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Abstract

When seeking to conserve data-poor species, we need to decide how to allocate
research effort, especially when threats are substantial and pressing. Our study pro-
vides guidance for sampling marine fishes that are particularly difficult to find –
those species that are cryptic or rare and or where little information exists on local
distribution (data-poor). We used our experience searching for seahorses (Hip-
pocampus spp.) in Thailand to evaluate two search strategies for marine conserva-
tion: (1) determining relative abundance and (2) searching for presence/absence
with detection probabilities. Our fieldwork indicated that using the presence/ab-
sence framework was more likely to lead to inferences that seahorses could be
found in the site than when using the relative abundance framework. This realiza-
tion would support a commonsense approach, where presence/absence with detec-
tion probabilities is centrally important to marine conservation planning for cryptic
and or data-poor marine species.

Introduction

Cryptic data-poor species are not well served by classic ecolog-
ical techniques for determining relative abundance. In the
absence of baseline information, pilot studies are often con-
ducted (Fairweather, 1991) to determine relative abundance to
inform research or to create management plans. But what hap-
pens when pilot studies fail to find the species of interest, which
may commonly happen for cryptic or depleted species (Engler,
Guisan & Rechsteiner, 2004; Durso, Willson & Winne, 2011)?
Such failures to locate cryptic species may result from limited
data, linked to funding or logistic restraints resulting in a type
II error (Underwood, 1996) or because the species was not
detected or is truly not there (Mackenzie et al., 2002). Type II
errors are problematic in the conservation sense because when
populations and their habitats are not identified, it leads to a
biased understanding of the status of the resource and the need
for management or protection. We need to deploy rigorous yet
realistic methods to assess conservation status and enact man-
agement for data-poor species.

On land, researchers are finding ways to cope with data
collection for relative abundance of cryptic, data-poor spe-
cies. To overcome difficulties of terrestrial sampling, scien-
tists have used camera traps, scat sampling and genetic
analysis to make population or relative abundance estimates
for species in need of conservation (Scotts & Craig, 1988;

Foran, Crooks & Minta, 1997; Kelly et al., 2013). Most of
these methods rely on count statistics (e.g. number of ani-
mals caught, seen and heard) to make inferences about the
species of interest (MacKenzie et al., 2006). Count statistics
are generated by the product of the quantity of interest (e.g.
population/abundance at a site) and the probability of detec-
tion (e.g. how likely you are to count it, if present)
(MacKenzie et al., 2006). Many relative abundance methods
do not explicitly account for the probability of detection and
assume that by using standardized survey methods, detection
probabilities are similar among sites or equal to 1 (MacKen-
zie et al., 2006). However, if detection probability is less
than 1 or varies among sites, and is unaccounted for, false
inferences about the species of interest may be made
(MacKenzie et al., 2006).

Studies aimed at estimating species occupancy (psi or
presence and absence), given the challenges of finding the
species of interest (detection or P), have increased consider-
ably in the terrestrial ecology and conservation literature over
the past 12 years (Mackenzie et al., 2002; Hurme et al.,
2005; Mazerolle et al., 2007; Petracca, Ramirez-Bravo &
Hernandez-Santin, 2013; Robley et al., 2014). Occupancy
studies provide a useful alternative to estimates of abundance
when there may be challenges detecting the species of inter-
est such as for rare, cryptic or depleted species, because they
explicitly account for detection probabilities (MacKenzie
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et al., 2006). Such studies estimate the likelihood that the
species was present at a site, given the data, which typically
consists of counts of individuals of the given species that
include zeros or unequal sampling effort (Mackenzie et al.,
2002). This can be useful because one can estimate the like-
lihood that the species was present at a site where it was not
observed (MacKenzie et al., 2006). Pilot studies that fail to
find the species of interest would be uninformative for deter-
mining sites for future research if unable to account for
detection probabilities. In addition, investigations determining
occupancy (presence/absence) across a landscape typically
require less resources and time than estimating density, mak-
ing them useful for conservation (Gaston et al., 2000).

