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Introduction

Results cont.
 Two sets of response curve graphs are produced (select variables from one set can be seen in
Figure 6). These graphs show the probability of species occurrence given specific values of each
environmental variable.

 There are significant limitations in humanity’s understanding of the world’s oceans, including their
biogeochemistry, the spatial distribution of ecosystems, and their linkages. This is especially true
for the deep sea, due to its physical inaccessibility and the prohibitive cost of conducting largescale field studies (1).

 Preliminary results from these response curves can be largely seen in relation to depth:

 Predicting species distributions is an effective way to understand ecosystems. Glass sponges in
particular are meaningful indicators of the health of ecosystems and often increase biodiversity
(2).
 My undergraduate research on deep-sea sponges in the North Pacific employed the use of the
Maxent model to spatially extrapolate likely glass sponge habitat distributions throughout the
North Pacific. In order to run the model data was collected, topographic variables thought to
influence sponge distributions were created, and sponge presence data was compiled. Further
work on this project will include chemical and biological variables relevant to sponges.

 Sponges prefer depths between just under the sea surface to a depth of ~1200 meters, with
gradually diminishing habitat suitability under a depth of ~3000 meters, deeper than which no
sponges are found.
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Figure 4. Study area of North Pacific Ocean with base bathymetry data layer (SRTM30 DEM).

Methods: Maxent Model
Figure 1. Golden crab with Venus flower basket glass
sponge (NOAA).

Figure 2. Defence Island sponge reef, Howe Sound,
BC (Vancouver Aquarium).

curvature

 The Maxent model makes predictions or inferences from incomplete data (3), for example
presence-only data such. This model extrapolates the likelihood a species has of existing in any
specific geographic space.
 Maxent begins with a uniform distribution of probability values over the entire grid by assigning a
non-negative probability to each pixel (3). Next, it conducts an optimization routine that iteratively
improves model fit, also known as gain. Gain can be defined as a likelihood statistic that
maximizes the probability of presences in relation to background data (4).

Data
 Input data used for this project includes
sponge presence data (Figure 3) and the
following terrain derivatives:
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 The output of the Maxent model is viewed through an html file where model performance,
importance and influence of each predictor variable, and links to raw data of predictions are
supplied.

 Topographic Position Index (TPI)
Figure 3. Slope of North Pacific Ocean with glass sponge
presence data indicated by black circles.

 Terrain Ruggedness Index (TRI)

Methods: Data
 SRTM30 DEM data ware used to create terrain derivatives through the System for Automated
Geoscientific Analyses (SAGA). The SAGA outputs were exported as GeoTIFF files to facilitate
import into RStudio where the Maxent model was run.
 Variable Correlations: The model was adapted to incorporate imported bathymetry data and its
derivatives, as well as sponge presence locations. It then created a correlation analysis of all
input variables using 100,000 random points (Table 1) and a second correlation analysis for the
subset of data where the species of interest is located (Table 2).

Table 1. Correlation matrix of all input variables
calculated at 100,000 random points.

Table 2. Correlation Matrix of all input variables
calculated where sponge data occurs.

Figure 5. Accuracy of Model Performance.

Variable

Permutation
Importance

Depth

99.5

TRI

0.3

Aspect

0

Profile Curvature

0

TPI

0.2

Slope

0

Tan Curvature

0

Plan Curvature

0

Table 3. Permutation Importance Values for All Terrain
Derivatives.

Model Performance:

Permutation Importance:

 Figure 5 demonstrates how well the model
performed in predicting occurrences
compared to a random selection of points.

 Permutation importance calculates the
contribution of each individual variable by
randomly permuting the values of that
variable on the test set and quantifying
the resulting change in training AUC.

 The area under this curve (AUC) would be
1 if it had a perfect fit, which is where the
data for the calculation of AUC values
comes from. With an AUC value of 0.831,
a good fit, the red line can confirm that the
model performed fairly well in predicting
occurrences.

 Both percent contribution and
permutation importance provide relative
variable importance. Table 3 illustrates
that depth is the most important predictor
variable.

Figure 6. Response curves of aspect, depth, slope, tan curvature, TPI and TRI to sponge distributions.

Conclusions
 While the environmental variables selected for this model are not exhaustive of possible
influencers on sponge habitats, among those tested depth is the most important predictor variable
in terms of glass sponge distribution.
 Future work on this project will include expanding the input environmental variables used for the
modeling of glass sponges in the North Pacific Ocean. Examples of future variables are: percent
oxygen saturation, nitrate, silicate, carbon data, temperature, current velocities and directions,
and chlorophyll values.
 Future work will also include additional field data, including many from BC.
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