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Abstract
Simple hypotheses on digestion together with the food preference function stated in Andersen & Ursin
1977 are used for an interpretation of the stomach contents of fish. The derived formulas are illustrated
by means of five examples.

Hypotheses
Any interpretation of the stomach contents of fish has to be in accordance with the
knowledge on consumption and digestion.

In the ideal situation with consumption and digestion completely known only
one interpretation is possible. As our knowledge is very limited many interpreta
tions are possible using different sets of hypothesis on consumption and digestion.
One set of hypotheses in agreement with the consumption model formulated in
Andersen & Ursin 1977 is:

1. Consumption
The consumption rate for a single size class Wpr of a prey pr as consumed by a
predator Pr weighing Wpr is:

Consumption rate (pr, PT,WPr, W1) =

p (pr, Pr, Wpr) exp ( — (log( Wpr/Wpr) —
(pr, Pr, Wpr))2/2/a(pr, Pr, Wp1)2)

(Pr,W) + Q(PT,Wpr)

N(pr, w) Wh (Pr) W’T) (i)
as found from the formulas (4), (15), (16), and (18) in Andersen & Ursin 1977.

Here prfu = pexp(— (log(W/w) —)2/2/a2) is Pr’s preference function as re
gards the prey species pr. p, and 2 are parameters depending on predator and
prey species and (perhaps) on the size of the predator. is the ‘available’ food for
the predator and

/(Pr,Wpr) =Z pr[u(pr,wpr,Pr,Wpr) N(PT,Wpr) Wpr . (ii)
pr c all prey species
and sizes
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N(pr,w) is the number of prey species pr weighing ui,,. Q is the half saturation
function from the feeding level equation for (Pr,Wpr):

feeding level = 1= /( + Q).
(h,m) are the coefficient and exponent of ingestion for (Pr,W,).

The consumption is determined by (h,m), the set of p’s, the set of (i,o2)’s, the
set of N’s, and the set of Q’s. The p, N and Q sets have however only to be known
to two constants:

if
{(p), (N), (Q)}

is one set then

{(cp), (c2N), (clc2Q)}
will do just as well.

2. Digestion
The digestion rate for a food item is the present weight of the food item multiplied
by a species parameter ic:

digestion rate for a food item = ic(pr, Pr, Wpr) * (present weight of food item).

3. Stomach contents
The weight of the stomach contents, Bst(Pr,Wp,,pr,w,,r,t), of prey (pr,wpr) for a
predator (Pr,Wpr) satisfies the differential equation:

dB/dt = consumption
—

for all (pr,wpr), where WJ,r is the weight at ingestion.

4. Stomach data
The size of can be found by averaging the stomach contents of a large number
of predators of the same species and size. The change in the average stomach
content is very slow or approximately

dB/dt = 0
for all prey weights and species.

The digestion is so speedy that all N’s, W’s and w’s can be taken as constants for
the time interval a prey individual can be traced in the stomach of a predator. This is
the reason why the N’s do not appear and t is taken as an explicit argument in B1.

As B5 is independent of t in the equilibrium we now find:

B5(Pr, Wpr,Pr, w) K (pr, Pr, We,) =

p (pr, Pr, We,) exp ( — (log( W,/w) —
(pr, Pr,W,))2/2/o(pr,Pr, W)2)

b(Pr,W) + Q(Pr,Wpr)
n(I’r)

* N(pr,wpr)wprh(Pr) W1 (in)
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or

pexp(—(log(W/w) — )2/2/O2) = prfu = * ( + Q)/N/w/h/W”. (iv)

This means that prfu is proportional to the ratio between stomach weight and prey
biomasses for each ingestion prey size and further that when K 1S independent of
prey species:

K(weight of total stomach contents) = consumption = fhWm (v)

or
K( + Q) = hW”V(weight of total stomach contents). (vi)

It has so far been taken for granted that the digestion takes place in the stomach
only and that the food stays in the stomach until it is completely digested. It has
also been assumed that the identification1of the stomach contents is possible
independent of the time a food item has been due to digestion. To relax these
unrealistic assumptions we proceed as follows: Let the fate of a food item weighing
Wpr when consumed be as follows: In a timespan t1 no digestion takes place (diges
tion lags behind ingestion). The item is recognizable in a timespan t0 where diges
tion takes place. The item is removed from the stomach after a timespan t1 + t0o
(t0

t + t1 t + t1 + t0 t + t1 + t00

ingestion digestion starts item unrecognizable item leaves stomach

This makes it natural to split up in three parts

B, B1 + Bdr + Bd.

where

B1 = undigested part
Bdr = digested but recognizable part
Bdir = digested and unrecognizable part fulfilling the differential equations

dB1/dt = consumption rate — z (= 0 in the equilibrium)
dBdr/dt = A

— KBd. — 2 (= 0 in the equilibrium)
dBdir/dt = 2

— — (= 0 in the equilibrium)

where
A = rate items become digestable
2 = rate items become unrecognizable

= rate items leave stomach.
In the equilibrium A, 2 and become constants and we find if the consumption rate
is Nowpr:

A = NoWpr
2 N0Wpr — KBdr

=
— K(Bdr + Bdiir)

rt1.

B,
= J NoWprdt “bO1Vprt1

0

1. A food item is identifiable or recognizable if both species and ingestion weight Wpr can be determined.
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I. ti + to
Nowr

Bdr
= J NowprexpH K(t — t1))dt

= K

P (1 — exp(— Kt0))

1• 1 + tOo

Bdz2r =J Nowprexp( Kt0)exp(— K(t — (t1 +t0)))dt
t, + to

N0w
= K

(exp(— Kt9) — exp(— Kt00))

as an item weighing Wp. at t = 0 has the weight wprexp(— Kt) to time t.
If N2 and Ndr are the numbers corresponding to B0 and Bdr we have

N0 = N0t1
Ndr = N0t0

and for the total recognizable number, 15t

= N2, + Ndr N0(t1 + t0).

We can now rewrite (iii) as
pexp(—(log --

—)2/2/U2)NWprhWm
B

K
— pr

St
Kt, + 1 — exp(— Kt00) —

and in numbers wpexp(— (log-—
—)2/2/u2)NhW”

K pr
N = . (ui-a)St

Kt1 + Kt0

When Kt1, ict0, and Kt00, are constants we can rewrite (v) and (vi) as

K * (weight of recognizable part of total stomach contents)
= fhW (v-a)

(Kt1 + 1 — exp(— Kt0))

K (weight of total stomach contents)
= fhW°” (v-b)

(Kt1 + 1 — exp(— Kt00))

K * (weight of recognizable part of total stomach contents) — h W’°
(Kt1+1—exp(—Kt0))

— +Q via

K * (weight of total stomach contents) = h
(vi-b)

(Kt1 + 1 — exp(— Kt00)) + Q
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Examples
The use of the formulas will now be demonstrated by means of constructed
examples. The formulas were all given in a discrete formulation, but from now on
a continuous formulation is used, summing over prey species and integrating over
weight ranges. The continuous form of (ui-a) is

K K
dw = wNdlogw

Kt1 + Kt0 Kt1 + Kt0

= pexp(— (log—- —17)2/2/a2)wNdlogwhWm

= pexp(— (log —- —

)2/2/a2) wNdlogw

c (weight of recognizable part of total stomach contents)
(Kt1+ 1— exp(— Kt0))

= pexp(— (log —--

— )2/2/u2)wNdlogw

K(weight of total stomach contents)
b

(Kt1 + 1 — exp(— Kt00)) (“ )

as found from (ui-a).

In all examples we have one predator species Pr feeding on several prey species
prl, pr2, etc. The digestion parameter K depends only on W1, and is given as

K
=
K0VQ’’p’r

The halfsaturation parameter Q is of the same form

Q=qWT

m is assumed known and to be 0.56 and the p’s are assumed independent of W.

Example 1

Two feeding experiments have given data for four Pr sizes
lOg 40g 160g 640g

Experiment 1:
The Pr’s were feeding on four prey species

prl pr2 pr3 pr4

with environmental distributions:

Npr(W)dW wNpr(w)dlogw = aprN0dlogw
apr1 800; a2 400; apr3 = 300; apr4 = 25;

i.e. distributions with the same number of animals in each log weight class.
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In table 1 are given wN5dlogw, the prey numbers per Pr stomach for each
ingestion weight class. Total stomach content, stctt, and recognizable stomach
content, stctr, are also given.

Determination ofii and a2

The ‘available’ food is

= f pprexpH- (log(W/w)
— pr2/2/Ur} waprNodlogw.

Using the substitution u = W/w we get
dlogu

= N0WZ PprlprJ exp{—(logu — llpr)2/2/tJ2prl u N0C0W.

The sum is a constant C0 independent of W and this gives

wdlogw -

= ppraprdlogw
exp(—(logu — pr)2/2/U2pr)stctr ,. /Kt1+ 1 — exp(— wt0)

oL
Kt1+Kt0

wdlogw W = ppraprdlogw
exp(—(logu — pr)2/2/r)

stctt / Kt1 + 1 — exp ( — Kt00)

Kt1+Kt0

where we have used (iiib).
This means that stomach numbers for all Pr sizes can be transformed to a single

parabola in logu by multiplying by

w w
or

stctt stctr

and taking logs.
Parabolas have been fitted by least squares. The formula for the parabolas is

padlogw 2 1(logu) =lo{
c0(

prpr

cto))

if stctr has been used and

,b (logu) log { c0 ( Kt11 exp(_ wt00) ) } — +
- logu

— _--

log2u

)ct1+,ct0

if stctt has been used.
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The four prey species give the results:

Using stctr

prl (1ogu) = —18.8804 + 6.47831ogu — 0.46271og2u
= 1/2/0.4627 = 1.0806. ipr1 = 6.4783/2/0.4627 = 7.0005

pr2
(logu) = —5.4220 + 2.88l6logu — 0.24011og2u

= 1/2/0.2401 2.0825. 1]p2 2.88 16/2/0.2401 = 6.0008

/‘(1ogu) —11.4967 + 5.67271ogu — 0.56731og2u
pr

. Gpr3 = 1/2/0.5673 = 0.8814. 71pr3 = 5.6727/2/0.5673 = 4.9997

pr4
i,(logu) = —16.5697 + 8.21471ogu — 1.02671og2u

= 1/2/1.0267 = 0.4870. 17pr4 = 8.2147/2/1.0267 = 4.0005.

Using stctt

prl: /‘(logu) = —19.1959 + 6.47831ogu — 0.46271og2u
1.0806. i = 7.0005

(Iogu) = —5.7374 + 2.88 l6Iogu — 0.24011og2u
pr2:

U2pr7 = 2.0825. lpr2 = 6.0008.

pr3 ‘(logu) —11.8122 + 5.6727logu — 0.56731og2u
0.8814. 17pr3 = 49997

pr4:
(Iogu) = —16.8851 + 8.21471ogu — 1.O267log2u

0.4870. 1?pr4 = 4.0005.

Determination of p:

The intercept for / is

Ppr a, dlogw 1 2

interceptpr = log J
I / wt1 + 1 — exp(— Kt0(0)) J — 2Gr(Co

Kt1 + Kt0

giving

Ppri 800 1
log1 = —18.8804 + 6.47832/4/0.4627 = 3.7954

ict1+ 1— exp(— Kt0) J
Kt1+7Ct0

Ppri 800 1

_____________________

= —19.1959 + 6.47832/4/0.4627 = 3.4799
+ 1— exp(— Ktoo)’\j

Kt1 + )Ct00 I

log
400 1

—5.4220 + 2.88 162/4/0.2401 = 3.2240
/ ict1 + 1 — exp(— ict0)

)Ct1+Kt0

log

C0 (
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‘+ 1 — exp(—wt0)

Kt1+Kt0 /

Ppr4 25 1

(1ct1+ 1— exp(—Kt00)”

Kt,+Kt0 /

We now take Ppr2 as 1 and get

0
(Kt’

+ 1 — exp(— Icto))
= 400/exp(3.2240) = 15.918

t1 + Kt0

/ Kt1 + 1 — exp(— Kt00)
c0

+ ) = 400/exp(2.9086) = 21.821

and

= exp(3.7954) 15.918/800 = exp(3.4799) 21.821/800 = 0.8854

Ppr3 = exp(2.6843) 15.918/300 = exp(2.3688) 21.821/300 = 0.7772

Ppr4 = exp(—0.1381) 15.918/25 = exp(—0.4535) 21.821/25 = 0.5546
1ct1+ 1— exp(— Kt00)

= 21.821/15.918 1.3708.‘ct1 + 1 — exp(— ict0)

________________________

Kt1 + 1 — exp ( — )CtO(O))
and r:K1, qDetermination of

= h(Kt, + 1 — exp(ict0(0))) Kt1 + ict0

(vi-a(b)) gives for N0 chosen as 1

,7K—flZ +
° q 1
C0 stctr(t)

and the four Pr sizes give the nonlinear equations

10 +
K q

= 30.754 (22.434)
Co

l’
PprZ 400 1

/ct1+ 1 — exp(—
Kt1+Kt

lo{ Ppr330° 1

c0(

xt1 + 1 — exp(— Kt0)

Kt1+Kt0
)f

lo{ Ppr3 300 1

c0(KtI+

1 — exp(— Kt00))J
1,rr Ppr4 25 1

—5.7374 + 2.88162/4/0.2401 2.9086

= —11.4967 + 5.67272/4/0.5673 = 2.6843

= —11.8 122 + 5.67272/4/0.5673 = 2.3688

= —16.5697 + 8.21472/4/1.0267 = —0.1381

= —16.8851 + 8.21472/4/1.0267 = —0.4535.log
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40’ +
q

40’ -1-rn = 4.7402 (3 4577)
Co

160’ +
w q

160 -1m
= 1.1943 (0.87116)

Co

640’ +
K q 640T+1 = 0.36556 (0.26667)

Co

with the solutions

K0
K0

= h(ict1+ 1 — exp(— KtQ(0)))
= 67.448 (49.181)

K1—m = —0.8100 (—0.8099)

‘ q
= 1851.9 (1350.7)C0h(wt1+ 1 —exp(—lctO(O)))

r + c1 — 1 — m = —1.9599 (—1.9598)

and we find

K1 = —0.2500 (—0.2499)

Kt1+ 1 — exp(—Kt0)
= 1851.9 15.918/67.448 = 437.06q

Kt1+Kt0

q
Kt1 + 1 — exp(— t00)

1350.7 21.821/49.181 = 599.29
Kt1 + Kt0

r = —0.1499 (—0.1498).

