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Abstract

The placement of artificial reefs (ARs) influences, to various degrees, a wide range of epibenthic species, whereas
most assessments focus on target or focal species. Methods of capturing the responses of many species can inform
management about the full range of likely responses of species to the location and arrangement of ARs. Performing
many single-species analyses presents difficulties in interpretation. We used monitoring data from 14 surveys from
June 2017 to August 2020 in an area with ARs deployed in the Bohai Sea, China. Both trap and visual census data
were collected, and a suite of environmental variables was also collected or estimated for sampled sites and for spa-
tial cells throughout the study area. The data were used to fit a species archetype model (SAM) that relies on the
shared responses of species to environmental variables. The many species were grouped into six distinct archetypes.
Species membership in the archetypes was confirmed by comparing results to the isometric feature mapping and par-
titioning around medoids (ISOPAM) approach, which relied on species co-occurrence applied to the same data. The
SAM results were also validated by comparing archetypes determined with fitting to predictions from a single survey
that was not used in fitting. The six archetypes identified by the SAM had member species that differed in depen-
dence on substrate types, distance to the nearest AR, distance to the nearest gravel, temperature, dissolved oxygen,
time since AR deployment, and sampling method. The importance of the environmental variables was assessed by
computing the changes in predicted occurrence probabilities of the archetypes when environmental variables were
varied with the other environmental variables set at their minimum, mean, maximum, or optimal values. Species
archetype modeling provides a valuable approach for predicting occurrence probabilities of epibenthic species assem-
blages in response to the locations and arrangement of ARs, and results can inform management related to fishing
enhancement and conservation.

Artificial reefs (ARs) are common tools for restoring promoting local stock enhancement (van Treeck and
local fisheries (Miller 2002), preventing habitat degrada- Schuhmacher 1999). A wide range of species is affected by
tion (Abelson 2006; Miller and Hobbs 2007), and the placement of ARs, including pelagic (Becker et al.
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2017), epibenthic (Becker et al. 2019), and demersal (Gall-
away et al. 1981) fish species. Benthic invertebrates
(Perkol-Finkel and Benayahu 2005) and even microorgan-
ism communities (Guo et al. 2021) are also influenced.
The deployment of AR modules affects resident and
migratory species by changing the topography and habi-
tat, which influences how species aggregate and interact
(Smith et al. 2017). In addition to providing feeding
opportunities (Lindquist et al. 1994), ARs also provide
shelter and protection for species and they attract organ-
isms that have a preference for complex benthic structure
(Hixon and Beets 1989). These responses triggered by
ARs are often highly species specific and are sometimes
specific to stages or sizes within a species (Foster et al.
1994).

Deciding the number and layout (connectivity) when
deploying ARs is often focused on a few key species
(Foster et al. 1994; Clark and Edwards 1999), even
though ARs affect a wide diversity of species. Viewing
the effects of ARs for the complex and diverse epibenthic
multi-species ecosystem (Ardizzone et al. 1989; Sanchez-
Jerez and Ramos-Espla 2000) would help to inform man-
agement about likely responses (e.g., life history types,
community) beyond the responses of a few focal or dom-
inant species (Wang et al. 2015; Chen et al. 2019).
Including the responses of the many species affected
would allow for anticipating the full effects of ARs
(Smith et al. 2011).

A challenge, therefore, is how to capture the responses
of the many possibly affected species with a manageable
and interpretable set of indicators. One approach is to
develop distribution models (habitat-abundance) for each
of the species. For example, single-species distribution
models can be fitted based on generalized linear models
(GLMs; McCullagh 1989) or generalized additive models
(GAMs; Hastie and Tibshirani 1986). In addition to the
difficulties in fitting so many models, interpreting and
communicating the predicted responses to changes in habi-
tat (due to ARs) are cumbersome (Hui et al. 2013). An
approach taken here is to use classification methods to
define species groups (archetypes) based on their similar
responses to environmental variables and then to assess
AR effects at the archetype level.

Some ARs are deployed adjacent to natural reefs, coral
reefs, and abandoned oil platforms or are combined into
AR structures (Coll et al. 1998; Ushiama et al. 2016; Lima
et al. 2019; Schutter et al. 2019); these deployments pro-
duce complicated changes in substrate and other habitat-
related variables. Effects of some variables, such as water
quality (Godoy et al. 2002), occur on temporal and spatial
scales that do not naturally align with the broader scales
of interest (seasonal, habitat areas utilized) of species
responses. When groups of species are the response vari-
ables, other factors related to AR effects also become
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complicated, such as how distances between AR modules
affect the exchange (connectivity) of organisms (Smith
et al. 2017). Furthermore, biological processes, such as
predation, competition for shelters, preference for habitats,
and mutualism (Zhang et al. 2018a), are further compli-
cated by response variables that encompass multiple spe-
cies (Pollock et al. 2014). A key becomes determining how
to group species (e.g., archetypes) to ensure tolerable
within-group variability and ecologically sound relation-
ships with habitat and environmental variables while also
providing useful information that captures the diversity of
species responses.

The Bohai Strait and associated Bohai and Yellow
seas constitute an important marine ecosystem that has
relatively high flow exchange and supports feeding
grounds and a passage corridor for fish migration (Guan
et al. 2020). Recent investigations have reported a
declining trend in multiple fishery stocks (Barman et al.
2020). As part of efforts to offset these declines, ARs
were deployed to boost species productivity (Einbinder
et al. 2006; Wu et al. 2016; Wang et al. 2019). Subse-
quently, rockfish species (such as Korean Rockfish
Sebastes schlegeli and Fat Greenling Hexagrammos ota-
kii) increased, at least partly due to ARs, and became
dominant. The Asian paddle crab Charybdis japonica
and rockfish species are economically important in the
local area, followed by other reef-associated echinoderms
(e.g., Japanese sea cucumber Stichopus japonicus), crusta-
ceans (e.g., Pacific oyster Crassostrea gigas), and gastro-
pods (e.g., veined rapa whelk Rapana venosa; Barman
et al. 2020).

