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FIG. 1. The Upper Meta River area, showirg the 10 zones of the 1977 frame survey {zones |X and X are lagoons to the north and south of the
Meta River, respectively) and the four s:rata of the 1978 catch assessment survey.




SUMMARY

Catehand fishing offort in the Upper Meta River Sudem for
the hydrological year April 100 197S - Apnl Y0 1979 were
estimated using astatisticallv designed cateb assesanent sarvey
(CASY. The desivn wis hased aon CAS miethods vsed at Auborn
University. and  corporated reaiits from o frome sirvey
conducted durmu the 1977 hvdrolowical v e anthe Upper Meta
Hiver.

Total catel m T9TS wan LT 1366 Midogrns fron 1260334
Fiching Feonomic Cnit i FEV 3
cauivalent to ES Inherman-dave Average cateh per FEU -day
was S kilowrians, Nty one percent of the cateh came from the
it viver and apper tnbntaeees 70 percent and 21 pereent,
respectivelvr Sonaberly SS pereent of fishing ettort FE U -y
was expended m the main rverand upper tributaaies SO pereent

ave where D FEY -day was

and IS pereent.respectively o Cateh and fishing etort i loveer
tributaries. especiadly those on the sonuthern side o the Meta
River, wererelatively insigniticant.

The wnnual larvest was eveobe distribated betw cen the hivh
and low water seasons Hosever, becaise the b soater seison
wis 71 pereentas long as the ish water seasons dailv cateh was
actually higher during Tow water: This was dae primarily to
mereased daaly tishing eftort within the man river stratam
duriniz the Joxw water period. Cateh per auit eftort changed only
slivhty trooy the hieh water season (7.9 kilograns per FE U -days
to the Tow water season 5.4 kilograms per FEU-day

The relative standard crror CRSEG for fistinge etfort 9.9
pereent) indicated that samples were providing celatively
precise estimates of this variable onan annoad hasas Vanation in
fishing effort was inherently low hecanse artisanal fishermen
live near the river and their frequency of tishing changes little
within seasons. Cateh estimates were more variable, however,
giving a BSE of 231 percent for the vear; sreatest variation wis
encountered in the Jow water season (RSE = 444 pereent).
Further seasonal stratitication is recommended to reduce
varation in cateh estimates,

Future catehassessment surves sonthe Upper Meta Riverare
outlined and saompling schedoles seithin time strata are defined.
[he nmber of tiee strata will he increased from two to fonr
with the addition of one sratom for the riving and one stratum
for the bdling water season 10 recommended that siv samples
be tihen within cach time stration, due to the Togistics ol
stnpliong, twooor three canpleswall he taken during asingle field
trip e tripsoawodi be sostematically sebeduled. The Upper Meta
River will be divided aato two geosraphical strata, one
composed ol Wl tinbutanes and the other composed ot the main
river onlv Sumple sections sl e chiosen with nonouniform
probabilite woth Aiee as o somples coming from the main
river steation . trom the tributay stratum cbonr sanples and
oo sanples. o pectively

Application of  nonandorim probability coanphnge s
recommended tor ntiad survess o all river tisheries within
Colombia’s Orinoco Svatenn. A pre-survey overtlight will
provide initiad sampling probabiities based on mamber of
cianoes counted per seetion, and nitial time stratac will be the
satne s debimed tor the Upper Meta River, Strata definition and
sinpling probabilities for Later sirves s can be amended based
on informetion gathered during the initial survey,

A JO-vear CAS sampling progra-n for Colombia’s Orinoco
Systenis proposed. Sampling will be condneted on the Upper
Meta River in alternate ycars (from 197%). Six other Orinocian
rivers will be sampled, one cach vear, during successive
alternate vears hegimningg in 1979 These other rivers have much
less potentiad tor immediate fisheries development than does the
Upper Meta River and thus merit less sinplinge effort, After
19549, consolidation of swnpling to include two or more river
fisheries in 1 yvear may be feasible, thereby allowing comple-
tion of data collection necessary for a Schaefer surplus vield
podel inoall fGsheries of the Colombian Orinoco System
within 15-20 vears from 1975, Methods for obtaining estimates of
uaoimutn sustainable vield and optimum fishing effort at the
community level sased on the Schaefer surplus yvield model are
disenssed.
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Catch Assessment Survey Design for Monitoring
the Upper Meta River Fishery, Colombia, South America

STEPHEN P. MALVESTUTO, RICHARD J SCULLY, and FERNANDO GARZON F

INTRODUCTION

THI" INDEREN AV USATD A BURN DNIVERSHY cooperative
tisheries project in Colombia requested Dr. Stephien Madvestoto
to comsult i Colombia with the Liinos Orientales Fisheries
Project during April 15:25 1979 The speeitic purpose and
expected outcomes of the visit were to bring an expert insary ey
anadvsis to Villvicencio to provide additional inpit ntaosmdy sis
of the acennmlited 2 vears of data from the Meta River
fishery catch aseessment survey COAS Special effort s
ctploved i the estinition of catch and fshine ctfort trom the
Food tish fishery s Sprecthieally - assistance swas given to,

o Improve experinentad desiens e develop methods o
mntze variance estimates of cadche fishimg ettort and cateh
per nnit ol fort

20 Pl and mplement the anadveis and presentation of

project results,

BACKGROUND OF THE PROJECT

The principle projoct woud wis to present arationalappoach
to fisheries numagenent based on knowledue of fisling eHort,
cateh per undc efforts and total catch trom the tihen
Cltimately, the present dita e to beincorporated intoasurplis
vield maodel o6, Chapter 13t provide an estunate of maximum
sustainable vield and optiom tshong cHrare Catch statistios of
Fangth frequency by speciess relative abundance ot cach species,
and length frequency of the spav i populations has e heen re-
corded as further aids to future urnagement decisions 7

Duoring the tiest 12 months of the progean, datacon cateh and
ettort were collected viaa frane survey where cacli of the 10
sones comprisig the selected stady area dhe npper 316
navigable Kilometers ob the Meta Rivor and ity wssaciated

Bespeetivelh s Asastant Protessor, Departinent of Fisheres and Allied
Aquacultures, Beseareh Avociate, Departient of Fisheres and Allied
Aquacnltures: and Fueld Bologst, INDEREN A Colombia, Soath
America

tributarices was surveved once duting the hich water phase
CApril To-November S and seain dirng the Tow water pliase
tNovermber T0-vpnl 9 tine 1 Donme the second 124nonth
period. cuding April 901979, the study area was divided into
stpling strata aecording to the Chacactenstios o 1 wple
variation i cateh pec ot of sl cfore 2 cost ol sanpling
cach st and 3omtensty of bshome ottt Areas that had
litde need tor study or that retmmed Titthe mtonaation norelation
tosampline costs vere wven hittle or nosanphog ctton

