iﬁg{ the fish., Tlithewr é@;’" thase mwthols
have the disadventaye of bringing to an snd the prevailing relationships
and otm only be used in small lekes in sny event, The standing orop emn

in sorw eesez (plankton) be deteminad by quentitative sampling. However,
this mathod is not vary satisfactory for most specias duwe o $he GifTiculty
of obtalning representative sanpleas, The detorminagion of the standing
erop has been attempied by marking a number of a speeles, releasing them,
later racapturing them and from the data on nuber marked and pereentess
coccurrence of marked individuals in the eatchos, the numbsr of individuals
in the population ecan be eelenlatad, “hile theoratieally the mathed is
valushle 4iffleulty is usually ezperienced dus to ﬁifferagtial mortelity of
mariefl and unnecksd Fish, loss of tags if the fish are marisd by tagging,
and dlifienlty of collaeting raprosentative samples of the population, A
sintive nessurs Aaf." the papﬁlé‘ks.éﬁ gan somatlines be oblalned by & statise
tieal study of the asnteh por unid of zadye

A knowledgs of the standing orop doss not, in itsell, fumish sy information
on the productivity of & lake axespt that in genaral $has lsrgor ¢t standing
erop tho greater the produetivity is apht to be, If %he standing crop iz the
same at the end of an interval of tine (the interval being «ms or more cycles)
as 1t was at the beginning (net production being zere) the Possibls Thilized
Produetion 1s ecual to the Aptuml Utilized Production.

The Potential Production of a laip is slways a hypothetieal Plpurs na %

is &if‘fieu}.t oy impossible to avaluals sceuralely the effect of changes in
the environmental character of & leke, This copeept of nroductivit is,

howewar, of groat impodtance as in addition o maintaining a fisbery the ain
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of fishery neanagsrent should be, I poswible, to incrense the Possibls
Utilimed Productlon,
ITI. PACTORS AFRCTTUC o0l GCUCTIVITY of ARG

le IPhysicnal E’mg riias
Ae In ppneval, the pize, shape, and depth of the lake 2ffeet e size of the

populations of the verlous speciles thereins These Tactors to soms extent
eontrol the tenperaturs of tl» waisr, shallow lskes being warmer in sunmer
snd colder in winter {other factors baing constant) than deep lakns and
hanos heawve an affsct on the itvpe and growih ﬁi‘ the population.

Be Imo patures of ke surrounding countrr allects the blotic condition of a

lake in meny ways, abundance of terresirial opganisms, the amount of sune
Light, and the run-off intc the lake,
Ca T furblidty of the walter which is eontrolled by numerous factors dirsetly

affects the mount of photosynthesis and the eharacter of the flora and
Taung,

De Tio flow of water through tim leke is irportant from a vaniety of stend-
points sueh s tomperature, effoet on the thermooline, introfuetion and
rompval of chemiesls, and effect on turbidity.

Te The latitude mud elsvetion of o loke affectz its temperature sud the nabture
of the surrounding flora,

s Climatlc Sonditions

Ae The temparstuys eontrols the charecter of the populstion and its growih
rate,

Be fhe mount of preeipitsiion 4is importent from a number of viewpolinis, in
& messure it determiunes €he inflow, cutflow, and lavel of the laks, and

has & pronounged affeet on ¥y surrounding flore,
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The smeunt of licht is of importance in controlling photosynthesis and
is iteell affacted by latitude, weathar conditions, vegetation in the lake,
and the nature of the surrounding country.
The asmount of wind is frequently important in ai’f#eting the ‘tamparsture,
deyih of %Zzé thermocline, and exchange of gases betwesn the alr and the
watore

Se roperties
The chenical propsrtiss of a lake are naturally important as they are
yoally the building siones on whiéh all life is dependent. Thors ave
eartain &zsmieais found in lalms which ars not used for growith and their
presence is uninportant, Howsver, the concentration of chemioaise in a
lake may bs such @8 to inhibit the growth of certain orgmiems, 4 given
conesntration of chemicals may be haymful for saus organigms and may be
beneliclal 1o others, henee we have a varintion in the flora mmd Feuna of
lakne in accerdance with the varistion in coneentration of the various
ghemicals, It is usually the case that sny chemicsals added %o & lake
in melatively largs smounts are injurious even though small smounts may
be hmrmless, In this respset the pollution of streams and lakes by sewage,
industrial wastses, salt water fram oll wells, ete., nseds careful consider-
ation, Somstimes a small smount of a pollutant may be beneficial, but the
uanal pleture dis %o find the ¢henmical composition of the strosm or lake
belng radicslly changed vith resultent changes in the {lora and fsuna,
The total chemical composition of & lake is constently changing due to
various causes, Chemieanls are added to lakes by the inllow of siremms,
by pollution, by ths wind (03), by terrestrial insects dying or belng
eaten by fish, and by anadromous fish. Chemicnls are lost from lakms
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4. Density of Fopulation of Utilized Sposies