Determination of feeding level f:
1=C0WN0/(C0WN0+ qWr)

Kt1+ 1 + exp(— lctO(O))
= Co

Kt1+Kt0
WN0

Kt1 + 1 + exp(— KtO(O)) Kt1 + 1 + exp(—
Kto(o))w,C0

Kt1 ± Kt0
WN0 + q

Kt1 + Kt0

or

/10 = 15.918 10 1/(15.918 10 1 + 437.06 1001499) = 0.3396
(= 21.821 10 1/(21.821 10 1 + 599.28 1001498) = 0.3395)

/40 = 0.7169 (0.7168)
/160 = 0.9258 (0.9257)
/640 = 0.9840 (0.9840).
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Table 1. Example 1, experiment 1. Stomach data.

dlogw = 1.

stctr(10) 3.25 16E—2. stctt(10) = 4.4575E—2.
stctr(40) = 2.1096E—1. stctt(40) 2.8921E—1.
stctr(160) = 8.3731E—1. stctt(160) = 1.1479.
stctr(640) = 2.7355. stctt(640) 3.7500.

= W/stctr. Q1 = W/stctt.

prl

log log
W logw log(W/w) wN5 dlogw QwN5dlogw Q1wi dlogw

—7.5 9.8026 3.821E—3 0.1614 —0.1540
—6.5 8.8026 3.220E—2 2.2927 1.9772
—5.5 7.8026 1.070E—1 3.4934 3.1779

10 —4.5 6.8026 1.413E—1 3.7717 3.4562
—3.5 5.8026 7.436E—2 3.1298 2.8144
—2.5 4.8026 1.552E—2 1.5630 1.2475
—1.5 3.8026 1.272E—3 —0.9389 —1.2543

—6.5 10.1889 2.116E—3 —0.9135 —1.2290
—5.5 9.1889 2.561E—2 1.5803 1.2648
—4.5 8.1889 1.218E—1 3.1392 2.8238

40 —3.5 7.1889 2.295E—1 3.7732 3.4577
—2.5 6.1889 1.724E—1 3.4870 3.1716
—1.5 5.1889 5.148E—2 2.2785 1.9630
—0.5 4.1889 6.062E—3 0.1392 —0.1763

—5.5 10.5752 6.221E—4 —2.1297 —2.4452
—4.5 9.5752 1.084E—2 0.7284 0.4130
—3.5 8.5752 7.386E—2 2.6471 2.3317

160 —2.5 7.5752 1.988E—1 3.6375 3.3220
—1.5 6.5752 2.131E—1 3.7066 3.3912
—0.5 5.5752 9.093E—2 2.8551 2.5396

0.5 4.5752 1.536E—2 1.0766 0.7611
1.5 3.5752 1.016E—3 —1.6395 —1.9550

—3.5 9.9615 3.284E—3 —0.2636 —0.5791
—2.5 8.9615 3.211E—2 2.0165 1.7011
—1.5 7.9615 1.236E—1 3.3644 3.0489

640 —0.5 6.9615 1.890E—1 3.7889 3.4735
0.5 5.9615 1.151E—1 3.2934 2.9780
1.5 4.9615 2.785E—2 1.8741 1.5587
2.5 3.9615 2.649E—3 —0.4784 —0.7938
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pr2

log log
W logw log(W/w) wN dlogw QwN dlogw QiwN dlogw

—7.5 9.8026 2.535E—3 —0.2488 —0.5642
—6.5 8.8026 1.239E—2 1.3377 1.0223
—5.5 7.8026 3.741E—2 2.4429 2.1274
—4.5 6.8026 6.988E—2 3.0677 2.7522

10 —3.5 5.8026 8.080E—2 3.2128 2.8973
—2.5 4.8026 5.783E—2 2.8783 2.5629
—1.5 3.8026 2.561E—2 2.0640 1.7485
—0.5 2.8026 7.015E—3 0.7689 0.4535

0.5 1.8026 1.187E—3 —1.0080 —1.3234

—6.5 10.1889 1.958E—3 —0.9908 —1.3062
—5.5 9.1889 1.153E—2 0.7820 0.4666
—4.5 8.1889 4.192E—2 2.0729 1.7575
—3.5 7.1889 9.426E—2 2.8832 2.5678

40 —2.5 6.1889 1.312E—1 3.2136 2.8981
—1.5 5.1889 1.130E—1 3.0644 2.7489
—0.5 4.1889 6.024E—2 2.4355 2.1200

0.5 3.1889 1.987E—2 1.3262 1.0108
1.5 2.1889 4.049E—3 —0.2644 —0.5798
2.5 1.1889 5.092E—4 —2.3377 —2.6531

—5.5 10.5752 8.608E—4 —1.8049 —2.1203
—4.5 9.5752 6.107E—3 0.1544 —0.1611
—3.5 8.5752 2.674E—2 1.6313 1.3158
—2.5 7.5752 7.240E—2 2.6271 2.3117

160 —1.5 6.5752 1.212E—1 3.1428 2.8274
—0.5 5.5752 1.257E—1 3.1789 2.8634

0.5 4.5752 8.067E—2 2.7353 2.4199
1.5 3.5752 3.203E—2 1.8117 1.4963
2.5 2.5752 7.863E—3 0.4072 0.0918
3.5 1.5752 1.192E—3 —1.4794 —1.7949

—3.5 9.9615 2.478E—3 —0.5452 —0.8607
—2.5 8.9615 1.307E—2 1.1179 0.8024
—1.5 7.9615 4.261E—2 2.2994 1.9839
—0.5 6.9615 8.589E—2 3.0005 2.6850

640 0.5 5.9615 1.072E—1 3.2218 2.9063
1.5 4.9615 8.277E—2 2.9635 2.6481
2.5 3.9615 3.957E—2 2.2254 1.9100
3.5 2.9615 1.170E—2 1.0068 0.6914
4.5 1.9615 2.137E—3 —0.6934 —1.0089
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Table 1 continued

pr3

log log
W logw log(W/w) w dlogw QwF dlogw 2 iwN5 dlogw

—5.5 7.8026 5.499E—4 —1.7771 —2.0926
—4.5 6.8026 7.574E—3 0.8456 0.5302

10 —3.5 5.8026 3.303E—2 2.3183 2.0028
—2.5 4.8026 4.644E—2 2.6590 2.3436
—1.5 3.8026 2.116E—2 1.8729 1.5574
—0.5 2.8026 3.089E—3 —0.0513 —0.3667

—3.5 7.1889 5.118E—3 —0.0300 —0.3454
—2.5 6.1889 3.471E—2 1.8844 1.5689

40 —1.5 5.1889 7.547E—2 2.6609 2.3454
—0.5 4.1889 5.316E—2 2.3105 1.9951

0.5 3.1889 1.207E—2 0.8281 0.5127
1.5 2.1889 8.679E—4 —1.8045 —2.1200

—2.5 7.5752 1.780E—3 —1.0785 —1.3939
—1.5 6.5752 1.884E—2 1.2808 0.9653

160 —0.5 5.5752 6.342E—2 2.4948 2.1793
0.5 4.5752 6.902E—2 2.5794 2.2639
1.5 3.5752 2.431E—2 1.5359 1.2205
2.5 2.5752 - 2.733E—3 —0.6497 —0.9652

—0.5 6.9615 7.092E—3 0.5063 0.1909
0.5 5.9615 3.707E—2 2.1603 1.8448

640 1.5 4.9615 6.235E—2 2.6801 2.3647
2.5 3.9615 3.399E—2 2.0733 1.7579
3.5 2.9615 5.953E—3 0.3313 0.0158

pr4

Jog log
W logw log(W/w) wN dlogw QwN dlogw Q1WN dlogw

—2.5 4.8026 1.467E—3 —0.7957 —1.1112
10 —1.5 3.8026 2.716E—3 —0.1799 —0.4954

—0.5 2.8026 6.506E—4 —1.6091 —1.9245

—1.5 5.1889 1.078E—3 —1.5879 —1.9034
40 —0.5 4.1889 4.420E—3 —0.1766 —0.4921

0.5 3.1889 2.347E—3 —0.8098 —1.1252

0.5 4.5752 3.251E—3 —0.4760 —0.7915
160 1.5 3.5752 3.788E—3 —0.3233 —0.6387

2.5 2.5752 5.629E—4 —2.2297 —2.5451

1.5 4.9615 1.447E—3 —1.0832 —1.3986
640 2.5 3.9615 3.708E—3 —0.1420 —0.4575

3.5 2.9615 1.235E—3 —1.2419 —1.5573
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Experiment 2:
The second experiment is similar to the first. The differences are:

Pr is preying on 6 pr species with

a1 = 1. apr2 = 10. apr3 = 0.1. apr4 = 1. a,.5 = 1. a,6 = 0.1.

[is known to be 1 for all Pr sizes.
Data for prl and pr2 are shown in table 2.

Determination o[K0/h/(wt1+ 1 — exp(— lctO(Q))) and 1:

(v-a(b)) gives

stctr(t) = log(stctr(t)) = —log(K0/h/(Kt1+ 1 — exp(—t0(0))))+ (m —K1)logW

or

log(stctr(t)) = —ic0/h/(ict1+ 1 — exp(— )ctQ(O))) + (m — K1)logW

a linear regression in logW and the data give

1c0/h/(Kt1+ 1 — exp(— KtO(O))) = 67.464 (49.205)
m

—

= 0.8100 (0.8100)
= —0.2500 (—0.2500).

Determination of and a2:
The stomach numbers can be placed on single parabolas by using two sets of
weighting factors

W/stctr(t)

as in the first experiment and
1—rn+K

The two parabola formulas are

w
1ogwN5dlogw

stctr(t)

= lo Ppr a. dlogw
— ?pr

+
pnl0 — log2u

g

0

(cti + 1 — exp(— Kt0(0)) 2Upr pr 2a1
1Ct1+Kt0 /

log(wNd1ogwW’”’) = log
hppraprdlogw 1r

+
logu — log2u

__________

2a,,,. a 2Upr

Kt1+1Ct0

where we have used (ui-b), the formula from the first experiment and f = 1.
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Least squares gives

t’(1ogu) = —21.3578 + 6.4649 logu — 0.4618 log2u (prl)
r1 1.0827. 1)prl = 6.9997

‘p(1ogu) = —4.9500 + 2.8822 logu — 0.2402 log2u (pr2)
2.08 16. 7lprz = 5.9996.

using W/stctr, and

(logu) = —21.6732 + 6.4649 logu — 0.4618 log2u (prl)
= 1.0827. 7lprl = 6.9997

?p(logu) = —5.2655 + 2.8822 logu — 0.2402 log2u (pr2)
U2pr2 = 2.08 16. flpr = 5.9996

using W/stctt, and

(logu) = —25.5692 + 6.4649 logu — 0.4618 log2u (prl)
a and as before

(logu) = —9.1614 + 2.8822 logu — 0.2402 log2u (pr2)
a and i as before

using W1”’’.