Studies using presence/absence with detection probabilities
have generated sound science for management decisions on
a range of terrestrial species. Guidance on the implementa-
tion of management measures such as habitat corridors (Pet-
racca et al., 2013), predator control (Robley et al., 2014)
and invasive species remediation (Britton, Pegg & Gozlan,
2011) stem from the results of detection research. Manage-
ment decisions regarding the evaluation of monitoring pro-
grams or procedures (de Solla et al., 2005; van Strien et al.,
2010), conservation planning (Hurme et al., 2005; Weller,
2008) and effectiveness of conservation measures (Zipkin
et al., 2010) have been supported by studies using presence/
absence with detection probabilities. The increasing use of
studies using presence/absence with detection probabilities to
inform terrestrial management activities may represent a
paradigm shift or simply a response to the challenges associ-
ated with data-poor species (Underwood & Chapman, 2003;
Mackenzie et al., 2005; McNie, 2007).

In the ocean, methods for assessing data-poor species are
still in their infancy compared to those established for terrestrial
counterparts (Mobley, Small & Jones, 2011; Katsanevakis
et al., 2012). The aquatic environment is more complex
because researchers cannot easily see what lies beneath the sur-
face (Monk, 2013), and the technology for sampling and sur-
veying is less efficient and more costly than in terrestrial
systems (Katsanevakis et al., 2012). This adds important con-
cerns about estimates of population density, abundance and
simple presence/absence data (Issaris et al., 2012; Monk,
2013). When animals are rare, cryptic or depleted, revealing
their presence requires large amounts of effort (Maxwell & Jen-
nings, 2005; Guillera-Arroita & Lahoz-Monfort, 2012). The
use of some terrestrial methods is becoming more common in
the ocean. Examples include underwater videos at baited sites
(Goetze & Fullwood, 2012), scat sampling (Bowles & Trites,
2013) and genetic analysis (Mobley et al., 2011). However,
these methods are not widely employed for cryptic data-poor
marine species (Katsanevakis et al., 2012). Although there is
literature on the use of occupancy modeling with detection
probabilities in freshwater environments (Anderson et al.,
2012; Rodtka et al., 2015), its use in marine sampling is
uncommon even though many aspects of the methods are trans-
ferable. Only one study has compared presence/absence with
detection probabilities in relation to two diver-based methods –
stationary census, where a diver remains stationary and records
species within a given distance, and belt transects, where a

diver swims along a transect at a constant speed recording spe-
cies within a fixed distance of the transect (Green et al., 2013).
The results indicated that both diver-based methods had poor
detection abilities (Green et al., 2013). With continuing marine
species decline (McCauley et al., 2015), managers urgently
need new ways to handle data scarcity and facilitate effective
decision making for the ocean.

Seahorses (Hippocampus spp.) are such a challenging fish
genus to locate that they are good representative candidates
for a detection study. They are difficult to find in the wild
because they camouflage well, have a patchy distribution
and are found in low numbers (Foster & Vincent, 2004).
Seahorses have small home ranges (Perante et al., 2002) and
live in shallow, coastal habitats, including coral reefs, sea-
grass beds, mangroves and sandy soft bottoms (Lourie et al.,
2004). Worldwide there are 41 species of seahorses (Lourie,
Pollom & Foster, 2016). The IUCN Red List of Threatened
Species (www.redlist.org) lists 12 seahorse species as threat-
ened with 28 classified as ‘Data Deficient’.

We here conduct the first study to focus on using presence/
absence with detection probabilities for cryptic, data-poor mar-
ine fishes. Other species-specific detection research has focused
on comparatively large marine animals including marine mam-
mals and sharks, or lionfish (Williams & Thomas, 2009; Green
et al., 2013). Both studies found that methods incorporating
detection probabilities improved their ability to make infer-
ences about rare (marine mammals) or cryptic (lionfish) species
(Williams & Thomas, 2009; Green et al., 2013). As seahorses
can also be considered both rare and cryptic (Foster & Vincent,
2004), we suspected that using such methods would improve
our ability to study these data-poor fishes. We here simultane-
ously explored efforts to locate seahorses and contribute to the
literature on search methods and detection for cryptic and data-
poor marine fishes. First, we evaluated the success of traditional
searches aimed at determining relative abundance, which do
not account for imperfect detection, to locate our species of
interest. Next, we compared two methods – belt transects,
where the search area is fixed along a transect, and timed
swims, where the search area is unrestricted – for their effi-
ciency to locate cryptic, data-poor marine fishes. We then re-
evaluated our datasets comparing belt transects and timed
swims, with presence/absence models with detection covariates
that enable us to determine if our original estimates of occu-
pancy were biased. Finally, we explored how studies using
presence/absence with detection probabilities can be incorpo-
rated into future marine research for data-poor species with
simulations, sensitivity analyses and a cost–benefit analysis.

