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Abstract

The importance of the particle selective feeding of bivalves becomes more evident and it is necessary to incorporate this
phenomenon into ecological models in order to reflect correctly the material fluxes inside the organism and ecosystem as well.
The problems related to the modelling of organic matter selection are considered in this paper and a new definition of pre-ingestive
selection efficiency is proposed. It differs from the classical one in using the organic material fraction in ingested food instead
of pseudofaeces. The newly defined selection efficiency exhibits an advantage in simplified shape of experimental relationship
to the organic matter fraction in seston and easier derivation of formulas related to mathematical food processing formulation.
© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction at the ecosystem scale. Through regeneration of nu-
trients from algal biomass, nutrient limitation of the
Suspension feeding bivalves play important role in phytoplankton might be diminished and algal growth
many coastal ecosystems. Their feeding activity may rates stimulated.
result in multiple changes of organic matter transfor-  Efforts to synthesise knowledge on suspension feed-
mation and accumulation processes. An overview of ers functioning has resulted in development of various
interactions between bivalve grazing and ecosystem ecological models. Two main categories of bivalve
functional processes was presentedHrins et al. models are distinguished according to hierarchy level
(1998) These interactions consist of a number of considered. Eco-physiological or organism level mod-
positive and negative feedbacks. Bivalve grazing may els Bayne and Worall, 1980; Ross and Nisbet, 1990;
result in local food depletion reducing the growth of Brylinsky and Sephton, 1991; Haren van and
mussels. On a larger scale, top-down control of phy- Kooijman, 1993; Willows, 1992; Scholten and Smaal,
toplankton biomass, and structural shifts in plankton 1999 are unaware of ecosystem level processes in-
community might also be expected. Processing of cluding feedback mechanisms. Even though these
large amounts of particulate matter may alter nutrient models are not directly applicable at the ecosystem
cycling, and result in changes of pelagic nutrient pool level, they could serve as a part of the ecosystem mod-
elling effort (for example, creation of individual-based
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Foud upteis Defossez and Hawkins, 1997; Ward et al., 1998;
GR. FPOM Suspended Schneider et al., 1998; Baker et al., 2p@@nfirmed
' batticles the selective feeding of mussels. The selection effi-
ciency of organic matter may reach 60%dafvkins
et al., 1998 and hence considerably change the or-
ganic and inorganic material ratio of ingested food
Preingestive Pseudofaeces and biodeposits.
selection  [H—— production Although the pre-ingestive selectivity becomes
SE PFPR, FFOMPF generally recognised, the factors influencing prefer-
ential ingestion remain uncertain. Various proposed
i criteria include particle size, shape, moatility, density,
Trigestion : ; and chemical cues such as algal ectotrines (for review
IR, FPOMING seeDefossez and Hawkins, 1997The organic mate-
rial selection activity defined as selection efficiency,

however, can be quantitatively described by exper-
imental relationships that are already proposed for
some species of marine bivalvéssiwkins et al., 1996,
1998. This gives a reason to include description of
The first category models consider the ability of this process into bivalve models. Different empirical,
suspension-feeders to stabilise coastal ecosystems bypiological and ecological observations were already
controlling primary production by filtration, biodepo- explained in terms of comprehensive thermodynamic
sition, nutrient release, and other procesgeffi¢er hypothesis (maximum principle)Jgrgensen, 2002;
et al.,, 1982; Dame and Patten, 1981; Finn and Jgrgensen et al., 2002; Odum, 2D0R&pplication of
Leschine, 1980; Herman and Scholten, 1990; this approach seems promising for explanation of se-
Ulanowich and Tuttle, 1992; Herman, 1993; Klepper lection efficiency relationships as well. Therefore, in
et al., 1994; Scholten and Van der Tol, 1994; Van order to facilitate investigation in this direction it is
der Tol and Scholten, 19980ther group of models  important to have the consistent selection efficiency
addresses the questions of environment carrying ca-definition.
pacity for bivalve culture Kléral, 1993; Railard and There are still few bivalve models considering
Menesguen, 1994; Bacher et al., 1998; Grant et al., the organic selection activity, therefore the problems
1993; Newell et al., 1998 While often sharing gen-  related to incorporation of this phenomenon are anal-
eral model structure, both types of ecosystem level ysed minimally. This is equally true for the technique
models differ in relative importance of involved pro- of its inclusion into the model and for the selection of
cesses and variables. For example, organism growthappropriate measure for selection activity itself. The
and size are of crucial importance in carrying capacity goal of this study is to give a comprehensive analysis
models while they might be considered unimportant of these problems and to offer solutions facilitating
as the model assesses bivalves’ role in the ecosystemthe creation of mathematical models for bivalves.