Determination of p:

We take Ppr2 as 1 again and get

Kt + 1 — exp(—lct)
C0 0

= l0exp(4.9500 — 2.88222/4/0.2402) = 0.24823Kt1 + Kt0

Kt1 + 1 — exp(—Kt00)
10 exp(5.2655 — 2.88222/4/0.2402) = 0.34030

Kt1 + Kt0

C0
h(t1+Kt0)

= 10 exp(9.1614 — 2.88222/4/0.2402) = 16.743

and from this

Pprl = exp(— 21.3578 + 6.46492/4/0.46 18) 0.24823 0.8824

Ppri = exp(—21.6732 + 6.46492/4/0.4618) 0.34030 0.8824

Ppri = exp(—25.5692 + 6.46492/4/0.4618) 16.743 = 0.8824.
We also get the following controls:

K0
= 16.743/0.24823 = 67.450

h(ict1 + 1 — exp(—Kt0))

K0
= 16.743/0.34030 = 49.20 1.

h(ict1+ 1— exp(— Kt00))

The only parameters left are q and r but as f = lit is impossible to determine these.
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Table 2: Example 1, experiment 2. Stomach data.

dlogw 1.

stctr(10) = 9.5716E—2. stctt(10) = 1.3122E—1.
stctr(40) = 2.9424E—1. stctt(40) = 4.0336E—1.
stctr(160) = 9.0443E—1. stctt(160) 1.2399.
stctr(640) = 2.7800. stctt(640) = 3.8 110. Q = W/stctr. Q1 W/stctt. Q2 Wl_m+K

prl

log log log
W logw log(W/w) wNdlogw QwN5dlogwQ1wN5dlogwQ2wN5dlogw

—7.5 9.8026 9.031E—4 —2.3608 —2.6762 —6.5722
—6.5 8.8026 7.609E—3 —0.2295 —0.5449 —4.4410

10 —5.5 7.8026 2.528E—2 0.9712 0.6557 —3.2403
—4.5 6.8026 3.339E—2 1.2495 0.9340 —2.9620
—3.5 5.8026 1.757E—2 0.6077 0.2922 —3.6038
—2.5 4.8026 3.668E—3 —0.9592 —1.2746 —5.1707

—5.5 9.1889 2.868E—3 —0.9419 —1.2573 —5.1532
—4.5 8.1889 1.363E—2 0.6170 0.3016 —3.5943

40 —3.5 7.1889 2.570E—2 1.2510 0.9356 —2.9603
—2.5 6.1889 1.930E—2 0.9648 0.6494 —3.2465
—1.5 5.1889 5.765E—3 —0.2437 —0.5592 —4.4551
—0.5 4.1889 6.788E—4 —2.3830 —2.6985 —6.5944

—4.5 9.5752 9.402E—4 —1.7938 —2.1092 —6.0051
—3.5 8.5752 6.405E—3 0.1249 —0.1905 —4.0864

160 —2.5 7.5752 1.724E—2 1.1153 0.7998 —3.0960
—1.5 6.5752 1.848E—2 1.1844 0.8690 —3.0269
—0.5 5.5752 7.885E—3 0.3329 0.0174 —3.8785

0.5 4.5752 1.332E—3 —1.4456 —1.7610 —5.6569

—2.5 8.9615 2.620E—3 —0.5056 —0.8211 —4.7170
—1.5 7.9615 1.008E—2 0.8422 0.5267 —3.3692

640 —0.5 6.9615 1.542E—2 1.2667 0.9513 —2.9446
0.5 5.9615 9.393E—3 0.7712 0.4558 —3.4401
1.5 4.9615 2.272E—3 —0.6481 —0.9635 —4.8594

pr2

log log log
W logw log(W/w) wSidlogw Qw5dlogwQ1wSidlogwQ2w5dlogw

—8.5 10.8026 1.514E—3 —1.8444 —2.1598 —6.0558
—7.5 9.8026 1.198E—2 0.2248 —0.0907 —3.9867
—6.5 8.8026 5.856E—2 1.8113 1.4958 —2.4002
—5.5 7.8026 1.768E—1 2.9164 2.6010 —1.2950
—4.5 6.8026 3.303E—1 3.5412 3.2258 —0.6702

10 —3.5 5.8026 3.819E—1 3.6863 3.3709 —0.5251
—2.5 4.8026 2.733E—1 3.3519 3.0364 —0.8596
—1.5 3.8026 1.211E—1 2.5375 2.2221 —1.6740
—0.5 2.8026 3.316E—2 1.2425 0.9270 —2.9690

0.5 1.8026 5.609E—3 —0.5344 —0.8499 —4.7459
1.5 0.8026 5.852E—4 —2.7946 —3.1100 —7.0060
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Table 2 continued

log log log
W logw log(WIw) wN dlogw QwFt dlogw Q1wF dlogw Q9wF5dlogw

—6.5 10.1889 4.385E—3 —0.5172 —0.8327 —4.7286
—5.5 9.1889 2.582E—2 1.2556 0.9401 —2.9558
—4.5 8.1889 9.388E—2 2.5465 2.2310 —1.6649
—3.5 7.1889 2.111E—1 3.3568 3.0413 —0.8546

40 —2.5 6.1889 2.937E—1 3.6871 3.3717 —0.5242
—1.5 5.1889 2.530E—1 3.5379 3.2225 —0.6734
—0.5 4.1889 1.349E—1 2.9090 2.5936 —1.3023

0.5 3.1889 4.449E—2 1.7998 1.4843 —2.4116
1.5 2.1889 9.067E—3 0.2092 —0.1063 —4.0022
2.5 1.1889 1.140E—3 —1.8641 —2.1796 —6.0755

—5.5 10.5752 1.493E—3 —1.3313 —1.6468 —5.5427
—4.5 9.5752 1.059E—2 0.6279 0.3125 —3.5834
—3.5 8.5752 4.638E—2 2.1048 1.7894 —2.1065
—2.5 7.5752 1.256E—1 3.1007 2.7852 —1.1107

160 —1.5 6.5752 2.103E—1 3.6164 3.3009 —0.5950
—0.5 5.5752 2.180E—1 3.6524 3.3370 —0.5589

0.5 4.5752 1.399E—1 3.2089 2.8934 —1.0025
1.5 3.5752 5.556E—2 2.2853 1.9698 —1.9261
2.5 2.5752 1.364E—2 0.8808 0.5653 —3.3306
3.5 1.5752 2.067E—3 —1.0059 —1.3214 —5.2172

—3.5 9.9615 4.043E—3 —0.0717 —0.3871 —4.2830
—2.5 8.9615 2.133E—2 1.5914 1.2760 —2.6199
—1.5 7.9615 6.953E—2 2.7730 2.4575 —1.4384
—0.5 6.9615 1.402E—1 3.4740 3.1586 —0.7373

640 0.5 5.9615 1.749E—1 3.6953 3.3799 —0.5160
1.5 4.9615 1.351E—1 3.4371 3.1216 —0.7743
2.5 3.9615 6.457E—2 2.6990 2.3835 —1.5123
3.5 2.9615 1.909E—2 1.4804 1.1649 —2.7310
4.5 1.9615 3.486E—3 —0.2199 —0.5353 —4.4312

Example 2
The predator Pr has preyed on a single prey species pr7 with environmental distribu
tions of the form

Npr(W)dW = wNpr(w)dlogw = N1w dlogw
and we have data from two environments.

Environment 1:
Table 3 gives stomach data for an environment with v = 0.5 for seven Pr weights

10 g, 20 g, 40 g, 80 g, 160 g, 320 g, 640 g.

Determination 0102 and i:

The ‘available’ food is

Ppr7P (— (log( Wpr/W) — pr7)2/2/Ur7)wN1wdlogw
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and the substitution u = W/w gives

= NiW’Ppr7f p(— (logu —

= NlWPV C1.

(ui-b) can now be written in the following ways

wN51dlogw Wp = Ppr7 dlogw
exp(—(logu

— h?pr7)/2kpr7)U
stctr(t) (,ct1+1

— exP(—Kto(o)))

and Kt1+Kt0

1—v V
Wpr W Ppr7 ogw

2 2wN, dlogw
stctr(t) = /lct1+1— exp(—KtQ(O))

exp(— (logu
—

h?pr7) 2’’pr7)

C1\
)Ct1+Kt0 I

Stomach numbers are now transformed to parabolas by means of the factors

Q = Wp,JStCtr(t)

Qi = Wp1’ w’/stctr(t)

and taking logs:

(logu) 1o{
(ct1+1- exp(— KtO(O))

+
logu —____

ct+,ct0 /

(logu) = lo{
(ctl+1_exp(_Kto(o))} 2

+logu-
2

1\ Kt1+Kt0 I
Least squares gives

(logu) = —11.9676 + 5.5549 logu — 0.46291og2u
G2pr7 = 1.0801. 7p,7 + U2pr7V = 6.0001. 77pr7 = 5.4600. (Q and stctr)

(logu) = —12.2831 + 5.SS49logu — 0.46291og2u(stctt and Q)
2 and i as for stctr.

(logu) = —11.9676 + 5.OS49Iogu — 0.46291og2u
G2pr7 = 1.0801. Tlpr7 5.4600 (Q1 and stctr).

(logu) = —12.2831 + 5.0549 logu — 0.4629log2u(stctt and Q1)
a2 and as for stctr.

Determination ofZ = ic0/h/(ict1+ 1 — exp(—ict0(0))), K1,

q(Kt1 + 1 — exp(—ctO(0)))/(Kt/ + Kt0)/N1and r:
(vi-a(b)) gives:

+ = 1/stctr(t)

which gives us an equation for each Pr weight. Calculations show that

= 67.409(49.149) —m+ic1 = —0.8099(—0.8099)
Zo q/CN1 = 928.50(677.24) r—m+ic1—1+v = —1.4599(—1.4598)

give a nice fit.
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Taking Ppr7 = 1 the p intercept is

intercept = —log (c,
ict1 + 1 — exp(—Kt00) lr

I
and we find

C1(Kt1+ 1 — exp(—tO(O)))/(Ktl + Kt0) exp(—11.9676(—12.2831) +
5.0549/4/0.4629) = 0.16003(0.21940).

which gives us

= —0.2499(—0.2499)

q(Kt1+ 1— exp(—tO(0)))
= 928.50 0.16003/67.409 = 2.2043(3.0232)

(Kt1 + xt0)N1

r = —0.1500(—0.1499).

Determination of feeding level f:
The feeding levels are now determined from

c1w1-v
fw=
c1w1-,+

/wt1+ 1
— exP(__cto(o))) W1

c1(

Kt1+ 1 + exP(_lcto(o)))l
+

q (Ktl+ 1 + exP(_lcto(o)))Wr
Kt1 + Kt0 Kt1 + it0

we get
110 = 0.2449(0.2448)
120 = 0.3372(0.3371)
140 = 0.4440(0.4438)
180 = 0.5561(0.5559)
1160 = 0.6629(0.6627)
1320 = 0.7552(0.7550)
1640 = 0.8288(0.8287).
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Table 3: Example 2, environment 1. Stomach data.

dlogw 1.

-7’

I I
W logw log(W/w) ,$

—6.5 8.8026 6.803E—3 1.0651
—5.5 7.8026 5.732E—2 3.1964
—4.5 6.8026 1.904E—1 4.3970

10 —3.5 5.8026 2.515E—l 4.6754
—2.5 4.8026 l.324E—1 4.0335
—1.5 3.8026 2.763E—2 2.4667
—0.5 2.8026 2.264E—3 —0.0352

—4.5 9.5752 1.100E—3 —1.2261
—3.5 8.5752 1.917E—2 1.6321
—2.5 7.5752 1.306E—1 3.5508

160 —1.5 6.5752 3.515E—1 4.5412
—0.5 5.5752 3.767E—1 4.6103

0.5 4.5752 1.607E—1 3.7588
1.5 3.5752 2.715E—2 1.9803
2.5 2.5752 1.795E—3 —0.7359

-9

r
— -9 —

0.7496 —3.3362 —3.6517
2.8809 —0.7049 —1.0204
4.0816 0.9957 0.6803
4.3599 1.7741 1.4586
3.7181 1.6322 1.3168
2.1512 0.5654 0.2499

—0.3506 —1.4365 —1.7519

—1.5415 —6.0136 —6.3291
1.3166 —2.6555 —2.9709
3.2353 —0.2368 —0.5522
4.2257 1.2536 0.938 1
4.2949 1.8227 1.5073
3.4433 1.4712 1.1557
1.6648 0.1927 —0.1228

—1.0513 —2.0234 —2.3389

stctr(10) = 2.3450E—2. stctt(10) = 3.2147E—2. stctr(20) = 56618E—2. stctt(20) = 7.7616E—2.

stctr(40) = 1.3067E—1. stctt(40) = 1.7913E—1. stctr(80) = 2.8695E—1. stctt(80) = 3.9338E—1.

stctr(160) = 5.9960E—1. stctt(160) = 8.2198E—1. stctr(320) = 1.1976. stctt(320) = 1.6418.

stctr(640) = 2.3042. stctt(640) = 3.1588.

= W/stctr. W/stctt. 21r = W1’w’/stctr. w”/stctt.

