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 Ecology, 66(2), 1985, pp. 457-^164
 ? 1985 by the Ecological Society of America

 PLANKTIVORE PREY SELECTION:

 THE REACTIVE FIELD VOLUME MODEL VS. THE
 APPARENT SIZE MODEL1

 James K. Wetterer
 W. K. Kellogg Biological Station, Michigan State University, Hickory Corners, Michigan 49060 USA and

 Department of Zoology, NJ-15, University of Washington, Seattle, Washington 98195 USA

 AND

 Christopher J. Bishop2
 Department of Mathematics, Michigan State University, East Lansing, Michigan 48824 USA

 Abstract. Two models proposed to explain prey selection by visually foraging planktivorous fish,
 the reactive field volume model (RFVM) and the apparent size model (ASM), have been found to
 yield similar dietary predictions in many situations. However, we found earlier formulations of the
 ASM to be incorrect. The correct predictions of these two models were compared. Published empirical
 data from an earlier fish foraging study were reanalyzed and found to fit both models quite well.
 Interpretation of data from an unpublished study, performed under conditions that should have
 allowed discrimination between the two models, was somewhat ambiguous. When we performed a
 similar study the results were consistent with the predictions of the ASM, but differed very significantly
 from those of the RFVM.

 Key words: apparent size model; Culaea inconstans; Daphnia; foraging behavior; Gasterosteus
 aculeatus; planktivory; prey selection; reactive field volume model; size selection; sticklebacks; zooplank-
 ton.

 Introduction

 The relative proportions of zooplankton species found
 in the diets of planktivorous fish often difFer dramat-
 ically from the proportions found in the foraging en-
 vironment of the fish. Specifically, an overrepresen-
 tation of larger forms in the diets has been widely noted.
 Recently, much work has been devoted to examining
 the nature of this "size-selective" predation (see O'-
 Brien 1979 for review). Two models that have been
 proposed to explain the observed selectivity of visually
 foraging fish are the reactive field volume model
 (RFVM) and the apparent size model (ASM). The
 RFVM has been used to model passive selectivity: a
 fish simply taking each prey type in direct proportion
 to the number occurring within its field of vision (tak?
 ing prey "as encountered"; Werner and Hall 1974, Eg-
 gers 1982). Because, in general, large prey can be seen
 at greater distances than small prey, large prey would
 be encountered, and therefore taken, more frequently
 than small. In the ASM, fish actively select prey, always
 choosing to pursue whichever prey item appears largest
 at the initiation of search (O'Brien et al. 1976).

 The dietary predictions of the RFVM and the ASM
 have been found to be very similar in many circum-
 stances, making these models difficult to distinguish
 empirically (O'Brien et al. 1976, Gibson 1980, Eggers
 1982). Since under most field conditions these two

 1 Manuscript received 29 November 1982; revised 30 Oc-
 tober 1983; accepted 16 Febraary 1984.

 2 Present address: Department of Mathematics, University
 of Chicago, Chicago, Illinois 60637 USA.

 models yield very similar predictions, perhaps either
 model would serve equally well as a baseline against
 which to compare observed selection. However, for a
 greater understanding ofthe process of prey selection,
 we believe that the mode of prey choice should be
 determined. In this paper we compare and contrast the
 dietary predictions of these two models under various
 conditions. We then examine the empirical data from
 fish foraging studies, both those performed under con?
 ditions in which the two models yield very similar
 predictions, and those performed under conditions in
 which they may be distinguished.