In this study, we used field monitoring data at a loca-
tion in the south-central Bohai Strait with deployed ARs
to identify archetypes and then used the fitted models to
predict archetype responses to changes in habitat, includ-
ing the presence of ARs. We first used statistical models
to group epibenthic species associated with ARs by shared
species—environment relationships into various species
archetypes (SAs). The models were tested using field data
and by comparing the fitted models to results from other
machine-learning methods that use the species co-
occurrence (without environmental variables) patterns.
Our fitted models were then used to predict the occurrence
probabilities of archetypes under different conditions of
environmental factors. Our methods and analysis comple-
ment single-species analyses and can be used to inform
management and others about the full range of organism
responses to be expected from the deployment of ARs.
Analyses of responses to ARs at the archetype level (and
higher levels) enable the inclusion of many species in the
analysis as an interpretable number of groups but also
complicate the relationships of species to environmental
and habitat variables because the results are no longer at
the individual species level.



EPIBENTHIC ASSEMBLAGES ON ARTIFICIAL REEFS

METHODS

Study area.— The study region is located in the south-
central Bohai Strait and consists of a centrally located
rocky reef with peripheral gravel and mud substrate; water
depth varies from 8 to 31 m. Twenty-four AR modules,
each a single 7.1- x7.1-x 3.4-m (length x width X height)
concrete structure, were deployed in the center of the
study area in six clusters of four ARs each. The ARs
within each cluster were about 10 m apart, and the clusters
were deployed in a rough circle (black rectangle in Figure
1). The ARs were deployed in June 2017 about 500 m
northwest of  Xiaozhushan Island  (38°1'45"N,
120°51'56"E). We divided the study area into three strata
defined as concentric circles (radii of 200, 400, and 600 m)
centered at the AR deployment location (Figure 1).

Sampling design and data collection.— Fourteen surveys
were conducted using traps and visual methods from June
2017 to August 2020 that included sampling within each
season (Table S.1 available in the Supplement separately
online). The first 13 surveys were used for model fitting,
and the final survey was reserved for model validation.
For each survey, trapping occurred at 0-9 sites and visual
sampling occurred at 0-11 sites (Table S.1). This resulted
in a total (over all surveys) of 88 sites sampled by trapping
and 71 sites sampled by visual census (Figure 2). We used
a stratified random sampling design to select sites for each
sampling event. Roughly equal numbers of sites were
selected from each stratum for each survey when the sam-
pling was viewed in total. The southeast region of the
study area was not accessible for sampling.

Accordion traps and underwater visual census were
used to catch nektonic and resident epibenthic species,
including fish, crustaceans, cephalopods, gastropods, echi-
noderms, and mollusks. Each trap consisted of three cages
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FIGURE2. Distribution of sampling sites, cumulatively over all 14
surveys, for the trapping and visual census.

in a series for a total length of 30m, and the trap was
deployed at each site for 48 h without bait. The catches
from each trap were collected for species identification,
enumeration, and weight measurement. For the visual cen-
sus, we used the belt transect method (Bortone et al. 1986)
and conducted a timed 20-min transect at each sampling
site. Each transect was filmed by using a GoPro Hero 4,
and the footage was reviewed in the laboratory to report
the numbers observed by species. Species identification
from underwater video was performed by three people:
one individual conducted species identification of the
whole video, while the other two people processed ran-
domly selected video segments (10% of the length of the
whole video). Species identification results were compared
among the video analysts for the common segments, and

Z
z °
s B
9 &
5 A
<
<
Z
=3
v
=
)
&
4
=)
S z
o >
22} = 1
N
S
-
Z
4 27
o >
=1 S0
S
%
Q A |
T

@aozhushan )
Island |

3.4m

Legend

One monomer AR (7.1mx7.1mx3.4m)

Il 24 ARs

[] Investigating
area

116°00" E 130°0'0" E 120°5130" E 120°51'50" E

120°52'10" E

120°52'30" E

FIGURE 1. Study location and the local area surrounding the 24 artificial reefs (ARs) deployed in the Bohai Sea, China. A single AR (monomer) is
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the entire video was reanalyzed until there were no differ-
ences (at least at the family level for some species) among
the three individuals.

Fifteen explanatory variables were determined for each
trap and visual sample (Table 1). Some environmental var-
iables were collected at each site as part of the surveys.
Temporally varying temperature (°C), bottom dissolved
oxygen concentration (DO; mg/L), salinity (%o), and pH
were measured at each site by using a YSI Pro Plus multi-
parameter water quality meter. Bottom water was sampled
with a Plexiglas water collector at each site, and samples
were transported to the laboratory to measure the
chlorophyll-¢ concentration (mg/L); water transparency
(m) was measured with a Secchi disk. Depth (m) was mea-
sured at each sampling site by a sonar lattice fish detector,
and values were then assigned to each of 14,600 cells
(10x 10 m) that covered the entire study areca by using
inverse distance weight (IDW; Blanco et al. 2013) interpo-
lation (Figure S.1 available in the Supplement separately
online).

Bottom type was a categorical variable estimated by
information on substrate from visual surveys that were
distinct from the trapping and visual census surveys of
organisms. Bottom type was scored into five categories
using values of 0, 5, 20, 50, and 100 for mud, gravel, rub-
ble, boulder, and AR (Mellin et al. 2007), respectively
(Figure S.2). Bottom type was also assigned to each cell
for the entire study region by using IDW interpolation of

TABLE 1. Abbreviations of all environmental variables used in this
study. The variables included in the species archetype model based on
the stepwise identification of the final model with the lowest Bayesian
information criterion and a variance inflation factor less than 6 are
shown in bold. Temporally varying variables (abbreviations marked with
an asterisk) were discrete samples taken at each survey.

Environmental variable Abbreviation
Chlorophyll a (mg/L) Chla*
Temperature (°C) Temp*
Dissolved oxygen (mg/L) DO*
Salinity (%o) Sal*
Depth (m) Depth*
Transparency Trans*
pH pH*
Sampling method method
Bottom type score BotType
Duration of deployment of Time
artificial reefs (months)
Distance to the nearest mud (m) dis.1
Distance to the nearest gravel (m) dis.2
Distance to the nearest rubble (m) dis.3
Distance to the nearest boulder (m) dis.4
Distance to the nearest artificial reef (m) dis.5
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the scores observed at specific locations during June 2017-
May 2020 as determined by the 63 underwater video sites
(Figure 3). Video was processed by evaluating the bottom
type at a site on frames every 5s; all scores were com-
bined for the interpolation. Interpolation was based on
estimating bottom type averaged values, with the five clas-
ses treated as a continuous variable. Thus, unobserved
cells that used nearby observed values would receive deci-
mal values (e.g., 12.5). The exception was that boulder
(100) was assumed to have a lower value of 99.9 to mini-
mize its effect on the interpolation.

