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The interaction between the spatial distribution of resource patches and population density: consequences for intraspecific growth and morphology
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Summary
1. How individuals within a population distribute themselves across resource patches of varying quality has been an important focus of ecological theory. The ideal free distribution predicts equal fitness amongst individuals in a 1:1 ratio with resources, whereas resource defence theory predicts different degrees of monopolization (fitness variance) as a function of temporal and spatial resource clumping and population density.
2. One overlooked landscape characteristic is the spatial distribution of resource patches, altering the equitability of resource accessibility and thereby the effective number of competitors. While much work has investigated the influence of morphology on competitive ability for different resource types, less is known regarding the phenotypic characteristics conferring relative ability for a single resource type, particularly when exploitative competition predominates.
3. Here we used young-of-the-year rainbow trout (Oncorhynchus mykiss) to test whether and how the spatial distribution of resource patches and population density interact to influence the level and variance of individual growth, as well as if functional morphology relates to competitive ability. Feeding trials were conducted within stream channels under three spatial distributions of nine resource patches (distributed, semi-clumped and clumped) at two density levels (9 and 27 individuals). 
4. Average trial growth was greater in high-density treatments with no effect of resource distribution. Within-trial growth variance had opposite patterns across resource distributions. Here, variance decreased at low-population, but increased at high-population densities as patches became increasingly clumped as the result of changes in the levels of interference vs. exploitative competition. Within-trial growth was related to both pre- and post-trial morphology where competitive individuals were those with traits associated with swimming capacity and efficiency: larger heads/bodies/caudal fins and less angled pectoral fins. 
5. The different degrees of within-population growth variance at the same density level found here, as a function of spatial resource distribution, provide an explanation for the inconsistencies in within-site growth variance and population regulation often noted with regard to density-dependence in natural landscapes.
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Introduction
How individuals within a population distribute themselves across resource patches of varying quality has been a central focus of ecological theory. The ideal free distribution (IFD) proposes that competitively equivalent individuals with perfect knowledge of and the cost-free ability to move throughout the landscape distribute themselves in a 1:1 ratio with resources such that fitness across patches is equal (Fretwell & Lucas 1970; Lomnicki 1988; Kennedy & Gray 1993). In reality, individual fitness within populations often varies as a function of unequal competitive abilities (Abrahams 1986; Kennedy & Gray 1993); however, the presence of unequal competitors within a landscape does not necessarily result in variation in resource gain (Grand & Grant 1994). Tregenza, Hack & Thompson (1996), for instance, found that good competitors only had a fitness advantage at low densities because at high densities individuals switched from interference to exploitative (alternatively, contest to scramble) competition. 
The influence of environmental properties (sensu Grant 1993) on the ability for an individual to monopolize resources has been well investigated within the realm of behavioural ecology. At the scale of an individual resource patch, resource defence theory predicts a dome-shaped relationship between the economic defensibility of a resource patch and either the degree of temporal and spatial resource clumping or the number of potential competitors within the population (Grant 1993; Robb & Grant 1997; Grant, Gaboury & Levitt 2000; Ward, Webster & Hart 2006). Taken together, within-population fitness (growth) variation will not only depend on the amount of aggression (i.e. interference competition) and resource monopolization (Grant & Guha 1993; Weir & Grant 2004; Noël, Grant & Carrigan 2005), but also on the equality of resource accessibility (Boujard, Labbé & Aupérin 2002).
	One overlooked landscape characteristic (but see Silver et al. 2000) that has the potential to influence resource accessibility, and thus, relative fitness amongst individuals is the spatial distribution of resource patches. When patches are spread across the landscape, individuals may be able to settle into patches with few interactions between competitors, thus leading to more even resource access, partitioning and fitness (Noël, Grant & Carrigan 2005). Conversely, as patches become increasingly clumped in space, the effective number of competitors within the population will increase due to a decrease in foraging area (Fausch 1984; Noël, Grant & Carrigan 2005), in turn decreasing the equality of resource accessibility and potentially increasing fitness variation. In stream fishes, where much of the work on density-dependent growth and regulation (e.g. mortality, emigration) has been conducted, within-site growth variance has largely been attributed to variation in foraging site (patch) quality (Site Quality Hypothesis; SQH) (Newman 1993; Ward et al. 2007; Lobón-Cerviá 2010). Thus, the potential influence of the spatial distribution of resources on growth variation may provide an alternative explanation for the differential patterns of individual growth (Imre, Grant & Cunjak 2010) and distribution found across natural populations. 
	Just which individuals in the population are able to monopolize resources and have higher relative fitness is a function of their relative competitive ability. In stream fishes, competitive ability is often linked to body size, with larger individuals able to gain access to the best foraging patches (Fausch 1984; Ward, Webster & Hart 2006), though the causal order of this relationship has been questioned (Ward, Webster & Hart 2006). While the resource polymorphism literature has investigated the influence of morphology on competitive ability for different resources (Smith & Skúlason 1996; Bolnick 2004; Araújo et al. 2008; Edelaar, Siepielski & Clobert 2008), less is known about the phenotypic characteristics dictating relative competitive ability for a single resource type when size variation is inconsequential. This is a particularly relevant question within a single young age class where size may initially be somewhat invariant, but growth ability has large impacts for subsequent survival (Ward, Nislow & Folt 2009; Lobón-Cerviá 2010). In such cases, competitive ability may be based on an individual’s ability to use its environment more efficiently. Within riffle habitat sections of streams, for example, where greater water velocity is related to increased resource delivery (Gotceitas & Godin 1992), an individual’s ability to gain resources may be linked to its swimming capacity and ability to hold station against the current (Ward, Webster & Hart 2006; Leavy & Bonner 2009).
	In this study, we set out to test whether and how the spatial distribution of resource patches with equal quality (contrary to the SQH) and population density interact to influence the mean and variance of within-population growth. In addition, we tested whether an individual’s morphology relates to its ability to obtain resources (compete). To do so, we conducted feeding trials within flow-through stream channels using young-of-the-year rainbow trout (O. mykiss) under three different spatial distributions of nine resource patches: evenly distributed, semi-clumped and clumped (Fig. 1). Such trials were conducted at two density levels: low, one individual per patch and high, three individuals per patch. We expected (i) mean growth to be greater within high-density trials due to a decrease in energy expended on aggression (i.e. less interference competition), as per resource defence theory (Kim & Grant 2007); (ii) within-trial growth variance to increase with increased resource patch clumping due to changes in effective competitor number (Fausch 1984; Noël, Grant & Carrigan 2005) and resource accessibility; and (iii) individual growth to be most similar in low-density distributed resource trials due to a 1:1 competitor to resource patch ratio, as per the IFD (Noël, Grant & Carrigan 2005). Lastly, we expected (iv) competitive ability, irrespective of density and resource distribution, to be based on functional morphology and its relation to swimming ability (Ward, Webster & Hart 2006).