 The models

 Using computer simulation, Eggers (1982) compared
 the predictions of the RFVM and the ASM assuming
 that a fish's reactive distance (RDt) to an item of prey
 i is directly proportional to the prey's length (I,,), and
 modelling fish as selecting prey from a set of stationary
 spherical reactive volumes with radius RDt (see Fig.
 1). (For additional assumptions ofthe models see Ap-
 pendix I.) He found that under conditions of low prey
 densities with few, widely spaced size categories of prey,
 the ASM predictions were very similar to those cal?
 culated using the RFVM. In situations with high prey
 densities and/or a large number of closely spaced size
 categories of prey, the predictions of these two models
 showed great divergence. We have found, however,
 that under Eggers' assumptions the two models are
 mathematicalfy identical and yield identical predic?
 tions under all conditions (see Appendix II). As Eggers
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 Fig. 1. Diagrammatic representation of a model in which
 a fish chooses prey from spherical reactive fields. RDt and
 RDj (RD = reactive distance) are the maximum distances at
 which prey of type i and j, respectively, may be detected. An
 example of equal truncation of reactive spheres may be vi-
 sualized by considering this fish as choosing prey only from
 the forward hemispheres.

 himself suspected, the differences in predictions he
 found were simply artifacts of the use of a discrete
 rather than a continuous function in calculating prey
 distribution probabilities in the ASM computer sim?
 ulation of O'Brien et al. (1976). This error in prediction
 always favors selection of larger prey. The error is in-
 significant under the conditions for which Eggers found
 close agreement between the ASM and the RFVM, and
 is greatest under those conditions for which Eggers
 found great divergence between the models.
 The ASM in its simplest, restricted form (i.e., with

 Eggers' assumptions) predicts that the fraction (F) of
 prey i of length Lt in a fish's diet will be:

 F; = L;W,/2 L/Nj, (1)

 where Nj = the density of prey j (see Appendix II). Note
 that this equation is identical to Eggers' simplified
 equation for the predictions of the RFVM (Eggers 1982:
 390, Eq. 10). This means that, in this restricted case,
 the diets predicted by the ASM, like those of the RFVM,
 do not change with changes in absolute prey densities,
 as long as the relative densities of prey remain constant.
 Under certain conditions that violate Eggers' assump?
 tions, however, the predictions of these two models do
 differ. Two examples, explored in this paper, are (1)
 when reactive distances are not directly proportional
 to prey length, or (2) when the spherical reactive vol?
 umes are truncated in such a way that the volumes for
 each prey type are not diminished proportionally (e.g.,

 9  KU)

 Fig. 2. Diagrammatic representation of a model in which
 a fish chooses prey from reactive fields based on spheres, but
 truncated by two parallel planes, simulating foraging in shal?
 low water of depth D. Note that the larger reactive field shows
 proportionally greater diminution by this truncation.

 truncation by two parallel planes, simulating shallow
 water; Werner and Hall 1974; see Fig. 2).

 In earlier laboratory studies examining fish foraging
 on single prey species in clear water, reactive distances
 to prey items have been found to be approximately
 proportional to the prey item's length (Werner and Hall
 1974, Confer and Blades 1975, Gibson 1980, Wright
 and O'Brien 1982). However, many studies have shown
 that factors such as differences in prey shape, color-
 ation, and behavior can affect relative reactive dis?
 tances to prey, resulting in complicated relationships
 between length and reactive distance (Zaret and Ker-
 foot 1975, Confer and Blades 1975, O'Brien etal. 1979,
 Wright and O'Brien 1982). For example, Wright and
 O'Brien (1984) found that fish could locate moving
 diaptomid copepods at three times the distance at which
 they could locate equivalent-sized nonmoving indi?
 viduals. Most diaptomids are motionless much of the
 time, moving only intermittently. This behavior helps
 make these zooplankton much less vulnerable to visual
 detection by planktivorous fish than are equivalent-
 sized Daphnia, which exhibit constant movement.
 (However, some large diaptomids [Diaptomus kenai,
 D. nevadensis] that occur in fishless lakes do exhibit
 constant movement; R. Crittenden, personal com?
 munication.) If reactive distance is not proportional to
 prey length, the spherical RFVM predicts that:

 F, = ivAW//2 RDfNj.  (2)

