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“Progress in any field depends primarily on our ability to synthesize previous experience”. Thisis the
opening remark from Hilborn and Liermann’s recent plea for meta-analysis in fisheries, published in
a Beverton and Holl Jubilee (40 years young} special issue of Reviews in Fish Biology and Fisheries.
Ray Hilborn and Martin Liermann emphasize that fisheries models should strive to incorporate experi-
ence and not simply ignore it as most often the case. They find comfort, however, in the pioneering
compilations of Daniel Pauly on natural mortality, in Ram Myers and colleagues' stock-recruitment
work, and they conclude that the most critical need for meta-analysis is availability of databases,
citing FishBase (www.fishbase.org) as a good example. Another good example is given in this issue of
FishByte. Tom Brey of AWI has for years been collecting and analyzing information on productivity of
benthic invertebrates and his Opus Major from 1995 is indeed a gold mine for ecological modelers in
need of reliable productivity estimates. We are happy to present a Brey potpourri of empirical relation-
ships here. As ecological modeling is becoming more and more useful for fisheries research, the need
for information on all aspects of aguatic life is increasing. Reflective of this is that we are including a
variety of empirical relationships in the Ecopath with Ecosim software system (www.ecopath.org) and
welcome more inpuls from you.

G. Silvestre and V. Christensen

A Collection of Empirical Relations
for Use in Ecological Modelling'
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Abstract

This study summarizes previously published and updated empirical retations for the eslimation of production/biomass ratios in
benthic invertebrates; of natural mortaiity in benthic invertebrales and finfish; and of respiration from production andvice versa
inanimal populations. AMS-EXCEL spreadsheet containing these equations is available from the author via Email, They are also
included in the Ecopath with Ecosim software.

Introduction

Any ecologicil mode] adims foran
appropriate description or simula-
tion of a set of ecological processes,
The quality of the model depends
on, among olher factors, the quality
of the data entercd. Inforation on
the dynamics of the major popula-
tioms of a system such as respivation,
production, productivity or worta-
lity is crucial for successlul model-
ling. However, prosuciog valid es-
Lmales of these paranmcters is costly,
Lirne consuming and ofton impossible
urcler the constrainds of a project.

Many atiempts have hoen e
to ostablish empivical relations
which allow for the derivalion of
this informalion lrom othier, casy

to-obtain parameters. This paper
summarizes single and multiple
lincar regression models for the es-
liration of tespiration, production,
production/biomass ratios wnd
natural mortatity rale in various
taxonomic groups. The relation-
ships presented here are incleded
in the leopath with Feosim soflware
(www.ecopatinorg),

Prelimninary Remarks

fo the cinpirical relations de
seribed below, the independent vari-
ables eaplain about 70909 of the
vartince of the depeident vartable,
This sndivides that predictions made
by Lhese models ace reasonable. 1
shoutd e noted, however, thit alinost
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all models work with log-t ransformed
vardables. Hence, seemingly stoall con-
fidence intervals of logtransformed
predictions translate inbo rather wide
confidence indervals whemn de-trans-
formed, ie., the accuracy of these
models may be below aceptable lim-
its for modelling purposs (Brey et al.
1996). "t help visualize tais problem,
the spreadsheet version of wodels
(A1), (Bl and (B3) alsoi sulicate the
95% confidence intervdss of the pre-
dicted parameter,

tredictions become reore reliable
whenseveral independast estimates
by production of cachibivalve spe-
cies in the ecosystem) ae combined
into one estimate (e, grodection
ol bivalves), because the deviations
ol estimates from true vt es we ran-
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of estimates from true values are ran-
domly distributed and tend to cancel
out each other when estimates of sev-
eral populations are pooled (Brey et
al. 1996).

Empirical Relations

(A) Production and production/biomass ratio of benthic Iinvertebrate populations

(A1)} P/B RATIO OF BENTHIC INVERTEBRATE POPULATIONS

The model (N = 833; 12 = 0.756)
established by Brey (1995) esti-
mates somatic P/B ratio (y') of
henthic invertebrate populations
from three continuous and seven
discrete (dummy) variables. It cov-
ers all taxa from marine as well as
freshwater habitats. The spreadsheet
implementation of the model deliv-
ers the estimate of P/B and its lower
and upper 95% confidence limits.

Mode! parameters:

Coefficient Parameter Explanation
log({P/B) = 10.154 Intercept

-0.271 “iog{M) Mean individual body mass {kJ)

~2824.247 *1(T+273) Bottom water temperalure {°C}
-0.063 *log{D+1) Water depth {m)
+,130 * DLife-ME Motile epifauna? yes:1; no: 0
+0.076 * DDiet-C Carmnivoraus? yes:1; no: 0
-0.311 * DTaxon-M Motiusca? yes: 1; no: 0
-0.154 * DTaxon-C Crustacea? Yes: 1, no; 0
~(.266 * DVaxon-P Polychaeta? yes: 1;no: 0
-0.472 * DTaxon-E Echinodermata? yes: 1; no: 0
-0.150 * DHabitat-L Habitat = Lake? yes: 1; no: 0

Note: For taxa which belong neither to Mollusca, Crustacea, Polychaeta, Echinodermala nor to insecta-
farvae, sel Polychaela = 1 and the other three laxon dummy variables to zero.

