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Appendix 1 
Supplementary methods 
Construction of mesocosms 

Given the absence of insects in the pond at the time of filling, our mesocosms are more equivalent 

to a recently filled fish-free pond. To increase the realism of mesocosms, 0.75 kg of mixed 

hardwood/pine leaf litter was added just after being filled with water to provide a source of nutrients 

for the developing food web and to provide refugia for organisms. 

 

Methods for subsampling insects 

Insects were separated into size classes using three different sieve sizes (>2 mm, >1 mm, and >500 

µm). Although we processed all organisms in the two largest size classes, we subsampled the 

organisms in the smallest size class due to time constraints and the large volume of material 

(especially detritus) present in that size class. We subsampled 30% of the sample in the smallest 

size class because this is sufficient to accurately represent the diversity within a sample (Lamberti et 

al. 1991). To select 30% of the sample, the total mass of the >500 µm size class was divided equally 

into 20 portions and we randomly selected 6 of the 20 portions to sample for insects. 

 

Justification for basing estimates of biodiversity on the basis of the morphotypic identity of insects 

rather than their taxonomic identity 

We quantified estimates of diversity on the basis of insect morphotypes rather than insect species 

identity for two reasons. First, adult and larval stages of the same species of insect can differ greatly 

in their morphology and ecology. Second, it was not always possible to assign larval insects to the 

same taxonomic groups as represented by adult insects. Taxonomic keys for some larval insects do 

not differentiate among species within a genus while taxonomic keys for adult insects differentiate 

among species with a genus. Consequently, it was not possible to determine if one or multiple 

species were present within some genera when larvae were present. Furthermore, when both adult 



and larval stages of individuals within the same genus were present, it was not possible to 1) 

determine whether the species composition of the larvae and the adults were the same and 2) it was 

not possible to attribute abundances to a particular species because we did not know to which 

species the larvae should be attributed to – especially when there were multiple species of adults in 

the same genus present in the mesocosm with the larvae. We would need to be able to assign larvae 

to the correct taxonomic group of insects (i.e. we need to identify both the larval and adult stage of 

insects to species) in order to obtain estimates of taxonomic diversity that require abundance 

estimates for each species (e.g. species evenness estimates or rarified estimates of species richness). 

Though we base our estimates of diversity on the basis of different morphotypes, it is important to 

recognize that all of the morphotypes we identified were based first on the taxonomic identity of the 

insect and then we further refined these morphotypes, if necessary, to discriminate between adult 

and larval stages and to distinguish among morphotypes among individuals within a genus if it was 

not possible to identify the individual to the level of species. 

 

Further details about ANOVA models that we utilized 

Prior to the interpretation of F-statistics evaluating fixed effects, we fit the ANOVA model with a 

variety of covariance structures (variance components, compound symmetry and unstructured for 

random effects and autoregressive, Toeplitz, first order ante-dependence, and unstructured for 

repeated effects) and assumptions about homogeneity of variances (equal or not equal among 

treatments) to evaluate which model best described variation in the data. We used AICc to select the 

best model. In all cases, except the analysis on the cumulative abundance of metamorphosed 

dragonflies, the model best explaining variation in the data was a model that specified variance 

components for the covariance structure of the random effects and assumed homogeneous variances 

among treatments. For the analysis on the cumulative number of dragonflies, a model that 

incorporated a variance components covariance structure for the random effects, an autoregressive 

covariance structure for the repeated effects, and allowed for heterogeneous variances among 

treatments best explained variation in the data. We utilized the Kenward–Roger procedure 

(Kenward and Roger 1997) to adjust denominator degrees of freedom and F-statistics for our 

analysis on the cumulative abundance of metamorphosed dragonflies because this analysis 

incorporated the effect of heterogeneous variances. Our conclusions are unaltered if we did not 

perform this adjustment. We utilized the SLICE option in LSMEANS statement of PROC MIXED 

in SAS to specifically evaluate whether treatments differed in the total number of dragonfly 

metamorphs at the end of the experiment. Inspections of Q-Q plots indicate that residuals were 

normally distributed. 

 



Justification for approach to documenting effects of early, late and long-term dragonfly 

colonization 

We examined the overall pattern of pairwise differences among treatments to address these 

questions because this approach is more informative for reaching conclusions about the effects of 

early, late and long-term dragonfly colonization than a focus on the difference between a particular 

pair of treatments. For example, though the mean response in the ‘short/early’ treatment may not 

statistically differ from that observed in either the ‘none’ or ‘long-term’ treatments there may be 

statistical differences in the mean response of the ‘none’ and ‘long-term’ treatments. A focus on the 

outcome of the single pairwise comparison between the ‘short/early’ treatment and the ‘none’ 

treatment in this case would result in a conclusion that early colonization had no effect which is 

illogical because the response in the ‘short/early’ treatment is also not statistically different from 

that in the ‘long-term’ treatment for which one would conclude there was an effect from long-term 

colonization (i.e. colonization during the entire summer). Instead, one should look at the overall 

pattern of differences to conclude that early colonization did have an effect but it was not as strong 

as the effect of long-term colonization. 