Materials and methods

Data collection

Determining relative abundance assuming

detection probability = 1

Our search to determine relative abundance of seahorses began
on the west (Andaman Sea) coast of Thailand using common
underwater survey protocols based on Reef Check (Andrew &
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Mapstone, 1987; Hodgson, 2004). Our surveys took place from
February to May 2013 and covered 19 sites, across all six
Andaman provinces (Fig. 1), in mangrove, seagrass and coral
reef habitats. We could not select sampling sites in the national
parks because of permit restrictions. Therefore, sites were cho-
sen based on the best available habitat outside national parks,
according to local expert opinion (from marine biologists, fish-
ers and dive operators). We conducted searches with belt tran-
sects at 10 sites and timed swims at nine sites (Table S1). Our
multiple searches (mean 8, range 1–20) using snorkel and
scuba at each site covered a mean area of c. 1100 m2 but ran-
ged between 500 and 2000 m2 (Table S2).

The challenges encountered on the Andaman coast (see
Results) led us to alter the methods for surveying the east

(Gulf of Thailand) coast. We began by making a concerted
effort to extract seahorse sightings from all available infor-
mation including, but not limited to, Internet resources, pop-
ular media, survey reports, published papers and direct
contact with scuba divers and dive shops. We also encour-
aged people to report their observations to the global data-
base of seahorse sightings, iSeahorse.org. We used the
responses from this outreach to select 35 sites in the Gulf of
Thailand. Our search efforts on the eastern coast took place
in September and October 2013 still with the aim of deter-
mining relative abundance of seahorses at sites using Reef
Check protocols (Hodgson, 2004). We conducted only timed
swims for each site. The number of repeat searches per site
varied from one to six (mean of two) based on logistic

Figure 1 Survey efforts on Thailand’s Gulf and Andaman coasts to determine relative abundance or presence, absence and detection. Sites

visited opportunistically for presence, absence and detection are also included.
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constraints and the need to visit as many sites as possible
for wider geographic coverage (Tables S1 and S2).

Comparing methods assuming detection

probability <1

Based on the results of our attempts to determine relative abun-
dance, we focused our second field season on comparing the
relative efficiency of belt transects (searching in a fixed area)
and timed swims (searching in an unrestricted area) – control-
ling for search time in both – as underwater search methods to
locate seahorses (Andrew & Mapstone, 1987). We chose
research sites based on the knowledge derived from the afore-
mentioned outreach efforts (Fig. 1). Our challenges in locating
our species of interest with Reef Check search protocols based
on relative abundance in the first season highlighted the impor-
tance of defining the size of our search site. We, therefore,
defined each site as an area roughly 75 000–80 000 m2 (c.
400 m 9 200 m, or 8 ha). Fieldwork occurred from March to
July 2014 at 10 sandy, soft bottom sites – seven on the Andaman
Coast and three on the Gulf Coast. We chose sandy, soft bottom
sites (known habitat for five of the seven Thai seahorse species;
Lourie et al., 2004) to maximize our chances of locating a sea-
horse; seahorses are easier to find in this type of habitat because
it has low relief and rugosity and few places to hide. We con-
ducted five replicates of each method per site. An additional 10
sites (five on each coast) were visited opportunistically, but not
surveyed fully because of logistic constraints (Table S1).

