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Economic Aspects of the Yield per Recruit Curve

by J.P. Hillis

Fisheries Research Centre
Abbotstown, Castleknock, Dublin 15, Ireland

As fishermen strive to maximise profit from catch, it is desirable to consider Yield
per Recruit (Y/R) in financial terms. Application to Y/R data of financial values
with a size differential based on that in EC withdrawal prices, results in an
increased peak in F max values in the plot of the Y/R function, showing that yield
at F max exceeds yield at current F values to a greater extent in financial terms
than it does in weight-based terms.

INTRODUCTION

The traditional omission of economic parameters from stock assessments
procedures has the problem that it fails to grasp an opportunity to strengthen the
sngmftcance and applicability of the assessment. Inclusion of financial values, of
earnings and if possible costs permits a much fuller and more realistic
assessment of the implications of overfishing and of a future situation sought in
which the level of effort and thus of fishing mortality would be set as close as
possible to the level yielding maximum sustainable profit.

MATERIAL AND METHODS

To |llustrate the steps involved in moving from the yield per recruit curve
presented in current ICES Working Group Reports (e.g. Anon. 1992) to
maximum sustainable profits, examples have been chosen from the Irish Sea of
a severely overfished fish stock, cod; and a species optimally fished or slightly
underfished in blologncal terms, the gastern Nephrops stock. The analysis
presents the increase in profit corresponding to reduction of F (fishing mortality)
from F current to F max shown on the yield per recruit curve in figure 1, and
shows time paths of change in yleld in weight, catch value profit untreated and
future discounted at an annual rate of 25%. The reductions in F values selected
are immediate reductions by 40% and by 60% (to 0.6 and 0.4 respectively of
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and variable costs (i.e: running costs; which are proportional to'thé volume of -

ST AL TR

initial F) and reductron by .six successive steps of 10% of initial F to arnve at 0. 4

of initial Foros = oo 2 in b 7 0000 e 0l o0 L T 5Lt
In calculating profrt frxed costs i.e.: overheads costs of which the Ievel does not' "
change with the level of fi ishing activity) were taken as'20% of current revenus) "i'

activity undertaken), were taken as 30%, leaving 50% of clirrent revenue' as “53
profit, which here is taken as including crew pay which; béing share-based s

. depends on catch revenue in the same way as owners prof it net ARERSE NS
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The dashed lines give the level of costs where the'size of the ﬁeet is degmed | to -

be reducable; since in such a situation all costs of a vessel may ba ‘considered ™
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variable. the increase in proﬁts with this system is obviously sorewhat greater ™
than with a fleet of fixed size ( reducing effort by reducmg fishing time) but has
obvious repercussrons on employment. - However, to avoid duphcahon this ~’
paper.examines effects of reducing F for the fixed flést situation only The values
approximate to values reported for.Northern'lreland (Davis & Banks 1985) and .

for the Republic of Ireland (Crutchfield et al, Data regarding boats' costs and’

earnings tend rather quite variable and to be sensitive; so achievement' of e
extreme accuracy is neither realistic nor appropriate: :It may howaver be - ’ 00
observed that the values chosen represent a fishery in reasonably good * ’
candition, and in recent years especially there are numerous examples of boat
profrts (including crew shares) at levels far below 50% of revenue. In such
cases, reduction of F will lead to greater factors of increase of profnt than : are
realised for the same effort reduction starting from 50% of rnmal revenue though
the absolute. levels of profit achreved wrll be somewhat less
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Since large fish are generally more valuable per kilo than small fish: reductlon of"
F will result in an increase in catch revenue in the middle and long-té'r'rn greater
than that in catch weight; and since reduction in F implies reduction i in fi shmg‘
costs the increase in proflts resultrng from reductlon of F wrll exceed the Rt
increase in revenue.: S T S N T R LT A T RN
S lERSEITIA N Dhe TIVERR S IR AT S SO E R B ::;: rv.f-
The common economlc practrce in assessmg the balance of benefrts againist
costs in any enterprise is to reduce further streams of revenue and expendlture
by an annual discounting rate to represent the progressive decreasmg in value“ j
attached to transactions with i increasing distance into the future viewed from
now, the Net Present Value (NPV).: For example, the Irish Départment of =
Finance (uses a rate of 5% for this purpose, and the British- Treasury 4% i ‘-“—‘*
However these modify the behaviour of changes with time in profit after © '+ *‘»‘:’{f
reductron of F only.very shghtly -Since there is strong evidence that boat SRR
owner's and skipper's thinking is based on very much higher future drscountrng “
rates, a drscountmg rate of 25% has been applied to’ simulate the scenano as*
viewed by the frshermen there are indications that in many cases the " ‘' '~-’-?~‘
fishermen's discounting rate may actually be much higher than this
(Hillis and Whelan, 1992).
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RESULTS 1