The remaining explanatory variables were determined
from the survey details or derived from the habitat score
map of the study area. Survey-based variables included a
binary variable for sampling method (trap or visual) and a
duration variable that was the number of months from
AR deployment to the survey date. Bottom type was used
to estimate the distances from the survey location to the
nearest mud, gravel, rubble, boulder, and AR. These dis-
tances were determined based on the distance to the center
of the nearest surrounding cell that was of the desired type
(Figure S.1).

Community and dominant species.— The Shannon—
Wiener biodiversity index was used as a measure of the
complexity of the community (Kiilkoyliioglu et al. 2012;
Adie et al. 2013). To minimize the effects of rare species,
the species with a frequency of occurrence lower than 5%
at sites were excluded from all further analyses. For trap
and visual data, Pinkas’ index of relative importance (IRI;
Pinkas et al. 1971) was calculated to select dominant spe-
cies at each site over the 13 surveys from June 2017 to May
2020. Scatterplots of the biodiversity index versus the bot-
tom type score were generated for each sampling method
(Figure 4). We used bottom type because it is known to be
an important variable affecting species distributions and it
is fixed through time (Sanchez-Jerez et al. 2002; Mellin et
al. 2007). A locally estimated scatterplot smoother was then
overlaid on each plot to identify possible relationships with
habitat type. Plots were created while treating trap and
visual census surveys separately (Table 2).

Species  archetypes — with  shared  environmental
responses.— We classified species into archetypes based on
shared responses to our explanatory variables using both
surveys combined into presence/absence responses (Table
2) with the regression-based species archetype model
(SAM; Dunstan et al. 2011). The SAM method has been
utilized to describe cohesive environmental responses of
herbaceous and woody plant species in the coastal plain
(Silva and Souza 2018), detect community-level groupings
(Leaper et al. 2014), and predict the composition of poly-
chaete assemblages (Galanidi et al. 2016). The SAM is
based on a single logistic GLM. One or many species with
similar ecological tolerances are represented by the arche-
type GLMs derived from a single finite mixture model
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(Murillo et al. 2018). In our analysis, collinear variables
were removed if the variance inflation factor (Lawesson
2009) exceeded a value of 6 (Zuur et al. 2010).

Estimation of the SAM was done using a stepwise
approach and the Bayesian information criterion (BIC;
Schwartz 1978). Models were applied using all of the
explanatory variables, and the desired number of groups
was specified as a progression from 1 to 20 archetypes.
The ABIC(i) for the ith model was calculated as BIC(i)
— BIC(i+1). The version (number of archetypes and

combination of explanatory variables) with the lowest
BIC value was selected.

Two additional considerations were used to confirm the
validity of the archetypes identified based on BIC with the
SAMs. First, we applied the approach of Dunstan et al.
(2011), in which the minimum probability (x), which is the
contribution of the specific proportions of each species to
an archetype, should be higher than the probability of a
single species randomly belonging to an archetype (1/S,
where S is the number of species in the archetype). The
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TABLE 2. Summary of the analyses used in this study, the treatment of the trap and visual census data, and the tables and figures used to display the

results for each analysis.

Analysis item

Treatment of trap
and visual data

Results Tables and figures

Community and dominant  Separate; Scatterplots of biodiversity and abundance Tables S.2, S.3;
species using index of continuous for representative dominant species from Figures 4, 8
relative importance (IRI) each archetype versus bottom type scores

Fitting the species Combined; Identification of six archetypes and Tables 3, S.4, S.5;
archetype model (SAM) presence/absence  predicted maps of occurrence probability Figures 5, 6, 7, S.3-S.7

and SEs based on annual and season-
specific averages of environmental variables

Using the SAM to predict Combined; Marginal responses to each environmental Tables 3, 4;
occurrence probabilities presence/absence variable with others set to their minimum,  Figure 10

mean, or maximum values

Fitting ISOPAM Combined; Used ISOPAM to estimate the fidelity of Tables 3, S.8;

presence/absence species in archetypes from the SAM; Figure 9
spatial distribution of sampling sites
categorized by their group (ISOPAM)
versus archetype (SAM)

Using the SAM to predict = Combined; Predicted occurrence probabilities with all Figure 11

occurrence probabilities presence/absence environmental variables set to their
minimum, mean, maximum, or optimal
values
SAM validation Combined; Comparison of mean square error with that  Figure 12
presence/absence of the final survey (August 2020)

SAM assigned the probabilities of membership of each
species to each archetype. In the present study, we set a
threshold of 0.99 for each species to identify species that
were strongly affiliated to the particular archetype (Foster
et al. 2015). Secondly, we used relative standard error
(RSE) to reflect the importance of each environmental
variable, where RSE is the absolute value of the SE of a
parameter value multiplied by 100 and divided by the
value of its estimated coefficient. A high value of RSE
indicates that the environmental variable has less impor-
tance. We applied both considerations to the set of arche-
types selected from the stepwise approach. The analysis
was conducted using the SpeciesMix package in R.

Based on the species composition of each archetype, an
economically important species from each archetype (high-
est IRI value among important species) was selected as
the representative dominant species. Scatterplots of the
relationship between the abundance of representative spe-
cies and the bottom type score were created separately for
trapping and visual survey methods with a locally esti-
mated scatterplot smoother overlaid.

Species classification based on co-occurrence patterns.—
An alternative classification method to SAM was also
applied to the survey data to examine the degree of consis-
tency in SAM assignment of species to archetypes.
Whereas SAM used the environmental variables, the

isometric feature mapping and partitioning around
medoids (ISOPAM) approach depended only on the spe-
cies composition observed at sites in the surveys. The ISO-
PAM method uses nonlinear dimensionality reduction and
parameter optimization based on species occurrence
(Schmidtlein et al. 2010), which was applied here to the
species from the combined trapping and visual census sur-
veys (Table 2). We used the value of the phi (@) coefficient
and its significance (= 0.01) to evaluate the results of the
ISOPAM classifications. Phi ranges from —1 to 1 and
measures the degree to which a species belongs to a spe-
cific group (Tichy and Chytry 2006). A ¢ value of 0.37
was used to distinguish species with low fidelity (¢ < 0.37)
or high fidelity (¢ >0.37) to their group. The analysis used
the package isopam in R.