The offect of the density of the porulation of a utilized specias is

of course, of vital importasce in detemining the productivity of a luke

of thnt seviiculsr specins. Obviously if a specias i not present 1n a

lake, its production of that spacies can only be zero regardless of its

eagseif:y %o profiuge. The eame of sceessibllity of a lde 4o msdrowous

fishes may affsact Ltz production of thoss speeiss, To gat the zrestest

pozsible profuction of o glven specins the density of tl:za' populatl on of

hat spacies must be kept at an opiimm velue, Hesplnz ths population

of the gmeelss ad 8 Plrure shove or balow e ontivum valuss cmn only poe

auls in o smaller Possible Utilizod Production than might be posaibls,

e detoraination of this opiimum valus end !mepins the populstion at thai

valus is ons of the most important functlons of the fishery adminlatrator.
Je Abundsncs md Kinds of other Tlora end Famna in a lsks

The utilized spacies are (exespt in the caose of plants) depsndent on other
foms of 1ife for their food mud gll fastors affacting the food supply,
indirmetly affoot the lakss production of the utllizod specios,

Dissase producing orgenisms mey play an important role though thalr effect
under strictly natural conditions is thought S0 b sliphts.

Prodetors are, of course, lmporiant in thad they are in & monsure in eoupo-
tition vith man {n reaping ks oov &d consaguenily 2 reduction in the
toll dalen by the predator: wvenally resulds in an incoreassed utilized »roe-
duction, As 4s tho ¢nmes when any chanses in $he saviroament aa majde by
man exbrans ctmilon should b syorelssd 4o detawaing the full effgeis of

renoving prsdatoras ss s predstors may, in pard, be controlling soms other



wdesirabls specles.

Dy Population pressurs cmused by extrems sbundance of some other speciss may
have an affeet on the produetion of the uillized sgseias though such easas
a0 Ao

Be The area md condition of the spawning grounds mey be influsncsd hy the

kind and shundonos of the florva,.

We ALE OF FTISIOING MAD

1, To so rezulate the Yeabtch” or "take™ that the Sptual Utllized Production
is neither less then, nor greabtar than, the Possibdle Utilizmed Production,
Ir the Aetuml Utilimed Productlon iz Isss than the Possible Utilized Proe
duetion the vield of the luke is only beling rorticily exploited, IT ths
Aetual Utilized Production is proster then the Poasible Wiilizad Production
depliation is taking plees,

2e o ondeavor %o nake the Possible Utilizad Production equéi the Potential

Utilizad Production. This can b attenmpied in a number of ways, among the
mest eormon of which are, to 'iarm? the donst 4y of the populstien of the
ubilized gpaeias to Lts optinum walue by proper rogulation of amount and
kind of fishing, conitrol or oxtermination of predators, eontrol of un-
desirebla speclos vhich ars coanpotitons for food with the desirable ones,
econtrol of digeasss, improving spawming beds, introduelng new specles,
indireetly inersasing the food supply by thw addition of chemicals, ntc,
Consldernble care neads %o be tdoon in oy steps Yo inerensse the Possibls
Ueilizad Produetion in that 1t is wsunlly extremly 4ifflculs 4w determine
‘ﬁai‘wah&;& dhe full effects of sone oroptsed change hwlfore the ehanrs is
nads, For %xm;:la, a naw spacies nay be Introduced vhiech in itssell may
e valushle but which nigy have s vory dalelorious effset on sone obhar

8%111 more valuable soseles alyaendy pesident in the ?;&ké. Appin soms
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spociss which may prey on soms valushle speciss may be killed off without
peiging into considerstion ths possible value of that speeles in gontrolling
& third svecles whlch nay be o predator or compatitor Lor food with the
i;im%; onge,  The introduetion of asv species may and Trequently dops yesult
in Bus introduction of dlssase producing orgtnisns vwhich ars soustimes very
dsatructive,

o vepuiate the cateh or tsko so 88 o produce i greatost possibie
eeonoiic bonelfite This is onme g:émas of fisharies nanegsnent thot has nod
alweye recaived es much attention as it shoulds IP thers is one sesson

of o yenr whon 6 specles ip in poor condition the "taks" during that season
should e curdallsd or prokiblted mo thel the "take™ at some othsr sesson
mgy be incrsased, Thus withous & m%griai {nersese in {he quentity of the
Yimke” its valus might be materdslly ralsad, dsgulstion of tha use W
which 8 fighery produet is pub may be important and in somd cases this has
bean done, Loch individusl sose requires separsis consideration and hard
end foast rules comnod be lald down as o ihe best wetiods for controlling
a Tishery 80 as to produces the gieailast good, however, this aspeet of ihe

situation shouid always b considered in formmmlating fishary regulationse