Materials and Methods
Species and experimental set-up
We acquired 500 young-of-the-year rainbow trout (Oncorhynchus mykiss) (Fig. 1a) 5cm in length from Pisciculture des Arpents Verts, Québec, Canada for use in our experiments. When not in use fish were housed within two circular 133L constant-flow tanks (flow at 50% depth=0.25m/s; water temperature=18-19.5°C) on a 12h light:12h dark cycle (Brown & Brown 1993) (lights on at 7am) and fed a maintenance ration of dry food pellets (Skretting extruded salmonid feed). Housing conditions were monitored, and daily feedings provided by animal care staff at Concordia University, Québec, Canada.
	Experimental trials were conducted within four flow-through experimental stream channels (Fig. 1b) under the same light regime. Each channel was lined to a depth of 2.5cm with small natural-coloured aquarium gravel wherein nine terracotta “saucers” were embedded, flush with the bed of gravel, to act as resource patches. Flow in each channel was held constant across all trials (average flow at 50% depth=0.15-0.18m/s across channels). Water temperature within the system (c. 18°C; Li & Brocksen 1977) was controlled by the amount of de-chlorinated city water entering each channel and was continuously recorded every 15 min by a HOBO temperature/light data logger (Onset Computer Corporation, Bourne, MA, USA) placed in each channel. Loggers were checked in the morning before feeding and again at the end of the light cycle (average across channels ± SD: week 1 19.1± 0.6°C; week 2 18.7 ± 0.2°C; week 3 17.7 ± 0.8°C; week 4 18.2 ± 0.2°C; and week 5 17.7 ± 0.5°C) to ensure that temperatures remained within the preferred range for rainbow trout (Wood, Grant & Belanger 2012). To record feeding dynamics and inter-individual interactions throughout the light cycle, digital colour CCD bullet cameras were connected to a surveillance system (GeoVision, Inc., Irvine, CA, USA) and mounted directly above each channel; with the exception of recording periods, channels were covered with large-weave netting to prevent fish from jumping.