The results from ISOPAM were used in two ways to
check the species assignments to archetypes according to
SAM (Table 2). For each species assigned to each arche-
type by SAM, we determined whether ISOPAM estimated
that species to have high fidelity to the archetype (Murillo
et al. 2018). An ordered synoptic table was made by com-
bining the results of SAM with the fidelity values of mem-
ber species from ISOPAM. The results compared how
species were grouped based on similar responses to envi-
ronmental variables with their likelihood of belonging
(i.e., fidelity) based on the species co-occurrence patterns
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(Murillo et al. 2018). We also plotted the distribution of
sampling sites for surveys coded by archetype and alterna-
tively coded by the co-occurrence groups from ISOPAM.

Occurrence probabilities of archetypes.— We used the
fitted SAM to generate season-specific and annual occur-
rence probability maps for the study area (10- X 10-m
cells) by summarizing the environmental explanatory vari-
ables and using them as inputs to the SAM (Table 2). For
temporally varying variables, seasonal and annual aver-
ages (i.e., temperature and DO) were calculated corre-
sponding to the specific months of each of the 13 surveys
(June 2017-May 2020; Table S.1). The cell-specific spatial
variables (i.e., bottom type score, depth, distance to the
nearest gravel, and distance to the nearest AR) were gen-
erated from the field data, and we utilized IDW interpola-
tion to assign values of selected fitted environmental
variables to each grid cell. Based on fixing the locations of
the ARs (to generate distances to the nearest AR and
gravel) and setting the duration of AR deployment to 35
months (longest value), occurrence probability maps were
separately predicted for the trapping and visual census
methods. To explore the influence of season on the species
assemblage, we used Venn diagrams (by season) to display
the differences in species compositions being selected for
inclusion in the SAM.

The sensitivity of archetypes to changes in environmen-
tal variables was then assessed by determining how their
occurrence probabilities changed in response to different
assumed values for combinations of explanatory variables.
We used two measurements of fixing values of environ-
mental variables. First, marginal effects plots were sepa-
rately generated for the archetypes for each environmental
variable with all other variables set to their minimum,
mean, and maximum values. Secondly, we fixed all
selected environmental variables at their minimum, mean,
maximum, and optimal values. Optimal values across all
environmental variables for each archetype were deter-
mined by using the maximum value of positive coefficients
and the minimum value for negative coefficients.

Model validation.— Validation of the SAM archetypes
was done by comparing predicted and observed values for
the August 2020 (16 sites) survey, which was not used in
model fitting. Using environmental variables measured at
each site, the SAM was used to generate the occurrence
probabilities of the six SAs for each sampling site.
Observed values were generated using trap and visual cen-
sus data combined and were converted to presence/absence
(Table 2). If any species in an archetype was present in the
data, then that archetype was assigned an occurrence
probability of 1.0 for that site; otherwise, it was assigned
a zero. Mean square error (MSE) was computed as differ-
ences in the observed and predicted occurrence probabili-
ties squared and then summed over the 16 sites for each
of the six archetypes and divided by 16 (i.e., the number
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of sites). Predicted occurrence probabilities from the fitted
SAM based on field data (June 2017-May 2020; used for
model fitting) were used to generate MSE values for each
archetype as a basis of comparison for the MSE values
from the validation survey.

RESULTS

Sixty epibenthic species, including fish, crustaceans,
echinoderms, cephalopods, mollusks, and gastropods, were
sampled by traps, and 34 epibenthic species (including
bivalves as well) were sampled by visual census.

Community and Dominant Species

For data from the trap method, four species were iden-
tified as dominant (IRI > 1,000). Charybdis japonica,
Korean Rockfish, Fat Greenling, and blue bat star Aster-
ina pectinifera had the highest IRI values (Table S.2). For
visual census data, which included reporting of abun-
dance, IRI based on the percentage of abundance identi-
fied six species as dominant (i.e., IRT > 100), with A.
pectinifera accounting for 62% of the total abundance.
The remaining dominant species were the Chameleon
Goby Tridentiger trigonocephalus, C. japonica, Japanese
seastar Asterias amurensis, Fat Greenling, and Korean
Rockfish (Table S.3). Biodiversity of trapping and visual
methods did not display any clear patterns across bottom
substrate type (Figure 4).

Species Groups and Responses to Environment

Six archetypes were identified, which involved 23 spe-
cies (Table 3), with this particular model having the lowest
BIC value and positioned in the stepwise sequence just
prior to a large increase in ABIC (Figure 5A, B). The
selected six-archetype model used temperature, DO, depth,
sampling method, bottom type score, time since AR place-
ment, and distances to the nearest gravel (dis.2) and the
nearest AR (dis.5) as important explanatory variables
(Table 1). This subset of variables also did not have collin-
ear effects, and the corresponding minimum x was higher
than 1/S (Figure 5C). The coefficients, SEs, and RSEs of
the six archetype GLMs are shown in Table S.4, and the
species composition and membership probabilities are
shown in Table S.5. Membership probabilitics were mostly
higher than 0.99.

Species archetypes included two or more species except
for SA1, and SAS5 contained nine species (Table S.5). Spe-
cies archetype 4 included the same four dominant species
between the trap and visual methods (Tables S.2, S.3).
Spatial distributions of the sampling sites according to
their archetype displayed similarity across archetypes and
a distinct pattern of sites being aggregated in the proxim-
ity of the ARs (Figure 6); the exception was SAS5, which
showed an inverse pattern due to its member species’
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TABLE 3. Continued.

dis.5

Q.4
567.5m)

dis.2

(1.0-
190.9 m)

Time
(0-35

Method

DO

(6.0-13.1

(trap or

BotType
(0-100)

Temp Depth
(9.8-32.0m)

(6.0-25.0°C)

ISOPAM
¢ value

months)

visual)

mg/L)

SA

Species name

Taxon

<0.37

SA5
SAS

Palaemon gravieri
Fringed Blenny

Crustacea
Teleostei

<0.37

Chirolophis japonicus
Shokihaze Goby

<0.37

SAS

Teleostei

Triaenopogon

barbatus
Marbled Flounder

Wl

"