This veport snvwests w mone appropitate sample siryey
desten whnch shoald he amenable to camtinined oonntoring of
the Upper Meta Biver Systens Ao e desian ends itselt well
torsamphine of vther febenes i e Ormoco Svstemn Dietarls of
these ipats e presented o wth o bibdiowraphn

ANALYSIS OF RESULTS FROM THE 1978 CATCH
ASSESSMENT SURVEY (CAS) ON THE
UPPER META RIVER

The 1975 CAS an the Upper Meta River was based on
stratification in tirne and spaces Speaticaly s the Indrological
vear CAprd 100 197S April 90 1979 was divided into two time
strati hencetorth called time blocksy where Time Bloek A
reterred te the hoeh water pertod A pril 100 1975-November 9,
7S and Tane Block B oyeferred to the jow water period
Novewber L0 DTS- Apnl 9019791 The viver and its associated
tributaries were divided into three ceographical (rea strata
where Stratin 1 oencompiesed the main Upper Meta River
channel. Stratum 2 encompissed the apper tributaries, and
Stratnm 3 encotnpiessed the lower sonthern tributaries, figure 1.
The lower northern tributaries, the Rio Cosiana and Rio Cravo
Sur tlabeled as Stratann Fin figare Y, were not included in the
1975 CAS becanse they contributed little to cateh and effort in
7 and were estremely difficult to samiple during the low

Isolated and meandering tributarios {left} and extensive sandbars
(right) made access to, and travel on, the water difficult and time
consuming.
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TABLE 1. ONUMBER OF SAMPLES TAKEN WIS Fach GEOGRAPHIC A
STRATUM (1, 2, 48D 3) DURiNG Exci Tive BLock
(A WD B) DUrInG e 1978 CAS

Number of samples taken

Time block

Stratum  Stratum Stratum ..
) B . l'otal
A 5 5 2 12
S } 3 2 S
Fowsr o000 5 h) | 20

wiater period; however, 19785 cateh and etfort estimates were
adjusted upward to include the expected contribution from
these tributaries.

The main Meta River channel in Stratum 1 was divided into
three sections, which were given equal probubilities (0.33) of
being chosen for any given sample: likewise, the individual
tributaries within Stratumn 2 were given equal probabilities of
being chosen (i tributaries with probability of 0167 cach), as
were the individual tributaries in Stratam 3 (tw o tributaries with
probahility of 0.50 eachy. Table 1 gives the number of sanples
taken within each geographical stratum during time blocks A
and B. Becuuse of cost constderations, two main river sections or
three tributaries were sampled during each survey trip,

Calculation of Total Fishing Effort

Within any siwopled river section or tributary chenceetorth
referred toas sampling wnits < SUJL @ connt of the totul muanber
of active fishing canoes dfishing econonne units or FEU)
provided an estimate of bshing etfort The steps involved in
expanding this estimate of etfort per SU to an estimate of total
annial effort for the whole svstem are as follows

(Ir For each time block, expand the number of FEU
counted within each SU cF oo toactotal dadds mnmber ot FEU for
the entire geographical stratum (Faan) by dividing Fa, by the
sumpling probability associated with the particular SU. Thas,
for any given geographical stratum within any given tiime block,
Fawiy i calenlated as

N - o )
Fowen = Mo Pus

where Pa = the probability associated with the particular SU.
These calculations wre shown in table 2.

(2)  Calculate the average daily fishing effort per stratum
(Eawny) within each time block by averaging the sample totals
(Fquny) caleulated in table 20 Thas, tor any given stratuim within
any given time block, Foawn s calentated as:

RTINS R W
Furaiv =+ X Fian

where n = the number of SU siwnpled in the particalar stratum
within the particular titne block. These culenlutions are shownin

table 3.

(3)  Calenlate a variance for each Faan, e avariance of the
mean, as

1 L a2 -y 2
Vg = nin-1 [}- E daly - (X hdnll)) /"]
Values of Vi (with intermediate sumsy are also given in table 3.

()  Calculate the total dailyv etfort for cach time block (F g

i) by summing the Fau for each geographical stratum. Thus,

-\ I
!ulml\ tata! T e Lrhnl-.

For Time Block A:

Fanny war = 15,80+ 5260 + 1100 = 26540 FEU

Tasir 2. EarassioN oF FISHING EFFORT PER SU (Esu) TO AN ESTIMATE OF
Danay l FFORT FOR AN ENTIRE GEOGRAPHICAL STRATUM (Egany) WITHIN
Each Tie Hm( K USING APPROPRIATE SAMPLING PrOBABILITTES (Psy)

II\H Hl OCK \ IH( H WATER
Stratum 1 Stratum 2

Strutum 3

Esv 3 Pse = Faan Fse® 4 P = B Fs® 5 Pse = Faan
TH 033 = 230 6.3~ 0467 = 39 8.7 + ( 5= 17
59 5 033 417 191 + 0L167 = 115 57 +05=11
625 033 18 L0 3+ 0167 = 24
T35 0033 = 22] 085 =0.167= 3
aS S 0.33 = 176 133 + 0167 = 80
TIME BLOCK B: LOW WATER
Stratum 1 Stratum 2 Stratum 3
st b Pa | DEFN ISR f l duil Ea® 5 Pae = Faa
139 033 171 6.9 + 0167 = 4 49 05 =
106 0 033 52 122 0167 = 73 31 -05= 6
63 033 0 191 139 ¢ 0167 - 83

® Decimal Exevalues were generated asaresult of multiplving the towl
nnnber of canoes counted by the proportion of canoes actively fishing
ona dadly basis: tas proportion wias estilnated by questioning fisherimen
on canoe use. Larger Fseovalues were ronnded to the nearest whole
number

and for Fime Block B
Fodmny vt = 31T OO+ 6567 « S.00 - 35067 FELU.,

(33 Calculite the varianee of Faan wan for cach time block
(V' dans st Dy summing the VE for each geographical stratum,
Thus.

Vi dwn e = X VE

FFor Time Block A

Vi wah veal .- 12070 0 39566 ¢ 9.00 - 32940 FEU?
and for Time Block B

V' ow eea AEI333 16D - 100 7 459777 FEUE

The quare root of Vi o for each time blocek is the standard
error of oo e 0SE e o Thise for Time Block AL

SEE amiy otal =\ 52940 = 2301 FEU
and for Time Block B,
SEE suiy wwl =\ 459777 = 6781 FEU.