.
Changes in catch weight, catch revenue, undiscounted profrt and protrt future’ i .‘==‘=t
discounted at 25% per annum are shown in Table 1 and in Figures 2 and 3: T *o
Table 1.gives the main parameters of interest; percentage change in the first:2 o
year 1993 of the period examined andin he last year, 2005, by which timenn: i
values resultrng from single changes in F at the begtnnrng of the period should" P
- have stablllsed and those resulting from six successive changes should have =~ -:
almost done so. .The extent and duration of initial loss are of great |mportance\" W
as is the duration of, the period of cumulative loss i.e. until long-term gainsst'suis
- outweigh initial losses. Overall gain (or loss) over the period is shown as a
percentage of one years, weight, revenue or prol‘ t at initial F values and thrs ise
also given divided by the number.of years to present it as an average:. e crl
percentage change overthe ‘whole penod e l RXIIRST R QTS ;'y’ .;.;3-,‘ %
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The results clearly contrrm that gains in revenue are greater than those in catch -
weight and that garns in proﬁt are substantially. greater than those in revenue;in:
the case, of cod with eastern Nephrops; the situation is similar, but with losses in™
catch werght and in revenue (apart from differences in 2005).which becomem o
gains in the case of undtscounted profrt Discounting of profit reduces gains:iit:
more than losses ( since they will .occur later) and reduces, and in some cases f (G
reverses the net present value of the aggregate accurmg changes in drscounted ¥
pl’Oflt f='-"r'.",i T S VI TE  TE AT R (54 \; IR AL IR FEIPICF I S ARG ..tl g
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Regardmg the rmmedtate reductlon in F giving the greatest gains it wull be seen-
that for the long term gatns 0. 4, is better that 0.6 with cod,’but in easterni L -em
Nephrops 0.6is betterthan 0.4 in both short and. long term. For cod, within the i!;
range of these values the greater immediate reductton gives much greater
increases in the long term and better mean mcreases over.the period stepwrseh
reductton greatly reduces the magnltude of initial loss, but does so at the cost of ™
spreadmg it overra longer penod of years it will be noticed that, while the' annual !
increase wrth cod in 2005 i is almost as great after stepwise reduction to 0.4 of -
initial F as it is with immediate reduction to that value, the mean annual increase™:
in gams is very much less, retlectlng the much less raprd rise towards the
maxrmum obtatned in this way. . ST RN g B NSRS L S SO0 S THICO RS jlfT
: Ayl .t.,.z(r R N R S N DR R G A R A
Looklng at the three F reductron values with cod,\reduction to 0.6 6f initial F has"
the advantage of a combrnatron of relatively small initial loss coupled with = i ‘l ¢
shortness of mmal loss period.- However 0.6 of initial F.is still too high a valuet:
for this specres and for,long term results, 0.4 lmmedrate or stepwrse give greater
gains in year 2005 and in the case of profits", greater gains over this penod asa’
whole. The choice between the two rates of reduction to 0.4 of rnrttal Fisatrade
off between the very substantral immediate losses with rmmedlate reductton and
the’ very. slow upward movement towards the level of asymptotlc gams wnth v
stepwise reductlon so that whlle annual values in 2005 are very close the ‘mean "’
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annual gain over the whole period with stepwrse reductlon is very much lees ik ‘
than that with immediate: reduction to 0.4 of initial f gives, in eVery case greater
gains than stepwise reduction, gains with the latter simply never catch up.*
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With cdd, Frgure 2 shows that reductlon to 0. 6 and 0, 4 of tnrtral F (F-“) results m 'j‘
initial decreases of slightly less than 40% and 60%' respectrvely as there wrll
already be some improvement due to gréwth in the latter ‘part of the year; Jong “““““
term catch weights stabilise at +19% for F=0.6'Fi and +32% for F=0.4Fi." Nét wen
gain over.the period is least with the stethse reductron to 0.4Fi,’ srnce the ¥ e
descent of F to the value closest to F max is so'slow: The greatér average unit
value of the older fish increases long term gains in revenue to ,considgrably
higher levels, +27% and +47% for F-O 6Fiand 0. 4Fr respecttvely 'Again, taken
over.the period as a whole, the’ stepwrse reduction i is least productrve When
profit (undiscounted) is"considered, the lower level of costs at F=0.4 Fi than at’ v’
F=0.6Fi makes the stepwise' F=0.4 Fi gain higher than that for F=0.6Fi although
still considerably less than immediate F=0.4Fi. With profit discountéd at25%, ..