Wl

N

™

<0.37

SA6

Teleostei
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Pseudopleuronectes

yokohamae
False Kelpfish

<0.37

SA6

Teleostei

Sebastiscus

marmoratus
Rockfish Sebastes

<0.37

SA6

Teleostei

hubbsi
Black Scraper

<0.37

SA6

Teleostei

Thamnaconus
modestus
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preferences for mud and gravel. Temporally varying vari-
ables (temperature and DO) varied across the four sea-
sons, but they did not show significant variation (i.e., SDs
were small) within individual surveys (Table S.6). Occur-
rence probabilities and their SEs for the six archetypes,
both seasonally (Figures S.3-S.6) and annually (Figure 7),
showed similar results for SA1 and SA4-SA6 based on
both the trap and visual census sampling methods. Species
archetypes 2 and 3 had higher probabilities for visual cen-
sus survey data than for trap data (Figure7). Species
archetype 4 was broadly distributed and exhibited high
occurrence probability across the whole area, with the
highest probabilities located near ARs and boulder sub-
strate. Venn diagrams showed that there was no highly
season-specific species and that most species (60.9%)
occurred in all four seasons (Figure S.7). Apart from win-
ter, 17.4% of species appeared in spring, summer, and
autumn. All species were present in summer, and many
species (6/23) in SA1, SA2, SAS, and SA6 were absent in
winter (Table S.7). Member species belonging to SA3 and
SA4 did not show seasonal differences.

Based on the IRI values for each species from the trap-
ping and visual methods (Tables S.2, S.3), we defined R.
venosa, A. amurensis, C. japonica, Japanese mantis shrimp
Oratosquilla oratoria, and the rockfish Sebastes hubbsi as
the representative dominant species for SAl, SA3, SA4,
SAS5, and SA6, respectively, via trapping. Limited sam-
pling of the only species in SA2 with trapping prevented
interpretation. Rapana venosa, S. japonicus, A. amurensis,
C. japonica, the goby Amblychaeturichthys hexanema, and
S. hubbsi were separately selected as representative domi-
nant species for SA1-SA6 based on data from visual sam-
pling. Trapping had limited effectiveness around ARs
(bottom type score=100; Figure8A), while the more
effective visual sampling observed fish that were associated
with the complex habitat (bottom type score > 50; Figure
8B). When the two sampling methods were combined
(Figure 8), R. venosa of SA1 showed high abundance on
gravel, boulder, and AR substrates (bottom type score =
10, 50-100), and the abundance of S. japonicus from SA2
showed a sharp increase with boulder substrate, but obser-
vations were limited for gravel and mud types. Charybdis
Jjaponica and S. hubbsi represented SA4 and SA6, respec-
tively, and showed increased abundance when the bottom
type score was greater than 50. Trapping and visual data
both showed that O. oratoria and A. hexanema of SAS
had higher abundances with mud and gravel substrates.
Finally, A. amurensis of SA3 did not show a clear rela-
tionship between abundance and bottom type score.

Species classified into groups by ISOPAM were gener-
ally similar to the species in the archetypes (Table 3). The
ISOPAM method identified five groups that involved 10
species (Table 3). Fidelity values estimated by ISOPAM
(Table S.8) for the 23 species included in the SAM-based
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FIGURE 7. Spatial map of the predicted occurrence probabilities and SEs for each species archetype (SA1-SA6) for the trap and visual census

methods based on annual averaged values of explanatory variables.

archetypes showed some correspondence. Species arche-
type 1 (one species) and SA6 (four species) had no species
with high fidelities. One of three species in SA2, both spe-
cies in SA3, and two of four species in SA4 had high fidel-
ities; five of nine species in SAS5 had high fidelities, but
those species were from two different ISOPAM groups
(four from group I and one from group III). Spatial distri-
bution of sites affiliated with each group also displayed
agreement between SAM and ISOPAM (Figure9 versus
Figure 6).

Occurrence probabilities of SAs responding to individ-
ual environmental variation showed generally monotonic
relationships (Figure 10) and important differences among
the archetypes (Table 3). Based on the summarized results
(Tables 3, 4), SAl represented a shallow-water (average
depth =9.8 m) archetype that preferred to distribute on
AR substrate and also near gravel. Species archetype 2
was a reef-neighbor, visual census-dependent archetype
that preferred cooler conditions (6.0°C). Species archetype
3 was also visual census dependent but was more general,

as it showed little preference for specific substrate types.
Species archetype 4 was a dominant archetype whose
member species were distributed in deep waters (31.3 m)
near ARs that were warmer (25.0°C), and their prefer-
ences gained strength with deployment (35 months). Spe-
cies archetype 5 was a coldwater, soft-sediment type that
differed greatly (almost inversely) from the other arche-
types: SAS preferred cool temperatures (6.0°C), relatively
low DO (6.0mg/L), flat substrate, and being some dis-
tance from the AR deployment. Finally, SA6 was a DO-
independent, reef-neighbor archetype that preferred
warmer (25.0°C), deep (31.3-m) waters and being close to
ARs.

When all environmental variables were set at their min-
imum, mean, maximum, and optimal values, occurrence
probabilities of the SAs showed different and wide-
ranging responses (Figure 11). Species archetypes 1, 5, and
6 displayed decreasing probabilities from minimum to
maximum values; occurrence probabilities of SAl and
SA6 remained very low (<0.2), with both archetypes from
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Amblychaeturichthys hexanema (Teleostei), and S. hubbsi were selected as dominant species for SA1-SA6 for the visual method. The solid line through
the data is a locally estimated scatterplot smoother; the shaded area is the 95% confidence interval of the smoother.

minimum to maximum having values lower than with
average values (Figure 11A, F). For example, the occur-
rence probability of SAS was 0.58 when all variables were
set to their minimum values and then sharply decreased to
0.01 with all variables set at their maximum values (Fig-
ure 11E). The maximal potential values of occurrence
probability for SA1, SAS, and SA6 were higher than 0.85,
and SA1 approached 0.99 when all environmental vari-
ables were set to their optimal conditions. Species arche-
types 2, 3, and 4 displayed increasing occurrence
probabilities for variables set at the minimum to optimal
values; SA2 showed the largest change of 0.01 (minimum)
to 0.99 (optimal), followed by SA4 (from 0.15 to 0.99)
and SA3 (from 0.11 to 0.76; Figure 11B-D).

Species Archetype Model Validation

The SAM performed equally well when challenged with
data from the validation survey (August 2020) as com-
pared to the results from being fitted to the earlier 13 sur-
veys (Figure 12). The MSE values for the validation were
similar except for the relatively high values (>0.4) for SA3
and SAS. Species archetype 4 had the lowest MSE value
under validation.

