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ABSTRACT: Underwater visual surveys are widely used to estimate reef fish abundance. Using data
from repeated surveys of coral reef sites on West Hawai'i, we assessed one possible factor driving
variation among and within observers' counts, namely the level of observers' previous survey expe-
rience. Increasing experience was associated with higher estimates of species richness and of abun-
dance for some but not all taxa, but no systematic change in intra-observer variability. Least experi-
enced observers counted 66 to 71 % as many Acanthuridae, Labridae, and benthic Pomacentridae as
the most experienced observers, and only 44 % as many Holocentridae, those taxa being numerically
dominated by small, mobile, or cryptic fishes. In contrast, there was no effect of experience level on
counts of more conspicuous or slow-moving taxa: Chaetodontidae, Chromis, and Cirrhitidae. Experi-
ence bias is unlikely to be a major problem for survey programs that pool data from multiple
observers with broadly similar levels of experience, other than that all sources of difference among
observers contribute to increased data variability and consequently lowered statistical power and
precision. However, experience bias clearly could be a serious issue for survey or monitoring pro-
grams that begin with largely inexperienced survey divers who gain experience and, consequently,
tend to count more fish as the program matures. While experience level is not the only factor causing

differences among observers, it is relatively easy to recognize and therefore to mitigate.
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INTRODUCTION

Field ecologists and resource managers are con-
strained by their ability to accurately and precisely sur-
vey populations of interest. Underwater visual surveys,
which are widely used to estimate reef fish abundance,
present a number of specific challenges, including the
restriction upon underwater time due to safe diving
considerations, and the fact that observer mobility and
underwater visibility are generally rather limited com-
pared to the patchy distribution of target organisms
(Charton et al. 2000). Therefore, the amount of repli-
cation and the spatial scale of sampling units are
frequently less than would be desirable, and it is par-
ticularly important to recognize and, where possible,
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reduce the impact of factors contributing to survey
error.

Recognized sources of error common to most under-
water visual survey techniques include the following:
environmental disparities among surveys affecting the
detectability of fishes, such as differences in water
clarity and habitat characteristics (Thresher & Gunn
1986); the number and variety of target groups
counted simultaneously (Lincoln Smith 1989); observer
swimming speed (Lincoln Smith 1988, De Girolamo &
Mazzoldi 2001); survey area dimensions (Sale & Sharp
1983, Cheal & Thompson 1997, Kulbicki & Sarramegna
1999); acquired behavioral characteristics of target
fishes (Kulbicki 1998); and the survey methodology
utilized (Thresher & Gunn 1986, Samoilys & Carlos
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2000). There are also substantial differences among
distinct taxonomic or functional groups of fishes; large,
conspicuous, non-schooling fishes tend to be easier to
count than small, schooling, highly mobile, or cryptic
fishes (Lincoln Smith 1989, Samoilys & Carlos 2000,
Stewart & Beukers 2000).

Where survey programs involve multiple observers,
systematic differences among those observers can also
contribute to survey error. Inter-observer variability,
i.e. consistent differences among observers in the
number of fish or species they tend to count, appears to
be common (St John et al. 1990, Kulbicki & Sarra-
megna 1999), and therefore differences in the make up
of survey teams among sites or times could bias results.
Differences in intra-observer variability, i.e. among
counts by each observer, could also be important.
Natural systems are characterized by substantial spa-
tial and temporal variability: if an observer's counts
underestimate that variability, their data will not
adequately reflect real differences among surveys; if
they overestimate that variability, their data will have
reduced power and precision. Both can be problem-
atic. Training appears to be an effective way to reduce
observer bias, at least for some taxa, but probably has
less impact on inherent variability within observers’
counts (Thompson & Mapstone 1997). It seems plausi-
ble that experience level might also be a factor af-
fecting inter- or intra-observer variability (Kulbicki &
Sarramegna 1999), but we are not aware of any pre-
vious study which has specifically examined this issue.

Using data taken from a long-term, multi-observer
monitoring program of 23 coral reef sites located on the
west coast of the island of Hawai'i, we examined the
extent to which observers' experience level might
either bias or affect the precision of the data they gen-
erate. Specifically, we assessed the impact of ob-
servers' experience on the quality of data they pro-
duce, measured in terms of (1) their estimates of
species richness and abundance, i.e. number of species
and number of fishes counted per survey, and (2) the
variability among their counts, variability per observer
measured in terms of the coefficient of variation
(COV = 100 x standard deviation/mean) of counts
conducted by that observer.