 (This equation reduces to Eq. 1 when RDj oc Lj.) Under
 conditions of such nonproportionality, the predictions
 of the ASM, however, are not so simply derived (see
 Appendix III), and vary with absolute prey densities
 (Table 1; see below for an intuitive explanation). At
 very high prey densities, the predictions of the ASM
 are insensitive to changes in relative reactive distances,
 and even extreme deviations from direct proportion-
 ality between Lj and RDj do not alter the predictions
 of the ASM from those calculated using Eq. 1. At low
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 Table 1. Selectivity for 1-mm prey (?,) predicted by the
 reactive field volume model (RFVM) and the apparent size
 model (ASM) under conditions when reactive distance (RD)
 is not proportional to prey length, 1- and 2-mm prey are
 supplied in equal densities, and water depth is assumed to
 be infmite. (See Appendix IV for a description of 13.) Most
 laboratory studies have been conducted at prey densities
 of >0.1 individual/L for each prey type.

 prey densities, however, the predictions of the ASM
 become sensitive to changes in relative reactive dis?
 tances, and converge to those predicted by the RFVM
 (Eq. 2). The same degree of deviation from propor-
 tionality has a greater effect on the predictions of the
 ASM at shorter reactive distances. Halving all reactive
 distances has the same effect as lowering all prey den?
 sities by a factor of eight (Table 1). This is because the
 "effective density," the average number of prey items
 from which the fish chooses, is lowered by a factor of
 eight.

 Several foraging studies have also used truncated
 versions of these models to simulate foraging in shal?
 low waters, small enclosures, or other nonspherical re?
 active fields (Werner and Hall 1974, O'Brien et al.
 1976, Gibson 1980). Under situations of truncation of
 the spherical reactive fields, the RFVM predicts that:

 F, = Q.RDfN,/^ QjRD/Nj, (3)

 where Qj = the fraction by volume of the original re?
 active sphere for prey j remaining after truncation. The
 predictions of the truncated RFVM differ from those
 of the untruncated RFVM only when truncation results
 in a change in the relative volumes of the reactive fields
 of different prey types. For example, in Werner and
 Hall (1974), truncation by two parallel planes (simu-
 lating the shallow conditions in their wading pools)
 resulted in the diminution of the reactive volume of

 the largest prey (size-class I) by 60%, but diminished
 the reactive volumes of the smaller prey (size-classes
 II, III, and IV) by 51, 44, and 24%, respectively. In
 this situation, ft = 0.40, Qu = 0.49, Qm = 0.56, and
 Qiv = 0.76. (A single constant such as a as used by
 Eggers (1982:390 Eq. 9) cannot adequately correct for
 differently shaped reactive volumes. In fact, as Eggers
 (1982:382) points out, acancelsoutofhisEq. 9.) Trun?
 cation of the reactive spheres into hemispheres, wedges,
 cones, etc. reduces all volumes in a proportionately
 equal way (e.g., for a hemisphere, the reactive volumes
 for all prey are reduced by 50%; see Fig. 1). Such uni?
 form truncation does not alter the predictions of the
 RFVM, and affects the predictions of the ASM only
 under conditions of nonproportionality, in which case
 reduction of all reactive volumes by 50% would have
 the same effect as halving all prey densities (see Table
 1). Examples of the effects of one form of unequal

 Table 2. Selectivity for 1-mm prey (/?,) predicted by the reactive field volume model (RFVM) and the apparent size model
 (ASM) under conditions of truncation of the visual field by two parallel planes, simulating shallow water; 1 - and 2-mm
 prey are supplied in equal densities. Water depth (WD) varies as indicated, and fish are assumed to be located at middepth.
 RD = reactive distance.