DISCUSSION

The correspondence between the archetypes from SAM
and the groupings and membership fidelities from ISO-
PAM shows that the relationships between 10 of 23
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species’ responses to environmental conditions are coupled
to those 10 species’ co-occurrence patterns. Both methods
were applied to 23 of the 60 species because our filtering
criterion required a frequency of occurrence at sites
greater than 5%, which eliminated 37 relatively rare spe-
cies from both analyses. Of those 10 species in common to
SAM and ISOPAM, two of the four species that occurred
in SA4 also occurred in ISOPAM group II, and four of
the nine species occurring in SA5 also occurred in ISO-
PAM group 1. However, the other 13 species assigned to
SAM archetypes were not included in any of the ISOPAM
groups. A possible explanation for the fewer species
included in ISOPAM groups is that SAM used species—
environment information, while ISOPAM used species co-
occurrence.

The influence of season on the species compositions of
the archetypes may be reflected by differences in the spe-
cies with responses to temporally varying variables (i.e.,

temperature and DO). For example, species in SA6
showed a preference for warmer water and 50% of species
were absent in winter. However, most of the species in
our analysis are resident, habitat type dependent, or signif-
icantly affected by AR deployment, so simple relationships
to temperature or DO (seasonally varying variables) are
unlikely. Those species that showed a high dependence on
temperature or DO (e.g., SA4) did so across all seasons.
The similar seasonal distribution of occurrence probabili-
ties for the six archetypes (Figures S.3-S.6) and no
season-specific species (Figure S.7) may explain the rela-
tive lack of seasonality in the species and archetypes.

The biodiversity index did not show a clear dependence
on the complexity of the habitat (i.e., mud, gravel, rubble,
boulder, and AR), suggesting that species were using mul-
tiple habitats throughout the ARs and surrounding area.
The deployment of ARs should not only focus on the
assemblages of AR-oriented species but should also
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1
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TABLE4. Summary of the responses of each species archetype (SA) to the significant preferred environment (variables with a relative standard error < 50 and high sensitivity; abbrevia-
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but prone to gravel

consider other species, such as those in SAS5 that prefer
N O O O o soft sediments (Butman 1987; Reeds et al. 2018).
A Sy ® o0
S O O O (e
Archetypes and Responses to Environmental Variables
For our marginal effects analyses and for the ana-
lyses in which all variables were set to minimum, mean,
maximum, or optimal values, we used the full range of
eSLREra he environmental values observed in the sampling. This
SESRSsS =] illuminated the response potential of the archetypes to
local environmental conditions. Relatively low values of
occurrence probabilities under optimal conditions (Fig-
% £ .8 .5 % ure 11; e.g., maximum of 0.76 for SA3) implied that the
E EEE g probability of distribution of SA3 was relatively low
BReR b= throughout the study area. Species archetype 3 had very
eaRd g high deviance values (high RSE in Table S.4), indicating
S & ;%D = that the influence of local environmental variables was
=SSR < small. It is possible that important environmental vari-
ST B <3| =S ables were not included or that other sampling methods
< 3 §8 < would have increased the occurrence probabilities. For
2 § a? 2 example, the influential environmental conditions for
A= &8 A SA6 of warm and low-DO water may occur by seasonal
2 IS stratification and eutrophication-related summer DO
= depletion in the Bohai Sea (Zhai et al. 2019), which the
monitoring data reported here were not designed to
= = g quantify.
= f f Species archetypes from the SAM showed different
25 IS responses (occurrence probabilities) to the values of envi-
o o = .
(SR 7 ronmental variables. The responses among archetypes were
- » reflective of the different characteristics of the individual
é é species that comprised the archetypes and those species’
88 habitat preferences (Hoffmayer et al. 2014). Species arche-
== o a type 1 contained only one species (R. venosa) with a wide
2 2 s s spatial range of substrate types (Figures7, S.3, and S.5),
> 1 E = and the responses of R. venosa to environmental variables
— E £ (Table 4) were consistent with other studies reporting that
S = % = R. venosa utilized multiple habitats related to rocks, sand,
O 150 = and silt soil within food-rich areas (Bondarev 2014). The
. optimal temperature (15-20°C) and depth (5-10m) identi-
Co 3 | fied for R. venosa (i.e., SAl) from in situ observations
(Bondarev 2013) were similar to our results.
Species archetype 2 showed lower occurrence probabili-
0 o .
‘é § . ties thaq the other archetypes for.most of the study area.
E g S Reef residence and the sedentary lifestyle of the sea urchin
” 25 “; " Strongylocentrotus nudus (Wu et al. 2016) and the rock-
[ Ko § [ dependent S. japonicus (Han et al. 2016) may have caused
f T =, f the reef-oriented substrate preference displayed in Tables 3
3 % 5 g 32‘ 3 and 4. Both are echinoderms with different feeding habits;
RS Z sea urchins feed on algae and marine phanerogams, while
sea cucumbers are detritivores and consume organic mat-
o e ter from the sediment (Parra-Luna et al. 2020). The goby
. £ | 8 Stonogobiops pentafasciata is a fish that feeds mostly on
small-sized shrimp (Hung Liu et al. 2008). These three
SEsBES 5] species have different feeding habits, so their inclusion in
<< << < . .
B %) one archetype may be unduly influenced by the sampling
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FIGURE 12. Values of mean square error (MSE) for species archetype
model calibration (using the 13 surveys from June 2017 to May 2020)
and validation (using data from the 14th survey [August 2020]).

method and differences in their distances to ARs and
gravel habitats. Their generally low detection (from 12 to
19 sites; Table S.5) limits the robustness of the results.

Species archetypes 3, 4, and 6 showed strong relation-
ships to environmental variables. Species in SA3 were well
sampled by the visual census method because of the size
and behavior of the Chameleon Goby (Boltachev et al.
2007) and because 4. amurensis (Byrne et al. 1997) resides
on the surface of reefs. Species archetypes 2 and 3 each
had one fish species and either one or two echinoderms,
and SA3 had a similar dependence of distance to different
habitats as SA2. These taxa were assigned to different
archetypes likely due to both having dependence on the
visual data and because both species in SA3 preferred
close proximity to ARs.