We surveyed sites over a 3- to 4-day period to minimize
the probability of changes in seahorse occupancy (presence
or absence) over the sampling period. For transects and
timed swims, we generated a random start point, using a ran-
dom number table, within the site for each of the five repli-
cate searches. All replicates per site were conducted for the
same amount of total search time (ranging from 50 to
75 min depending on site depth and allowable dive time),
with divers swimming in the same general direction. For
example, if a site had a depth that allowed a dive time of
60 min, regardless of where the starting point was located at
site X, all timed swims headed in a northern direction and
lasted for 60 min. We measured the distance covered by
timed swims with calibrated fin kick cycles (to determine
length) and assumed a search width of 2 meters. Transect
surveys consisted of as many 2 9 50 m transects as dive
time would allow (ranging from two to five). We laid out
transects perpendicular to the water current direction, in
alternating directions, with 50 m in between each transect.
For each method, upon finding a seahorse, the species, time
and distance covered were recorded.

Data analysis

Determining relative abundance assuming

detection probability = 1

First, we determined the proportion of sites where seahorses
were located, for both the Andaman and Gulf Coasts. This cal-
culation assumed that any zeros represented a true absence of

seahorses. Next, we identified the number of sites on each coast
where local fishers or divers reported seahorses as common
(based on fieldwork notes) but where we observed no seahorses
in our search efforts. These sites would suggest that seahorses
were indeed present, but our search efforts were not robust or
sensitive enough to detect them.

Comparing methods assuming detection

probability <1

We analyzed our data based on search times, search distance
and survey effort with homoscedastic t-tests, to determine
which method was more effective at finding the first and
second seahorses at a site (Zar, 1999). For this analysis, we
used the data from our second field season, but only from
sites where seahorses were observed. We also conducted a
post hoc power test to determine if we had enough power to
determine if there was a difference in the proportion of sur-
veys with seahorses per site between timed swims and tran-
sects for a small effect size (0.2, Cohen, 1992) at the
a = 0.2 level (Zar, 1999).

Re-evaluating with occupancy models when

detection probability <1

We re-evaluated our data from relative abundance surveys and
from comparing belt transects and timed swims, with occu-
pancy models to explore how our results might differ if detec-
tion probabilities were accounted for in our analysis. We
defined detection probability as the probability of observing a
seahorse in any given swim/transect given that it occurred at a
site. For our relative abundance dataset (initial assumed detec-
tion probability = 1), we used single season occupancy models
to generate estimates of detection probabilities <1 (Mackenzie
et al., 2002). This procedure uses the observed data from multi-
ple dives at a site to generate a probability estimate of detection
(Mackenzie et al., 2002). Next, we compared our estimates of
seahorse occupancy across the seascape (proportions of sites
where we located seahorses) to identify how site-specific occu-
pancy varies with and without accounting for detection proba-
bilities. Occupancy models were run with the software
Presence (Hines, 2006).

We also explored the possibility that survey method, visi-
bility or time of day influenced our detection probability of
seahorses by creating single season occupancy models using
each of these factors as detectability covariates. We hypothe-
sized that these three variables would be most likely to
affect the efficiency and reliability of finding a small cryptic
fish, given our decision to search in sandy soft bottom habi-
tats. We also created multistate, single season models to
explore the relationship between detection probabilities and
relative abundance (high vs. low) of seahorses per site
(Royle & Nichols, 2003). We defined a site as high abun-
dance if we observed four or more seahorses during any
given search effort (timed swim or transect). This is because
seahorses are commonly found in pairs and rarely found in
groups of three or more (Perante et al., 2002). A site was
defined as a low abundance site when three or fewer
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seahorses were observed during any given search effort. We
conducted all analyses with two datasets from 2014 –
research sites only (n = 10) and research sites plus oppor-
tunistically visited sites (n = 20) (Table S1). The presence/
absence of seahorses at each site was determined by the
pooled data from all surveys with both protocols.