Tastt 3 Caerpaion of Mo Dary Fronse Frrosi pEr SRy
(Foracs s WIHHGN Eovcn T Brook By AV iGN G Vit e oF Baay
Pros Tt 2 Va0 es o Ao Borrssiionae
COA e LTINS AHE \|~u(.‘m Y]

TIME BLOCK A HIGH WaATER
S(r.mun | Stratum 2

Straturm 3

Fo © 230 FEU SURAAN 17 FEU
174 15 11
185 2
221 5
|76 50
Foamn = 19590 FEU F:A..n COR60 FEU Faon = LLOO FEU

Y B 994 : 17-'1; = 263 L ey = 28
(3 Egu® = 959,036 i Egay)® = 69,169 (Y By )’ = T84
S E g, 7 200,102 Y F g 21T ¥ E gy = 410
VE 2 I24TH FEUT VE = 39566 FELU * VE = .00 FEUY

TIME BLOCK B LOW WATER

Stratum 1 Stratum 2 Stratum 3

Fawin © 421 FiU 41 FEU 10 FEU
121 ) 6
1491 53
Famw = 31100 FEU  Fya & 65.67 FEU Fjg.«h =500 FEU
L gy = 933 X By = 197 v h.,],,: 16
(Y Eaan)® = STOASY X Egans® = 35,509 L Egay) = 256
Y E e 316,763 Y E g = 13504 1 1 aaty = 136
VE = 3 FEUT VE = 1600 FEUY VE = L0 FEUT




(6) Calculate total fishing effort within each time block
(Ebieer) by muultiplying each Eduly wat by the nomber of days
within the time block. Time Block A contained 214 days and
Time Block B contained 151 days. Thus, for Time Block A:

Eoek = 265,40 FEU X 214 days = 56,796 FEU-days
and for Time Block B:
Eniock = 384.67 FEU X 151 days = 58,085 FEU-days,

(7) The standard error of Eyee for each time block (SEbwex)
equals SEx duiy vt multiplied by the numiber of days contained
within cach time block. Thus, for Time Block A:

SEie = 2301 FEU X 214 days = 4,924 FEU-days
and for Time Block B:

Skuww = 6781 FEU X151 days = 10,239 FEU-days.
The relative standard error 0f Enea (RSEwon! is defined as
(SEuteei Er) X 100 and simply expresses the standard error of
total effort as a percentage of total effort. Thus, for Time Block
A
RSEw - (1920 FEU-days /56,796 FEU-days) X 100 = 8.7 percent
and tor Time Block B,
RSEvies = (10,239 FEU-day</38,085 FEU-days) X 100 = 17.6 percent.

{5 The daily total effort for the entire vear (Fanun o)
is caleulated by taking the weighted sumn of Faaiy wa for cach
time block. A time block weight (W) is defined for each time
block s the number of days contained within the time block
divided by the total numhber of days within the yvear. Thus, the
weight for Time Block A (Wa) = 214365 = 0.59 and the weight
for Time Block B (Wy) = 1517365 = 0.41. Each Eaniy ol is

maltiplied by its respective time block weight and the resulting
values are added together. Thus,

I':nnnuul datly — X \\'Edully total
In the present case,
Ennual dmiy = (.59 (265.40) + 0.41 (384.67) = 314.30 FEU,

Total annual effort (K) is then caleulated by multiplying
Fuonuat awty by the number of days in the vear. Thus,

Eo= 30830 FEU X 365 days = 114,720 FEU-days.
It may be noted that E can also be estimated by simply adding
the two time block totals (Eyiecd). This gives K= 56,796 + 58,085
= 48581 FEU-days. The procedure given above using time

block weights allows the caleulation of Eannal dany which can be a
useful summary statistic.

(9 The variance of Eunnual daty (VE wnnuat daiy) is calculated as
the weighted variance of the values of Ve daiy wm s0 that

. o Ly,
\ E annual dady — -\- WA E daily total
Thus, in the present case,

VE annonl daty = (0.59)% (529.40) + (0.41)%(4,597.77) = 957.17 FEUY

The square root of Vi annuat dedy equals the standard error of E
anaual daly (SEE ancual daity) 50 that, in ti.e present case,

SEE wnnunt dats = 957,17 = 30.94 FEU.

The standard error of K (SEx) is equal to SEg wumuat gty multiplied
hy the number of days within the year. Thu,

SUe = 30 FEU X365 days = 11,292 FEU-days.

The relative standard error of E (RSE) equals (SE/E) 100 or
(FL292 FEU-days FHT20 FEU-davs) = 100 = 9.8 percent.

Calculation of Average Daily Catch
per Unit Effort

Forany given SUan estinite of cateh perunit effort per day
or kilograms of fish caught per FEU per day is obtained from
interviews. This value s calenlated by dividing the total weight
of fish harvested by the total number of FEU's interviewed and
is taken to represent the citeh per FEU for the entire stratum
during the day of interview (Ugaed. Thus, unlike estimating
Egauy. the cateh per unit effort measured within any given SU s
not expanded by the probability associated with that particular
SU to give a total for the entire stratum: the concern here is to
obtain a representative estimate of daily harvest per FEU,

(1 Calenlte w mean cateh per FEU per day (Caay) by
averaging the values of Ugae for each geographical stratum
within cach time block. Thus, U for any given stratum within
cach time block is calenlated us

g b ey
l daly — W 1 l datly
Values of Uggly are given in Table 4.

) Caleulate the variance of cach T e

(.2) alculate the variance of cach Ugdany as

— p el Spr 2
\ U = narD [ XL daily (-\-l dmly) /ll]

This is a variance of the mean and is exactly analagous to the
formula for Ve previously given. Valnes of VE are also given in

table 4.

{(3) To calculate a mean U over strata within each time
block, each Ugeny is weighted by the relative amount of fishing

Tastk 4 Carerraron oF Cagy BY AVFRAGING VALUES OF Ugayy FOR EACT

GEOGRAPHICAL STRATUN WITHIN EACH TIME BLOCK VALUES OF Udayy ARE
Esrivares Basend ox Caren aso EFFoRrT MEASURED THROUGH
INTERVIEWS (VALUES OF VP ARE ALSO GIVEN)

TIME BLOCK A: HIGH WATER

Stratum | Stratum 2 Stratum 3
Cgann=11.39 739 475

6.25 115,56 375

3.24 750

1252 356

5.36 4.56
Caany= 540 kg FEU Tyone= 731 kg/FEU Tay= 375 kg/FEU

Vo= 292 (ke FEU)T Vo= 304 (kg/FEUY VT=0.00 (kg/ FEU)?