The four dominant species of SA4 have been broadly
explored by researchers regarding their preference for com-
plex habitat, especially ARs (Takeo 1999; Vazquez Arch-
dale et al. 2003; Kim and Kang 2016; Zhang et al. 2018b).
Korean Rockfish, Fat Greenling, and C. japonica had a
preferred distribution at around 20-22°C (Yu et al. 2020),
and Hannah et al. (2008) reported that the highest success-
ful rate of Sebastes spp. capture occurred at depths less
than 30 m, which was consistent with the responses of spe-
cies in SA4 to environmental variables. The small values of
RSE (i.e., good fit) and positive responses to bottom type
score suggest that complex habitat is important for the



EPIBENTHIC ASSEMBLAGES ON ARTIFICIAL REEFS

members of SA4. Two species (Korean Rockfish and Fat
Greenling) exhibit significant overlap in their feeding and
therefore likely may compete for resources, although their
diets are distinct from those of C. japonica and A. pectini-
fera (Zhang et al. 2021). Without their common depen-
dence on complex habitats, their assignment to the same
archetype would have been less likely.

Species archetype 6 was comprised of fish species that
are known to be associated with rocky habitats (Zhang
et al. 2015; Yu et al. 2020), except for the Black Scraper
Thamnaconus modestus, which tends to be located close to
ARs but does not inhabit them (Takahashi et al. 2010). In
our analysis, SA6 showed a positive relationship with the
increasing complexity of substrate and with increasing
proximity to ARs (Table 4); these habitat preferences were
consistent with those reported in other studies (Takahashi
et al. 2010; Zhang et al. 2015; Yu et al. 2020).

The responses of SAS to environmental variables were
opposite those of the other archetypes. For example, SAS
included burrowing species like the Japanese snapping
shrimp Alpheus japonicus, whiparm octopus Octopus varia-
bilis, and O. oratoria (Hamano and Matsuura 1984; Lii et
al. 2013; Henmi et al. 2017); this is consistent with the
observed preference of SAS5 for soft, flat substrate and
being located away from ARs. Goby fish (e.g., A. hexa-
nema) and small shrimp (Alpheus and Palaemon spp.)
from SAS were reported to be the dominant species in
winter or spring in the northeastern China Sea (Wang et
al. 2012; Lu et al. 2019), which is consistent with the pref-
erence of SAS for cool temperatures (Table4). Species
archetype 5 may be especially sensitive to the layout of
AR deployments, such as appropriate spacing between
AR monomers, to allow for sufficient physical space for
their burrowing lifestyle. Consideration of habitat compe-
tition between rock-affiliated species and soft-sediment
species is important to ensure effective AR layouts.

Influence of Sampling Methods

Trapping and visual census are common sampling
methods used with ARs and can cause differences in the
estimated species composition (Plumlee et al. 2020). Dom-
inant species based on the two sampling methods in our
analysis had high similarity that reflected common species
in the northeastern China Sea—for example, C. japonica
(Zhang et al. 2016) and the Korean Rockfish (Yu et al.
2020). However, the Chameleon Goby was classified into
SA3 and occurred as a dominant species in the visual cen-
sus but was rare in trap samples. The Chameleon Goby is
a small-size species (Boltachev et al. 2007) that is under-
sampled by trapping (mesh size = 2 cm). Based on its diet
of copepods and the larvae of shrimp and polychaetes
(Kim and Yoon 2016), the presence of ARs likely provide
food and shelter for the Chameleon Goby (Sun et al.
2013; Granneman and Steele 2014).
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Combining data from multiple sampling methods, as
was done in this analysis, leads to more robust results.
Each method has certain strengths and limitations, and
using multiple methods can result in complementary infor-
mation. In our situation, the visual method provided effec-
tive sampling of boulder and AR substrate, while the
trapping method enabled observations at gravel and mud
habitats (SA1, SA2, SAS, and SA6 in Figure 8). Combin-
ing the information from trapping and visual sampling
enabled a more complete depiction of how species and
archetypes interact with ARs.

A general consideration is how the different catchabil-
ities of the trapping and visual methods may influence the
identification of the dominant species. Traps are a tradi-
tionally passive and fishery-dependent fishing gear that
depends on the swimming capacity and behavior of epi-
benthic organisms but is limited because of its mesh size
(Bohnsack et al. 1989). Visual census is an active, non-
destructive fishing method that relies on diving and is
influenced by turbidity, the patchiness of organisms, the
photographic skills of the divers, and the ability to detect
species in postprocessing of the videos (Harvey et al.
2004). These differences result in different sampling
methods having strong effects on statistical methods (e.g.,
SAM) that are designed for grouping species. For exam-
ple, A. amurensis from SA3 is a common benthic species
residing in the surface of reefs with a low level of activity
(Byrne et al. 1997; Michio et al. 2003) and, thus, is prone
to be more readily detected by visual census. In contrast,
the dominant species in SA4 are preferentially captured
with trapping over visual census. Fat Greenling and
Korean Rockfish of SA4 are large-sized, strong swimmers
and are active. Due to the high abundance of C. japonica
and A. pectinifera located in the boulder and AR areas,
they are likely well sampled by both methods. To partially
address sampling method differences, some analyses were
done with the data treated separately, and when combined
in an analysis, the data from both survey methods were
transformed into presence/absence.

Comparison of Species Archetype Modeling, ISOPAM,
and Other Classifications with Artificial Reefs

The consistency of archetypes from the SAM and the
results of applying ISOPAM to the same data show that
species co-occurrence is associated with similar responses
to the environment. Viewing the consistency with SAM
but starting with the ISOPAM groupings, species in ISO-
PAM group II were rock-associated fish, which all
belonged to SA4; they showed a broad distribution pat-
tern (Figure 9B versus Figure 6D). Species classified into
ISOPAM groups I and III both belonged to SAS of the
SAM and were located some distance away from boulders
and ARs (Figures 3; 7E; and 9A, C), which were the same
responses of SA5 to substrate complexity. The ISOPAM
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groups IVa and IVb combined (Table S.8) contained three
species, all of which aggregated near the AR area.

There were also some differences between the SAM
and ISOPAM approaches. For example, groups I and
III from ISOPAM were separate, but according to the
SAM they were combined into one archetype (SAY).
Crustacean and cephalopod species from ISOPAM group
I have similar distribution preferences and breeding
habits, and they are reported to be the dominant species
during winter or spring in the northeastern China Sea
(Wang et al. 2012; Lu et al. 2019). However, the differ-
ence with A. hexanema from ISOPAM group III was
that some species belonging to group I are prey of A.
hexanema (Yamamoto 1942; Hamano and Matsuura
1984; Xue et al. 2013; Lu et al. 2019), which thus shows
a different basis for classification based on co-occurrence
by ISOPAM compared to the relationships with environ-
mental variables used by the SAM. Furthermore, narrow
or broad spatial distribution patterns could not be effec-
tively utilized by ISOPAM, which were indicated by the
species in SAl (for narrow distribution), A4. pectinifera
and C. japonica in SA4 (for broad distribution), and the
species in SA6 (for broad distribution) having low fidel-
ity for grouping into one ISOPAM group. Grouping
based on co-occurrence patterns versus relationships to
environmental variables can provide both confirmatory
information and insights into differences about spatial
distributions and habitat usage.