Sensitivity analyses and future study design

assuming detection probability <1

We explored how an occupancy and detection framework
could be incorporated into planning for future marine
research. We ran a cost–benefit analysis with several sam-
pling design scenarios to determine the most cost-efficient
study design for a data-poor species. There are two main
study designs for occupancy and detection models (Macken-
zie & Royle, 2005). A ‘standard design’ is one where all
sites are surveyed the same number of times (Scenario 1),
while a ‘removal design’ is one where surveying stops once
the species of interest is found or until a pre-determined
maximum number of replicates has been reached (Scenario
2 and Scenario 3, respectively). For our simulations, we cal-
culated the number of recommended replicate searches for a
90% probability that any zeros would represent true absence
at a site (Mackenzie & Royle, 2005). This procedure
required us to input initial estimates of occupancy and
detection, and we used estimates from one of our single sea-
son models. This calculation resulted in five replicate
searches for the standard design and a maximum of seven
searches for the removal designs. Scenario 1 is a typical
standard survey design where all sites are searched five
times. Scenario 2 is a removal design simulation where a
small, cryptic data-poor marine species is found within the
first day of searching at each site – before our maximum
replicate search number is reached. Scenario 3 is a removal
design simulation when the focal species is not observed in
early searches. It takes 2 or more days to either observe the
species or reach the maximum number of pre-determined
replicates for all sites. For this scenario, we estimated the
number of days it would take (2+) to reach this number
(seven replicates) based on observations from our second
research season.

To build on the results of simulations and survey design,
we wanted to identify the most important factor driving the
optimal number of sites to survey. This required us to con-
duct a sensitivity analysis. We evaluated the change in num-
ber of sites to survey with changes in initial occupancy
estimates, detection probabilities and desired confidence level

in future estimates of seahorse presence or absence (occu-
pancy) per site (Mackenzie & Royle, 2005).

Results

Determining relative abundance assuming
detection probability = 1

Searching to determine relative abundance among sites
resulted in low numbers of seahorses during our first field
season. A total of 10 individual seahorses was found on the
Andaman Coast at 36% (n = 7 of 19) of sites surveyed
(Table S2). These results produced relative abundances with
high levels of variation and failed to identify sites for future
research because the most seahorses observed at any site
was three and the majority of sites had zero. In comparison,
on the Gulf Coast, a total of 39 individuals was found across
38% of the sites visited (n = 10 of 35) (Table S2). We
gained some ground in that these results identified two sites
for future research because two sites had more than 10 total
seahorses observed.

When we compared our search results to reports of where
seahorses were common (Table S2), we found discrepancies
at 26% (n = 14 of 54) of the sites we surveyed. At 14 sites
(five on the Andaman and nine on the Gulf) where seahorses
were not encountered, local fishers or divers reported sea-
horses as present or common based on capture in fishing
nets or tourism experience (Table S2). These results high-
lighted that at these sites (and potentially others), our search
efforts were not sufficient to detect seahorse occupancy. It
remained unclear, however, what level of search effort was
actually needed.

Comparing methods assuming detection
probability <1

On average, timed swims were more effective than belt tran-
sects at finding seahorses based on analysis with effort met-
rics (number of surveys, time searched and area covered)
(Table 1). Timed swims found seahorses in fewer surveys
and a shorter amount of time than transects (Table 1). How-
ever, transects found seahorses after searching a smaller area
than timed swims (Table 1). The amount of time and dis-
tance to the second seahorse observed was shorter on timed
swims than on transects (Table 1). Homoscedastic t-tests
found no significant difference in the total number
(P = 0.59) or proportion of searches that found seahorses
(P = 0.43) between transects and timed swims. A post hoc

Table 1 Mean number of surveys, minutes and area covered before observing a seahorse (Hippocampus spp.) at a research site for belt

transect and timed swim search methods

Method

Mean (SE) # of surveys

to 1st seahorse sighting

Mean (SE) Time

to 1st sighting

(minutes)

Mean (SE) distance

covered

to 1st sighting

Mean (SE) time of

2nd sighting (minutes)

Mean (SE) distance

covered to 2nd sighting

Transect 2.3 (0.5) 122.5 (33) 891 m2 (237) 49.8 (21) 343 m2 (141)

Timed swims 1.5 (0.3) 72.0 (24) 1095 m2 (459) 17.8 (11) 184 m2 (145)
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power test indicated that we had 24% power to detect a dif-
ference in the proportion of surveys with seahorses per site
for each search method.