Experimental procedure
	To determine the influence of spatial resource distribution and competitor density on growth, feeding trials were conducted under a 3x2 factorial design testing three different resource distributions [distributed (D), semi-clumped (S) and clumped (C), Fig. 1b] at each of two densities (low n=9 and high n=27) with three replicates per treatment. Trials were conducted four at a time from 14 October to 22 November 2011, where each week the individuals and treatments tested were both randomly selected and assigned to each stream channel. 
Each trial lasted a total of 8 days. On day 1, individuals were selected from housing tanks, anesthetized using a 1 clove oil:10 ethanol mixture (active agent eugenol) (Anderson, McKinley & Colavecchia 1997; Keene et al. 1998) and each given a unique identifier by way of two subcutaneous VIE tags (visible implant elastomer; Northwest Marine Technologies, Shaw Island, WA, USA) in one or two of four fluorescent colours in one or two of several body locations. Individuals were then photographed on one lateral side for pre-trial morphology, weighed for initial mass and measured for initial body and caudal widths (Fig. 1a). After recovering from anesthesia, individuals were introduced into a stream channel and remained unfed for the day (Olsson, Svanbäck & Eklöv 2007). On days 2-7, resources were added once daily to stream channels, evenly divided across the nine patches, given at a level of 10% (Brown & Brown 1993) of the total initial mass of individuals within the trial per day in order to encourage growth. Feeding was recorded on days 2 and 7 (i.e. initial and final feedings) from the time food entered the system until the end of the light cycle. Note that while no mortality occurred as the result of handling or experimental treatment, there were some incidences of individuals jumping out of the channels during initial and final recording and thus final densities did not always match initially set levels (average density per treatment, low density: D=8.67, S=8, C=7.67, high density: D=25.67, S=24.67, C=26; see also outliers below). When this occurred during day 1 or 2, individuals were identified and the food level adjusted to remain at 10% of the remaining trial initial mass. Lastly, on day 8 individuals were not fed (Noël, Grant & Carrigan 2005) to ensure the same level of gastric evacuation (Fausch 1984; Currens et al. 1989) and near the end of the light cycle were anaesthetized, identified, weighed for final mass and photographed on the same lateral side for post-trial morphology. Individuals were afterwards returned to a separate holding tank to ensure that no individual was used more than once.