TIME BLOCK B: LOW WATER

Stratum 1 Stratum 2 Stratum 3

UVdany= 3.64 3.31 2.12
16.(4 1.50 2.12¢
475 26.35

Taany= § 14 kg/FEU Tiany=1039 kg/FEU | Toay=212 kg/FEU
VE=15.69 (kg/FEU)Y Ve=63.98 (kg/FEU)® Ve=0.00 (kg/FEU)?

* Assumed values based on first sample.


http:Vr=63.98
http:S\'=15.69
http:2(4,597.77

effort (relative number of FEU's) per stratum. On the average,
71 percent, 24 percent, and 5 percent of the fishing effort
occurred in stratum 1, 2, and 3, respectively, giving stratum
weights of 0.7] (W), 0.24 (Wa),and 0.05 (Wy). The weighted
mean daily catch per unit effort (Cauy wegnea) is caleulated as
dely wetghted — }- \\‘del,\'

Thus, for Time Block A:

Uldaty werghted = 0.71 (8.40) + 0.24 (7.31) + 0.05 (3.75) = 7.91 kg/FEU,
and for Time Block B:

Ultniy wehtd = 0,71 (8.14) + 0.24 (10.39) +0.05 (2.12) = 8.35 kg/FEU.

() The variance of Uy weghied is 2 weighted variance of
the mean (Vw) and is caleulated as

Vie = X Wi
Thus, for Time Block A:
Vi = (0T1)(2,92) + (0.207 (304) + (0.05)* (0.00) = 1.65(k/FELU),
and for Time Block B:

Vi = (0.71)° (15.69) + (0.24)° (63.98) ~ (0.05)° (0.7 =
113 (ke/FEU)

The square root of Vi is the standard error of T, werghted (S1w),

Thus, for Time Block A,

SEw -y 1.65 = 1.2% ke FEU /day,
and for Time Block B,
SEw =\ 1139 = 3.40 kg FEU “day.

Relative standard errors for Ui wagnea (RSEF) are (1.25/7.91)
X0 = 16.2 percent and (3.4078.35) « 100 = 40.6 percent for
Time Block A and Time Block B, respectively.

(3 An annual estimate uf_ﬁ..,l\ over time blocks (V) s
calculated by weighting cach Ui wegiied by the time block
weights previously defined as 039 and 041 tor Time Blocks A
and B, respectively, Thus, in the present case,

U =059 (T.91) + 041 (4385 = 510 ky- FEU day.

The variance of U (Vi) s the weighted sum of Viw and s
calculated as

V= (0.59)° (1.63) + (0.41)*(11.59) = 252 (kg FEU/day)?.

The standard error of U (SEv) = V Vi= VvV 2.8 = 1.59
kg/FEU/day. The RSE of U = (1.59/8.10) X 100 = 19.6 percent,

Calculation of Total Annual Catch

The caleulation of total annual cateh follows the procedure
given for calculating total annual effort. Estimates of total daily
catch for each sampled stratum (Cuany) are caleulated as the
product of Edaty X Ugaiy. These calculations are shown in table
5. Mean daily catch for each geographical stratum (Cgauy) and
the variance of Cywy (VE) are calculated just as Ky and VE

8

TABLE S ES T 10N OF Claay AS THE PRODUCT OF Egaay AND Uty
FOR EACH GEOGRAPINCAL STRYTCY

TIME BLOCK A: HIGH WATER
Stratum 1 Stratum 2

Eaany ™ Uiy ““Cgure Fauty X Uday = Camre Fauaty ¥ Udaity = Clany
230 X 1139 = 2,619 R3S 2455 17 X375 = 63
179 X 625 = 1,119 1S = 1356 = 1,554 1l x 375 = 43

188 >0 328 = 616 24 750 = 180
221 X 1272 = 2510 5o 306 17
176 >0 536 1471 S - L6 364

TIME BLOCK B: LLOW WATER

Stratum ] Stratum 2 Stratum 3
Egons > Udane = Caon By = Uity = Caans Euway % Ugay = Caaly
4210 364 - 1,533 AU 331 = 13T 10 <212 = 3}
321 216.04 < 5,152 T3 150 110 6212 = ]
n 53 - 26.35 2,192

were caleulated; calealation of Cauy and values of Vi are given
in table 6.

The total daily cateh over all strata within cach time block
(Camty o) is the sum of all Chue For Time Block A:

Chuty ot = 172700 + 450,00 + 54000 = 2,261.60 kg,
and for Time Block B:
Clawly o = 2.530.67 + 81300 + 17.00 = 3,360.67 kg,

The variance of Caay vt (Ve daty 0 is the sum of all Ve Thus,
for Time Block A:

Ve duty vt = 1S1LY03.70 + 7540816 + 12100 = 257,433 ke?,
and for Time Block B:
Ve gty went = LT50,503.45 + 47547100 4 16.00 = 2,235 990 kg?,

Standard errors of Caaty w are 237,433 = 50739 kg and
v 2,225 990 = 1,492 ke,

for Wime Block A and B, respectively.

Using analugous  subseripts and  caleulations given for
caleulating total fishing effort (pugge 7). Chioek = 183,952 ky for
Time Block A and 307461 kg for Time Block B. Respective
values of SEuvac are 105579 kg and 225,292 ke, giving 22.4
pereent and $4 percent tor values of BSEwoe.

Anannual estimate of Coaan (Crnon dan ) is calenlated as the
weighted sum of the Cyuy v values where the previous
weighting factos of Wa =059 and Wy - 0.1 are again used.

TABE G CArc v ios or Coon BY AVERAGING VAL ES OF Cyany FOEEACH
CEOGCKAPRIOAT STRATUN AVITHIN EACH TIME BLOCK
(VALUES OF VT ARE A1sO GIVEN)
TIME BLOCK A: HIGH WATER
Stratum | Stratum 2

Stratum 3

Canny = 2,619 288 685
1119 1.554 43
616 180
2510 17
1471 364
Conay = 1727Tkg Canty = 480.60 kg Caaly = 54,00

§ . kg,
TEASLLTO ke VE = T5408.18 kgt Ve = 121.00 kg?