 RD,
 (cm)

 RD2
 (cm)

 WD

 (cm)

 RFVM
 all

 densities

 ASM

 Prey density (no. of each prey type/L)

 .001  .01  .1  1  10  100

 16  32

 40
 30
 20
 15
 10

 5
 2.5

 80
 60
 40
 30
 20
 10

 5

 Predicted selectivity for 1-mm prey (0,)

 22

This content downloaded from 
������������132.174.249.165 on Sat, 17 Jan 2026 18:16:14 UTC������������ 

All use subject to https://about.jstor.org/terms



 460 J. K. WETTERER AND C. J. BISHOP Ecology, Vol. 66, No. 2

 Table 3. Observed diets of sticklebacks feeding on large (L = 2.4 mm) and small (S = 1.4 mm) size-classes of Daphnia (data
 from Gibson 1980) compared to the predictions of the reactive field volume model (RFVM) and the apparent size model
 (ASM). (Data from all replicates are combined.) The two highest density experiments (200 L + 200 S per litre; 200 L +
 800 S per litre) were conducted in a 10-L aquarium (base 43.5 x 43.5 cm; water depth 5.3 cm). All other trials were run
 in a 100-L aquarium (base 88 x 64.5 cm; water depth 17.5 cm). Reactive distances: RDL =14.1 cm; RDS = 7.6 cm.

 *t P < 005, chi-square analysis, df = 1. All other differences between observed and predicted diets were nonsignificant
 (P> .01).

 truncation, truncation by two parallel planes, are given
 in Table 2. As in the case of nonproportionality, the
 predictions ofthe ASM are accurately calculated using
 Eq. 1 at high prey densities, but converge with those
 of the RFVM (Eq. 2) at low prey densities. Unequal
 truncation also has a proportionally greater effect at
 shorter reactive distances due to the lower effective

 prey densities (Table 2).
 A simplified interpretation ofthe complexities ofthe

 two foraging models may be summarized as follows.
 The dietary predictions ofthe RFVM depend only on
 the relative abundances of prey contained within the
 fish's reactive field. These can be calculated using the
 relative prey densities and the relative sizes of the re?
 active fields for the various prey. The predictions are
 thus not affected by changes in absolute prey densities
 that leave relative densities unchanged, or by changes
 in the size or shape of the reactive fields that leave
 relative sizes unchanged. The predictions ofthe ASM,
 however, are dependent on the size and shape of the
 reactive fields and on the relative and absolute prey
 densities in a somewhat complex manner. At high prey
 densities, the apparently largest item is usually found
 quite close to the fish, so the ASM predictions are
 relatively insensitive to parameter changes that alter
 the visibility of only those prey located at the periphery
 ofthe reactive field (e.g., slight truncation or changes
 in reactive distances), and predictions can be accurately
 calculated using Eq. 1. At very low prey densities, the
 apparently largest prey item is often the only prey item
 visible. In such a case, the predictions of the ASM
 coincide with those ofthe RFVM (i.e., Eq. 3).

 Analysis of previous empirical foraging studies

 In many field and laboratory studies the numerical
 predictions ofthe ASM and the RFVM are quite sim?
 ilar and therefore difficult to separate. Such a situation
 is found in a study by Gibson (1980). Gibson examined

 the diets of three-spined sticklebacks (Gasterosteus
 aculeatus) feeding on two size-classes of Daphnia mag-
 na at prey densities ranging from 0.4 individuals/L to
 1000 individuals/L. Reevaluating his data, we found
 that the fish's diets were well predicted by the ASM in
 all trials, and differed significantly from the predictions
 of the RFVM in only one trial (Table 3). Gibson had
 concluded that these data fit only the RFVM, due to
 his reliance on the faulty predictions of the ASM com?
 puter simulation of O'Brien et al. (1976). In an addi?
 tional experiment mentioned by Gibson (1980:303),
 the selectivity of sticklebacks foraging on high densities
 of Daphnia in a small (500-mL) container was ex-
 amined. Under these conditions of extreme truncation

 of the fish's visual field, the dietary predictions of the
 RFVM and the ASM diverge greatly. In the small for?
 aging arena, the fish could theoretically see all prey
 between it and the wall of the container in any direc-
 tion. In such a situation, choosing prey randomly from
 those visible (as in the RFVM) would result in taking
 prey in direct proportion to ambient densities. The
 prey densities in these experiments were extremely high,
 so that the predictions of the ASM were unaffected by
 the truncation of the visual field, and could be accu-
 rately generated using Eq. 1. While the data from these
 high truncation experiments are more consistent with
 the predictions of the ASM than with those of the
 RFVM, the results are still somewhat ambiguous (Ta?
 ble 4). The fish consistently took large prey in greater
 than ambient proportions, but usually ate more small
 prey than predicted by the ASM. In 15 of the 18 trials,
 the observed diets of the sticklebacks were interme-

 diate between those predicted by the ASM and those
 of the RFVM.

