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Abstract

This thesis reviews and develops modern advanced statistical methodology for
sampling and modelling count data from marine ecological studies, with specific applications
to quantifying potential direct and indirect effects of marine reserves on fishes in north
eastern New Zealand. Counts of snapper (Pagrus auratus: Sparidae) from baited underwater
video surveys from an unbalanced, multi-year, hierarchical sampling programme were
analysed using a Bayesian Generalised Linear Mixed Model (GLMM) approach, which
allowed the integer counts to be explicitly modelled while incorporating multiple fixed and
random effects. Overdispersion was modelled using a zero-inflated negative-binomial error
distribution. A parsimonious method for zero inflation was developed, where the mean of the
count distribution is explicitly linked to the probability of an excess zero. Comparisons of
variance components identified marine reserve status as the greatest source of variation in
counts of snapper above the legal size limit. Relative densities inside reserves were, on
average, 13-times greater than outside reserves.

Small benthic reef fishes inside and outside the same three reserves were surveyed to
evaluate evidence for potential indirect effects of marine reserves via restored populations of
fishery-targeted predators such as snapper. Sites for sampling were obtained randomly from
populations of interest using spatial data and geo-referencing tools in R—a rarely used
approach that is recommended here more generally to improve field-based ecological
surveys. Resultant multispecies count data were analysed with multivariate GLMMs
implemented in the R package MCMCglmm, based on a multivariate Poisson lognormal error
distribution. Posterior distributions for hypothesised effects of interest were calculated
directly for each species. While reserves did not appear to affect densities of small fishes,
reserve-habitat interactions indicated that some endemic species of triplefin (Tripterygiidae)

had different associations with small-scale habitat gradients inside vs outside reserves. These



patterns were consistent with a behavioural risk effect, where small fishes may be more
strongly attracted to refuge habitats to avoid predators inside vs outside reserves.

The approaches developed and implemented in this thesis respond to some of the
major current statistical and logistic challenges inherent in the analysis of counts of
organisms. This work provides useful exemplar pathways for rigorous study design,

modelling and inference in ecological systems.
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sample, as follows: 1. Convert the contour into regular points [pts <-

spsample (Contour, n=1000, type="regular")]. Note that, for clarity, only 100
points are shown in Panel B. 2. The points that overlie reef (black dots, panel B) are selected
as candidate points while those that do not (white dots) are discarded [PtsRrR <-
Pts[!is.na (over (Pts, Reef)),]1]. 3. Randomly select five points from the candidates
in each stratum (pluses in panel C) [PtsRS <- tapply (PtsR, over (PtsR,
Strata)$Name, sample, size=5)].See Appendix D for further details, including full R
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Figure A-1. Potential relationships between the mean of the count distribution (A) and the
probability of an excess zero (m) under the general form of the linked model, logit(n) = yo +
yilog(X). The four lines in each panel have a different value of the intercept (yo) and a
common slope (y1), as indicated. A large negative slope (y1 = —10) permits very fast transition
from complete zero-inflation to no zero-inflation (A). This may be useful if low numbers are
uncommon, so that zeros dominate below a particular threshold value of L. Smaller negative
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values of the slope can give a range of curves for decreasing zero-inflation with increasing
abundance (B, C, D). For y1 = 0 (E), the relationship disappears and the model reduces to a
constant value of w, as in model 2. While presumably unusual in nature, positive relationships
between excess zeros and mean abundance can be generated (F). ......cccoocvviveieiieiieniiiiinnnnn 202

Figure A-2. Density histograms of posterior distributions of key model parameters, including
the log of the reserve effect (“log.res.effect”). Mean and median values are shown as green
and red vertical 1INes, rESPECLIVEIY. .......oii i 206

Figure A-3. Trace plots of the three MCMC chains, each shown in a different colour, of key
model parameters, including the log of the reserve effect (“log.res.effect”). .....cccvvvvvinnnnn. 206

Figure A-4. Convergence diagnostic plots for model parameters (produced by the function
plot.bugs() from the R20penBUGS package for R). The two plots on the left show the 80%
credible intervals for each of the three chains in a different colour, and the Brooks-Gelman-
Rubin convergence diagnostic r (= “R-hat”). The plots on the right show overall medians and
80% credible intervals for the parameters and the deviance. Parameter “r” here is the
AISPEISION PATAMETET G, ..ottt bbbttt b ettt nes 207

Figure A-5. Comparison of sorted data values between the observed data y (x-axis) and
5,000 replicate datasets yrep simulated under the fitted model (y-axis). The points represent
mean values across the yrep for each corresponding ranked value of y. The grey polygon
represents the 5% and 95% percentiles of values for yrep at the corresponding rank. E.g., the
highest value in the observed data was 25, whereas the highest values in the yrep datasets
was on average 22 and typically ranged from 1510 33. ..o, 209

Figure A-6. Sensitivity analysis in which the estimated log of the reserve effect from the base
model (linked zero-inflated negative binomial, IZINB) is compared with a range of
alternative models. Values shown represent means, and 2.5% and 97.5% quantiles, of the
POSLEFION AIStIIDULIONS. .....iivieiice e e be e sre s 216

Figure A-7. Sensitivity analysis in which the estimated means of counts (i.e., relative density
of snapper) from non-reserve vs reserve areas from the base model (linked zero-inflated
negative binomial, IZINB) are compared with a selection of alternative models. Values
shown represent means, and 2.5% and 97.5% quantiles, of the posterior distributions. ....... 216
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