TIME BLOCK B: LOW WATER

Stratum | Stratum 2 Stratum 3

Caany = 1,533 137 21
5,152 110 13
w7 2,192
Caanv = 253067 kg, Caany = BI300 kg, Caarv = 17.00 kg
Vo = LI50,503.45 ke Vi = 47547100 kg®

T = 16.00 kg*



http:75,-408.16
http:l01:1.70
http:0.11)-(11.59
http:1,750,503.45
http:181,x)3.70
http:3,360.67
http:0.71)2(2.92
http:2,26(.60

Thus, for the present data, Conon gon = (0.59) (2.261.60) +
(0.41) (3.360.67) = 2,712.22 kp.

Total annual carel (C) = Chputdan = 365 days = 989960 kg, The
variance of Counuat dany (Ve il dan ) 1s caleulated as the weighted
sum of the values of Voo o s0 that Vet aan = (0.59)°
(257433 +(0.41)7{2.225990) = 463,801 kg The standard crror of
Camnatdan =VVE o = VIOGTROT 2681.03 kg day. The stand-
arderror o C= 68103 kg diay » 365 days = 248,570 kg, The RSFE
for Cas (248,376 Kkp 989,960 kg) « 100 = 25,1 pereent.

Final Calculations of E and C for 1978

Because the two lower northery tributaries {Rio Cusiana and
Rio Cravo Sur) were not sapled during the 1978 CAS, the
estinittes of Foand O caleulated above must he expanded to
account for the missing rivers. The 1977 frame survey indicated
that for Time Block A, these two tribataries contributed 13
percent of total effort and 10 percent ot total catch: for Time
Block B, these tributaries contributed 6 pereent of total effort
and 3 percent of total catch. When the time block estimates of
cateh and effort for 1975 are expanded apward by these
pereentages. estimates of total effort and total cateh by time
blocks are:
Time Bloek A: total effort
total cateh

G450 FEU-days
= D37.758 kg

total effort =~ 61,793 FliU-days
totul cateh -+ 533,608 kg

Summing the above estimates of cateh and effort over time
blacks gives the following adjusted values of total annual cateh
() and total annual effort (1)

C = 107366 ky
Eo 126,334 FEU-days

Time Block B:

The standard errors associated with the 1975 estinates can be
expanded upward by the same percentages so that the RSE's
previously given remain the same. The annual estimate of U as
previously caleulated will be wceepted as a representative value
for the entire systenn. Table 7 gives the final estimated values of
E, Coand U by time blocks and for the entire vear.,

Verification of Estimate of Annual Harvest (C)

Welcomme (9) found that when annual harvest (C)in metric
tons from various African rivers was plotted against basin area
(A) in square kilometers, the following exponential relationship
wis obtained by regression technigques:

Coo 0132607 g0,

indicating that basin areicis o good predictor of annual harvest,
Welcomme assumed that the harvest estimates available to him
were from river areas where fishing was " ficiently intense to
attract the attention of tisheries administrators and biologists,”
probably meaning main river channels

The estimate of total unnnal barvest from the 1975 CAS on the
Upper Meta River was approvimatele 1LOT] metiic tons:
however, only about 731 metric tons were attributable to the
matin river channel (Stratum 1), Given that the swatershed of the
Upper Meta River is roughly 20,000 square kilometers, Wel-
comme’s equation predicts an anmual harvest of

o= 001326 120,000)" ™ = 620 metric tons,

which is within 20 percent of the CAS estitnate of 751 metric tons
from the main river chamael. Although the closeness of these two
values does not necessacily verify the acenracy of our estimate in

a true sense, it is reassuriv £ to know that the survey design was
providing reasonable stimates of harvest relative to other
tropical river systems of similar size.

Precision Associated with Estimates of E, C, and U

Itisapparent from table 7 that the precision of estimates of E,
C,and Uls significantly lower (RSE's are higher) during the low
water period than during the high water period. RSEs less than 20
pereent can be considered aceeptable for cateh assessiment
surveys on large aquatic systems (5), although the smaller the
RSE the hetter. A RSE of 20 percent implies that the 93 pereent
confidence interval will be approximately 10 percent of the
mean, which is somewbat large: a BSE of 10 percent gives a 95
percent confidence interval of about 20 percent of the mean,
which is niore desirable. The RSE associated with the annual
estimate of 15 is thus quite acceeptable; RSE's for total annual
vilues of € and U can hopefolly be improved. The basic
approach to improving the variability of estimates of Cand U
will be to further stratify the hyvdrological vear into more
homogencaus time blocke. Tine blocks Aand B, although called
the high water und low water periods, respectively, also
included periods of rising and falling water which tended to
make these two tine blocks more heterogencous than desirable.
The following section presents an improved CAS design for the
Upper Meta River. which shonld improve the precision of
estitnates of Cand U acwell as of k.

Tasre T Estvvrysor Torss Frrort i), Tora Caren (C), v
Coren Prr Usit oF Frrort (U) sy TIME BLOCKES AND FOR THE
sy SErvey YRk (1975) o e Ureks METy Rives
CREE v E SEasDARD ERBORS (RSE) ARE ALSO Givin)

o llim 7 ":W:I'imv Block A Tiine Block B Anntal
ok HAT.TH8 333,608 1,071,366
(RSE) (22.4%) (-4+1.49) (25.19)
I (F U - dava 64,541 61,793 126,334
(RSE) 15.7%) 117.69) 1.8
U (kg FEU dav 741 4.138 5.10

sty 6.2 10 6%) (19.6%)

CAS DESIGN FOR CONTINUED MONITORING
OF THE UPPER META RIVER FISHERY

Sawmpling designs can vary from relatively simple to highly
complex. The complesity of the design depends on the purpose
to which the survey is directed. Catehassessirent surveys (CAS)
on natural wguatic systems are directed toward  obtaining
nnbiased oraccunte estinates of total cateh (), total effort (1),
and cateh per unit of effort (8 on an anuuai basis, The system
miy be composed of distinet components, i.e., habitat types,
populition groups, and different approaches to fishing, for
which independent estimates of COFand U are desired.