Data analyses
Three growth metrics were calculated for each individual and used as response variables within analyses: (i) individual growth Gind was calculated as the difference between log10 transformed final and initial mass (Noël, Grant & Carrigan 2005); (ii) frowth variance Gvar was calculated as the absolute value of the difference between Gind and the average Gind of the trial in which the individual participated. This metric, when used in an analysis of variance (ANOVA), results in a test for variance differences rather than means across treatments (Zar 2010); and lastly, (iii) relative growth Grel was calculated as the difference between Gind and the average Gind of the trial in which the individual participated and classified individuals based on their growth relative to their trial average (i.e. either less or greater growth than the average).  
	To determine the influence of treatment type on trial growth, Gind (differences in average growth across treatments) and Gvar (differences in growth variance across treatments) were used as response variables in separate mixed-model ANOVAs with the fixed effects of density, spatial resource distribution and the density x spatial distribution interaction and the random effects of channel, week in which the trial was conducted and initial mass or initial mass variance (calculated as per Gvar). Given the differences in variances across treatments (a measure of interest of this study, i.e. Gvar), weights proportional to group variances were used (Pinheiro & Bates 2000). 
In order to determine the influence of treatment type on the spatial dynamics of resource patch use as well as the amount of inter-individual aggression (i.e. interference competition) all recordings of the final feeding (day 7) were analyzed, as it was assumed that recorded behaviour had at this point become established (Noël, Grant & Carrigan 2005). Spatial feeding dynamics were characterized and recorded as the number of seconds within a minute that at least one individual was at least one-half of a body length within each patch, recorded every 5 min for the first 15 min of feeding during which time feeding activity was at its highest. As all replicates for any given treatment type had similar dynamics, information garnered from the final replicate only is presented. Aggressive interactions were characterized as chases, defined as a unidirectional swimming burst of one fish towards another lasting for at least one body length (Noël, Grant & Carrigan 2005; Kim & Grant 2007; Wood, Grant & Belanger 2012), and scored for the same 3 min as spatial feeding dynamics for each video. Due to issues of low video quality and the tightly packed fast movements that occurred during feeding at high densities, each video was scored twice and the total number of observed chases averaged for each replicate. This average was then divided by the number of fish within the trial to control for differences in density (Robb & Grant 1998; Kim & Grant 2007) and the number of chases per fish used as the response variable within a mixed-effect ANOVA with density, spatial distribution and the density x spatial distribution interaction entered as fixed effects and the channel and week in which the trial was conducted entered as random effects.
	To determine if there was an influence of an individual’s morphology on their ability to gain resources (grow) within trials, geometric morphometrics were used. Twenty-two landmarks were placed on both pre- and post-trial photographs (Fig. 1a) using the program tpsDIG2 (Rohlf 2005a) and converted, separately, into partial warps (shape variables) using the programs Coordgen6 and PCAgen6 (Sheets 2004a, 2004b). Pre- and post-trial warps were then entered as separate fixed effects within two mixed-model ANOVAs using Gind and Grel as the response variables with channel and week entered as random effects. Note that three individuals, randomly distributed across treatments, were identified as outliers with respect to post-trial morphology and were removed from all analyses. To visualize which morphological features differed between individuals with greater or less relative growth, deformation grids were produced for pre- and post-trial morphologies of Grel classifications using the program tpsRegr (Rohlf 2005b). Lastly, as competitive ability within fish is often linked with length/size (Ward, Webster & Hart 2006) and this effect is removed through standardization in geometric morphometrics (Zelditch et al. 2004), regressions were performed for each treatment to test for the presence of a relationship between Gind (growth) and each of log10 initial mass (Massi), initial standard length (Lengthi), initial body width (BodyWi) and initial caudal width (CaudalWi) (size). The significance of these correlations was determined with mixed-effect regression using Gind as the response and each variable, separately per treatment, as the fixed effect with random factors as above. All mixed-model ANOVAs were run using the nlme package (Pinheiro et al. 2012) in R version 2.13.0 (R Development Core Team, 2011 Vienna, Austria) and regressions were performed using Statistica 6.0 (StatSoft, Inc., Tulsa, OK, USA).
		