MATERIALS AND METHODS

Fish monitoring in West Hawai'i. In 1999, the West
Hawai'i Aquarium Project (WHAP), a consortium of
scientists from the state of Hawai'i's Division of
Aquatic Resources (DAR), University of Hawai'i at Hilo
(UHH), and Washington State University (WSU) estab-
lished 23 permanent monitoring sites along the west
coast of the island of Hawai'i. Sites were located on

mid-depth reefs (10 to 15 m) with abundant finger
coral Porites compressa, a key habitat for juvenile
aquarium fishes, one of the foci of the survey program.
Surveys were conducted in ‘rounds’, each of the 23
sites being surveyed once per round. Rounds took
approximately a month to complete, and we generally
left a gap of about 1 mo between the end of a round
and the start of the next. By May 2004, the last period
from which we used data, 32 rounds had been
completed.

Details of the survey methodology are given else-
where (Tissot et al. 2004); in brief, each site survey
involved 2 pairs of divers surveying 4 permanent 25 m
transects laid out in 2 parallel rows of 2 transects, with
10 m gaps between transects in each row and between
rows. The 4 transects were always surveyed in the
same manner: 1 pair of divers surveying the shallower
transects (A and B) and the other pair surveying the
deeper transects (C and D). On each transect, the pair
of divers swam in parallel on either side of a transect
line, each diver recording all fishes within a 2 m wide
belt on their side of the line. For the first 4 yr of the
program, species number and phase (recruit, adult)
were recorded for all fishes observed on transects, but
since February 2003 fish sizes have been estimated
in 5 cm slots (0 to 5, 5 to 10 cm, etc.).

Observers' experience levels. Surveys were con-
ducted by a core group of DAR staff, together with a
number of UHH and WSU students. In most years, 1 or
more of the students left the program, generally when
they graduated from UHH, and were replaced by new
students. Prior to joining the survey team, all students
received a minimum of 2 wk of training in underwater
survey methods and species identification through the
UH QUEST program—Quantitative Underwater Eco-
logical Survey Techniques (Hallacher & Tissot 1999)—
and then completed 2 or 3 training dives in which they
followed behind and subsequently compared data with
experienced fish counters on actual survey dives. The
width of the transect belt was demarcated for new
divers by means of a weighted line placed at the start
of each transect.

Between February 2003 and May 2004 (being the
entire period for which we had survey data including
size estimates at the time we initiated this analysis), 24
different observers worked on the survey program. By
the end of that period, 3 of those observers, having
worked regularly on the program since its inception,
had each conducted 300 or more survey dives. Another
4 divers, having been involved for 2 or more years, had
conducted 100 or more survey dives each, but there
were also 6 observers who had conducted 10 or fewer
dives in total (Fig. 1A). This last group conducted only
around 5% of all surveys. Approximately 20% of all
survey dives were conducted by observers with 20 or
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Fig. 1. Experience level of observers involved in survey pro-
gram. Data are for all observers active in rounds 25 to 32.
Experience is measured in terms of number of previous sur-
vey dives in this program. (A) Maximum experience level
reached by all observers involved in the survey program in
the period (February 2003 to May 2004) from which we took
data. (B) Cumulative proportion of survey dives conducted by
observers with increasing experience level

fewer previous survey dives at the time of the survey,
50% by people with 60 or fewer previous dives, and
around 25 % by people with 200 or more previous dives
(Fig. 1B).

Observers were haphazardly assigned to survey
teams, with the broad aim of maintaining approxi-
mately equivalent experience levels. In most cases,
teams consisted of 2 core staff and 2 students, and 2
inexperienced observers were never assigned to the
same survey pair. While all observers had been trained
and had been through a quality-control program, there
were and will continue to be large differences in expe-
rience among observers. Therefore, it was important
for us to quantify the effect, if any, of observers' expe-
rience levels on fish-count data.

Data analysis. Few species were encountered fre-
quently enough for us to be able to make meaningful
comparisons at that level, and therefore data were
aggregated into higher taxonomic groupings. Our
assumption was that if experience level was an impor-
tant factor, its importance would likely vary depending
on the detectability and behavioral characteristics of
target groups (Lincoln Smith 1989, Cheal & Thompson
1997, Kulbicki 1998, Samoilys & Carlos 2000), and
so we wanted groups to be broadly similar in those

respects, while still reflecting as much as possible the
kinds of groupings that would commonly be used in
analyses of monitoring data. Therefore, data were ana-
lyzed by family for Acanthuridae, Chaetodontidae,
Cirrhitidae, Holocentridae, and Labridae and by gen-
era for 2 groups of Pomacentridae (Chromis [mid-water
Pomacentridae] and Stegastes & Plectroglyphidodon
[benthic Pomacentridae]), these being the 6 most
abundant families recorded in fish counts. Zooplankti-
vorous acanthurids (Naso brevirostris, Naso hexacan-
thus, and Acanthurus thompsoni) were excluded on
the basis that they were distinctly behaviorally differ-
ent from other acanthurids. Furthermore, and in order
to remove variability driven by occasional large num-
bers of recently recruited individuals, fishes <5 cm
were excluded from the data for all groups other than
pomacentrids.