 In attempting to explain these results, we considered
 the possibility that the fish were, in fact, pursuing prey
 according to apparent size, but that other factors that
 violate the assumptions of our model (see Appendix
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 Table 4. Observed diets of individual sticklebacks feeding on large (L = 2.4 mm) and small (S = 1.4 mm) size-classes of
 Daphnia under conditions of extreme truncation ofthe visual field (a 500-mL container), compared to the predictions of
 the reactive field volume model (RFVM) and the apparent size model (ASM). (Data supplied by R. Gibson, personal
 communication.)

 ** P < .01, *t P < .005, chi-square analysis, df =
 significant (P > .01).

 1. All other differences between observed and predicted diets were non-

 I) were causing the observed diets to deviate from those
 expected. Two factors we considered were multiple prey
 capture and local prey depletion. Multiple prey cap-
 ture, the taking of more than one prey in a single strike,
 may be quite common at extremely high prey densities,
 particularly with a prey species, such as Daphnia, that
 tends to clump. Local prey depletion, the successive
 taking of more than one prey item from the same local
 area, may be common with fish foraging in very small
 containers, where the fish is afforded little room to
 swim about freely. The occurrence of either or both of
 these behaviors would tend to result in an increased

 proportion of the less preferred (small) prey in the diet.
 We therefore "repeated" Gibson's high truncation ex?
 periments, attempting to minimize the occurrence of
 multiple prey capture and local prey depletion.

 Materials and Methods

 Foraging trials were performed in a small clear plexi-
 glass tube (9.4 cm diameter) fitted with a removable
 fine-mesh screen bottom and with an air bubbler in

 the side wall 2.5 cm from the base. The tube was placed
 on top of a brick inside a 115-L aquarium filled to a
 depth such that the tube held 800 mL of water (11.5
 cm deep within the tube).

 Seven brook sticklebacks (Culaea inconstans) (5.1 ?
 0.5 cm standard length) were seined from Sewage
 Treatment Pond Number 1 on the Michigan State Uni?
 versity campus, East Lansing, Michigan. The fish were
 maintained in the same 115-L aquarium that housed
 the experimental tube, and were fed Daphnia pulex

 several times daily. Brook sticklebacks were chosen for
 these experiments because Gibson's (1980) experi?
 ments had indicated that sticklebacks show a consis?

 tent pattern of prey selection over a wide range of prey
 densities. In contrast, bluegill sunfish (Lepomis mac-
 rochirus) exhibit a shift in selectivity with changes in
 prey density (J. K. Wetterer, personal observation; re-
 analysis of Werner and Hall 1974). While choosing
 prey in proportions similar to those observed for stick?
 lebacks at low prey densities, at high prey densities
 bluegills shift toward greater specialization on larger
 prey.

 Daphniapulex were cultured in large (^600-L) laun-
 dry tubs and sorted into two distinct size-classes using
 standard brass soil sieves. Fifty individuals of each
 size-class were measured under a dissecting micro-
 scope for each set of runs. The average length of the
 Daphnia varied somewhat from day to day. (Large
 individuals ranged from 1.79 to 1.84 mm mean length,
 not including the caudal spine; small from 1.15 to 1.23
 mm.) This variation between runs was taken into ac-
 count when calculating the predictions of the ASM.