Re-evaluating with occupancy models
assuming detection probability <1

Relative abundance dataset

Our re-evaluation of relative abundance data revealed that esti-
mates of detection probability, the probability of observing a
seahorse in any given swim/transect given that it occurred at a
site, were <1 (Fig. 2). We found overlapping confidence inter-
vals in detection probabilities – for timed swims (0.23 � 0.07)
and transects (0.12 � 0.10) on the Andaman coast, and timed
swims (0.41 � 0.16) on the Gulf coast (Fig. 2). Once we fac-
tored in a detection probability of <1, our estimates of sites
occupied by seahorses were higher than our initial estimates
(Andaman coast occupancy 58.5 � 29%, Gulf Coast
73.9 � 26%), but still maintained high standard errors.

Comparing methods dataset – belt transects and

timed swims

Drawing in prior information (garnered through outreach
activity) increased our probability of finding seahorses at

research sites. More seahorses were found during the 2014
research season; a total of 69 seahorses were observed, at
70% (7 of 10) of sites surveyed. By including the sites we
visited opportunistically, a total of 98 seahorses at 11 of 20
(55%) surveyed sites were found. When we accounted for
detection probabilities <1, our estimates of site occupancy
increased with our dataset with 20 sites (65%) and remained
the same with 10 sites (70%).

The only factor significantly influencing detection proba-
bilities was abundance as seen in our multi-state single sea-
son model (Fig. S1). Confidence intervals of detection
probabilities for sites with high and low abundances of sea-
horses did not overlap when we used our largest dataset (20
sites, refers to research plus opportunistic sites). When we
decreased the number of sites in our dataset to 10 (research
only), confidence intervals of detection probabilities over-
lapped for sites with high and low abundance of seahorses.
With our single-state, single season models, we found over-
lapping confidence intervals between timed swims and tran-
sects for both our datasets, although timed swims had
consistently higher detection probabilities (Fig. 2). Sites with
higher total numbers of seahorses had higher detection prob-
abilities for both methods (Fig. 3). Among the single-state,
single season models, the model with the greatest support
did not include visibility or time of day (Table 2).

Sensitivity analyses and future study
design for when detection probability <1

A removal sampling design is the most cost-efficient way to
sample for data-poor seahorses (Table 3). The average cost
per day for research in the 2014 field season was US$177.55
(Table 3). The total savings for a removal design with mini-
mal sampling would have provided the opportunity to visit
an additional 29 sites. The total savings for a standard sam-
pling design or for a removal design with maximum sam-
pling were close to equal, as were the additional number of
sites to visit (Table 3).

Figure 2 Estimates of detection probabilities (�95% confidence

intervals) of search methods (belt transects vs. timed swims)

based on (a) relative abundance (2013) and (b) methods comparison

(2014) datasets.

Figure 3 Site detection probability based on the total number of

seahorses found per site (n = 10) by search method based on

2014 research data.
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Simulations indicated that the factor most influencing the
optimal number of sites to visit to understand occupancy
(presence/absence at sites) across a seascape was the accept-
able level of confidence in the occupancy estimate (Fig. 4).

As the acceptable level of confidence increased, the number
of optimal sites to visit decreased (Fig. 4). In terms of iden-
tifying the optimal number of replicate surveys needed to
obtain confidence that zeros represent absence at a site, our
simulation at 90% confidence indicated that as detection
probability increased, the number of required replicate sur-
veys decreased (Fig. S2).

The presence/absence detection framework was the most
informative for effective initial management. Executing timed
swims only identified two sites for future research and or man-
agement, but could not be used to determine most effective
search method or overcome issues of detection. Our search
based on relative abundance on the Andaman Coast where we
conducted both haphazard transects and timed swims did not
yield enough information about seahorses for initial manage-
ment measures. When we conducted our research to compare
methods in a presence/absence detection framework, we iden-
tified three sites for future research because of the high num-
ber of seahorses observed at these sites, provided supporting
evidence that both methods were equally effective at finding
seahorses at sites with high abundance, and provided informa-
tion to deal with issues of non-detection.