Fishery inanagers are not only concerned with the accuracy ol
their estinnates, but also sith the precision or variability of their
estimates. Highlv variable estimates, el estimates with
relatively large standird errors, e of littde svalue for
managenient arrescarch purposes o provide relitively precise
and thus usetal estunates the CAS desiun munst take into acconnt
the natural variability within the systenn Aquatic systemns can be
highlyv vanuble because of environmental Huctiuations (seasonal
changes for example)y and the dynamios (growth, recruitinent.
and nortality) of the fish populations. Furthermore, the
fishermen will respond to changes in the biological swstem as
well as to social economic, and cultural contingencies, thus
adding another component of variability to the entire system
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Fishermen on the Meta River employ a variety of fishing gear: top
-~ elderly man displays ‘hook-lines’ from a small dugout canoe;
bottom -- fisherman hurls a 30-foot diameter casi net.

under study, icel the fishery, Thus, the CAS design may of
necessity: be relatively comples to aceount for, or statistically
control, variability so that accurate and precise estinntes of C,
K, and U are forthcoming,

The wainsinterms ol accuraey and precision, provided by an
appropriatehy compley design may, ini real sense, be totally
non-existent i the desgn necessitates resonrces (timee, money,
and manpowers that cannot reasonably be generated. Tn this
sense, althoueh gains may be sacriticed, the desien shonld be
practical in terms of wovermuent support capabilities; a
workable survey which endeavors to monitor a fishery which s,
oris expected to beaovaluable resonrce is certainly better than
no assessment at all,

The prinmary constderation in this proposal, in terms of
designing o CAS tor continned monitoring of the Upper Meta
River fishery, is that the design be appropriate relative to the
support capabilities  of INDERENA. Fortunately,  this
consideration does not appear ta preclude the opportunity for
obtiining estimates that are precise enouch for management
purposes as indicated by the relative standard errors associated
with estimates of C,Fand U trons the 1975 CAS 1wee section on
“Precision Associated  with Estimates of E, ¢, and U
page 9). The design presented here draws on the results of
the 1978 CAS to stratify the system in a more efficient manner
relative to the natural heterogeneity of the fishery in time and
spizce. Although statistical terminology is highly developed, we
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have endeavored to present the design as simply as possible to
fucilitate its understandability and future application.

Division of the System into Time Blocks
and Geographical Strata

Seasonal hydrological fluctuations in the river systems of
Colombia have been well documented, especially on the
Magdalena River (1, 2,3). These fluctuations are based on
seasonal rainfall patterns which in turn deteninine biological
patterns associated with the migratory behavior of the fish
populations. Ultimately, the tishermen respond ta these evelical
patterns ~o that estimates of C)F,and U tend to be highly
variable during the hydrological vear (defined here to be from
April 1 to March 30, The survey design accounts for this
seasonal variability by dividing the vear into relatively
homouencous seasonal periods  corresponding to the
hydrological  periods exhibited by the physical/biological
system. Thus, on the Upper Meta River, the following seasonal
strati or time blocks can be defined:

Arrising water (April | Mayv 31 - 61 days)

B: high water (June | November 15 2 168 days)

C falling water (November 16 December 31 = 46
diavey

D low water (Januury March 31 5 90 dayys)

An indication of the changes which ocenr between these time
blocks is given in figure 2, which shows seasonal fluctuations in
river depth together with season fluctaations in daily weight
(kilowrames of fish inded wd Puecta Lopes J3ccemin, 1977 -
March 1979 Ttis apparent that in ternus of weight of fish landed
per day, the shorter periods of rising and falling water represent
the most intensive periods of fishing success: the low and high
witter periods are of lesser importance, with the low water
period producing dightly higher dailv vields on the average than
the hivh water period.

Variahility within the fishery is not only apparent seasonally,
but is also expected geographically as influenced by differing
river habitats, especially with reference to the main river
chimnel versus the tribataries. Unlike the Magdalena Svstem,
backwater lukes teienegas) are notwell developed on the Upper
Meta River System and no fishing offort was observed in these
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FIG. 2. Relation of Meta River water depth at Puerto Lopez to
quantity of marketed fish, November 1977-April 1979. Proposed
time blocks {A-D) for fishaery surveys are defined.




lagoons’ during the 1977 frame survey. The current design thus
calls for division of the Upper Meta System into only two
geographical strata as follows:

I:  Main Meta River
II:  Iributaries

The advantages of  stratification are  two-fold.  First,
independent estimates of C, E, and U obtained from each
stratum (time blocks  and  geographical) may  help  to
characterize the system in more detail, thus providing a hetter
understanding of how different components of the system
develop and function relative to one another, Second, because
the strata represent relatively homogencous segments of the
system, estimates independently obtained within the seginents
are expected to be more precise (less variable) than it the entire
svsten were to be sianpled asa whole (4, Chapter 5).

Sampling Within Time Blocks

The practicalities wssociated with swnpling the Upper Meta
River during 1977 and 1975 suggest that it is not reasonable to
expect that more than siy sianples can be taken within any given
time block. Additionally, the time, manpower. and cost
associated with getting out on the river dictate that it is not
feasible to take only one swmple during any given trip, but rather
that two or three samples he tukensthatis, two or three sampling
trips should be planned so that o total of <iv sanples is taken
within cach time block. Ttis reasonable to suggest that during the
sinalter ime blocks (A und C) twaotrips of three samples cach he
plinned and during the Lurger time blocks (Band D) three trips
of two samples cach be planned

Although the design calls for an equal number of samples
within each time block, becanse the blocks are of different
duration, sampling mtensiiy actually difters from block to
block. Specitically, sampling inteosity on a dailv basis s
inversely proportional to the number of davs within the time
block. As an example, if the six siimples were evenly spaced
thronghout each time block, samples would be takenus follows:

Block A: one sumple every 10 days
Block B: one sample every 28 days
Block € ane sunple every 9 dayvs

Block 1) one sample every 15 dins

Thus, blocks A and Care being sapled most intensively which
is justified wund desrable beciase daily fishing intensity s the
greatest during these two periods (rising and talling water).
Block 1Y will be sampled atan mternmediate leveland Block B at
the lowest level, which correspond to intermediate and low
levels of fishing success as mdicated by daily cateh rates from
the Puerto Lopez landing, figure 20 This scheme allows inore
sampling effort to be expended during the mot important
periods of the vear relative to daily cateh landed. This is foggical
in terms of one of the primary goals of the survev, which is to
estimate cateh as accurately and precisely as possible,
Theoretically, it is desirable that the sampling periods (the
times dorine which sampling trips e made) should be
randomly chosen witlun tine blocks: However, past experience
dictar s that this i an unreadistic expectation since allocation of
funas for tield work will require an average of 3 to
weeks between surves trips T ien of randomization, then it s
suggested that samphne thips he as evenly paced as possible
within each tune block, Because the exact dites of the annuaal
hydrological periods will vary trem vear to sear, atis farther
suggested that sonpling trips within time blocks he sehednled
according to observed changes i water level on the river rather

than {ollowing precenceived fixed dates which may not be
applicable in any given year.