Results
	The degree of individual growth (Gind) within trials was found to differ as a function of density, with average growth greater within high-density compared to low-density treatments irrespective of the spatial distribution of resource patches (Table 1 and Fig. 2a). Interestingly, the degree to which growth varied amongst individuals within trials (Gvar) differed significantly across all factors, spatial distribution, density and their interaction (Table 1); the variance decreased in low-density trials but increased in high-density trials as resources became more spatially clumped (Fig. 2b). Such greater growth variance in high-density spatially clumped treatments occurred due to the weight loss (negative growth) of 14 individuals throughout the trials; only two individuals lost weight in the distributed and one each in the semi-clumped and clumped treatments at low densities. 
Observation of videos recorded during the final feeding revealed different spatial dynamics (Fig. 3a) and amounts of aggressive interactions between individuals as a function of density and resource distribution (Table 1 and Fig. 3b). Overall, more aggressive interactions (interference competition) occurred between individuals within low-density compared to high-density trials, with the number of chases per fish decreasing as spatial resource clumping increased. As reflected by the spatial dynamics of patch use (location and shading within Fig. 3a), within low-density distributed trials, individuals tended to chase and exclude others from the resource arena wherein foraging attempts were made mainly at previously sampled patches. Conversely, within clumped trials, patches were relatively more evenly utilized. Likewise, the spatial dynamics of patch use for high-density trials also reflected more even resource partitioning with individuals divided amongst and continually circulating over all patches. However,  within clumped trials, several individuals never appeared to attempt foraging. Across all treatments, when not foraging, individuals remained within the downstream portion of the stream channel. 
The degree to which individuals grew within a trial, irrespective of treatment, was found to be a function of their morphology; both pre- and post-trial morphology correlated with individual growth (Gind) and differentiated between individuals of opposite relative growth (Grel) (Table 1). Such effects could also be seen in deformation grids of pre- and post-trial morphology as a function of Grel (Fig. 4), where the primary differences between groups in pre-trial morphology were differences in pectoral fin angle, head/body and caudal fin size and head shape and body height with regards to post-trial morphology. Growth was, with few exceptions, unrelated to initial fish length/size, with regressions overall largely non-significant (Table 2).

Discussion
The main goal of our study was to test whether the spatial distribution of resources and population density interact in determining the growth and growth variance (i.e. fitness) amongst individuals within a landscape. We found that this interaction can generate different levels of fitness variation within a population through differences in the amount of interference competition, thus causing individuals with specific morphologies (phenotype) to be conferred more or less relative fitness dependent on treatment. Such results have important consequences for the demographics of populations and degree of regulation expected in natural systems of varying structure, potentially explaining several inconsistencies found in the literature regarding density-dependent growth patterns (see Implications).  

Inter-treatment growth patterns: variance and competition
Results from our study clearly show that the spatial distribution of resource patches themselves, irrespective of quality, can influence the degree and distribution of relative fitness (i.e. growth) amongst individuals within a population through changing the effective number of competitors for patches within the system. We expected the distribution to follow an IFD, with growth variance lowest in low-density distributed resource trials, but increasing with increased resource clumping (Noël, Grant & Carrigan 2005). Instead, opposite patterns of growth variance were found across resource distributions between density treatments; variance was greatest when resources were clumped at high densities but when resources were distributed at low densities. The high variance in growth found in low-density distributed trials, as evidenced from feeding recordings, was a function of increased interference competition; individuals were observed attempting to defend patches and others attempting to forage at only those already sampled. As patches became increasingly clumped at low densities, the effective number of competitors increased. Consequently, interactions switched from interference to exploitative competition, which accounted for the decrease in growth variance found here, likely because defense was too costly with increasing competitor pressure (Grant 1993; Grant & Guha 1993; Tregenza, Hack & Thompson 1996; Syarifuddin & Kramer 1996; Kaspersson, Höjesjö & Pedersen 2010).
	Lower levels of interference competition were found within high-density trials,  (Brown, Brown & Srivastava 1992; Jobling & Baardvik 1994), as individuals cycled in and out of resource patches (Robb & Grant 1997) and were able to spread themselves more evenly amongst patches. As aggression has important associated fitness costs, such as increasing energy expenditure, social stress and resource loss while defending (Li & Brocksen 1977; Kim & Grant 2007; Kaspersson, Höjesjö & Pedersen 2010), the reduced interference competition costs are likely responsible for the greater average growth, irrespective of resource distribution, found in high-density trials. That said, while the exploitative competition utilized at high densities is proposed to allow for a more even distribution of resources amongst individuals (Grant 1993; Jobling & Baardvik 1994; Boujard, Labbé & Aupérin 2002; Weir & Grant 2004), our results suggest that even partitioning does not occur past a certain threshold. Indeed, the decrease in the equality of resource accessibility at high densities, also found in other studies (Syarifuddin & Kramer 1996; Boujard, Labbé & Aupérin 2002), caused individuals to cease feeding, leading to negative growth and increased growth variance, with increased spatial resource clumping (Li & Brocksen 1977; Grant & Kramer 1990). 
	 