In this paper, the modelling of one of feeding
activity processes—pre-ingesitve food selection—is
considered. The suspension feeding bivalves reject
part of filtered food as pseudofaeces at certain level 2. Definitions of selective efficiency
of seston concentration. An important process accom-
panying pseudofaeces production is the selection of The organic selection activity is defined as selection
particles causing an increase of organic material frac- efficiency. The classical selection efficiency (SE) is
tion in ingested foodRig. 1). Although this process  defined asBayne et al., 1998
was rejected by some authordgfgensen, 1996a
number in vitro and in situ investigationKigrboe FPOMPE
and Mglenberg, 1981; Hawkins et al., 1996, 1998; SE=1- —=5-- @

Fig. 1. The food processing diagram with selection activity and
accompanying processes.
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Table 1
List of notations

Notation Explanation

Ar Maximal ingestion rate when FPOMIN& 0
Ao Maximal ingestion rate when FPOMING 1
agc Parameter in gut conteBq. (9)

bgc Parameter in gut conteRq. (9)

bs Parameter in FPOMING&q. (15)

FPOM Organic content of seston (fraction)
FPOMING Organic content of ingested material
FPOMPF Organic content of pseudofaeces

GC Gut content

GPT Gut passage time

gptmax Maximal gut passage time

gptmin Minimal gut passage time

GR Seston uptake rate

IR Ingestion rate

IRMAX Maximal ingestion rate

OGR Uptake rate of organic material

OINR Organic to inorganic material ratio in seston
PFIR Pseudofaeces to ingestion rate ratio

SE Classical selection efficiency

SE1 Alternative selection efficiency

SEMAX Maximal possible selection efficiency
VAR List of variables that IRMAX depends on

where FPOM is organic content (fraction) of ses-
ton, i.e. food quality; FPOMPF is organic content

of pseudofaeces (for complete list of variables used
see Table 1. We propose an alternative definition

of selection efficiency based on organic content of
ingested food using the equation

FP —
g1 FPOMING - FPOM
1—FPOM

where SEL1 is alternative selection efficiency; FPOM-
ING is organic content of ingested food. SE1 is sim-
ilar to selection index used iHawkins et al. (1998)
but it is normalised by maximal value of difference
FPOMING—FPOM instead of FPOMING. The advan-
tages of this definition will be presented below. We

)
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FPOMPF), however, the interpretation of value 1 dif-
fers. For the classical selection efficiency it means
pure inorganic material in pseudofaeces, while for
the new definition it means pure organic material in
ingested food. SE1 does not require any measure-
ment of additional characteristics in comparison to
SE and can be easily obtained during complex food
processing measurements by using the organic and
total ingestion rate (for review sedawkins et al.,
1998.

3. Equations derivation for output variables of
selection activity

The organic fraction in pseudofaeces and the or-
ganic fraction in ingested food can be treated as main
output variables of selection activity describing allo-
cation of organic and inorganic material. We assume
here that the empirical equation for selection effi-
ciency is already given (for possible shape and inde-
pendent variables of such equations see next chapter).
Both output variables must be expressed through se-
lection efficiency when food processing is modelled.
For the classical definition, the equation for FPFOMPF
can be easy derived frokq. (1) However, equa-
tion for FPOMING may be obtained only after the
analysis of material balance. The allocation of total
filtered material between pseudofaeces and ingested
food can be determined only when maximal ingestion
rate (ingestion rate when pseudofaeces production
starts, also called ingestion capacity) is known. The
maximal ingestion rate depends mainly on the organ-
ism biomassBayne and Worall, 1980; Brylinsky and
Sephton, 1991; Sprung, 1995The additional vari-
ables such as ambient or ingested food quality and
seston concentration are also used by some authors
(Hawkins et al., 1998; Scholten and Smaal, 1999

confine ourselves in this chapter to the short analysis Let us denote

of interpretation for both definitions.
The classical selection efficiency (1) might be

IRMAX = F(VAR) 3

interpreted as index characterising the decrease offorthe maximalingestion rate IRMAX, wheF{VAR)

organic content in pseudofaeces in comparison to is a function with a list of independent variables
organic content in seston, while the alternative one VAR.