Sampling Within Geographical Strata

There are two geographical strata, Main River (1) and
Tributaries (1), within each time block. Thus, the six samples
within any given time block must be allocated to Stratum Iand
Stratum 1L Cochran 6, p. 98) gives three basic criteria for
allocation of siwmpling effort: Within a given stratum take a
larger sample if (1) the stratuny is larger, (2) the stratum is more
variable internallv, and (3) sampling is cheaper in the stratum,
These three criteria can be combined into a simple formula
which basically says that relative sample size fora given stratum

relative stratum size < relative variation

\orelative cost

Tuble S gives values of relative stratim size, relative variation,
and relative cost associated with the main river and tributary
strata as estitnated fron the 1975 CAS. The appropriate measure
of relative stratmin size is tuken to be the fraction of the total
annual cateh provided by each stratum: relative variation is
measured as the coefficient of variation (CVY of total estimated
catehy and relative costis the fraction of total cost attributable to
sampling cach stratum ton a per sanple basisy Itis evident from
the table that internal variation (CV) and relative cost per
sample (CS) are roughly the same for the two strata so that
relative sample size tRS) becames primarily a function of
refutive cateh (CA) The values for relutive sample sizve show
that roughly twice as many samples should be taken in the main
river strittun as in the tributary stratum (0023 22 2 < 0.13). Given
that siv samiples are to be taken within each time block, the
above imformation dictates that four samples should be taken
from the main river strati and two samples from the tributary
stratun, This allocation of sampling etfort is optimum in terins
of relutive size, variation, and cost per saanple within the two
respective strata,

Tastr S Vavrsor REcvinve Cyren (CA) REryvinv e Vaaton (G,
WD RECVTINVE CONTRERSAMEPEE (CS) FOR THE NS
RIVER aND TRIES Ty STRVTVERELATIVE Saik e
Siv (B CA < GV (Y

Stratum CA Cv CS Hs®
Eomainnver oo 065 0.66 047 .25

I tnbutanes ..o 0 0 33 13

SRS vabues canonhy bemterpreted telatie to o another e rouehiy Baace as
s saniples should beetaben oo Stratan Trelanve tooStatum I

Choosing River Sections and Tributaries
for Sampling Purposes

Thus far, the swmpling design calls tor taking six samples
within cach time block, two of which will be tributary swimples
and fonr of which will be main river samples. Thas, within cach
time block, two tributaries and fonr river sections must be
chosen. Statistical validity dictates that tributaries and river
sections should be chosen at random. It is logical that the more
important tributaries, and likewise the more important river
sections, should have a greater chance or probahility of being
chosen than areas of lesserimportance. Itisalso logical that these
probabilities should be proportional to the intensity of {ishing
exhibited i these arcas, The easiest measare of fishing intensity
is fishing ettort exprossed as number of canoes (or nmber of
fishing cconomic units) However, where the relative number
and kindsof fishing gear per canoe ditfer wathin the system, the
FEU as a nnit of effort can be misleading Tn this case, relative
cateh would be a better measure of relative fishing intensity

1
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where cateh is a function of both manber of cinoes and the
fishing power per canoe s well as all other covirontmental
tactors which gt canse ditferences in abundance ot
citchability of fishes between sanpling imits)

Cateh dataare available for the Upper Meta River and its
tributaries trom the 1977 and 1978 surv ey Samphng
probabilitics can this be hased on the relative catch, or
percentaue of total cateh. contributed by cach tribotary within
the tributury stratuns and each section within the main river
stratunn. These probahilities are given i table 9 The Upper
Meta River was divided into siv sections which were each given
an equal probability of being chosen tor any viven sample
becanse the previows survey indieated that cateh was Fairhy
evenly distributed wlony the entive apper main mver channel.

TN 9 PROBABI T S von B iong Noosi s By < 1ok Rasniosy
CHOOSING N Ty ROV IOSEE Tions ST ]
ANDCINTI R PRI VRIS oS TR A L,
Bastirosc Rirvene Oy

) V R H;uu;lt:;rl‘l‘ln
l,,'ill)'llnll'\ numbers

River section o tiibuatan

s‘l’;il‘llll’ll i

Lo Baca Guavanthia o Lapees 000000 017 n
2P0 Lopes - Boca Upra oL 17 15-34
3 Boca Upia o Pt Goadalupe -0 . A7 35-51
4 Pto Coadulupe - Boca Manacacias - L. 17 ERAILY
S0 Boci Manacacts - San Pedro. a7 64-85
O San Pedre Orocue 000000 A7 56-00
Stratum 11
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Riverside harmes of fishermen are left high and dry during the low
water season. During the high water season, these homes will
frequently be inundated to depths of '» meter or more.

Probabilities associated  with  individual  tributaries vary
considerably depending ou their independent contributions
to total catch. Table 9 alvo wives the random nnnber ranges
appropriate for the given prababilities, Thatis, when o tributary
or wadn river section is being vandomly chosen for siinple, the
random number chosen from a rndom nnmber table (between
Fand 10010 will necessarily bl mto one of the ranges given i
tuble U thar paoticulir ranue can then be associated with o
particulir tributary or river section nsing the table. Thas, for
cach time block, four rendonm ninbers sall be chiosen to give
foar viver sections within Stratin and two random nmbers
will be chosen to wive two tribntanes within Steatmm 1E This

AR T e T9S St NG S D e osorne Urekr My B i
INERODEAE R ICSEC toNs D Pt bk s Criost s v oo
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\ | Upia
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1
A
B 2 Cravo Sur
[{] Humea
B
4
« 4 Tua
1 Tua
+
6
b} 1 Manacaciis
3 Humea
1
3

*River section numbers correspond to those given in table 9,



random sampling procedure (nonuniforns probability sum-
pling) was conducted to give the sampling sehedule on the
Upper Meta River for 1950, which is shown in table 10.

PROPOSED METHOD OF CONDUCTING INITIAL
SURVEYS OF OTHER MAJOR RIVERS IN
LLANOS REGION

Initial Surveys

Nonunitorm probability stratified random sampling can be
applied to initial surveys of river systems other than the Upper
Meta by the use of seasonal time blocks nud geographical strata
proposed in the previous section. Probabilities can be based on
canoe (FIKUY counts made during overtlichts of the proposed
study arcas prior to imtiation of actuad survess, Tine blocks can
Ye defined hased on Meta River information. assuming that
similar bvdrological eveles exist inall arcas of the Llanos
Orientales and that conmunitios of fish and fishermen also
respond i similar manmer. Tn new arcas of study (the main
Orinoco River or the Tnirida River, for example) the initial vear
of sampling would entail allocating twa-thirds of sonpling effor
o a main river stratum and one-third to o tribatary stradum as
proposed tor the Upper Meta Kiver,