 Experiments were performed at two starting densi?
 ties, 50 large/100 small prey per litre and 100 large/
 200 small prey per litre. The prey were added to the
 tube, and the bubbler set them churning. After ~2 min,
 one stickleback was moved from the larger tank to the
 tube, and the air flow was reduced to a slow trickle.
 After every one or two prey items taken by the fish,
 the air was given a short blast to remix the prey. For?
 aging was terminated after at least 20 attacks were
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 Table 5. Observed diets of individual sticklebacks feeding on large (L ~ 1.8 mm) and small (S ~ 1.2 mm) size-classes of
 Daphnia under conditions of extreme truncation of the visual field and remixing of prey to prevent local depletion, compared
 to the predictions of the reactive field volume model (RFVM) and the apparent size model (ASM).

 **/>< .01, *tP <
 significant (P > .01).

 ,005, chi-square analysis, df = 1. All other differences between observed and predicted diets were non-

 observed at the lower density or at least 30 attacks at
 the higher density. Several times the fish refused to eat
 or ceased feeding before the prescribed number of at?
 tacks, usually as a result of being frightened by a blast
 of air; data from these trials were not included in the
 analysis.

 At termination of a trial, the tube was removed from
 the aquarium and the fish was poured into a small bowl.
 The bowl was checked to determine if any prey had
 been inadvertently transferred with the fish. These, with
 the uneaten Daphnia in the tube, were washed down
 into the screen and from the screen into a small jar.
 They were then killed in formaldehyde solution and
 counted under a dissecting microscope.

 Results

 The diets of the fish were consistent with the pre?
 dictions of the apparent size model in all trials; in
 contrast, in 9 of 10 trials a significant difference was
 found between the diets of the fish and those predicted
 by the reactive field volume model (Table 5).

 In addition to differences in the dietary predictions
 of the RFVM and the ASM, there are also important
 differences in the behavioral patterns suggested by each
 model. The behavioral interpretation of the RFVM is
 that the fish randomly chooses prey items from those
 within its field of vision. Each prey item seen, regard-
 less of its size or distance from the fish, has an equal
 probability of being pursued. In contrast, a fish foraging
 by apparent size at high prey densities would be seen
 to pursue only nearby prey. In casual observation of
 the sticklebacks feeding during the trials, the fish were
 observed to pursue only nearby prey, never striking at
 a prey item more than 2.5 cm distant. The fish clearly
 were not pursuing prey randomly within the tube.

 DlSCUSSION

 The observed diets of the fish in these experiments
 provide strong evidence against the reactive field vol?
 ume model of foraging. R. M. Gibson (personal com?
 munication) has agreed that multiple prey capture and
 local prey depletion may have been significant factors
 in his high truncation experiments (Gibson 1980). If
 so, it appears that our method of prey "randomization"
 alleviated these problems.

 While the results of the experiments presented here
 are consistent with the apparent size model of foraging,
 they are also consistent with another closely related
 model of foraging: feeding by "greatest stimulus," that
 is, always pursuing the prey item that affords the great?
 est visual stimulus. Such selection is, in fact, more
 consistent with the results of several earlier studies

 (Zaret 1972, Mellors 1975, Zaret and Kerfoot 1975).
 For example, Zaret (1972) found that Ceriodaphnia
 that were pigmented from having ingested india ink
 were chosen selectively over less pigmented individ?
 uals. If the relative reactive distances for different prey
 types may be taken as approximations of the relative
 visual stimuli offered by the prey at any given distance,
 then a new model of prey selection may be defined,
 the greatest stimulus model (GSM). When RDj oc Lv
 then this model yields predictions identical to those of
 the ASM under all conditions. When reactive distances

 to prey are not proportional to prey length, predictions
 of the spherical GSM can be calculated using Eq. 2.
 Truncation affects the predictions of the GSM in ways
 analogous to its effect on the predictions ofthe ASM.
 Unfortunately, the reactive distances to various prey
 types under different field conditions are not as readily
 available, nor as simple to measure, as prey lengths.
 Analyses will be complicated by such factors as vari-
 ability in behavior and pigmentation both within and
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 April 1985 PLANKTIVORE PREY SELECTION MODELS 463

 between prey species (Zaret and Kerfoot 1975, Zaret
 1980). Well-controlled experimental work is needed to
 clarify the role of prey conspicuousness in prey selec?
 tion by visually foraging planktivorous fish.
 In conclusion, data from earlier fish foraging studies