—6.5 9.4957 1.079E—3 —0.9644 —1.2798 —5.7122 —6.0277

—5.5 8.4957 1.745E—2 1.8187 1.5033 —2.4291 —2.7446

—4.5 7.4957 1.104E—1 3.6633 3.3478 —0.0846 —0.4000

20 —3.5 6.4957 2.761E—1 4.5803 4.2648 1.3324 1.0170
—2.5 5.4957 2.751E—1 4.5764 4.2609 1.8285 1.5130
—1.5 4.4957 1.091E—1 3.6515 3.3360 1.4036 1.0882

—0.5 3.4957 1.711E—2 1.7990 1.4835 0.0511 —0.2644
0.5 2.4957 1.OSOE—3 —0.9922 —1.3076 —2.2401 —2.5555

—5.5 9.1889 3.235E—3 —0.0098 —0.3253 —4.6043 —4.9197
—4.5 8.1889 3.917E—2 2.4840 2.1685 —1.6105 —1.9259

—3.5 7.1889 1.862E—1 4.0429 3.7274 0.4485 0.1330
40 —2.5 6.1889 3.S1OE—1 4.6769 4.3614 1.5824 1.2670

—1.5 5.1889 2.636E—1 4.3907 4.0752 1.7963 1.4808

—0.5 4.1889 7.872E—2 3.1821 2.8667 1.0877 0.7722
0.5 3.1889 9.269E—3 1.0429 0.7274 —0.5516 —0.8670

—4.5 8.8820 8.439E—3 0.8555 0.5401 —3 .5855 —3 .9009
—3.5 7.8820 7.660E—2 3.0612 2.7458 —0.8798 —1.1952
—2.5 6.8820 2.739E—1 4.3355 4.0200 0.8944 0.5790

80 —1.5 5.8820 3.892E—1 4.6869 4.3714 1.7459 1.4304

—0.5 4.8820 2.204E—1 4.1182 3.8028 1.6772 1.3618
0.5 3.8820 4.952E—2 2.6252 2.3097 0.6842 0.3687
1.5 2.8820 4.373E—3 0.1980 —0.1174 —1.2430 —1.5584
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Table 3 continued

e

$.i.
W logw log(W/w)

—3.5 9.2683 2.919E—3 —0.2484 —0.5638 —4.8825 —5.1980
—2.5 8.2683 3.809E—2 2.3202 2.0048 —1.8139 —2.1294
—1.5 7.2683 1.950E—1 3.9530 3.6375 0.3188 0.0034

320 —0.5 6.2683 3.954E—1 4.6602 4.3447 1.5260 1.2106
0.5 5.2683 3.195E—1 4.4471 4.1316 1.8129 1.4975
1.5 4.2683 1.027E—1 3.3120 2.9966 1.1779 0.8624
2.5 3.2683 1.303E—2 1.2471 0.9317 —0.3871 —0.7025
3.5 2.2683 6.444E—4 —1.7592 —2.0746 —2.8933 —3.2088

—2.5 8.9615 6.828E—3 0.6400 0.3246 —3.8407 —4.1561
—1.5 7.9615 6.677E—2 2.9202 2.6048 —1.0605 —1.3760
—0.5 6.9615 2.570E—1 4.2681 3.9526 0.7873 0.4719

640 0.5 5.9615 3.929E—1 4.6926 4.3771 1.7119 1.3964
1.5 4.9615 2.394E—1 4.1971 3.8817 1.7164 1.4009
2.5 3.9615 5.791E—2 2.7778 2.4623 0.7971 0.4816
3.5 2.9615 5.509E—3 0.4253 0.1098 —1.0554 —1.3709

Environment 2:
Table 4 shows data from an environment similar to the first but it is known that

r= 1—v
and

V = 1.15

Determination of K1.

r = 1 — v means that f is independent of predator size Wpr and we get
h(Kt,+l — exp(—Kt00))f

stctr(t) = C

K0

Linear regression gives:

m—K = 0.8100(0.8100) or K1 = —0.2500(—0.2500)
K0

= 96.602(70.464).
h(Kt1 + 1 — exp(—KtQ(0)))f

Determination of a2 and .
The stomach figures can be transformed to parabolas by means of the factors:

W/stctr(t); W1’w’/stctr(t)
wW 1m+K; Wl__m WY.
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The parabolas are

(logu) = log { (Kti

P1p
Kto(o))) } —

+ (r pr7V)
logu -____

(logu) = lo{
(icti +1-expt00} 2

+
— logu

Kt1+Kt0 /

(logu) = log Ppr7 dlogw —

+
±(7Pr7v)jO — log2u

K0
(C Upr7 Gpr7 0pr7

h(Kt1+Kt0) ‘ N1)

Ppr7 dlogw lpr7 11pr7 log2u
‘(logu) = log

K / ,i \ — -) 2 + —--logu
— -) 20 I C + I LUpr7 °pr7 0pr7

1 N1)

The data from table 4 give:

(logu) = —15.1400 + 6.l62llogu — 0.46331og2u
Upr7 = 1.0792. 1pr7 + Upr7V = 6.6502. iipr7 = 5.4091. (W/stctr).

(logu) = —15.4555 + 6.l62llogu — 0.46331og2u. (W/stctt).
a2, + a2v, and as for stctr.

ft(logu) = —15.1400 + 5.Ol2llogu — 0.4633log2u
Ur7 = 1.0792. lpr7 = 5.4091. (W w”/stctr)

‘(logu) = —15.4555 -1- 5.Ol2llogu — 0.46331og2u. (Wl_ Wv/Stctt).

a2, as for stctr.

(logu) = —19.7105 + 6.l62llogu — 0.46331og2u. (W’”)
a2 and as for W/stctr.

p(logu) = —19.7105 + 5.Ol2llogu — 0.4633log2u.
a2, i as for W1”w”/stctr.

The relation r = 1 — v makes it impossible to determine x0, q, and f. The reason is
that any choice that keeps

K0/f = K0(1 + q/N1C1)

constant will give the same stomach data.
The calculations in example 2 can be taken as a method for finding rough esti

mates of the mean parameters for all prey species if more than one species is present
and the environmental distribution is of form

constant w’.

In example 3 we tackle the case of individual treatment of several species assuming
that the form of ‘available’ food is as in example 2.
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Table 4: Example 2, environment 2. Stomach data.

dlogw = 1.

stctr(10) = 6.6840E—2. stctt(10) = 9.1630E—2. stctr(20) = 1.1719E—1. stctt(20) = 1.6065E—1.
stctr(40) 2.0545E—1. stctt(40) = 2.8165E—1. stctr(80) = 3.6020E—1. stctt(80) = 4.9379E—1.
stctr(160) = 6.3150E—1. stctt(160) = 8.6572E—1. stctr(320) = 1.1072. stctt(320) = 1.5178.
stctr(640) = 1.9411. stctt(640) = 2.6610.

W/stctr. = W/stctt. ir
= W1 VwV/stctr Q = W1”w’/stctt. Q2

=

7-’

‘1 1
W 10gw

—7.5 9.8026 1.411E—2 0.7472 0.4317 —10.5258 —10.8413 —3.8234 —15.0963
—6.5 8.8026 1.651E—1 3.2068 2.8914 —6.9161 —7.2316 —1.3637 —11.4867
—5.5 7.8026 7.588E—1 4.7320 4.4166 —4.2409 —4.5564 0.1615 —8.8115

10 —4.5 6.8026 1.383 5.3326 5.0171 —2.4904 —2.8058 0.7620 —7.0609
—3.5 5.8026 1.005 5.0130 4.6975 —1.6600 —1.9754 0.4425 —6.2305
—2.5 4.8026 2.902E—1 3.7708 3.4554 —1.7521 —2.0676 —0.7997 —6.3227
—1.5 3.8026 3.303E—2 1.5976 1.2821 —2.7754 —3.0909 —2.9730 —7.3459
—0.5 2.8026 1.464E—3 —1.5185 —1.8339 —4.7414 —5.0569 —6.0890 —9.3120

—7.5 10.4957 1.291E—3 —1.5124 —1.8279 —13.5825 —13.8980 —6.0830 —18.1530
—6.5 9.4957 2.908E—2 1.6020 1.2866 —9.3181 —9.6335 —2.9685 —13.8886
—5.5 8.4957 2.SS1E—1 3.7737 3.4583 —5.9964 —6.3118 —0.7968 —10.5669

20 •s 7.4957 8.821E—1 5.0143 4.6989 —3.6058 —3.9212 0.4438 —8.1763
—3.5 6.4957 1.212 5.3323 5.0169 —2.1378 —2.4532 0.7618 —6.7083
—2.5 5.4957 6.640E—1 4.7303 4.4148 —1.5898 —1.9053 0.1597 —6.1604
—1.5 4.4957 1.442E—1 3.2035 2.8880 —1.9666 —2.2821 —1.3670 —6.5371
—0.5 3.4957 1.231E—2 0.7422 0.4268 —3.2779 —3.5933 —3.8283 —7.8484

—6.5 10.1889 3.256E—3 —0.4558 —0.7712 —12.1730 —12.4884 —5.0263 —16.7435
—5.5 9.1889 5.484E—2 2.3681 2.0526 —8.1991 —8.5146 —2.2024 —12.7697
—4.5 8.1889 3.611E—1 4.2529 3.9375 —5.1643 —5.4797 —0.3176 —9.7348

40 —3.5 7.1889 9.402E—1 5.2098 4.8943 —3.0574 —3.3729 0.6392 —7.6280
—2.5 6.1889 9.744E—1 5.2455 4.9301 —1.8717 —2.1871 0.6750 —6.4422
—1.5 5.1889 4.021E—1 4.3605 4.0450 —1.6067 —1.9222 —0.2101 —6.1773
—0.5 4.1889 6.566E—2 2.5482 2.2327 —2.2690 —2.5845 —2.0224 —6.8396

0.5 3.1889 4.196E—3 —0.2022 —0.5177 —3.8694 —4.1849 —4.7728 —8.4400

—5.5 9.8820 7.508E—3 0.5113 0.1959 —10.8530 —11.1684 —4.0592 —15.4235
—4.5 8.8820 9.467E—2 3.0458 2.7303 —7.1686 —7.4840 —1.5248 —11.7391
—3.5 7.8820 4.684E—1 4.6448 4.3293 —4.4195 —4.7350 0.0742 —8.9901

80
—2.5 6.8820 9.189E—1 5.3185 5.0031 —2.5958 —2.9113 0.7480 —7.1663
—1.5 5.8820 7.181E—1 5.0720 4.7566 —1.6923 —2.0077 0.5015 —6.2628
—0.5 4.8820 2.232E—1 3.9034 3.5880 —1.7109 —2.0264 —0.6671 —6.2815

0.5 3.8820 2.736E—2 1.8045 1.4891 —2.6598 —2.9753 —2.7660 —7.2303
1.5 2.8820 1.308E—3 —1.2362 —1.5516 —4.5505 —4.8659 —5.8067 —9.1210
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Table 4 continued

‘ 7’ ‘ ::‘

.

‘

W logw
— . .-,

—5.5 10.5752 6.520E—4 —1.8006 —2.1161 —13.9621 —14.2775 —6.3712 —18.5326
—4.5 9.5752 1.583E—2 1.3892 1.0738 —9.6222 —9.9377 —3.1813 —14.1928
—3.5 8.5752 1.497E—1 3.6354 3.3199 —6.2261 —6.5415 —0.9352 —10.7966

160 —2.5 7.5752 5.570E—1 4.9496 4.6341 —3.7619 —4.0773 0.3790 —8.3324
—1.5 6.5752 8.236E—1 5.3407 5.0253 —2.2207 —2.5362 0.7702 —6.7913
—0.5 5.5752 4.853E—1 4.8118 4.4963 —1.5997 —1.9151 0.2413 —6.1702

0.5 4.5752 1.135E—1 3.3588 3.0433 —1.9026 —2.2181 —1.2117 —6.4732
1.5 3.5752 1.043E—2 0.9722 0.6568 —3.1392 —3.4547 —3.5983 —7.7098

—4.5 10.2683 1.683E—3 —0.7207 —1.0362 —12.5293 —12.8447 —5.2913 —17.0998
—3.5 9.2683 3.OSSE—2 2.1783 1.8628 —8.4803 —8.7958 —2.3923 —13.0508
—2.5 8.2683 2.167E—1 4.1372 3.8218 —5.3713 —5.6868 —0.4333 —9.9419

320 —1.5 7.2683 6.071E—1 5.1675 4.8520 —3.1911 —3.5065 0.5969 —7.7616
—0.5 6.2683 6.769E—1 5.2763 4.9609 —1.9323 —2.2477 0.7058 —6.5028

0.5 5.2683 3.006E—1 4.4646 4.1491 —1.5940 —1.9095 —0.1060 —6.1645
1.5 4.2683 5.285E—2 2.7263 2.4108 —2.1823 —2.4977 —1.8443 —6.7528
2.5 3.2683 3.640E—3 0.0509 —0.2646 —3.7077 —4.0232 —4.5197 —8.2783

—3.5 9.9615 3.971E—3 0.2695 —0.0459 —11.1861 —11.5016 —4.3010 —15.7567
—2.5 8.9615 5.396E—2 2.8788 2.5633 —7.4269 —7.7424 —1.6918 —11.9974
—1.5 7.9615 2.875E—1 4.5517 4.2362 —4.6040 —4.9194 —0.0188 —9.1745

640 —0.5 6.9615 6.068E—1 5.2987 4.9832 —2.7070 —3.0225 0.7281 —7.2775
0.5 5.9615 5.102E—1 5.1253 4.8098 —1.7304 —2.0459 0.5547 —6.3010
1.5 4.9615 1.707E—1 4.0301 3.7147 —1.6755 —1.9910 —0.5404 —6.2461
2.5 3.9615 2.254E—2 2.0055 1.6901 —2.5501 —2.8656 —2.5650 —7.1207
3.5 2.9615 1.161E—3 —0.9599 —1.2753 —4.3656 —4.6810 —5.5304 —8.9361

Example 3
In table 5 are shown stomach data for four Pr sizes from an environment with
several pr species. Data are given for two pr species with the specifications: The
environmental weight distributions are log normal Cu, r2) and the parameters are:

v2 Relative numbers

prl —5 1 7503
pr2 —-3.5 1 3488

It is further known that

= NC2W.