Discussion

Our research highlights that using a framework based on
presence absence with detection probabilities (Mackenzie

Table 2 Results of single season occupancy models exploring the effects of method, time of day and visibility on detection probabilities

compared with the simplest model with a constant detection covariate

2014 research sites DAIC Support for model (x) Number of variables (K) Occupancy (�SE) Detection rate (�SE)

Simplest (null) model 0.00 0.4449 2 0.7057 (0.14) 0.38 (0.05)

Detection varies by method 1.46 0.2144 3 0.7055 (0.14) 0.34 (0.08) Transect

0.42 (0.08) – Timed swim

Detection varies by time of day 1.88 0.1738 3 0.7054 (0.14) 0.40 (0.08) – AM

0.36 (0.08) – PM

Detection varies by visibility 1.96 0.167 3 0.7053 (0.14) 0.39 (0.07) – <1 m

0.39 (0.08) – >1 m

Table 3 Costs and savings of three survey designs scenarios (Mackenzie & Royle, 2005) to search for seahorses (Hippocampus spp.) based

on per diem costs of 2014 field season

Scenario 1

Standard design

Scenario 2

Removal design

(species found

in 1st day)

Scenario 3

Removal design

(species found in 2+ days

or max. searches reached)

Estimated cost per day from 2014 field season $178 $178 $178

Simulated total number of

days needed to survey 20 sites

34 20 36

Simulated total cost to survey 20 sites $6036 $3551 $6391

Total savings compared to actual 2014

research costs to survey 20 sites

$2663 $5149 $2308

Simulated additional sites to

visit using total savings

15 29 13

The standard design (Scenario 1) employs the same number of replicates at all sites, while the removal survey stops surveys at a site once

a seahorse has been found or until a pre-determined maximum number of replicates has been reached (Scenario 2/Scenario 3).
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et al., 2002) is more useful for cryptic data-poor marine
fishes than one using relative abundance, despite the latter
being more widely used in marine conservation research
(Andrew & Mapstone, 1987). The presence absence/with
detection probability framework enabled us to determine
the probability that sites with zeros represented the true
absence of species given our sampling efforts, as com-
monly done in terrestrial detection studies (MacKenzie
et al., 2006; K�ery & Schmidt, 2008). This prevents the
Type II error of assuming absence of an organism when it
is present, a serious matter when one is considering reme-
dial management action for a species of conservation con-
cern.

Gathering local knowledge advanced our understanding of
where our cryptic data-poor species could be found, support-
ing similar findings about the value of local knowledge for
research on data-poor species (Thornton & Scheer, 2012).
Despite the growing use of local knowledge to inform mar-
ine species distributions, its use in a management context
remains controversial because of potential data bias (Usher,
2000; Thornton & Scheer, 2012). Indeed, we also initially
placed more value on systematic technical approaches than
on gathering local knowledge (Turvey et al., 2015), and thus
hampered our first attempts to find sites for seahorses. It was
only once we began to gather local knowledge that we real-
ized the importance of accounting for detection probabilities
and began to alter our methods. Selecting sites based on
prior knowledge is entirely reasonable if one is trying to fig-
ure out where the animals can be found, in order to mobilize
protection as soon as possible. Further research can work out
presence/absence more broadly and even address relative
abundance eventually.

Our research shows that when surveying data-poor spe-
cies, factoring in detection probabilities changes the conclu-
sions drawn whether in the ocean (Monk, 2013) or on land
(Bailey et al., 2007). Initially, our naive estimates of occu-
pancy were quite low (36% Andaman coast; 38% Gulf
coast) when not accounting for detection probability. How-
ever, using an occupancy model enabled us to estimate a
broader occupancy rate (58% Andaman Coast; 73% Gulf
Coast), suggesting that our rare cryptic species occurred in
places where they had not been found. Such results have
implications for all other seahorse studies relating to density,
abundance, distribution and habitat preferences because they
have failed to take into account detection probabilities. For
example, Yasu�e, Nellas & Vincent (2012) would have done
well to incorporate detection probabilities before declaring
that marine protected areas had no significant effect on den-
sities of a seahorse species (Hippocampus comes) in the
Philippines. This is particularly true as we would expect
detection probabilities to decrease in more complex environ-
ments, such as seagrass beds and coral reefs (Green et al.,
2013), and marine protected areas may often be more com-
plex than heavily fished sites.