- net gains over the penod (total and’ mean) are drastrcally reduced and, as Frgure
2D shows, results with stepwise reduction to 0.4Fi are poorest as by the' year
2000, when gains start to exceed those for 0 .6F1 the net present values of any .
garns are already heavily dtscounted' R BRI AL S
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In the case of eaten Nephrops by contrast where F=1. OFi | |s approxrmately
optimal , catch weights at 0.6Fi and F-0.4Fi represent underfished situations and
never equal that at Fi. Due to the greater unit value of older Nephrops, however..
revenue in 2005, is slightly higher (+6.9%, +2.5%, %0.2%) With rediced F" ~ * '
values, though clearly not enoligh to compensate for the mrtral losses. Wrth the -
reduction of costs of inflicting F implied by the effect of reduced F on profit,” " 7.
heavy initial losses (42%, 88% and _* % respectlvely over 3 3 and 7 Years ‘.
respectively) are succeed by profrts fising to tevels in 2005 of 38%, 46% and'.
35% respectively; with mean annual changes over the penod of +18, 8%, +7 0% '
and -0.1% respectively.' ©- ¢ - SV T
Applrcatron of a 25% time dtscountmg rate glves 2005 gams of very small net
present values (about 1%) however above profit with 0. 1F| but makes mean S

annual gains for all three reductron regtmes negatlve ; " : Lk SO
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The analysxs shows that for a senously ovemshed species; cod immediate "
reduction of F to 0.6Fi or 0.4Fi will yield gains in catch and revenue from year 3.,
and profit from year 4 onwards, whllst reductron to 0. 4Fl by steps of. 0.1Fi' delays
the 'sharp tecovery in' weight'and revenue until year 7 although profit is alréady -
at break-even point in year 2. However, 25% discounting affects profit from this



regima, (since itis extremely small up to year 6) much more than with the _ 241
rmmedlate reductton regimes, All in all, F=0.4 Fi yields greater gams in the long ¥
term an overall than F..O 6F‘ (and as Figure 1, mdrcates 'F. max is nearer 0.2Fi)

In the case of eastern Nephrops, the level of Fi is close to optimal in terms of
catch weight, and none of the F reduction reglmes eftects any improvement. .
Revenue is slightly improved by both immediate reduction regimes with F-0. 6F|
the best Undrscounted profit shows the hrghest level in 2005 wrth F=0. 4F-“ a
delay in commencement of rmprovements with 0.4Fi (stepwrse) is.very apparent
from Fgure 30 Applymg 25% annual drscount results in none of the three:: i
regimes showmg galns over F=1 OFl in net present value; with the long term, ~
gains realtsed wrth all three also very much reduced by the dlscountlng process*h
HENEICTOR IR SRR 0 P Y Yyt ff:.l.‘..l:f
While it is clear that the boost glven to the stock and lts potentlal for growth by:"
substantlal lmmedrate reductron inF plays an important part in aflowing catches 0
to mcrease soon thereafter, stepwrse reductton has one point to commend it the
very: rmportant one ‘that initial losses are kept down to an extremely low level andt
it may well be that the fi shery managers choice of whether, to reduce F.fast or. :i:2
slowly. wrll depend on the acceptablllty of a severae initial reduction in.revenus : 3 P
and profrt The arguments in favour of keepmg losses low include_not only . -
avordance at drsruptlon to boats but also avoldance of disruption to the iy .Gt \,:
downstream (fish merchanting and processing) and upstream (vessel supplying: -
and servicing) industries; any attempt to devise a scheme to compensate the
mdustry financially for the consequences of an rmmedrate substantial reduction r.i
rn F would have to take thts into account. ) 1 v g,: r_; . ,»;.—},‘__-:. Cdvey g
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The annual dlscountmg of losses and gams in profrt by 25% |s suggested to

- give an explanatlon of why itis so drff cult to commend effort reduction schemes
to the mdustry "For state cost benellt analyses rates of 5% and 4% are used in;.
Ireland and the Unrted ngdom respectrvely, the gams and losses resulting from
these rates would only differ. relatlvely,slrghtly lrom the undrscounted proﬂt data.:
Hillis and Whelan (op. cit) showed that where money,is concerned the,z -1 ,;ut
fishermen's discounting rate was ‘about 25%, but where money is concerned the
their expressed views implied a rate of around 55% Acceptance of this:;: ot U
dlscountmg fate would |mply that overﬁshed flshenes were beyond redemptuon r;
While a high discounting rate’ may result from working in an environment of a::
high degree of uncertainty and its basis in' the nature of the common access
rasource are will understood, nonetheless the gams which can be accessedini’;
the medium and long term by reducing effort in the short appear by most criteria
to be substantral rn the case of heavily. frshed specres like cod and whmng 5 oy
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Iti rs suggested that the contnbutron of thrs paper has been to demonstrate them r .