Determination of v: (ui-b) gives: wN dlogw/(wNdlogw)/stctt =

pW
exp(— (logu —

N,C2(Kt1*l —
exP(_Ktoo))

-
\.
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This means that we for each W and pr can produce a parabola by using the factor

1 /(wNdlogw)/stctt

where wNdlogw is found by means ofu, ‘r2, and relative numbers and we get

P (logu—)2(logu)= log
NC

(ict1+l exp(ct00)\
+(v—1)logW—

2 21\
Kt,+Kt0 I

prl p(logu) = —25.1642 +5.66361ogu — 0.40591og2u
= —5.4079 — (logu — 6.9766)2/2/1.23 18. (10 g).
(logu) = —24.8793 + 5.56661ogu — 0.40451og2u
= —5.7279 — (logu — 6.8808)2/2/1.2361 (40 g).
p(logu) = —24.0415 + 5.3435logu — 0.39631og2u
= —6.0293 — (logu — 6.7417)2/2/1.2617. (160 g).
(logu) = —23.3879 + 5.l788logu — 0.39241og2u
= —6.3008 — (logu — 6.5989)2/2/1.2742. (640 g).

pr2 (logu) = —12.8815 + 2.S242logu — 0.20981og2u
= —5.2890 — (logu — 6.0157)2/2/2.3832. (10 g).
(logu) = —12.8512 + 2.4S23logu — 0.20751og2u
= —5.6057 — (logu — 5.9092)2/2/2.4096. (40 g).
ift(logu) = —12.9568 + 2.4238logu — 0.20861og2u
= —5.9160 — (logu — 5.8097)2/2/2.3969. (160 g).
(1ogu) = —12.7601 + 2.3l68logu — 0.20481og2u
= —6.2079 — (logu — 5.6562)2/2/2.4414. (640 g).

Within each pr group the parabolas should only differ in the constant term, and the
actual differences are due to the coarse grouping of the data. The two sets of
constant terms

—25.1642, —24.8793, —24.0415, —23.3879
—5.4079, —5.7279, —6.0293, —6.3008

should both conform to a linear function in logW with slope v—i and linear re
gression give

log(p/(N2C2(Kt1+ 1 — exp(—Kt09))/(ict1+ Kt0))) —2/2/u2 —26.3175
v — 1 0.4448. v = 1.4448. (First set).

log(p/(N2C7(Kt1+ 1 — exp(—ict00))/(Kt1+ Kt0))) = —4.9245
v — 1 = —0.2 150. v = 0.7850. (Second set).

The results for pr2 are

log(p/(N2C2(Kt1+ 1 — exp(—1ct00))/(ict1+ Kt0))) +2/2/g2 = —12.9441.
v—i = 0.0187. v = 1.0187. (First set).

log(p/(N2C2(ict1+ 1 — exp(—Kt00))/(Kt1+ Kt0) = —4.7852.
v—i = —0.2212. v 0.7788. (Second set).
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It can be shown that the figures found from first sets are much more influenced by
the biases induced by the grouping than the figures found from second sets. This is in
agreement with the v = 0.7778 used for constructing table S and v 0.777 8 will be
used from now on in this part of example 3.

Determination of a2 and :
By using the factor

W1’/(wNdlogw)/stctt =W°2222/(wNdlogw)/stctt

we get single parabolas for each pr species:

p 2 log2u(logu)= log
N2C2(Kt1+l — exp(—ict00)

—+logu
— 2a2

Kt1+Kt0 J

prl
t’(logu) = —25.5021 + 5.9792logu — 0.4338log2u

Grl = 1.1526. 7lprl = 6.8917.

pr2
(logu) = —12.6003 + 2.64491ogu — 0.2235log2u

= 2.2371. = 5.9 170.

The values can be compared with the values found when determining v.

Determination ofp:
We choose Ppr2 = 1 and N2 = 1 and the p intercept is

intercept = log p
—

ic2(1+l _exP(_wtoo)) 2u2

or xt1 + Kt0

C2(Kt1+ 1 — exp(—ict00))/(Kt1+ Kt0) = 118.55
and Pprl = 0.8839.

The v determination gives

Ppri = exp(—4.9245 + 4.7852) = 0.8700.

Determination ofic0/h/(Kt1+ 1 — exp(—Kt00)),x1,
qic0/h/(xt1+ 1 — exp(—Kt00))/(N2C2),and r:
(vi-b) gives us the equation

K / q \ 10
j \r_m+ + I —

________

h(Kt1 + 1 — exp(—1ct00)) \, N2C2 I — stctt
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and the four values give the solutions

K0/h/(1ct1+ 1 — exp(—Kt00))= 49.048.
—m + K1 = —0.8097. K1 = —0.2497.
qw0/h/(wt1+ 1 — exp(—Kt00))/(N2C2)= 246.07
v—i—rn + K1 + r= —1.1819. r= —0.1500.

Determination off:

ç —

_______________

II Iw1-v+
q

wr1w
— h(Kt1+1 — exp(—Ktoo))/ \\h(KtI+1 — exp(—Kt00)) ‘ N2C2

= 0.3196 f40 = 0.4403 f160 = 0.5686 f640 = 0.6883.
The calculations have only been made for stctt but could of course be made for stctr
just as well.

Table 5. Example 3. First environment. Stomach data.

dlogw = 1.

stctt(10) = 4.2035E—2. stctt(40) = 1.7796E—1. stctt(160) = 7.0606E—1. stctt(640) = 2.6260.

= 1/(wNdlogw)/stctt. Q2 =W°2222/(wNdlogw)/stctt.

prl

log log
W logw log(Wfw) wN dlogw wi dlogw QiwN5dlogw Q2w5i5dlogw

—7.5 9.8026 1.606E 2 1.169E—3 —8.6609 —8.1492
—6.5 8.8026 1.020E 3 5.056E—2 —6.7425 —6.2309

10 —5.5 7.8026 2.561E 3 3.635E—1 —5.6909 —5.1793
—4.5 6.8026 2.561E 3 4.696E—1 —5.4348 —4.9231
—3.5 5.8026 I.020E 3 1.105E—1 —5.9604 —5.4487
—2.5 4.8026 1.606E 2 4.439E—3 —7.3266 —6.8149

—6.5 10.1889 1.020E 3 7.050E—3 —10.1558 —9.3361
—5.5 9.1889 2.561E 3 1.742E—1 —7.8697 —7.0500

40 —4.5 8.1889 2.561E 3 7.345E—1 —6.4305 —5.6108
—3.5 7.1889 1.020E 3 5.644E—1 —5.7730 —4.9532
—2.5 6.1889 1.606E 2 7.793E—2 —5.9044 —5.0847
—1.5 5.1889 9.890 1.788E—3 —6.8920 —6.0723

—5.5 10.5752 2.561E 3 1.280E—2 —11.8585 —10.7307
—4.5 9.5752 2.561E 3 1.821E—1 —9.2033 —8.0755

160 —3.5 8.5752 1.020E 3 4.536E—1 —7.3697 —6.2419
—2.5 7.5752 1.606E 2 2.070E—1 —6.3056 —5.1778
—1.5 6.5752 9.890 1.663E—2 —6.0398 —4.9120

—4.5 10.9615 2.561E 3 7.014E—3 —13.7734 —12.3375
—3.5 9.9615 1.020E 3 5.796E—2 —10.7406 —9.3047

640 —2.5 8.9615 1.606E 2 8.568E—2 —8.5013 —7.0654
—1.5 7.9615 9.890 2.313E—2 —7.0238 —5.5879
—0.5 6.9615 2.355E—1 1.072E—3 —6.3572 —4.9213
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Table 5 continued

pr2

log log
W Iogw log(W/w) WN dlogw wN5 dlogw QwN31 dlogw Q2WNSI dlogw

—6.5 8.8026 2.085E 1 8.622E—4 —6.9240 —6.4123
—5.5 7.8026 2.114E 2 2.308E—2 —5.9533 —5.4416
—4.5 6.8026 8.432E 2 1.564E—1 —5.4235 —4.9118

10 —3.5 5.8026 1.336E 3 2.779E—1 —5.3085 —4.7968
—2.5 4.8026 8.432E 2 1.313E—1 —5.5982 —5.0865
—1.5 3.8026 2.114E 2 1.621E—2 —6.3066 —5.7949
—0.5 2.8026 2.085E 1 5.040E—4 —7.4609 —6.9493

—5.5 9.1889 2.114E 2 1.486E—2 —7.8363 —7.0165
—4.5 8.1889 8.432E 2 1.891E—1 —6.6766 —5.8568

40 —3.5 7.1889 1.336E 3 6.215E—1 —5.9465 —5.1268
—2.5 6.1889 8.432E 2 5.418E—1 —5.6238 —4.8040
—1.5 5.1889 2.114E 2 1.248E—1 —5.7081 —4.8883
—0.5 4.1889 2.085E 1 7.377E—3 —6.2204 —5.4007

—5.5 10.5752 2.114E 2 3.512E—3 —10.6571 —9.5292
—4.5 9.5752 8.432E 2 8.458E—2 —8.8591 —7.7313
—3.5 8.5752 1.336E 3 5.173E—1 —7.5082 —6.3804

160 —2.5 7.5752 8.432E 2 8.314E—1 —6.5737 —5 .4459
—1.5 6.5752 2.114E 2 3.552E—1 —6.0406 —4.9128
—0.5 5.5752 2.085E 1 3.955E—2 —5.9194 —4.7916

0.5 4.5752 7.996E—1 1.106E—3 —6.2352 —5.1074

—4.5 10.9615 8.432E 2 1.395E—2 —11.9749 —10.5390
—3.5 9.9615 1.336E 3 1.600E—1 —9.9955 —8.5596

640 —2.5 8.9615 8.432E 2 4.752E—1 —8.4467 —7.0108
—1.5 7.9615 2.114E 2 3.747E—i —7.3007 —5.8648
—0.5 6.9615 2.085E I 7.797E—2 —6.5541 —5.1182

0.5 5.9615 7.996E—1 4.149E—3 —6.2266 —4.7907

Table 6 shows stomach data from another similar environment with several pr
species. prl and pr2 have the same specifications as in the first environment, but
here it is known that v + r = 1.

Determination of ic1:
v + r 1 means that f is independent of Wpr and this fact gives

/fh(Kt1 + 1 4 exp(—Kt00))’\
log(stctt) = 1og

K0 ) + (m—ic1)logW

and we find using linear regression

m
—

= 0.8100. ,c1 = —0.2500.
log(K0/(fh(Kt1+1— exp(—Kt00)))) = 4.1189.
K0/(fh(Kt1+ 1 — exp(—Kt00))) = 61.492.
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Determination of v:
(ui-b) gives

( wNçd1ogw \
— P

stctt)
— log
N2c2(Ktl+l — exP(_Ktoo))

Kt1 + Kt0

+ (v — 1)logW
— (logu— )2

and

/wNd1ogw \ / ph(Kt1 + ict0) \ (logu —

logi S l=log( i+(v—1+m—K1)logW—
\wNdlogw/ \ic0(N2C2 +q)J 202

The data thus give us 2 x 2 sets of parabolas:

prl p(1ogu) = —27.1129 + 5.60281ogu — 0.40121og2u
= —7.5520 — (logu — 6.9826)2/2/1.2463. (10 g).

(logu) = —26.5020 + 5.56661ogu — O.40451og2u
= —7.3506 — (logu — 6.8808)2/2/1.2361. (40 g).

(1ogu) = —25.1482 + 5.34351ogu — 0.3963log2u
= —7.1360 — (logu — 6.7417)2/2/1.2617. (160 g).

p(logu) = —23.9786 + 5.17881ogu — 0.3924Iog2u
= —6.8915 — (logu — 6.5989)2/2/1.2742. (640 g).

pr2 p(1ogu) = —14.8859 + 2.47661ogu — 0.20581og2u
= —7.4350 — (logu — 6.0170)2/2/2.4295. (10 g).

(Iogu) = —14.4739 + 2.45231ogu — 0.20751og2u
= —7.2284 — (logu — 5.9092)2/2/2.4096. (40 g).

(logu) = —14.0635 + 2.42381ogu — 0.2086log2u
= —7.0126 — (logu — 5.8097)2/2/2.3969. (160 g).

p(logu) = —13.3507 + 2.31681ogu — 0.20481og2u
= —6.7985 — (logu — 5.6562)2/2/2.4414. (640 g).

and

prl t’(1ogu) = —29.3669 + 5.60281ogu — 0.40121og2u
= —9.8060 — (logu — 6.9825)2/2/1.2463. (10 g).

?p(logu) = —27.6330 + 5.56661ogu — 0.4O4Slog2u
= —8.4816 — (logu — 6.8808)2/2/1.2361. (40 g).

p(1ogu) = —25.1563 + 5.34351ogu — 0.39631og2u
= —7.1441 — (logu — 6.7417)2/2/1.2617. (160 g).

t’(1ogu) = —22.8638 + 5.17881ogu — 0.39241og2u
= —5.7767 — (logu — 6.5989)2/2/1.2742. (640 g).
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pr2 (1ogu) = —17.1399 + 2.47661ogu—0.20581og2u
= —9.6890 — (logu — 6.0170)2/2/2.4295. (10 g).

p(1ogu) = —15.6049 + 2.45231ogu — 0.20751og2u
= —8.3594 — (logu — 5.9092)2/2/2.4096. (40 g).

(logu) = —14.0716 + 2.42381ogu — 0.2086log2u
= —7.0308 — (logu — 5.8097)2/2/2.3969. (160 g).

(logu) = —12.2360 + 2.31681ogu — 0.20481og2u
= —5.6838 — (logu — 5.6562)2/2/2.4414. (640 g).