Our research highlighting the value of occupancy modeling
with detection probabilities has application beyond seahorses
to other data-poor marine species, especially those requiring
conservation action at national and international levels. Data-

poor marine species may be regulated by national endangered
species or fisheries legislations (humphead wrasse), regional
commitments (e.g. marine mammals in the Pacific Islands with
Convention on Migratory Species; CMS, 1979), or interna-
tional agreements such as the Convention on International
Trade in Endangered Species of Fauna and Flora (CITES,
1973) (e.g. mobulid rays, hammerhead sharks, oceanic white
tip sharks, silky sharks and banggai cardinalfish) (CITES,
2016). Implementation of all such legislation relies on baseline
information such as species’ occurrences, distribution or popu-
lation size to inform management action (CITES, 2013). In
many cases, a lack of these types of data can lead to manage-
ment inaction, mismanagement or further species declines
(Johannes, 1998, 2000). It is both timely and relevant to
encourage countries to account for imperfect detection in their
sampling protocols, to avoid misestimated distributions and to
assist countries to meet their national or international commit-
ments (Issaris et al., 2012; Katsanevakis et al., 2012; Vincent
et al., 2013).

Similar to land-based conservation efforts, we found that
when planning a detection study for data-poor marine fishes,
a removal sampling design is less expensive than the stan-
dard design (Mackenzie & Royle, 2005; Bailey et al., 2007).
The standard survey design, where all sites are repeatedly
sampled the same number of times, is a common choice for
monitoring programs because a balanced survey design sup-
ports the use of relative abundance analyses and has more
flexibility for data analysis (Andrew & Mapstone, 1987;
MacKenzie et al., 2006). However, when searching for cryp-
tic or data-poor species, a removal sampling design – one
where surveying stops once the species is found or until a
maximum number of surveys has been reached – allows for
the maximization of resources to visit as many sites as possi-
ble (Mackenzie & Royle, 2005). The selection of a standard
survey design would be recommended when detection proba-
bility is survey specific (e.g. the probability of observing
your species of interest varies each time you survey) because
the removal survey design can only account for constant
detection probabilities. While we have focused on the bene-
fits of occupancy models with detection probabilities, esti-
mating relative or true abundance of an individual species
may be preferable for common species, or those species with
previously established management goals (e.g. quotas, reduc-
ing population decline rates and recovery targets) (Maxwell
& Jennings, 2005). When faced with a need to gather base-
line data on the presence and absence of a data-scarce spe-
cies expediently, where detection of individuals is constant
for all surveys, marine managers should opt for a removal
survey design (Mackenzie & Royle, 2005).

Techniques to assess data-poor species are rapidly evolv-
ing for both terrestrial and aquatic systems (MacKenzie
et al., 2006; Durso et al., 2011). On land, occupancy and
detection work has provided scientific support for decisions
about habitat corridors (Zeller et al., 2011), predator control
(Robley et al., 2014), invasive species remediation (Britton
et al., 2011) and conservation planning (Weller, 2008).
Despite such advances on land, we have only begun to
incorporate these ideas into ocean conservation and research
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(Issaris et al., 2012; Green et al., 2013). Studies using pres-
ence/absence (occupancy) with detection probabilities are
flexible and practical for science-based decision making
(MacKenzie et al., 2006) as compared to the data challenges
of comparing densities and relative abundance, which require
empirical rigor that is seldom available (Zar, 1999). More
advanced methods for linking abundance and occupancy esti-
mates, such as Royle & Nichols (2003), may be explored
only once an initial understanding of the relationship
between detection probabilities and abundance is reached.
Species presence and absence across the land or seascape
forms the basis for identifying sites for protection and creat-
ing a monitoring protocol, both critical steps during the ini-
tial phase of management. Finding a solution to the
conservation crisis that is both pragmatic and expedient will
involve increased communication among conservation fields
to share beneficial lessons such as those to be learned from
occupancy and detection.
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