(2) as index characterising the increase of organic In case of FPOMINGe VAR, Eg. (3) may not be
content in ingested material. The value 0 of both clas- used for calculation of IRMAX while FPOMING is
sical and alternative selection efficiency means the unknown. The solution of problem is based on follow-
absence of selection activity (FPOMFPOMING = ing balance equation validity, while seston uptake rate
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is greater than IRMAX:
FPOMPF- PFPR+ FPOMING - IRMAX

— FPOM. GR @)

where PFPR is pseudofaeces production rate; GR is

the seston uptake rate of bivalve. Employing formula
(1) in (4) and substituting PFPR by (IRMAX GR)
this equation is combined as

(1— SE) - FPOM- (GR — IRMAX)
+FPOMING- IRMAX = FPOM- GR (5)

After IRMAX elimination from Egs. (3) and (5)one
obtains the equation

FPOM. GR- SE ©)
FPOMING — (1 — SE) - FPOM
that should be solved in regard to FPOMING. When
FPOMING ¢ VAR, the solution ofEq. (4)is

GR
)
()

F(VAR)

However, in case of FPOMING VAR, the possibility
to solveEq. (6) depends on the expressiiiVAR).
If it has a simple structure, we can directly solve the
Eq. (6) otherwise iterative methods should be applied.

We will demonstrate the solution of this problem
in case of FPOMINGe VAR for the following ex-
pressiorF(VAR) earlier used irviytilus edulis growth
model Scholten and Smaal, 1999

GC. spfm
GPT/24

— F(VAR)

FPOMING = FROM- |:1+SE- (

IRMAX = F(W, FPOMING) = ©)

9)
GPT = gptmax+ (gptmin— gptmax - FPOMING
(10)

where GC is gut content (mij) GPT is gut passage
time (h); FPOMING is organic content of ingested
food; spfm is specific food mass (g m{), Wis soft
tissue dry weight (g) of mussel; agc, bgc, gptmin and
gptmax (gptmaxs> gptmin) are parameters. Using the
following notations

GC = agc- WP9¢

spfm- GC
A1 =IRMAX (0)= ———; A> =IRMAX (1
! © 24 - gptmax 2 @
fm- GC
_spfm (11)

24 gptmin
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expressions (8), (9) and (10) may be rewritten in a
more compact form:

A1+ A2

IRMAX = (12)
Az + (A1 — A2) - FPOMING
The Eq. (6)for FPOMING in this case is
FPOM. GR- SE
FPOMING — (1 — SE) - FPOM
A1 A2 (13)

~ A+ (A1 — Ap) - FPOMING

The equation can still be solved analytically and its
solution is

FPOMING = FPOM
A -[A1- (1 - SE) + GR- SE] 14
A1-Ap+ (Az — Ay) - SE- FPOM- GR

TheEg. (13)was solved analytically owing to linearity
of GPT expression only, whereas non-linear expres-
sion might makeEq. (13)analytically unsolvable.

Scholten and Smaal (1998%ed an alternative ap-
proach for FPOMING determination that does not re-
quire solution ofEg. (6) using the following simple
relationship:

FPOMING = FPOMS

(15)

where bs is a parameter, 9 bs < 1. However, this
approach brings a couple of difficulties. Firstly, in-
gested food qualityEq. (15) is not achievable when
organic content of seston is small. Then, instead of
using Eqg. (15)it is necessary to assume ingestion of
a whole filtered organic material (i.e. to assume the
selection efficiency equal to 100%). Even though this
might be easily corrected by modifying th&y. (15)
this approach still leads to contradiction in the re-
sults of selection efficiency measurements as will be
demonstrated below.