(A2} PRODUCTION OF MARINE BENTHIC INVERTEBRATE POPULATIONS

The model (N = 125; r? = .86)
ostablished by Tumbiolo and Down-
ing (1994} estimates annual somatic
production (g Dry Mass m?y)
of marine benthic invertebrate popu-
lations from biomass, maxiimum in-
dividual body mass, surface water
temperature and water depth.

Model parameters:

Coeflicient Paramneter Explanation
log(P) = 0.240 Intercept
+0.960 *log(B) Biomass (g DM m?}
-0.210 * log(M) Max. individuat body mass (gDM)
+{.030 ‘T Surface waler temperature (°C)
-0.150 tiog{D+1) Water deplh (m}

Note: For moifuscs shell free dry mass {(SFDM) has to be applied.

(A3) PRODUCTION OF STREAM BENTHIC INVERTEBRATE POPULATIONS

The model (N=291; r*=0.87} es-
tablishied by Morin and Bourassa
{1992) estimates annual somatic pro-
ductior (g Dry Mass ey of stream
benthic inverlebrate populations
[rense biomass, mean individual body
misss and bottom waler temmperalure.

Model parameters:

Goefficient Parameter Explanation
log(P) = ~0.750 Infercept
+1.010 “log(B) Biomass (g DM %)
-1.340 *logid) Mean individual body mass (gDM)
T Surface water temperature (°C}

+(.037

(A4) PERRODUCTION OF LAKE BENTHIC INVERTEBRATE POPULATIONS

Ther model (N=137; 12 20.79)
catabli shed by Plante and Downing
(L089Y estimates annual somalic
producition (g Dry Mass mefyt) of
fako benthic invertebrate popula-
tions from biomass, mean indi-
vidual body mass and botton water
temperature.

Modeol parameters:

Coelfficiost

~(1OB0

{3790
{3, 161}
{1050

lg{P) =

Paramiter Explanalion

latercept

“og(B) Biomass g DM m?4)

* log(M) Mean individual body mass (mgl)
T Surface water tenperature (°C)
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(B) Mortallty of benthic Invertebrate and fish populations

(B1) NATURAL MORTALITY RATE M IN UNEXPLOITED BENTHIC INVERTEBRATE POPULATIONS

The model (N=103; 12:20.961)
established by Brey (1995) esti-
mates natural mortality rate M (y 1}
from annual P/B ratio in
unexploited invertebrate popula-
tions. When individual growth fol-
lows the von Bertalanffy growth
function and mortality can be de-
scribed by the single negative ex-
penential mortality meodel, then M
equals P/B, as demonstrated by
Allen (1971).

Model parameters:

(B2) NATURAL MORTALITY RATE M IN BENTHIC INVERTEBRATE POPULATIONS

This is a two-step approach: (i)
The P/B ratio (y*) is estimated from
maximum age, maximum body
mass and bottom water tempera-
ture by a model (N=907; 1%=0.880)
established by Brey (1995). Aller-
natively, P/B can be obtained by
model Al. (ii} This estimate of P/B
is then entered into model B to
obtain M {y!). The spreadsheet
implementation delivers the esti-
mate of M together with lower and
upper 95% confidence Hmits.

(B3) NATURAL MORTALITY OF FISH POPULATIONS

The model (N=2218; r*=0.726)
originally established by Pauly
(1980}, now modified and extended
by 44 new data sets, estimates natu-
ral mortality rate M (y') of fish from
W,, L, and K of the von Bertalan{fy
growth function and ambient water
temperature. The sproadsheet
implementation delivers the estimate
ol M together with lower and up-
per 5% confidence limits.

Coefficient Parameter Expianation
M= 0.082 Intercept
+0.925 ‘P/iB Producticnbiomass ratio (y)
Model parameters(i):
Coefficient Parameter Explanation
log(P/B) = 1672 infercept
+0.993 * log(1/Amax) Maximum age (y)
-0.035 * log(Mmax) Max. individuat body mass (gD M)
-300.447 " 1T273) Boltom water temperature (°C)
(i) Enfer PIB inlo model B1 to obtain M.
yodef parametors:
Coeflicient Parameter Explanation
log (M} = 4.355 Intercerpt
0,083 * log(W.e) W of VOGF (g Wel Mass)
* 6,390 * Woll? Condlion factor {gWM ¢m-)
+ 0.627 * log{K) Kir"
1190.43 “ A T213) Amblant waler temperalure (°C)

Note: W is usually computed from L. and a size-mass reiation.

(C) Relation between production and respiration

The: models of Humphreys {1979)
estimate population production P
{somatic and reproductive produc-
tion) (kfoule 2y} from population
respiration R {kfoule m*y ) and vice
versa. The general models are log(p)

“lop(P). A new relation for aquatic
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Model parameters:

P-2R

Taxon

it
Mammal 1483
Fish or social insect 1121
Agurislic invortobrste 0.691

Non-social insect 3.183

h a
1.007 -1.358
0.439 .958
0.892 0317

0.983

0.1

R P N 2
b
0.885 56 ?
0.912 2 ?
0.941 5 0438
0.969 61 7
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invertebrates including Insecta larva
based on Humphreys data collection
and 32 new data sels was computed
{Appendix 1).
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