Linear regressions on constant terms give

prl log(p(wt1+wt0)/(N2C2(xt1+ 1 — exp(—ict00)))) — /2/u2 = —29.0856
v — 1 = 0.7759. v = 1.7759. (First set).
log(p(Kt1+Kt0)/(N2C2(1ct1+ 1 — exp(—Kt00)))) = —7.9267
v — 1 = 0.1584. v = 1.1584. (Second set).

pr2 log(p(wt1+ct0)/(N2C2(Kt1+ 1 — exp(—ict00)))) —i2/2/u2= —15.7790
v — 1 = 0.3618. v = 1.3618. (First set).
log(p(ict1+)ct0)/(N2C2(Kt1+ 1 — exp(—ict00)))) = —7.7904
v — 1 = —0.1533. v = 1.1533. (Second set).

prl log(ph(Kt1+Kt0)/w0/(N2C2+ q)) —2/2/u2 = —33.2047
v —1 + m — = 1.5859. v = 1.7759. (First set).
log(ph(Kt1+ict0)/K0/(N2C2+ q)) = —12.0458
V — 1 + m — = 0.9684. v = 1.1584. (Second set).

pr2 log(ph(xt1+Kt0)/K0/(N2C2+ q)) —2/2/u2 = —19.8981
v — 1 + m — = 1.1718. v = 1.3618. (First set).
log(ph(ict1+Kt0)/K0/(N2C2+ q) = —11.9088
v — 1 + m — = 0.9626. v = 1.1526. (Second set).

The v used for constructing table 6 was 1.15 and we again see that figures based on
second sets are much less influenced by the grouping than those based on first sets.
v = 1.15 will be used in the rest of this example.

Determination of u2 and :
Common parabolas are produced by means of the weighting factors

=W1%(wNdlogw)/stctt
and

= Wl_v_m+/(wNdlogw)

giving 2 2p 17 17 logu
(1ogu)= log f1ct1+1+exp(—Kt00)

——+--logu—
2u2

N2 2
jct1+ict0

p 2 17 log2u
p(logu)= log

IC0
+2logu

2u2

h(ict1 + xt0)
(N2C2 + q)
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prl (1ogu) = —28.4942 + 5.98691ogu — 0.43511og2u
rl = 1.1492. = 6.8799. (Q3).
p(logu) = —32.6132 + 5.9869logu — 0.43511og2u. (Q4).
a2 and as for Q3.

pr2 (logu) = —15.5117 + 2.62191ogu — 0.22221og2u.
= 2.2502. flpr2 = 5.8999. (Q3).

(1ogu) = —19.6307 + 2.62191ogu — 0.22221og2u (Q).
a2 and i as for c3.

The found values can again be compared with the values from the v determination.

Determination of p:
The last parabola intercepts give

Pprl1’Ppr2 = exp(—28.4942 + 5.9869/4/0.435 1 + 15.5 117— 2.6219/4/0.2222)
= 0.8849. (Q3).
= 0.8849. (Q4).

The v determination gives

Pprl”Ppr2 = exp(—7.9267+7.7904) = 0.8726.
Ppr1’Ppr2 = exp(—12.0458 + 11.9088) = 0.8720.

As any choice of K0 and q that keeps
x0/f 1C0(1 + q/(N2C2))

constant gives the same stomach data we are unable to dow0/h/(Kt1+ 1 — exp (—Kt00))
q/N2C, and f determinations.

Table 6. Example 3, second experiment, v + r = 1. Stomach data.

dlogw = 1.

stctt(10) 1.0499E—1. stctt(40) = 3.2270E—1. stctt(160) = 9.9190E—1. stctt(640) = 3.0488.

1/(wNdlogw)/stctt. Q2 = 1/stctt. Q3 W’”/(wNdlogw)/stctt. Q4 = Wlvm+/(wNdlogw)

prl

-:
.,

. A
-‘ 0

N o

W1ogw e

—6.5 8.8026 1.020E 3 1.488E—2 —8.8812 —11.1351 —9.2266 —13.3456
—5.5 7.8026 2.561E 3 1.070E—1 —7.8296 —10.0835 —8.1750 —12.2940

10 —4.5 6.8026 2.561E 3 1.382E—1 —7.5734 —9.8273 —7.9188 —12.0378
—3.5 5.8026 1.020E 3 3.252E—2 —8.0991 —10.3530 —8.4445 —12.5635
—2.5 4.8026 1.606E 2 1.306E—3 —9.4653 —11.7192 —9.8107 —13.9297
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Table 6 continued

. . .

:;‘

‘—
. S.— S._

W logw o
.% S. —%. .-.

—6.5 10.1889 1.020E 3 2.523E—3 —11.7785 —12.9095 —12.3318 —16.4508
—5.5 9.1889 2.561E 3 6.233E—2 —9.4924 —10.6234 —10.0457 —14.1648

40 —4.5 8.1889 2.561E 3 2.629E—1 —8.0532 —9.1842 —8.6065 —12.7255
—3.5 7.1889 1.020E 3 2.020E—1 —7.3956 —8.5267 —7.9490 —12.0680
—2.5 6.1889 1.606E 2 2.789E—2 —7.5271 —8.6581 —8.0804 —12.1994
—1.5 5.1889 9.890 6.399E—4 —8.5147 —9.6457 —9.0680 —13.1871

—5.5 10.5752 2.561E 3 5.945E—3 —12.9652 —12.9733 —13.7265 —17.8455
—4.5 9.5752 2.561E 3 8.459E—2 —10.3099 —10.3181 —11.0712 —15.1902

160 —3.5 8.5752 1.020E 3 2.107E—1 —8.4764 —8.4845 —9.2376 —13.3567
—2.5 7.5752 1.606E 2 9.616E—2 —7.4123 —7.4204 —8.1735 —12.2926
—1.5 6.5752 9.890 7.727E—3 —7.1465 —7.1546 —7.9078 —12.0268

—4.5 10.9615 2.561E 3 4.S11E—3 —14.3641 —13.2493 —15.3333 —19.4523
—3.5 9.9615 1.020E 3 3.728E—2 —11.3313 —10.2165 —12.3005 —16.4195

640 —2.5 8.9615 1.606E 2 5.S11E—2 —9.0919 —7.9771 —10.0611 —14.1801
—1.5 7.9615 9.890 1.487E—2 —7.6144 —6.4997 —8.5837 —12.7027
—0.5 6.9615 2.355E—1 6.897E—4 —6.9478 —5.8330 —7.9170 —12.0361

pr2

—5.5 7.8026 2.114E 2 6.790E—3 —8.0920 —10.3459 —8.4374 —12.5564
—4.5 6.8026 8.432E 2 4.601E—2 —7.5621 —9.8160 —7.9075 —12.0265

10 —3.5 5.8026 1.336E 3 8.177E—2 —7.4471 —9.7010 —7.7925 —11.9115
—2.5 4.8026 8.432E 2 3.864E—2 —7.7368 —9.9907 —8.0822 —12.2012
—1.5 3.8026 2.114E 2 4.769E—3 —8.4452 —10.6992 —8.7906 —12.9097

—5.5 9.1889 2.114E 2 5.319E—3 —9.4590 —10.5900 —10.0123 —14.1313
—4.5 8.1889 8.432E 2 6.767E—2 —8.2992 —9.4303 —8.8526 —12.9716

40 —3.5 7.1889 1.336E 3 2.224E—1 —7.5692 —8.7002 —8.1225 —12.2416
—2.5 6.1889 8.432E 2 1.939E—1 —7.2464 —8.3775 —7.7998 —11.9188
—1.5 5.1889 2.114E 2 4.468E—2 —7.3307 —8.4618 —7.8841 —12.0031
—0.5 4.1889 2.085E 1 2.640E—3 —7.8431 —8.9741 —8.3964 —12.5155

—5.5 10.5752 2.114E 2 1.632E—3 —11.7637 —11.7719 —12.5250 —16.6440
—4.5 9.5752 8.432E 2 3.929E—2 —9.9658 —9.9739 —10.7270 —14.8461
—3.5 8.5752 1.336E 3 2.403E—1 —8.6149 —8.6230 —9.3762 —13.4952

160 —2.5 7.5752 8.432E 2 3.862E—1 —7.6804 —7.6885 —8.4416 —12.5607
—1.5 6.5752 2.114E 2 1.650E—1 —7.1473 —7.1554 —7.9086 —12.0276
—0.5 5.5752 2.085E 1 1.837E—2 —7.0261 —7.0342 —7.7874 —11.9064

0.5 4.5752 7.996E—1 5.138E—4 —7.3419 —7.3500 —8.1032 —12.2222

—4.5 10.9615 8.432E 2 8.972E—3 —12.5655 —11.4508 —13.5348 —17.6538
—3.5 9.9615 1.336E 3 1.029E—1 —10.5862 —9.4714 —11.5554 —15.6744

640 —2.5 8.9615 8.432E 2 3.056E—1 —9.0373 —7.9226 —10.0066 —14.1256
—1.5 7.9615 2.114E 2 2.410E—1 —7.8913 —6.7766 —8.8606 —12.9796
—0.5 6.9615 2.085E 1 5.O1SE—2 —7.1447 —6.0300 —8.1140 —12.2330

0.5 5.9615 7.996E—1 2.669E—3 —6.8173 —5 .7025 —7.7865 —11.9055
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Example 4
A predator Pr preys on six pr species. The pr species have log normal environmental
weight distributions (‘u, r2) with the specifications

v2 Relative number =

prl —5 1 8000
pr2 —3.5 1 4000
pr3 —2 1 3000
pr4 1.5 1 250
pr5 —4 1 3500
pr6 —3 1 2500

The situation is similar to example 3 but in this case no simple expression for ip is
available.

Table 7 gives stomach data for four Pr sizes.

Determination of a2 and :
We start by determining the ingestion weight distribution from (ui-b)

d
— pexp(—(log(W/w)—)2/2/u2)

St
Kt1 + ict0 — + qWr

exp (— (logw —)2/2/V2)dwh Wm
VJXW

or

NhW’
/a2t2 /a2_(_1ogw)T22

P
+ r2 2 + 2 J (logW—)2 2

St
= K0W

+ qWr)r
exp

2(__22
— 2a2

Kt1+Kt0 \a2+r2/

/ a2 — ( — logW)v2\2

1 jjogw— )
2 2

exp
2

(vii)
2
(p2)

and this means that N5 is log normally shaped with the following parameters
stomach mean log ingestion weight

— log W)r2
•ii

U2+V2
vi

stomach variance of log ingestion weight
= U2T2

(ix)
U2 + V2
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total recognizable number in stomach

pN*hWm

KoW (+qWr)r
Kt1 + )Ct0

From (viii) and (ix) we now get

and

—

T2—2
+logW

V2
02 = 2 2V —T

Table 7 gives using (xi) and (xii):

(xi)

(xii)

—

exp(—

(+—logW)2\

—

/02T2 2(02 + r2) ) =

V02 + v2

=

I iu2—(—logW)r2’2 1pN*hWmfl
V02 + r2 02 + v2 ) (log W—)2 — 2

I
KoWK

exp j
— 202

J(+qWr)T [ 2(22)
Kt1 + Kt0

exp(
1

— ( +
— logW))

2(02 + r2)
(x)

pr W 02

10 7.0000 1.0000
prl 40 7.0001 1.0000

160 7.0000 1.0000
640 7.0001 1.0000

10 6.0000

r2 40 6.0000
‘ 160 5.9999

640 5.9999

pr W 02

10 4.0000 0.4000

r4 40 4.0000 0.4000
‘ 160 4.0001 0.4000

640 4.0001 0.4000

10 6.5000 2.5001

rS 40 6.4999 2.5001
p 160 6.4998 2.5001

640 6.4998 2.5001

10 4.5001 1.5000

r6 40 4.5001 1.5000
p 160 4.5002 1.5000

640 4.5002 1.5000

2.0000
2.0000
2.0000
2.0000

0.8000
0.8000
0.8000
0.8000

10 5.0001

r3 40 5.0000
p 160 5.0000

640 4.9999

Determination of p:
(x) can be written as

ph

K0 (q+qWr)
Kt1 + Kt0
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and table 7 then gives us

(vi-b) is written as

W pr W pr

prl 1.2196E—4
pr2 1.3551E—4

10 pr3 1.0841E—4
pr4 8.1308E—5
pr5 9.4859E—5
pr6 6.7757E—5

prl
pr2

160 pr3
pr4
pr5
pr6

P PP”Ppr2

0.9000
1.0000
0.8000
0.6000
0.7000
0.5000

3.0735E—4 0.9000
3.4150E—4 1.0000
2.7320E—4 0.8000
2.0490E—4 0.6000
2.3905E—4 0.7000
1.7075E—4 0.5000

prl
pr2

40 pr3
pr4
pr5
pr6

p

9.7690E—4
1 .0855E—3
8.683 6E—4
6.5127E—4
7.598 1E—4
5.4272E—4

3.2046E—3
3.5608E—3
2.8485E—3
2. 1365E—3
2.4925E—3
1.7804E—3

prl
pr2

640 pr3
pr4
pr5
pr6

P —
P1’Pp,2

0.9000
1.0000
0.8000
0.6000
0.7000
0.5000

0.9000
1.0000
0.8000
0.6000
0.7000
0.5000

(xiii)

Determination ofK0/h/(Kt1+ 1 — exp(—Kt00)),
lc0q/h/(Kt1+ 1 — exp (—Kt00)), and r:

K0
+

— 1
h(Kt1 + 1 + exp(—wt)) ‘\ 0 / — stctt

As all parameters for determining are known now, we find
= 469.39 = 716.76 0 = 737.64 164O = 720.30

and (xiii) gives us four nonlinear equations for determining

K0/h/(Kt1+ 1 — exp(—Kt00)),K1,

K0q/h/(Kt1+ 1 — exp(—Kt00)), and r. There are two solutions
K0/h/(Kt1+ 1 — exp(—Kt00)) 49.201. K1 — m = —0.8100. ic = —0.2500.
K0q/h/(Kt + 1 — exp(—Kt00))= 24.605. r + K1 — m = —0.9601. r = —0.1501.

and
K0/h/(Kt1+ 1 — exp(—Kt00)) 52.855. x1 — m = —0.8640. K1 = —0.3040.
K0q/h/(Kt1 + I — exp(—Kt00))= 18991. r + K1 — m = —0.8190. r 0.0450.

and the first solution is the correct one if r is known to be negative.