The 100% selection efficiency is reached when
grazing rate of organic material (OGR) is less or
equal to organic material ingestion rate, i.e. when

OGR < FPOMING - IRMAX

which after employingegs. (12) and (15hecomes
A1- A

< ——— (16)

Az - FPOME™PS 4 (41 — Ap) - FPOM

Combining Eg. (16)with condition GR > IRMAX
(selection starts simultaneously with pseudofaeces

GR
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Seston uptake rate (GR)

A1

1
0 0.5 1
Organic content of seston (FPOM)

Fig. 2. The shape of area of 100% selection efficiency (shaded area solution of (17)), when selectivity effect is described by relationship (15).

production or later), we obtain the area of 100% It might be concluded that classical selection ef-
selection efficiency being defined by ficiency works quite well in this particular case.
A A However, the alternative definition of the selection
172 efficiency considerably simplifies the determination

of FPOMING. It obtains straightforwardly from (2):

< GR
Az + (A1 — Ap) - FPOMS
- A1 A2
T Az-FPOMI™PS 4 (A7 — Ap) - FPOM

Since the right-hand expression approaches to infin- The determination of FPOMPF is slightly more com-

ity when FPOM— 0, this area contains the points plicated but straightforward when a relationship be-

with small values of GR and FPOMFig. 2). This is tween classical and alternative selection efficiency is

contradictory to experimental resultdgwkins et al.,  established. Combination dq. (7) (where F(VAR)

1996, 1998 that show the selection efficiency being is substituted by IRMAX) andq. (2) gives the fol-

closer to O rather than 1 for small FPOM and GR. lowing relationship between SE1 and SE:

ThtUE, the e(\jppr?acg based on relatl(;)nlﬁhlp (14) should ( EPOM ) ( GR

not be used in food processing modelling. = . -
Function (14) does not lead to these difficulties since (1—FPOM IRMAX

the equalities equivalent to (17) are as follows: The first multiplier inEq. (20)is organic to inorganic
Ap- Ay material ratio in seston. The meaning of the second
GR multiplier becomes clear when it is written as
Az + (A1 — Ap) - FPOMING P

A1- A2 (18) GR GR — IRMAX
< — = —
Az + (A1 — Ap) - FPOM IRMAX IRMAX
When FPOMING> FPOM, the left-hand expression Thus, it might be interpreted as ratio of pseudofaeces

is greater than the right-hand one and 100% selection production rate to maximal ingestion rate, i.e. rel-
efficiency cannot be reached. ative pseudofaeces production rate and (20) can be

(17) FPOMING = SE1- (1 — FPOM) + FPOM (19)

1) -SE (20)




72 P. Zemlys et al./Ecological Modelling 166 (2003) 67-74

rewritten as follows: when IRMAX depends only on organism biomass),

SE1= OINR - PFIR. SE (21) the behgvio_ur of SEMAX_ is simpl_e. Th_e right-hand
expression is a decreasing function with respect to

where OINR is seston organic to inorganic material both arguments; hence, function SE(FPOM, GR) may

ratio; PFIR is pseudofaeces to ingested material ra- pe increasing only in the area where SEMAX 1,

tio. Formula (21) can also be useful for recalculation je. FPOM and GR are small, and should approach

of classical selection efficiency to alternative. Now (0 when FPOM— 1, GR — oo as SEMAX — 0.

equation for FPOMPF can be easily obtained. From For example, for IRMAX given byEq. (12) using

Eq. (1) we have condition FPOMING< 1 for Eq. (14)results in
FPOMPF= (1 — SE) - FPOM (22) B
. . _ SEMAX = Z=FPOM 42
EmployingEqg. (21)in Eq. (22)gives FPOM GR- A
FPOMPF:( 1-SEl )-FPOM (23) SEMAX is a decre_as_ing function with resp_ect to
OINR - PFIR both arguments. It is important to note that if con-

dition FPOMING = 1 (pure organic is ingested) is
) true, then SE might be found directly from equality
4. The comparison of response surfaces SE = SEMAX. The declining selection efficiency
at high FPOM was already observelafne et al.,
The site-specific empirical equations of classical 1993; Iglesias et al., 1996Thus, the classical selec-
selection efficiency for three species of marine bi- jon efficiency is most likely bell-shaped with respect
valves were presented Bbyawkins et al. (1998)The to FPOM and GR.
selection efficiency was found to be dependent on | contrast to classical selection efficiency SE, SE1
two variables: organic material fraction in seston and s free of constraints originated from material balance,
seston uptake rate. The general equation was since inEq. (19)FPOMING < 1 for 0 < SE1 < 1.
bse The only possible constraint might be the condition
SE=ase+ From T &€ GR+dse- FPOM (24) FPOMPF< 1, howeverEq. (1)gives

where ase, bse, cse and dse are parameters. As it igEpoMPE= (1— SE) - FPOM (26)
shown in the graphs (see graphsHiawkins et al.,