The influence and shaping of phenotype
	While competitive ability is often suggested to be related to body size (Post, Parkinson & Johnston 1999; Ward, Webster & Hart 2006; Kaspersson, Höjesjö & Pedersen 2010), we found no significant relationship between an individual’s level of growth and their initial mass, length, body or caudal width. Instead, body shape was the important component in obtaining resources, as levels of individual and relative growth correlated with pre-trial morphology. Here individuals with greater than average trial growth had a morphology indicating greater swimming ability and turning stability:  relatively deeper heads/bodies and larger caudal fins  (Gatz 1979; Webb 1984; Ojanguren & Braña 2003; Peres-Neto & Magnan 2004). These individuals also had pectoral fins that were more flatly angled, potentially indicating more efficient maneuvering (Drucker & Lauder 2003) and reduced energy expenditure through holding position against current on the substrate (Fausch 1984). As swimming ability has been proposed to relate to competitive ability in both exploitative and interference contexts (Ward, Webster & Hart 2006), such phenotypic characteristics likely accounted for the greater growth of these individuals. Post-trial morphology was even more highly correlated with trial growth, potentially reflecting both the relative effects of the amount of growth on body shape in and of itself (Currens et al. 1989; Borcherding & Magnhagen 2008), as well as potential investment in plasticity (i.e. morphological modulation) by individuals who had greater levels of growth (Olsson, Svanbäck & Eklöv 2007), acting to further increase their competitive ability. Indeed, individuals with greater relative growth were those with characteristics of benthic habitat use (more dorsally placed eyes and greater body height) (Gatz 1979; Mason et al. 2007) and exploitative ability (increased swimming ability and turning stability) (Webb 1984; Ojanguren & Braña 2003; Peres-Neto & Magnan 2004). In contrast, individuals with less relative growth were characterized by more slender bodies and longer heads, potentially indicative of under-nourishment (Currens et al. 1989; Olsson, Svanbäck & Eklöv 2007; Borcherding & Magnhagen 2008). 