 

Test for additivity of effects of early colonization and late colonization 

The planned contrast that we conducted in association with each ANOVA evaluated whether the 

observed response in mesocosms experiencing long-term colonization by dragonflies differed from 

that expected by a null model (Eq. 1) which assumed the effects of early and late dragonfly 

colonization are additive:  

T’ = B’ + E + L          (1) 

where T’ is the expected mean response when both early and late colonization occur (i.e. ‘long-

term’ colonization), B’ represents the least square mean response with no colonization (i.e. the 

‘none’ treatment), E represents the least square mean estimate of the effect of early colonization, 

and L represents the least square mean estimate of the effect of late colonization. E and L are 

derived by: 

E = E’ – B’           (2) 

L = L’ – B’           (3) 

where E’ is the least square mean estimate of the mean response in the ‘short/early’ colonization 

treatment and L’ is the least square mean estimate of the mean response in the ‘short/late’ 

colonization treatment. 

 Equation 1 can be modified to include the influence of a non-additive effect of early and late 

dragonfly colonization to produce an alternate model predicting the response of long-term dragonfly 

colonization: 



T’ = B’ + E + L + NA         (4) 

where NA refers to the strength of the non-additive effect (or interactive effect) of early and late 

dragonfly colonization. The null hypothesis of the planned contrast which evaluates whether NA is 

statistically different from 0 is: 

 + T’+ B’ – E’ – L’ = 0         (5) 

because if NA = 0, Eq. 5 is equivalent to Eq. 1: 

 + T’ + B’ – E’ – L’ = 0         (5) 

T’ = –B’ + E’ + L’          (5a) 

T’ = –B’ + (E – B’) + (L – B’)        (5b) 

T’ = B’ + E + L         (Eq 5c = Eq. 1) 

Rejecting the null hypothesis of Eq. 5 would mean that additional information (i.e. the estimate of 

NA) is needed to accurately predict the response in the ‘long-term’ dragonfly colonization 

treatment. In other words, the observed response with ‘long-term’ colonization is better predicted 

by Eq. 4 than by Eq. 1. The predicted additive response in the ‘long-term’ treatment was estimated 

by inserting the least square mean estimates of B’, E and L from our single factor ANOVA. 

 

Justification for approach involving pairwise comparisons and contrasts 

Though our four experimental treatments reflect a factorial experimental design (i.e. these four 

treatments would be derived by the crossing of a factor indicating the presence/absence of early 

dragonfly colonization and a factor indicating the presence/absence of late dragonfly colonization), 

we did not employ a factorial ANOVA to address our research questions because it would not test 

all of our questions of interest. A factorial ANOVA would allow us to evaluate 1) whether early and 

late colonization had an effect on our response variables and 2) whether the effects of early and late 

colonization were additive but it would not allow us to determine 3) whether the effects of early 

colonization and late colonization differed from each other and 4) whether the effects of long-term 

colonization differed from that observed when colonization was restricted to either early or late 

summer. Two approaches one could use to address all of these effects are 1) conduct a factorial 

ANOVA on a data set and then perform a single one-way ANOVA with pairwise comparisons and 

2) conduct a single one-way ANOVA with pairwise comparisons and a single planned contrast to 

test the additivity of early and late dragonfly colonization. The null hypothesis tested by our 

contrast tests the exact same null hypothesis that a test for a statistical interaction between two 

independent factors in a 2 × 2 factorial ANOVA would evaluate. The first approach, however, 

results in the testing of some hypotheses twice (e.g. early colonization has no effect and late 

colonization has no effect). Consequently, we opted for the second approach because it is 

computationally simpler (you do one ANOVA rather than two!) and does not result in redundant 



hypothesis tests. 
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Appendix 2 
Supplementary results 
List of adult dragonflies observed flying at the site of our experiment during the time in which our 

experiment took place. 

Anax junius 

Celithemis elisa 

Celithemis eponina 

Erythemis 

simplicicollis 

Libellula luctuosa 

Libellula pulchella 

Plathemis lydia 

Pachydiplax 

longipennis 

Pantala flavescens 

Pantala hymenaea 

Perithemis tenera 

Tramea carolina 

Tramea lacerata 

 