1998 p. 94), the response surfacdsq( (24) are Employing Eq. (21)in Eg. (26)gives that condition
increasing functions with regard to both arguments, FPOMPF< 1 will be violated when

except forCrassostrea gigas. The later species ex- SE1

hibits decreasing pattern of selection efficiency with (1 — —) -FPOM> 1

regard to FPOM at low values of GR. We will anal- OINR - PFIR

yse here the possible shape of this relationship for which is equivalent to

both definitions. Unfortunatel¥.q. (24)was obtained

by using quite narrow range of FPOM (0.12-0.22), SEl< —PFIR

therefore it is impossible to judge the shape of this
relationship in general. However, certain information
for high values of FPOM and GR can be obtained
from the analysis of constraints originating from ma-
terial balance. Employing constraint FPOMING 1

However, negative SE1 values are possible when
FPOMING < FPOM only. Thus, other constraints,
except for the natural one, & SE1 < 1, do not
exist for SE1. It is also important that SEZ 1
; ; P . when SE= SEMAX, which follows directly from
in Eqg. (7)results in the following inequality: Eqs. (20) and (24)From Eq. (20) SE1 is monotoni-
1- FPOM. IRMAX (25) cally increasing if SE is growing under condition that
FPOM  GR-—IRMAX relative pseudofaeces production rate is an increasing
The inequality (25) gives the upper selection efficiency function. Hence, the analysis above lets us expect that
boundary. In case if the relative pseudofaeces produc- relationship SE1(FPOM, GR) might be approximated
tion rate is an increasing function (it always takes place by more simple monotonously increasing function

SE < SEMAX =
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with asymptotic value 1 in contrast to bell-shaped of concrete models and enables to avoid the incorrect
function required by classical selection efficiency. use and interpretations of selection activity occurring
in some models (e.gcholten and Smaal, 1999

5. Conclusions
Acknowledgements
The pre-ingestive food selection by bivalves is im-
portant phenomenon determining the organic content  This work was founded by the European Union un-
in pseudofaeces and ingested food simultaneouslyder the MAST contract MAS3-CT96-0058 (DG12-
controlling the energy fluxes inside the organism and DTEE) and by Lithuanian State Science and Studies
between the organism and environment. The selection Foundation.
efficiency based on comparison of organic content in
pseudofaeces and seston as a measure of selection ac-
tivity was used up to nowBayne et al., 1993; Hawkins
et al., 1996, 1998; Scholten and Smaal, 1998 ) )
this paper, an alternative definition of the selection Baiggg i” Duarte, P., Ferreira, J.G., Heral, M., Raillard, O.,
. ! . . . Assessment and comparison of the Marrennes-Oleron
efficiency is proposed. It is based on comparison of Bay (France) and Carlingford Lough (Ireland) carrying capacity
organic content in ingested food and seston and can with ecosystem models. Aquat. Ecol. 31, 379-394.
be obtained by using the same set of food process- Baker, S.M., Levinton, J.S., Ward, J.E., 2000. Particle transport in
ing characteristics usually measured in experiments. tlhgengfgal"ggsse'[’rdsse”a polymorpha (Pallas). Biol. Bull.
Since egperlmente_ll dataj ,and empirical re,latlonShlpS Bayne,y B.L, Wc.)rall, C.M., 1980. Growth and production of
for classical selection efficiency already exist, the ob-  ysselswytilus edulis from two populations. Mar. Ecol. Prog.
tained relationship between classical and alternative  ser. 3, 317-328.
selection efficiency can be used for recalculation. Bayne, B.L., Iglesias, J.I.P., Hawkins, A.J.S., Navarro, E., Héral,
Both defifions were compared by soling prob- 1 o ek 1. 558 e e o o P
lems arising by modelling of bivalve food processing. ) v .
The classical selection efficiency generally is appli- grzggeTmc content of seston. J. Mar. Biol. Assoc. U.K. 73, 813
cable to obtain organic content in pseudofaeces andBrylinsky, M., Sephton, T.W., 1991. Development of a computer
ingested food, however sometimes it may lead to so-  simulation model of a cultured blue musséfiytilus edulis)
lution of equations that require iterative methods. The g‘;?e“r:itei‘;”’-\lgafggéa” Technical Report of Fisheries and Ocean
mtroductlon_ of _a_lternanve se_lectlon efficiency CON-  pome. RF., Pétten’ é.c., 1981. Analysis of energy flow in an
siderably simplifies the solution and never requires jntertidal oyster reef. Mar. Ecol. Prog. Ser. 5, 115-124.
iterative methods. Defossez, J.M., Hawkins, A.J.S., 1997. Selective feeding in
The analysis of constraints originating from mate- shellfish: size-dependent rejection of large particles within
rial balance also revealed an advantage of alternative ~Pseudofaeces frofdytilus edulis, Ruditapes philippinarum and
selection efficiency employment. These constraints Tapes decussatus. Mar. Biol. 129, 139-147. -