relatronshlp between losses and gams in catch werght in revenue and in profit, |
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Fi F initial <4 - N P —— - ]
0.6 0.4 by 0.1 t0 0.4 0.6 0.4 by 0.1 t0 0.4
Catch Weight % difference 1993 w288l - - 48 52 344 ) T3

% difference 2005 194 326 3241 5.2 146
Sumof % intiatloss .. - -36{ - ..~ 696§ . . -452] - '-. 156} "
Yearsofless |~ - o b 2 -2 6 13+] . 13+ . . 13+
~ |Years of cummulativeloss -~ - | . RIR") : | R < 13+ 13+
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Mean annual % gain 1993-2005 11.8 16.68 .. 96}.. - 12l - 252 217
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(vt 3276} 7 - <2824

P

Revenue % difference 1933 -28.4 -47.5 -6.1 -34.6

- {% difference 2005- 275 469 46.3 6.9
Sum of % Initial loss 324 -654.8 -26.9 -89.6
Years of loss | . a2 o2 6 6
Years of cummulative loss 4 4 7 13+
Sum of net % gain 1993-2005 2423 363.7 2313 -53.6 -186.9 -189.9
. |Mean annual % gain 1993-2005 - BT - 28] 178 r s a4 W -a143] 0 i W46
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543 -7.9
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-185.3 -189.9
9 13
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Profit % difference 1993 -32.7 -59 6.2 -41.8
Undiscounted % difference 2005 - 7940 - ~.. 12988} . -~ 1287] - 37.8]::
..+ {Sum of % initiat loss >+ -~ Co 327 * 591, ~7.21 . -79.5 . «164.9 -148.8

Years of loss | 1 1] 21 - -3 4l 7
Years of cummulative loss 2 3l 2 7 10 13+
Sum of net % gain 1993-2005 797.4]  ~11954] - 84141- . . 205.4] -. ol . 13
-+ |Mean annual % gain 1993- ot 613 91.9}: 64.7 15.8 7 0.1

N

87.6| 55
i 4641 .. 358
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Profit discounted {% difference 1993 -28.4 KIKIE 54 )
at25% .| .. i%difference2005 .« <. s 1 L 24 st o036 -0 - 35)0
Sum of % intial loss *- se .. 284] - - Bt .8, .164.4
. lYearsofloss |+ "~ - o - 1 1{. 2 .. T 4 3
Years of cummutative loss 2 3| 3 13+ 1341 13+
Sum of net % gain 1993-2005 106.7 1258} 69.7 31.6 -94.8] -43.5
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Table 1. Changes in catch weight, revenue, undiscounted profit and profit discounted at 25% annually, 1993-2005 cotresponding to reduction of F
’ value 10 0.6, 0.4 (immediate) and 0.4 (In 6 steps of 0.1) of iniitial value
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Figure 1. Yield.per récruit for Cod in the Irish sea and relative

yield per recruit for Nephrops in the eastern Irish sea.



2A Cod: Catch weight |
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2B Cod: Revenue
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Figure 2. Cod: Changes in (A) catch weight, (B) revenue, (C) undiscounted profit and (D)

profit discounted at 25% annuaily 1993-2005,

. oorrospondsng to reductions in F vaiues 0.6, 0.4 (immediate) and 0.4 (in 6 steps of 0.1) of initial revenue



2C Cod: Profit, undiscounted
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Figure 2. Cod: Changes in (A) catch weight, (B) revenue, (C) undiscounted profit and
- corresponding to reductions in F values 0.6, 0.4 (immediate) and 0.4 (

(D) profit discounted at 25% annually 19932005,
in 6 steps of 0.1) of initial revenue



3A Nephrops East: Catch Weight
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3B Nephrops East: Revenue
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Figure 3 Nephrops East: Changes in (A) catch weight, (B) revenue, {C) undiscounted
1993-2005, corresponding to reductions in F values 0.6, 0.4 (immediate) and

profit and (D) proﬁt_discoqnted at 25% annually -
0.4 (in 6 steps of 0.1) of initial revenue



3C Nephrops East: Profit undiscounted
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Figure 3 Nephrops East: Changes in (A) catch weight, (B) revenue, (C) undiscounted

. profit and (D} profit discou
1993-2005, corresponding to reductions in F values 0.6, 0.4 (immediate) and g ot o anruzhy

0.4 (in 6 steps of 0.1) of initial revenue