Determination off:
The q which corresponds to our 0 set is

q 24605/49.201 = 500.1
and the standard f formula gives

= 0.5701 f40 = 0.7137 f160 = 0.7596 f640 = 0.7916.
As usual all calculations could have been based on stctr figures instead of stat figures.
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Table 7. Example 4. Stomach data.

W pr 12 stctt

prl —4.8487 0.50000 6.7431E—1
pr2 —3.5658 0.66667 4.3972E—1

10 pr3 —2.3875 0.44444 1.8942E—1 7.4813E—2
pr4 —0.7839 0.28571 2.8205E—4
prs —4.0564 0.71429 2.7904E—1
pr6 —2.6790 0.60000 1.1535E—1

prl —4.1556 0.50000 8.5216E—1
pr2 —3.1037 0.66667 8.8124E—1

40 pr3 —1.6173 0.44444 4.7892E—1 2.8789E—1
pr4 0.2063 0.28571 8.4855E—3
pr5 —3.6603 0.71429 5.7783E—1
pr6 —2.1245 0.60000 1.2683E—1

prl —3.4624 0.50000 5.1961E—1
pr2 —2.6416 0.66667 1.1739

160 pr3 —0.8471 0.44444 5.2508E—1 9.4172E—1
pr4 1.1965 0.28571 8.1597E—2
prs —3.2642 0.71429 8.7152E—1
pr6 —1.5700 0.60000 8.1541E—2

prl —2.7693 0.50000 1.2509E—1
pr2 —2.1795 0.66667 8.5044E—1

640 pr3 —0.0769 0.44444 2.0427E—1 3.0166
pr4 2.1867 0.28571 2.0522E—1
prs —2.8681 0.71429 7.8343E—1
pr6 —1.0155 0.60000 2.5084E—2

Example 4 is the most general case, and the first examples can be looked upon as
special cases. Doing this we get some other ways for the determination of parameters.

Example 1 (p. 5):
The ingestion weight distribution is here

phW”aN0\/a 1
= exp(—(logw — (— + logW))2/2/a2)

K0

Kt1 + Kt0
+ qWr)

paW1stctt\/Ja 1
= exp(— (logw — (—j + logW))2/2/a2)

co(

ct1+1 — exp(—Kt00)\ ‘./Jaw
Kt1+Kt0 )

a log normal distribution with parameters
/=—+logW 22

phWm’aN0VJa paW’ stctt\/Ja

__________

=

___________

K0 / Kt1 + 1 — exp(—Kt00)\
( + qW’)

Kt1 + Kt0 )+ Kt0
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The supplementary data in table 8 now give us the following j, a2, and p where p is
found from the formula

pr apr2 U,,.2

Ppr = apr ‘pr pr2

Ppr2

Experiment 1: Experiment 2:
pr a2 p pr p

prl 7.0000 1.0000 0.9000 prl 7.0000 1.0000 0.9000
pr2 6.0000 2.0000 1.0000 pr2 6.0000 2.0000 1.0000
pr3 5.0000 0.8000 0.8000 for W = 10, 40 160, and 640 g.
pr4 4.0000 Q.4000 0.6000

for W = 10, 40, 160, and 640 g.

Example 2 (p.16):

In this case the ingestion weight distribution is

pexp(—(log(W/w) —j)2/2!a2)N1w’hW”
K

Kt1+Kt0
(+Q)

pNihWrn_K_v exp(v+ v2a2

— o (+qWr)
Kt1 + Id0

1 ex 0gw — (logW— i — va2))2
Jaw 2a2

This is also a log normal distribution and the parameters are
= logW—i—va2
= a2

pN1hW’’exp(v +

o (N1C1W1_v + qWr)
lCt, + 1Ct0

Table 8 then gives

Environment 1:
17 5.5000 and a2 = 1.0000 for all W.
N gives seven equations of the form

Ict1 + Id0
(N1C1W’” + qW’”) =

pNihexp(v7+-_a2)Va N;;
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and a test shows that
K0

N1 C1
Kt1+Kt0

—023633

pNihexp(v +u2) —

1—m+ic1 = 0.1901 ic1 =—0.2499

K0

Kt1+Kt0
q

—32558
pNihexp(v —

r—m+K1+v = —0.4599 r = —0.1500

fit nicely.

Environment 2:

ij= 5.5000 and u2 = 1.0000 for all W.
N’ gives a linear regression in logW

log( 0 (N1C1+q)/(pN1h exp(v+ u2)u))+ (1 —m+K1)logW

= —logN

and the data give

K0
+ (N1C1+q)

log Kt1 Kt0

2
= —1.7327

pNihexp(v17 +Y-_a2)vu

1—m+K1= 0.1900 K1 —0.2500.

Example 3 (p.23):
The formulas from example 4 can be used directly and we find using table 8:

First environment: W pr p
a2pr

prl 7.0000 1.0000
pr2 6.0000 2.0000

for W = 10, 40, 160, and 640 g.

10 pri 1.9281E—4 0.8999
pr2 2.1425E—4 1.0000

40 prl 5.9988E—4 0.8999
pr2 6.6660E—4 1.0000

160 prl 1.7490E—3 0.9000
pr2 1.9434E—3 1.0000

640 prl 4.7804E—3 0.8999
pr2 5.3120E—3 1.0000
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If we rewrite (x) as
2 2UT

p N
K0

(N C w’°÷’” + /r+x,—,,z a2 + r2
h (Kt1 + Kt0)

2 2 q
/( + i — logW)2

jT
\ 2(a2+r2)

we get for each pr four equations for determiningK0N2C2/h/(Kt1+ Kt0),

1 —v+K1—m, ,c0q/h/(Kt1+ Kt0), and r+c1—m. Solving the nonlinear equations
we get

prl and pr2
K0N2C2/h/(Kt + wt0) = 5768.5
1—v+K1—m = —0.5875 K1 = —0.2497

K0q/h/()ct1+ id0) 28940
—m = —0.9596 r = —0.1499

Second environment:

pr 17

prl 7.0000 1.0000
pr2 6.0000 2.0000

for W = 10, 40, 160, and 640 g.

W pr p

10 prl 5.6737E—5 0.9000
pr2 6.3043E—5 1.0000

40 prl 2.1470E—4 0.9000
pr2 2.3856E—4 1.0000

160 prl 8.1246E—4 0.8999
pr2 9.0279E—4 1.0000

640 prl 3.0746E—3 0.9000
pr2 3.4164E—3 1.0000

(x) can be written as

f(i + — logW)2\
h(Kt1 + Kt0) wv_l_K±1

= N5; exp
2(u2 + r2) )

1c0(N7C2+q)

a linear regression in logW and we get using data for both prl and pr2
log(h(,ct1+ )ct0)/K0/(N2C2+ q)) = —11.8822
V—1—K1+m = 0.9600 ,c = —0.2500
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Table 8. Supplementary stomach data.

Example 1, experiment 1.

W pr 12

prl —4.6974 1.0000 3.7565E—1

10 pr2 —3.6974 2.0000 2.9514E—1
pr3 —2.6974 0.8000 1.1200E—1
pr4 —1.6974 0.4000 4.9496E—3

prl —3.3111 1.0000 6.0931E—1

40
pr2 —2.3111 2.0000 4.7872E—1
pr3 —1.3111 0.8000 1.8166E—1
pr4 —0.3111 0.4000 8.0283E—3

prl —1.9248 1.0000 6.0458E—1

160 pr2 —0.9248 2.0000 4.7501E—1
pr3 0.0752 0.8000 1.8025E—1
pr4 1.0752 0.4000 7.9661E—3

prl —0.5385 1.0000 4.9379E—1

640 pr2 0.4615 2.0000 3.8796E—1
pr3 1.4615 0.8000 1.4722E—1
pr4 2.4615 0.4000 6.5062E—3

Example 1, experiment 2.

W pr 12

10 prl —4.6974 1.0000 8.8777E—2
pr2 —3.6974 2.0000 1.3950

40 prl —3.3111 1.0000 6.8227E—2
pr2 —2.3111 2.0000 1.0721

160 prl —1.9248 1.0000 5.2429E—2
pr2 —0.9248 2.0000 8.2384E—1

640 prl —0.5385 1.0000 4.0289E—2
pr2 0.4615 2.0000 6.3307E—1

Example 2, environment 1.

N

10 —3.6974 1.0000 6.6879E—1
20 —3.0043 1.0000 8.0738E—1
40 —23111 1.0000 9.3169E—1
80 —1.6180 1.0000 1.0230

160 —0.9248 1.0000 1.0688
320 —0.2317 1.0000 1.0674
640 0.4615 1.0000 1.0268

Example 2, environment 2.

10 —4.3474 1.0000 3.6516
20 —3.6543 1.0000 3.2010
40 —2.9611 1.0000 2.8060
80 —2.2680 1.0000 2.4598

160 —1.5748 1.0000 2.1563
320 —0.8817 1.0000 1.8902
640 —0.1885 1.0000 1.6569

12
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Table 8 continued

Example 3, first environment.

W pr 12

10 prl —4.8487 0.50000 9.9981E—1
pr2 —3.5658 0.66667 6.0622E—1

40 prl —4.1556 0.50000 1.5599
pr2 —3.1037 0.66667 1.5000

160 prl —3.4624 0.50000 8.7251E—1
pr2 —2.6416 0.66667 1.8327

640 prl —2.7693 0.50000 1.7501E—1
pr2 —2.1795 0.66667 1.1063

Example 3, second environment.

W pr 12

10 prl —4.8487 0.50000 2.9420E—1
pr2 —3.5658 0.66667 1.7838E—1

40 prl —4.1556 0.50000 5.5830E—1
pr2 —3.1037 0.66667 5.3682E—1

160 prl —3.4624 0.50000 4.0530E—1
pr2 —2.6416 0.66667 8.5136E—1

640 prl —2.7693 0.50000 1.1256E—1
pr2 —2.1795 0.66667 7.11S1E—1

LogW parabolas:
When the environmental weight distribution is log normal it is sometimes possible
to determine 1u, , and a2 from stomach data alone. If we write (x) as

pN° hW” Vg2 + 2
ex(

(+—logW)2\

_____________________

— 2(a2 + r2) )
(b + qWr)r

Kt1 + Kt0

pN
2

stctt

______________

(ex —

_________________

Kti+1—exp(—Kt00) 2(a2+r2) )
V

Kt1 + Kt0
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we see that

log(N W’/stctt)

gives parabolas in logW for example 3, first and second environment as
= NCW’’ here. The parabolas give us (a2 + 12) and (,u + ). Using 2 and tt

we finally get 4u, r2, j, and a2. The calculations are performed in this way:

First environment:

The data give the parabolas:
prl: (logW) = 2.7034 + 1.000llogW — 0.2500log2W
pr2: ‘(logW) = 2.1450 + 0.8334logW — 0.1667log2W

giving

(a2 + 12) = 2.0000 and (u +) = 2.0002 for prl and
(a2 + 12) = 2.9994 and (i + ij) = 2.4997 for pr2.

As a2 r2 = 2(a2 + r2), a2 and 12 are the solutions of
x2 — (a2 + v2)x + 2(a2 + 12) = 0.

The solutions are

a2 = 1.0000, 12 = 1.0000 for prl
a2 = 1.9991, 12 = 1.0003 or a2 = 1.0003, 12 = 1.9991 for pr2.

and can now be determined by means of (viii). Each W gives us two linear
equations:

a2 — 12,7 = j(a2 + v2)_r2logW
/ +,7 = ( +,7)

The results are

prl: ,7 = 7.0001 u = —4.9999.
= 7.0001 = —4.9999.
= 7.0001 u = —4.9999.

17 = 7.0000 u = —4.9998.

pr2: iq = 5.9998 u = —3.5001 or
17 = 6.0000 i = —3.5003 or
17 = 6.0002 u = —3.5005 or
17 = 6.0005 u = —3.5008 or

and the sought parameters are

(1u, 12, 17, a2) = (—5, 1, 7, 1) for prl
(ti, 2,,i, a2) = (—3.5, 1, 6, 2) for pr2.

(W = 10 g).
(W = 40 g).
(W = 160 g).
(W = 640 g).

= 5.9341 u = —3.4344. (W = 10 g).

17 = 6.3960 = —3.8963. (W = 40 g).
17 = 6.8579 = —4.3582. (W = 160 g).

= 7.3197 i = —4.8200. (W = 640 g).
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Second environment:

Parabolas:

prl: (IogW) = —0.2919 + 0.9999logW — 0.2500log2W
pr2: (logW) = —0.8503 + 0.8332logW — 0.16671og2W

(a2 + T2) = 2.0000 (1u+17) = 1.9998. (prl). a2 =1.0000r2=1.0000
= 2.9994(1u+i)=2.4991. (pr2). a2 =1.9991 r2 = 1.0003

or a2 = 1.0003 T2 1.999 1

prl: = 6.9999 t = —5.0001. (W = 10 g).
6.9999 = —5.0001. (W = 40 g).