' . . inn, J.T., Leschine, T.M., 1980. Does salt marsh fertilization
are more straightforward and obvious for alternative  enhance shellfish production? An application of flow analysis.
selection efficiency. It was also revealed that response  Environ. Manage. 4, 193-203.
surface for alternative selection efficiency can be ex- Grant, J., Dowd, M., Thompson, K., 1993. Perspectives on field
pected to being a monotonously increasing function studit_es and re_Iated biological models of_ bivalve_ growth and
that might also be advantageous in comparison to the cartying capacity. In: Dame, R.F. (Ed,), Bivalve Filter Feeders

. = in Estuarine and Coastal Ecosystem Processes. Springer-Verlag,
bell-shaped classical one. Moreover, the existing em-  geriin, pp. 371-320.
pirical relationships for classical selection efficiency Haren van, R.J.F., Kooijman, S.L.M., 1993. Application of dynamic
(Hawkins et al., 1996, 199&re incapable to repro- energy budget model tilytilus edulis. Neth. J. Sea Res. 31 (2),

duce the shape of response surface comprehensively 119-133. _ )

d their application is limited Hawkins, A.J.S., Smith, R.F.M., Bayne, B.L., Héral, M.,
an PP ’ . . 1996. Novell observations underlying the fast growth of
An abstract model of selection activity considered  syspension-feeding shelfish in turbid environmertéytilus

in this paper could serve as a framework for creation  edulis. Mar. Ecol. Prog. Ser. 131, 170-190.

erences



74 P. Zemlys et al./Ecological Modelling 166 (2003) 67-74

Hawkins, A.J.S., Bayne, B.L., Bougrier, S., Héral, M., Iglesias, Officer, C.B., Smayda, T.J., Mann, R., 1982. Benthic filter feeding:
J.I.P., Navarro, E., 1998. Some general relationships in a natural eutrophication control. Mar. Ecol. Prog. Ser. 9, 203—
comparing the feeding physiology of suspension-feeding bivalve 210.
moluscs. J. Exp. Mar. Biol. Ecol. 219, 87-103. Odum, H.T., 2002. Explanation of ecological relationships with

Héral, M., 1993. Why carrying capacity models are useful tools energy systems concepts. Ecol. Model. 158, 201-211.
for management of bivalve molluscs culture. In: Dame, R.F. Prins, T.C., Smaal, A.C., Dame, R.F., 1998. A review of the
(Ed.), Bivalve Filter Feeders in Estuarine and Coastal Ecosystem  feedbacks between bivalve grazing and ecosystem processes.
Processes. Springer-Verlag, Heidelberg, pp. 453-477. Aquat. Ecol. 31, 349-359.