 (e.g., Werner and Hall 1974, Gardner 1981) must be
 reevaluated with respect to the correct predictions of
 the ASM, as opposed to the inaccurate predictions from
 the ASM computer simulations of O'Brien et al. (1976).
 When the RFVM yields predictions very similar to
 those of the ASM at high prey densities, consistency
 with these predictions might be more properly inter-
 preted as prey selection by apparent size, or at least
 some form of active prey selection. Fish, such as blue-
 gills, that can specialize on larger prey to an extent
 greater than predicted by the ASM appear to be capable
 of discriminating the actual sizes of prey items from
 their apparent sizes. The nature of this ability, and the
 economics of the observed shift toward specialization
 at high prey densities (i.e., costs and constraints of size
 discrimination vs. benefits of specialization) should be
 topics of future investigation. For such analyses and
 further studies of the behavioral bases of prey selection
 by planktivorous fish, direct observation of foraging
 behavior will be essential.
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 APPENDIX I

 Assumptions of the Models

 The major assumptions for the models are: (1) a Poisson
 distribution of prey items throughout the foraging bouts (no
 prey clumping or local depletion), (2) definitive reactive dis?
 tances (i.e., all prey / closer than RDt from the fish are seen,
 all prey / beyond RDt are not seen), (3) the fish is considered
 a point origin, (4) prey are captured individually and with
 equal success, (5) all prey are the same shape, and (6) zero
 variance in prey size and variability (within a size-class). The
 restricted models further assume that reactive fields are spher?
 ical, and that reactive distances are directly proportional to
 prey length. These restrictions are dropped in the models
 allowing truncation and nonproportionality, although the re?
 active fields in these models are still based on concentric

 spheres. In the examples of truncation by two parallel planes,
 the models assume that the fish is located at midwater depth,
 with no truncation of the visual field due to the walls. In

 simulating the extreme visual truncation experiments, the
 models assume that the fish is located at the center of the

 foraging arena. The effects of relaxing or altering some of the
 assumptions of these foraging models are under investigation.

 APPENDIX II

 A Mathematical Proof

 Given the above assumptions for the foraging models, the
 predictions of the ASM and the RFVM in Eggers1 restricted
 case can be shown to be identical. In a system with two prey
 types, a and b, at densities Na and Nb respectively, define
 random variables y and z as:

 y = volume of the smallest sphere centered at the origin
 containing an item of prey type a

 = (4/3)7r^3, where d is the distance (from the origin) of
 the closest type a prey; and

 z = the same as y, but for prey type b.

 Let r = Lh/La, and RVa = (4/3)ttRDa\
 Px = the probability that at least one prey item is

 visible, and that the apparently largest item is
 oftype a

 = P(0 < y < RVa and z > r3y)
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 and P2 = the probability that at least one prey item is
 visible

 = P(y < R Va or z < r3R Va)
 = 1 - P(y > RVa)P(z > r3/?Fa).

 Then at any given moment when at least one prey item is
 visible, the probability that a prey item of type a is the ap?
 parently largest prey item = (Fa) = Px/P2. Under a Poisson
 distribution, the probability that at least one prey item i is

 Jo
 found in volume V is Nte~N,x dx. Thus we can compute:

 0 J r*y Px = \ NaNbexp(-Nay)exp(-Nbz)dzdy *Jo J r^y

 = [Na/(Na + r*Nb)][l - exp(-Na + r*Nb)RVa]

 and

 P,= 1  Naexp(-Nay)dy\\ Nbexp(-Nbz) dz
 J RVa \ \_J r*R Va

 = 1 - txp(~Na + r3Nb)RVa.

