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Abstract

The Dungeness crab (Metacarcinus magister) fishery is one of the highest value fisheries in the US Pacific Northwest, but
its catch size fluctuates widely across years. Although the underlying causes of this variability are not well understood, the
abundance of M. magister megalopae has been linked to recruitment into the adult fishery four years later. These pelagic
megalopae are exposed to a range of ocean conditions during their dispersal period, which may drive their occurrence patterns.
Environmental exposure history has been found to be important for some pelagic organisms, so we hypothesized that inclusion
of environmental exposure history would improve our ability to predict M. magister megalopae occurrence patterns compared
to using ‘in situ’ conditions alone. We combined local observations of M. magister megalopae and regional simulations of
ocean conditions to model megalopae occurrence using a generalized linear model (GLM) framework. The modeled ocean
conditions were extracted from J-SCOPE, a high-resolution coupled physical-biogeochemical model. The analysis included
variables from J-SCOPE identified in the literature as important for larval crab occurrence: temperature, salinity, dissolved
oxygen concentration, nitrate concentration, phytoplankton concentration, aragonite and calcite saturation state, and pH.
GLMs were developed with either in situ ocean conditions or environmental exposure histories generated using particle tracking
experiments. We found that inclusion of exposure history improved the ability of the GLMs to predict megalopae occurrence.
Of the five swimming behaviors used to simulate megalopae dispersal, several behaviors generated GLMs with superior fits to
the observations, so a biological ensemble of these models was constructed. Our results highlight the importance of including
exposure history in larval occurrence modeling and help provide a method for predicting pelagic megalopae occurrence. This

work is a step towards developing a forecast product to support management of the fishery.
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Figure 1. Oregon commercial Of fishery catch in Oregon four years later? (Fig. 2).

Dungeness crab catch.!

Figure 2. Correlation of megalopae
abundance and adult catch.?

Hypothesis: Environmental exposure history of Dungeness megalopae is important for predicting their
distribution. A statistical model for predicting megalopae occurrence that includes exposure history will
out-perform a model that uses only ‘in situ’ ocean conditions coincident with megalopae sampling.

J-SCOPE (JISAO’s Seasonal Coastal Ocean Prediction of the Ecosystem3*4)
produces historical ocean simulations (‘hindcasts’):

Figure 3. Climate Forecast System (CFS)
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B. Exposure history simulations: particles
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Figure 5. Megalopae sampling locations
(37 stations, years 2009-2017) used for
environmental conditions extraction (in
situ model) and particle simulation

initialization (exposure history models).
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Figure 6. Two measures of environmental exposure history calculated
along particle trajectories.®0
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 Generalized linear models developed in Matlab (‘stepwiseglm’) using a logit link:

F) = log () e
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U g 1—p with U 1 ¥ o%0

 Model fit: Akaike Information Criterion corrected for small sample sizes (AlCc)
 Model performance: Area Under the (ROC) Curve (AUC)

and X, is a linear combination of predictor variables
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Figure 7. (Above) Simulated larval behaviors for
exposure history experiments.
Figure 8. (Right) Exposure history differed among
dispersal behaviors.
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Exposure history improves model fit and performance compared to in situ model
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Table 1. Generalized linear models
(GLMs) for in situ and exposure history
(EH) behaviors. All exposure history

GLMs had better fit
and performance (i

(i.e., lower AlCc)

i.e., higher AUC)

than the in situ model, regardless of
which behavior was simulated.
Predictor variables varied among
models; significant predictors in bold,
direction of correlation indicated (i.e.,
positive (+) or negative (-)).

g

Model fit metric: lower is better

_ Predictors in- sampIeA/ Model performance
Experiment (bold p<0.05) AAICc AUC metric: higher is better
in situ -N 11.8 0.602 «——in situ model had worst
EH-DVM30 +O 4.7 0.644 T fit and performance of
EH-DVM60 +S, +0 5.3 0.650 all models
EH-S1 T,-N,-SI Qca| 7.9 0.645 | o 4ol fit and
EH-P1 +5, +0 0.0 0.658 performance from several

+P, -SI Qar 1.9 0.625 exposure history models
+pH 1.7 0.657 —

Biological ensemble skillfully predicts megalopae occurrence

Table 2. The best models (see Table 1) were selected to compose a biological
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ensemble. Model performance (AUC) is shown for an out-of-sample year (2017) for A |
each model individually and for the biological ensemble as a whole. An AUC of 0.94 sl 2N N
indicates that probably of megalopae occurrence was correctly ranked at 94% of the R
stations. 47.5 1

Experiment [Equation (bold p<0.05) 2017 a7l
AUC
EH-DVM30 |-3.01 + 0.109*0 0.814 82“46 L
EH-DVM60 |-6.42 + 0.132*S + 0.00988*0 0.936 '%;
EH-S1 1.77 - 0.157*T - 0.0994*N - 79.5*(SI Qca) 0.757 § 46 |-
EH-P1 -11.0 + 0.248*S + 0.0111*0 0.914
45.5
-34.9 + 4.32*pH 0.779
Biological Ensemble: 45 | AUC=0.94

AUC > 0.5 is skillful
Figure 9. (Right) The biological ensemble predicting (A) megalopae occurrence

compared to observed occurrence, and (B) habitat probabilities throughout
the J-SCOPE domain, both for the out-of-sample test year 2017.
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* Prediction of megalopae habitat is possible using a combination of tools: ocean condition modeling,
particle tracking, and statistical modeling

 Exposure history improves our ability to model occurrence of Dungeness megalopae

 Simulated behavior affects environmental exposure likely by driving differences in depth habitat

* A biological ensemble of models provided the most skillful prediction of megalopae habitat

* Next steps: Build on this occurrence model to predict megalopae abundance