= 6.9999 = —5.0001. (W = 160 g).
= 6.9998 = —5.0000. (W 640 g).

pr2: , = 5.9994 u = —3.5003 or 17 = 5.9339 = —3.4348. (W = 10 g).
77 = 5.9996 i = —3.5005 or 17 = 6.3958 = —3.8967. (W = 40 g).

= 5.9998 i = —3.5007 or = 6.8577 u = —4.3586. (W = 160 g).
= 6.0001 = —3.5010 or 17 = 7.3195 .t = —4.8204. (W = 640 g).

Cu r2, v, a2) = (—5, 1, 7, 1). (prl).
(i r2 a2) = (—3.5, 1, 6, 2). (pr2).

For the second environment

log(N Wl_v_1c)

gives another parabola in logW for determining (a2 + v2) and (1u + 17):

prl: (logW) = —4.4111 + 1.0000logW — 0.2SOOlog2W.

pr2: (logW) = —4.9694 + 0.8333logW — 0.1667log2W.
These parabolas give virtually the same results as the former.

Example 5

Table 9 gives data for an environment where Cu, v2, v, a2) also can be found from a
logW parabola. Pr is here feeding on several pr species including prl and pr2. prl
and pr2 are known to have log normal weight distributions and it is further known
that q + qWr is a constant independent of W. (x) now tells us that

log( W””)
produces a parabola in logW and the data give parabolas

prl: p(logW) = —3.2719 + 1.000llogW — 0.2SOOlog2W

pr2: (logW) = —3.8301 + 0.8333logW — 0.1667log2W

The parameter set (, r, 77, 02) is thus identical to the values found above for prl
and pr2.
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Table 9. Example 5. Stomach data.

W pr

prl —4.8487 0.50000 6.5086E—1
pr2 —3.5658 0.66667 3.9463E—1

40 prl —4.1556 0.50000 1.0033
pr2 —3.1037 0.66667 9.6467E—1

160 prl —3.4624 0.50000 5.9159E—1
pr2 —2.6416 0.66667 1.2427

640 prl —2.7692 0.50000 1.3345E—1
pr2 —2.1795 0.66667 8.4354E—1

The calculations and determinations in the five examples all behave nicely. This is
of course no wonder as the stomach data were constructed from models with all
stated assumptions fulfilled. For the sake of completeness all parameter sets used for
constructing the data sets, all relevant sets of constants and a summary of the
assumptions, data and determinable functions for each example are given here:
Predator Pr.
h = 35 m = 0.56 q = 500 r=—0.15.

= 1519 ?C1 = —0.25 Kt1 = 0.25 ict0 = 0.5 ict00 = 1.
Kt1 + Kt0 0.75
ct1 + 1 + exp(—ict0) = 0.64347
t1 + 1 + exp(—Kt00) = 0.88212

Kti+1—exp(—Kt0)
= 0.85796

Kt1+1Ct0

Kti+1—exp(—Kt00)
= 1.17616

Kt1 + Kt0

xti+1—exp(—ict00)
= 1.37088

t1 +1—exp(—ict0)

K0
= 67.447

h(,ct1 +1—exp(—Kt0))

K0
= 49.200

h(Kt1 +1—exp(—Kt00))

q
icti+1—exp(—xt0)

=428.98
Ktl + Kt0

q
wti+1—exp(—Kt00)

=588.08
wt1 + wt0

‘Co q
= 24600

h(t1 +1—exp(—t00))



44 KNUD P. ANDERSEN

Prey. 11 pr species.

prl p=O.9 =7 02=1
pr2 p=l i=6 02=2

pr3 p=O.8 i=5 02=0.8

pr4 p=O.6 =4 020.4

pr5 p = 0.7 = 6.5 2
= 2.5

pr6 = 0.5 = 4.5 a2 = 1.5
pr7 p=l i=5.5 021

pr8 p=2 =7 g2=O.

pr9 p=2 =7 a2_O1

prlO p=.2 =7 02=0.1
prll p=.2 =7 02=0.1

Example 1, 1. experiment:
N0 =1.
apri = 800 apr2 = 400 apr3 = 300 a4 = 25

C0 = 18.208

Kt1+1—exp(—wt0)
= 15.622

Kt1 + 7Ct0

ict1+1—exp(—xtoo)
= 21.416

Kt1 + Kt0

q
C0h(xt1+1—exp(—Kt0))

= 1852.1

q
= 1351.0

C0h(Kt1+ lexp(—,ct00))

= 0.3397 140 = 0.7170 1160 = 0.9258 1640 = 0.9840

2. experiment:
N0 = 1E6
aprl = 1 apr2 = 10 apr3O.l apr4 = 1 a5 = 1 apr6 = 0.1

C0 = 0.28350

ict1 +1—exp(—Kt0)

_________________

= 0.24323Co
Kt1 + ict0

ict1 + 1— exp(—Kt00)
= 0.33344Co

Kt1 + )Ct0

K0
C0 h(ict1 + JCt0)

= 16.405

110 = 0.9999 140 = 1.0000 1160 = 1.0000 1640 = 1.0000
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Example 2, environment 1:
N1=200 v=0.S.

C1 = 0.18158

q
h(Kt1+1—exp(—Kt0))C1N1

= 928.61

q
h(Kt1+l—exp(—Kt00))C1N1

= 677.38

Kt1+1—exp(—Kt0)
=0.15579

Kt1 + Kt0

wt1+1—exp(—ict00)
= 0.21357

Kt1 + Kt0

q(Kt1 + 1 —exp(—Kt0))
= 2.1449

(Kt1 + Kt0)N1

q(Kt1 +1 —exp(—Kt00)
= 2.9404

(Kt1 + Kt0)N1

0.2450 /20 = 0.33 73 /40 = 0.4441 /80 = 0.55 63
/160 = 0.6630 /320 = 0.7553 /640 = 0.8289.

Environment 2:
N1=200 v=1.15

C1 = 5.78454

N1C1
1= = 0.69823

N1C1 + q

K0
= 96.597

h(wt +1 —exp(—Kt0))h

K0
= 70.463

h(wt1 +1—exp(—wt00))h

Example 3, first environment:
pr

prl —5 1 7502.74
pr2 —3.5 1 3488.05
pr3 —2 1 140.008
pr4 1.5 1 161.161
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prl
pr2
pr3
pr4
pr5
pr6

N7=1 C,=100

cw = 1415.89 = 2000 iO°’

160 = 934.14 = 2000 160-015

N2C2

N2C2 + q
= 0.8

1 8000
1 4000
1 3000
1 250
1 3500
1 2500

= 469.39

40 = 716.76

p160 = 737.64
640 = 720.30

110 = 0.5701
140 = 0.713 7
1160 = 0.7595
1640 = 0.7915

= 166.81
40 = 226.99

p160 = 308.89

640 = 420.33

= 100
= 100
= 100
= 100

102’9

402/9

1602/9

6402/9

C2(Kt1+1—exp(—ict0o))

Kt1 + Kt0

q K0

110 = 0.3203
140 = 0.4412

1160 = 0.5695
1640 = 0.6890

= 117.62

= 246.00
h(ict1 +1—exp(—ict00))N2C2

Second environment:
prl - pr4 as for first environment.

pr

pr8 —4.6974 0.1 94187.3
pr9 —3.3110 0.1 17019.0
prlO —1.9248 0.1 2879.34
prll —0.5385 0.1 388.428

N7=1 C7=2000

40 = 1150.06 = 2000 40_015

p640 = 758.76 = 2000 640015

K0
= 61.500

h(wt1 +1—exp(—Kt09))f

Example 4:

—5
—3.5
—2

1.5
—4
—3
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= 446.03
= 512.48

&60 = 566.47
l64O = 610.31

io+q1Or =800
40 + q4Or = 800
p160 + ql6OT = 800
p640 + q640r = 800

Assumptions, data, and determinable parameter functions

Example 1, experiment 1:
Assumptions: N = aN0/w.
Data: Relative abundances (a), stctr, stctt.

Determinable quantities:

:i,
2,

K0

h(Kt1 +1—exp(—KtO(O)))

q
C0h(Kt1+1—exp(—KtQ(O)))

Kt1 +1—exp(—KtO(O))
q

Kt+Kt0

I

K1 — m

r+K1—1—m (i.e.r)

Kt1 +1—exp(—Kt0(O))
Co

Kt1 + Kt0

= C0N0W)

Experiment 2:

K0

h(Kt1 +1 —exp(—Kt0(Q)))

)7, U2, p.

m — K1.

Kt +1 —exp(—Kt0(0))
0

K0

Kt, + Kt0

Example 5:

prl-pr4 as for example 3, first environment.

pr

pr8 —4.6974 0.1 21030.3
pr9 —3.3110 0.1 5291.89
prlO —1.9248 0.1 1192.20
prll —0.5385 0.1 219.614

Assumptions: N = aN01w, f = 1.
Data: Relative abundances (a), N5, stctr, stctt.
Determinable quantities:

?Ct1 + Kt0

( C0N0W and very large)
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Example 2, environment 1:
Assumptions: One prey species, N =N1w’.
Data: N,, stctr, stctt.
Determinable quantities:

17 + U2V, U2.

vt1 + 1— exp(—ctQ0))
1

Kt1+Kt0

K0
V K1—m

h (ict1 + 1— exp(—Kt0(0)))

q
r—m+K1—1+v

h(Kt1 + 1 —exp(—Kt0(0)))C1N1

q(Kt1+1—exp(—Kt0(0)))
(Kt1 + ict0)N1

I
(0 = CIN1W)

Environment 2:
Assumptions: One prey species, N =N1w, r+v = 1.
Data: N, stctr, stctt.
Determinable quantities:

K0

h(Kt1+1—exp(—Kt0(0)))f ‘ rn—K1

C
Kt(+1—exp(—Kt0(O))

Kt1+Kt0

V + U2V, U2

1c -f-
h(Kt,+ict0) 1+N

( = CN1W’)

Example 3, first environment:
Assumptions: Niog normal u, r2), 0=N7C7W’.
Data: Relative abundances, 5t’ stctr, stctt.
Determinable quantities:

V

17, U2, ,,
,,

N2C2 Kti +1—exp(—ictO(O))
Kt1 + Kt0
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K0
K1—m

h(Kt1 + 1 —exp(—xt0(0)))

h(Kt1 + 1— exp(—KtO(O)))N,C7
, r— m + ic1 —1 + v (i.e. r)

I

Second environment:
Assumptions: N log normal (‘u, v2), b =N2C2W’’, v+r = 1.
Data: Relative abundances, N5, stctr, stctt.
Determinable quantities:

K0
m — K1

fh(Kt1 + 1 —exp(—ict0(0))

V

N C
lctl+1—exp(—Ict0(0)) K0(N2C,+ q)

2 2
Kt1 + Kt0 ‘ h(ct1 + Kt0)

V, G, p, 1U, T

Example 4:
Assumptions:N log normal (a, r2).
Data: Relative abundances, (,u r2) for all prey species, stctr, stctt.
Determinable quantities:

11, U, p,
K0

h(Ktl+1—exp(—Kt0(0)))
K1 m

qlc0
r—1 —m (i.e. r)

h(Kt1 + 1 —exp(—KtO(0)))

q

I

Example 5:
Assumptions: Niog normal (a, r2), +qW’ = constant.
Data:
Determinable quantities:

17, U2, ii

We have now come to an end with the five examples and they show that the
assumptions in the model are quite powerful even if they are simple and rather
natural. The possibilities are of course not exhausted with the five examples,
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where the emphasis has been on the determination of the basic preference and
digestion parameters. As an example of another use of the model, we can think of
the situation where the preference parameters are known. In such cases the for
mulas evidently deliver determinations of the N* ‘s i.e. the relative abundances.

Warnings
As mentioned the determinations behave well in the examples, but the results may
be quite different for a set of real data.

In the examples we have used both grouped and ungrouped data, but only for
the prey species. Real data will normally have grouped predator weights. The
effects of such a grouping have not been investigated as the biases introduced in
this way depends in a complicated way on the actual distributions in the W-gr.oups.
All determinations based on ungrouped data exclusively (i.e. stctr(t) and N1) are
exact except for errors caused by using a limited number of digits in the calcula
tions. These errors are most pronounced for determinations based on nonlinear
equations, where the solutions are found by Newton’s method. Another problem
with nonlinear equations is that there may be more than one solution, and it can be
quite tricky to choose the correct solution.

Determinations based on grouped data are generally biased like this:
biasof=0
bias of a2 = (group interval)2/12

i.e. Sheppard corrections. In example 3 where both stomach and environmental
data are grouped both and a2 are biased and rather more than given by Sheppards
corrections. The reason for this is that the environmental figures are used as divisors.

A very coarse grouping has been used partly to make the tables less voluminous
and partly to give a clear picture of the grouping effects. Strictly the determinations
are only valid for data without stochastic components, and when real data are used
whether for falsification of the model or parameter estimation one should be very
careful when interpreting the results, and a narrow group interval should be used.

The effects of stochastic components have been completely neglected as this
effect depends on the nature of the relevant probability distributions, and may be
very different for different data sets, and this makes it impossible to give general
estimation rules based on the model. It is however very important to make a
proper statistical analysis when the stochastic components are present i.e. when
the data set is of limited size. The proper estimation may differ considerably from
the determination based on the exact model.
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