 Hence PJP2 = Na/(Na + r*Nb) = LfNa/(LfNa + Lb*Nb), which
 is the same prediction given by the RFVM (Eq. 1).

 APPENDIX III

 The Apparent Size Model: a

 More General Case

 The computations for the more general ASM which allows
 reactive distances to prey to be independent of prey length,
 and the reactive spheres to be truncated by two parallel planes
 each at distance m from the center, may be set up as follows.
 Let RVa = v(RDa) and RVb = v(RDb), where v(d) = (4/3W3
 for d < m, and v(d) = 2irm(d2 - m2/3) for d > m. Reasoning
 as in the previous case (Appendix II),

 P2 = P(y < R Va or z < R Vb)
 = 1 - Qxp(-NaRVa - NbRVb)

 and

 Pl = P(y < R Va and z > R Vb)
 + P{y < R Va and z < R Vb and

 z> v[rv-'(y)]l
 = [1 - exp(-NaRVa)]exp(-NbRVb)

 *J0 *J v[r\- !(>?
 NaNbQxp(-NayNbz) dz dy,

 ?)]

 where c = min^F^, v(RDb!r)\. The above integral may sim-
 plified to:

 Vfl exp(-Na
 Jo

 y - Nbv[rv~l(y)] dy

 Qxp(NuRVh)[\ - exp(-Nac)l

 where v[rv-,(y)] =

 r3y for y < v(m), y < v(m/r)

 2irm[r2(4ir/3)-2/3y2/:i - m2/3] for y < v(m), y > v(m/r)

 (4TrrV3)(y/2irm + ra2/3)3/2 for y > v(m), y < v(m/r)

 r2y + (r2 - l)(27rw3/3) for y > v(m), y > v(m/r).

 With the required parameters (La, Lb, Na, Nb, RDa, RDb, and
 m), a short BASIC program was used to calculate Fa, nu-
 merically estimating the remaining integral using Simpson's
 Rule with 100 increments. This was found to give at least
 three-place accuracy in the calculated selectivity for the range
 of parameters that we examined.

 APPENDIX IV

 Manly's Selectivity Index (/?)

 The selectivity index formulated by Manly (1974) may be
 calculated for prey / as:

 ft = log(rM)/2 log(r,A4,-), (IV. 1)
 j

 where At = the number of prey / at the start of the experiment,
 and r-x = the number of prey / remaining at the end of the
 experiment. & may be thought of as an estimation of the
 fraction of prey / that would have occurred in the predator's
 diet (F;) had all prey been offered in equal densities and had
 there been no depletion. Under conditions of constant selec?
 tion throughout a foraging bout (i.e., RFVM selectivity, or
 ASM selectivity at high prey densities where predictions are
 unaffected by truncation and nonproportionality), the ex?
 pected selectivity (/?) is independent of prey densities or de?
 pletion levels (the ASM predicts fr = Lf/lLf and the RFVM

 predicts ft = RDf/^j RD/). In situations with two prey types,
 j

 the expected number of each prey type taken for each model
 may be calculated deterministically by plugging the values of
 Ax, A2, and the appropriate /?, (replacing /?,) into Eq. IV. 1,
 and solving for rx and r2 using reiterative estimation. When
 prey are offered at low densities under conditions of truncation
 or nonproportionality, however, the predicted selectivity of
 the ASM may change somewhat during the course of the
 foraging bout due to prey depletion. For example, for Gibson's
 (1980) lowest density run (0.2 individuals/L for each prey
 type), the ASM predicts that the selectivity for the small prey
 (&) at the start of the bout will be 0.170. By the end of the
 runs, however, the mean density of small prey remaining had
 dropped to 0.156 individuals/L, and of large prey to 0.094
 individuals/L. For these values the ASM predicts a j8s of 0.168.
 In Gibson's (1980) three lowest density trials, where & changed
 by >0.0005 within a bout (all changes were <0.003), a de-
 terministic depletion model that updated selectivity after every
 0.2 Daphnia taken was used to calculate the diets predicted
 by the ASM.
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