A practical sampling unit (SU G within a main river stratum
micht bew30-kifometer section of main river, and sanpling units
within the tributary stratom can be defined on anindividual
tributary basis. The probability of sampling any given SU within
astratin will he proportionad to the mnaber of canoes connted
in the pressurvey overtlivht in relation to the total mnnher of
canoes i the entire stratum, Tentatively  four samples coald he
taken in aomain river stratan and two sanples ina tributiry
stratam as suggested for the proposed Upper Meta River sorvey
(page o Resulting datac can be analy zed osing the detailed
methods presented i the section: beginniog on page 6,

Follow-up Surveys

The decision to: thy e asampling fraction of two-thirds in
wadn river stratem and one-third ina tributary stratum, (2) use
only the two strata deseribed above, (3) nse aerial canoe counts
to determine simnpling probabilities, and ¢ use four seasonl
time blocks as previowsdy defined, are based on resalts of the
Upper Meta River carvey and on the feasibility of obtaining
canoe counts from overthivhts, After the initial vearof a CAS ing
given stady area. the creation of new sampling probabilities will
probably be warranted tor future surveys, These new prob-
abilities and possibly new time and space strata will serve to
increase the precision of the resulting estimates of cateh, offort,
and cateh per umit effort. Thos, as more reliable information
becomes available, this information shoudd be used to inprove
the sample survey designs

Iis proposed that all major rivers of Colombia's Orinoco
Svstem other than the intensely sampled Upper Meta Svstem
be surveved suce o the nest 1 vears, We propose that cateh
assesstnent surveys be carried ont in the following order:

1978 Upper Meta River (completed)
1979 Upper Guaviare River (in progress)
1980 Upper Meta River

1981 Lower Meta River

1982 Upper Meta River

1983 Lower Guaviare River
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F1G. 3. The Colombian Orinoco River System showing proposed
cycle of catch assessment surveys over the 10-year period, 1979-
89.

1954 Upper Meta River

1985 Orinoco River and the tributaries Vichada and Tomo
Vers

1956 Upper Meta River

1987 Inirida River

TOSS Upper Meta River

1989 Arauca River

These river svstems and proposed eyveling of survey work are
showiin tigure 30 As i be seen by the above 10-year survey
plan. the Upper Meta Biver will be sampled i alternate, even-
mimbered vears and ather systems during odd-numbered years.
This schedule will provide continning information on the Upper
Meta River so that short-term changesin the development of the
fishery can be monitored. The other river svstems, which we
assunie to presently have lessimportant fisheries than the Upper
Metao will be sanipled moch less frequently . bot adequately,
comsiderinig their assamed lower level ol exploitation and slower
riute of development.

Lods hoped that after 1959 i campling and administrative
logisti s unprove, areas such as the Upper and Lower Meta, or
the entire Guanviare and Inirida. can be incorporated into a single
survey region so that the second round of survevs necessary for
completion of surplas vield models (deseribed in the following
section) can be carried out more rapidly,

USF _F THE GRAHAM-SCHAEFER SURPLUS
PRODUCTION MODEL FOR MANAGEMENT OF THE
UPPER META RIVER FISHERY

Surplus yield models are particalurly valuable in the carly
stagres of u fishery investigation to make preliminary appraisals
before more biological data are available. They are also
important whea hiological data are scanty or nonexistent, but
catch and effort data can be obtained. Their greatest advantage
is that they require only catch and effort data for their
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Substantial catch of large catfishes arriving at the Puerto Lopez
municipal landing. The iarge fish being weighed is a valenton.

application. The other primary approaches to optimizing
exploitation are the dyiimnic pool maodels, whieh attempt to
deseribe an exploited population in terms of  the basic
parameters of recruitinent, growth, and mortality. These
parameters are typically dif fienlt and expensive to measure and
in certain situations may not be measarable at all, seelas with
e and growth reliticaships i tropical ecosvatems,

The Graham-Schacter surplus vield model postulates that
recruitment, vrowth, and mortality are dependent on the fish
population biomass  tdensity dependent) saeh that these
parameters canadl he combined intoasinele common fanction
This function predicts the rate of population change based solely
on the mean population size during a period of time when the
population is stable or i equilibrivin with the fishery, e rates
of growth and recruitinenc are exactly Budunced by rates of
natural and fishing mortality. Mean population size is. in torn,
assuined to be a function of fishing pressore: thus, a given
population size ar biomiss has associated with it a certain level
of fishing eftort. The population size and its associated fevel of
fishing effort determine the amomnt of vield available to the
fisheryv. Ina biological sense, this vield is the hiomiss over and
above that needed to exactly rephice the population and is thus
termed surplus vield or surplus production.

In theory, vield is taken to be o parabolic function of stock
biomass as indicated in figure 4 The maximum stock biomnss
(Bmax) is the carryving capacity of the environment, or the
population size which can be supported prior to the advent of
fishing. Fishing acts to reduce B to some lower biomass (B)
and the population then responds by producing surplus biomass
inan effort to return to B This surplus biomass is available to
the fishery as vield and i this surplus is harvested, the
population biomass will remain stable at B. [tis evident from the
hypothetical curve in figure 4 that maximmun surplos vield is
attainable when the population biomass equils Buw/2 or 50
percent of the carrying capacity of the unfished system, When B
is reduced below Buax/2 by fishing, the yield falls below the
maximinn sustainable yield (MSY), and if lishing pressure is
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not great enough so that Bis wreater than Boc 2, then vield again
falls below MSY.

In termos of regalating o given fishery, it v obviously
desirable to know Bus 20 More importantly it s desirable to
know the level of fishing ef tortassociated with Bua 2. This level
of fishing effort is the optimuam level for the fishery (Fopr) and,
it nintained, willtheoretically provide MSY. Fortunately, it has
heen shown matben atically o6, section 1330 that Eoprcan easily
be determined by simphy abtaining vidues of cateh per unit
cftort tkilograms of tish cauehit per fishing umte - U and effort
(ko during at least two periods when the fishery has stabilized,
e during at least two periods in which effort is constant, or
chanaing only vraduadiv, These periads shonld reasonably Be at
least 3 years in daration to ensore that the fish commmity ander
exploitation has come into biolovical equilibrium with the fish-
eryv. When the equilibrium vidues of U are regressed ogainst the
cauilibrive values of F for the two (or more) equilibrium
periods usng the linear eqoation U - bEL then Eopr = a/2b.
That is the optimum level of fishing effort simply equals the y-
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FIG. 4. Diagram depicting yield as a parabolic function of stock
biomass. Maximum sustained yisld (MSY) and optimum fishing
effort (E...) are attained at B.../2. See text for axplanation.