Herman, P.M.J., 1993. A set of models to investigate the role of Railard, O., Menesguen, A., 1994. An ecosystem model for
benthic suspension feeders in estuarine ecosystems. In: Dame, estimation the carrying capacity of macrotidal shellfish system.
R.F. (Ed.), Bivalve Filter Feeders in Estuarine and Coastal Mar. Ecol. Prog. Ser. 115, 117-130.

Ecosystem Processes. Springer-Verlag, Berlin, pp. 421-454.  Ross, A.H., Nisbet, R.M., 1990. Dynamic models of growth and

Herman, P.M.J., Scholten H., 1990. Can suspension-feeders reproduction of the mussé¥ytilus edulis L. Funct. Ecol. 4,
stabilise estuarine ecosystems? In: Barnes, M., Gibson, R.N.  777-787.

(Eds.), Trophic Relationships in the Marine Environment. Schneider, D.W., Madon, S.P., Stoeckel, J.A., Sparks, R.E., 1998.

Aberdeen University Press, Aberdeen, pp. 104-116. Seston quality controls zebra mussBIréissena polymorpha)
Iglesias, J.I.P., Urrutia, M.B., Navarro, E., Alvarez-Jorna, P., energetics in turbid rivers. Oecologia 117, 331-341.
Larretxea, X., Bugrier, S., Héral, M., 1996. Variability of  Scholten, H., Smaal, A.C., 1999. The ecophysiological response of
feeding processes in the cockierastoderma edule (L.) in mussels fytilus edulis) in mesocosms to a range of inorganic
response to changes in seston concentration and composition.  nutrient loads: simulation with the model EMMY. Aquat. Ecol.
J. Exp. Mar. Biol. Ecol. 197, 121-143. 33, 83-100.
Jorgensen, C.B., 1996. Bivalve feeder revisited. Mar. Ecol. Progr. Scholten, H., Van der Tol, M.W.M., 1994. SMOES: a simulation
Ser. 142, 287-302. model for the Oosterschelde ecosystem. Part Il: Calibration and

Jorgensen, S.E., 2002. Explanation of ecological rules and validation. Hydrobiologia 282/283, 453—-474.
observations by application of ecosystem theory and ecological Sprung, M., 1995. Physiological energetics of the zebra mussel
models. Ecol. Model. 158, 241-248. Dreissena polymorpha in lakes. Il. Food uptake and gross
Jorgensen, S.E., Marques, J., Nielsen, S.N., 2002. Structural  growth efficiency. Hydrobiologia 304, 133-146.
changes in an estuary, described by models and using exergy Ulanowich, R.E., Tuttle, J.H., 1992. The trophic consequences of
as orientor. Ecol. Model. 158, 233-240. oyster stock rehabilitation in Cheasapeake Bay. Estuaries 15,
Kigrboe, T., Mglenberg, F., 1981. Particle selection in 298-306.
suspension-feeding bivalves. Mar. Ecol. Prog. Ser. 5, 291- Van der Tol, M.\W.M., Scholten, H., 1998. A model analysis

296. on the effect of decreasing nutrient loads on the biomass of
Klepper, O., Van der Tol, M.W.M., Scholten, H., Herman, P.M.J., benthic suspension feeders in Oosterschelde ecosystem (SW

1994. SMOES: a simulation model for the Oosterschelde Netherlands). Aquat. Ecol. 31, 395-408.

ecosystem. Part I: Description and uncertainty analysis. Ward, J.E., Levinton, J.S., Shumway, S.E., Cucci, T., 1998. Particle

Hydrobiologia 282/283, 437-451. sorting in bivalves: in vivo determination of pallial organs of
Newell, C.R., Campbell, D.E., Gallagher, S.M., 1998. Development selection. Mar. Biol. 131, 283-292.

of the mussel aquaculture lease site model MUSNO® field Willows, R.l., 1992. Optimal digestive investment: a model for

program to calibrate model formulations. J. Exp. Mar. Biol. filter feeders experiencing variable diets. Limnol. Oceanogr. 37,

Ecol. 219, 143-169. 829-847.



	Revision pre-ingestive selection efficiency definition for suspension feeding bivalves: facilitating the material fluxes modelling
	Introduction
	Definitions of selective efficiency
	Equations derivation for output variables of selection activity
	The comparison of response surfaces
	Conclusions
	Acknowledgements
	References