Others have also proposed grouping schemes of species
based on their habitat preferences in order to summarize
the responses of the many fish that are influenced by ARs.
Nakamura (1985) used fish taxonomy to delineate fish spe-
cies associated with ARs into three types (A, B, and C):
type A encompassed species that were located within the
AR modules, type B included species that inhabited the
local area around the modules, and type C comprised spe-
cies that hovered above the reefs. Claudet et al. (2006)
incorporated the influence of depth and habitat on fish
assemblages in marine protected areas (MPAs) with rocky
reefs and ARs using multivariate regression trees. The
results of separated splits were different combinations of
predicted fish abundances within or outside of the MPA,
years before or after MPA establishment, and shallower
or greater depths. Becker et al. (2019) classified pelagic
and epibenthic fish around a multi-module AR area to
investigate differences in fish assemblages between the bot-
tom and pelagic zones. They separately reported two dif-
ferent archetypes in bottom and pelagic zones that each
shared similar response to distance to the nearest AR.

All of these other classification schemes relied on the
habitat preferences of the species and focused on fish. Our
analysis included a wide diversity of taxa and species (i.c.,
beyond fish) and also relied on the shared responses of
species to environmental conditions. We also tried to
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accommodate potential effects of interspecific interactions.
For example, sympatric rockfishes (e.g., Korean Rockfish
and Fat Greenling in SA4) that likely compete for food
were identified into the same SA, but species involved in
predator—prey interactions (Zhang et al. 2021), such as
between crustaceans (e.g., 4. japonicus or gladiator prawn
Palaemon ortmanni in SAS) and rockfish (Korean Rock-
fish or Fat Greenling), were separated into different arche-
types. Finally, we confirmed our results based on habitat
usage (SAM results) by analyzing the same data but
grouping based on co-occurrence patterns (ISOPAM
results). Because it is difficult to compare across classifica-
tion schemes because of site, data, and analysis differ-
ences, a comparative analysis that applies the suite of
methods to the same data from multiple locations would
be informative.

Future Modifications for Species Archetype Modeling

The SAM is based on GLMs, which assume that each
environmental variable has a one-dimensional linear rela-
tionship with occurrence probabilities without any inter-
actions or nonlinear effects. One possible influence is that
the occurrence probability may be biased by the GLM
when optimal conditions occur at intermediate values of
environmental variables. For example, the optimal tem-
perature of R. venosa was reported as 15-20°C (Bon-
darev 2013) for in situ observations, but our range
extended from 6°C to 25°C, and the positive coefficient
of SAM for the linear relationship indicated that R.
venosa should prefer to distribute at 25°C. Potentially
important information can be lost by reliance on linear
relationships.

One area for modification to the SAM method would
be to allow for using a model that can accommodate non-
monotonic and multi-dimensional responses of species to
environmental variables. Because the SAM approach is
currently restricted to mixture GLMs (Dunstan et al.
2013), Becker et al. (2019) only used SAMs for identifying
archetypes for certain situations and then modeled the
variance of abundance by generalized additive mixed
models. Rooper et al. (2017) reported that species distribu-
tion models that use GAMs and machine-learning
methods (e.g., boosted regression tree [BRT] models) can
perform better in terms of prediction than GLMs. Hui et
al. (2013) tested SAMs against separate GAMs and found
that while GAMs predicted better than SAMs for abun-
dant species, SAMs strongly outperformed GAMs for
rarer species.

The SAM method is a statistical approach that is con-
tinuously being improved and further developed (Galanidi
et al. 2016). In our present application, the SAM generally
performed well but displayed high MSEs for SA3 and
SAS5 when validated. One possibility is overfitting, as most
sites for SA3 depended on the visual census variable and
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showed low sensitivity to many environmental variables
(Figure 10). Species archetype 5 contained the largest
number of species but also included a number of sites with
low detections (Table S.5); this can also cause overfitting
effects. We therefore conducted further analyses (not
reported here) that involved fitting GAMs (Hastie and
Tibshirani 1986) and the BRT model (Elith et al. 2006)
and compared those results to the results from the SAM.
When we compared the predicted occurrence probabilities
of six archetypes with the same environmental variables,
the BRT approach showed the best performance with the
lowest MSEs among all archetypes. We suggest further
analyses to update the core classification algorithm in the
SAM to consider the sensitivity of responses to environ-
mental variables inherent in different methods while simul-
taneously  considering  co-occurrence  patterns  or
interactions of species with the species—environment infor-
mation (Zhang et al. 2018a).

Archetypes and Fishery/Conservation Management

Archetypes and other methods that can accommodate
the responses of many species can inform management
about the full range of responses to expect when ARs are
deployed. Reliance on the responses of focal or target spe-
cies is useful for understanding how ARs can affect local
ecological services (Xu et al. 2019) but is insufficient for
understanding how other species will respond. When
deploying ARs, finding suitable locations is a critical step
(Golani and Diamant 1999). Methods that enable quantifi-
cation of the benefits to the target species combined with
methods that project the responses of other species are
useful to ensure effective deployment.

Our analyses here demonstrated the feasibility of using
the SAM method to predict occurrence probabilities of
archetypes relative to different environmental conditions
(including ARs). Our classification encompassed a wide
range of common species in the AR area and simplified
community composition, which could help to clarify the
likely ecological responses to AR deployment. The various
responses of the archetypes to environmental variables
may help managers to guide AR location and arrange-
ment and to have some expectations about how the ARs
will perform as fishing sites or how conservation actions
targeted at a species might affect other species. The impor-
tance of positive or negative responses of archetypes to
ARs should be considered in designing AR deployments.
Our general analysis approach can help to clarify the vari-
ous purposes of AR deployment. For example, the ana-
lyses can be modified or expanded to accommodate
consideration of how the number and layout of ARs
would affect the suite of archetypes that indicate biodiver-
sity, likely responses of target species (focus on specific
archetypes), the degree of AR connectivity, and mainte-
nance of key habitat types.
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