Implications for population regulation in natural landscapes
	Within natural landscapes, as density increases, mean growth is often found to  follow a negative power curve (Jenkins et al. 1999; Grant & Imre 2005), with growth variance increasing (as per the SQH) (Newman 1993; Keeley 2001; Lobón-Cerviá 2010). After density-dependent emigration and mortality, however, the resulting patterns are much more variable; exhibiting negative power curves, negative linear relationships of varying strength, to no relationship between average growth and density (Newman 1993; Jenkins et al. 1999; Post, Parkinson & Johnston 1999; Keeley 2001; Imre, Grant & Cunjak 2005), with little consistency in associated variance-density relationships (Imre, Grant & Cunjak 2010). As, here, we found different degrees of growth variance at the same population density as a function of the spatial distribution of resource patches, our results have the potential to shed light on such inconsistencies in natural systems. For example, landscapes with high densities and clumped resources, rather than distributed,  may be characterized by high growth variance and greater degrees of density-dependent emigration and mortality. Hence the degree of spatial resource clumping may modify the strength of the negative power curve of growth versus density.
	While we found positive instead of negative density-dependent growth, such a finding is common within experimental systems where food is given proportional to density (Brown, Brown & Srivastava 1992). Within natural systems, site-resource levels are assumed to be constant across densities (Kaspersson, Höjesjö & Pedersen 2010) where low-density sites have a greater amount of resource relative to competitor number than high density (Noël, Grant & Carrigan 2005; Ward et al. 2007). Should we have provided resource levels more in line with natural systems, it is conceivable that we would have also found negative density dependence with variance remaining higher at high densities.
	Our findings show the potential for the spatial structure of resource patches, irrespective of other potentially varying characteristics (i.e. resource quality, patch size), to influence population growth through changing the effective number of competitors within the system, and therefore, the degree to which competitive ability (phenotype) confers enhanced fitness. Future work should seek to understand how the spatial distribution of patches varying in quality may interact to influence within-population growth variance and the consequences of such variance for the regulation of natural populations, potentially allowing for further insight as to the decisions, pressures and structuring factors, which underlie patterns of individual distribution within landscapes.
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Figure legends

Figure 1. Shape analysis and spatial resource distributions. (a) Young-of-the-year rainbow trout with 22 landmarks used within morphological analyses, arrows denote locations of body and caudal width caliper measurements. (b) Photo and schematics of spatial resource distributions tested: distributed (D), semi-clumped (S) and clumped (C). Flow denotes the direction of water movement through channels, water depth was c. 18cm, resource patch depth 1.1cm. All measurements within figure are in centimetre.

Figure 2. Results from mixed-model ANOVAs of growth outcomes of trials. (a) Growth (Gind) outcome for trials as a function of spatial and density treatments. (b) Variance in growth (Gvar) outcome for trials as a function of spatial and density treatments. Open circles denote high density, filled low-density trials, error bars are 95% confidence intervals.

Figure 3. Spatial feeding dynamics and aggressive interactions observed within video recordings. (a) Feeding dynamics of individuals throughout the first 15 min of feeding. Shading is based on the number of seconds within 1 min that at least ½ body length of at least one individual was within the resource patch. (b) Results from the mixed-model ANOVA of the number of chases per fish within the first 15 min of feeding as a function of spatial and density treatments. Open circles denote high density, filled low-density trials, error bars are 95% confidence intervals. 
Figure 4. Morphological differences between individuals with negative or positive (less or greater) growth relative to their trial average (Grel) as a function of pre- or post-trial morphology. In order to highlight differences variation is depicted at 10x the observed range.
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Tables

Table 1. F-values from mixed-model ANOVAs regarding the influence of treatment type and morphology on within-trial growth, as well as treatment type on the number of chases per fish observed within feeding recordings. Numbers in brackets are degrees of freedom
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Table 2. Correlation coefficients (r) from regressions of the relationship between individual growth (Gind) and initial size variables for each spatial resource distribution: distributed (D), semi-clumped (S) and clumped (C). Numbers in brackets are the combined number of individuals in the replicates of that treatment type
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Table 1



Gind Gvar Chases



Treatment Space (2) 0.248 9.524* 6.068*
Density (1) 6.230* 6.414* 44.841**



SxD (2) 0.952 9.959* 4.025



Gind Grel



Morphology Pre-trial (40) 2.744** 1.628*
Post-trial (40) 5.584** 3.230**



* p≤0.05
** p≤0.001
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Table 2



D (26) S (24) C (22) D (77) S (73) C (77)



Massi 0.368 0.105 0.746* 0.486* 0.299 -0.006*
Lengthi 0.470* 0.169 0.733 0.565* 0.391** -0.022*
BodyWi 0.323 0.188 0.688 0.405 0.350* -0.003



CaudalWi 0.309 0.098 0.659 0.229 0.262 0.072



* p≤0.05
** p≤0.001
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