The core units of analysis were (1) mean number of
fishes in each of those taxonomic groupings, or
(2) mean species richness, i.e. number of species
recorded per observer per survey dive (the mean of
the 2 transects surveyed per observer per dive, either
the shallow pair of transects 'AB’, or the deeper pair
of transects 'CD' at a single site). In order to reduce
variability among observers’' counts due to inherent
differences in fish abundance or richness among the
permanent transects surveyed or among the survey
rounds, data were standardized by transect and round
prior to analysis. Standardization was done by apply-
ing a 'round adjustment’ and ‘transect adjustment’ to
actual counts using the following formula:

Xy = X;+(X-X)+X-X))

where x;; is the actual count for Round i (8 rounds were
conducted between February 2003 and May 2004) and
Transect j (being 1 of the 92 transects surveyed: 4 per-
manent transects at each of 23 sites), x is the mean of
counts from all transects and all rounds, x; is the mean
of counts from all transects in Round i, and }_:j is the
mean of counts from all rounds at Transect j.

Effects of observers' experience on bias and preci-
sion. In rounds between February 2003 and May 2004,
a total of 736 dives were conducted by the 24 survey
divers active in the program (8 rounds, 23 sites sur-
veyed once per round, 4 divers per site survey: 8 x 23 X
4 = 736). All except one of the survey divers had little
Or no marine survey experience prior to beginning the
training for our program, and we therefore quantified
their experience at the time of each survey dive in
terms of the number of previous survey dives they had
conducted with us. The other survey diver was much
more highly trained and experienced than other sur-
veyors (>25 yr in marine science). We could not quan-
tify his experience in a way which would be compara-
ble with other survey divers, and so data from that
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observer were not used in analyses of trends relating to
experience. Another 2 divers conducted 3 or fewer sur-
vey dives in the period from which we took data, and
were therefore also excluded from analyses, on the
basis that there was insufficient replication for mean-
ingful quantification of their performance. All other
observers had conducted 6 or more dives in the period.

For each of the remaining 21 observers, we calcu-
lated their average experience level as the mean num-
ber of previous surveys they had conducted. For exam-
ple, if an observer had conducted 20 previous survey
dives at the start of the period from which we took
data, and then conducted a further 10 dives, their
experience level would have increased from 20 to 30,
and their mean experience level over that time would
be 25.

The potential for bias relating to observers’ experi-
ence was assessed in terms of mean number of fish
and number of species counted by observers, and the
potential impact of experience on survey data preci-
sion, in terms of the COV of observers' counts. The
impact of experience level on survey performance,
quantified in these 2 ways, was analyzed by means of
linear regressions with survey data (number of fish or
species counted, or COV, per observer) as dependent
variables and log-transformed experience level as the
independent variable. Log-transformation seemed ap-
propriate as observers' experience was highly right
skewed—there were many individuals with limited
experience and relatively few very experienced ob-
servers (Fig. 1)—and because we expected the
impact, if any, of increasing experience to decline as
observers became more practiced, i.e. the potential
impact of increasing experience arising from going
from 0 to 10 previous dives would likely be much
greater than that arising from going from 100 to 110
previous dives.

RESULTS

Effect of observers' experience on estimates of
species richness

Experienced observers tended to count more
species per transect than inexperienced observers
(Fig. 2A) (linear regression of richness on the loga-
rithm of mean experience, df = 20, 2 =0.31, p < 0.01).
The mean richness estimate of the 5 survey divers
with 10 or fewer dives was 14.9 + 0.7 (SD) species per
transect, and the mean richness estimate of the 7 sur-
vey divers with 100 or more previous dives was 17.2 +
0.4 species per transect. There was no indication that
experience level affected the precision of richness
estimates (Fig. 2B).

Observers' experience and bias

The impact of experience level on the number of fish
counted differed among taxonomic groupings (Fig. 3):
there were no significant differences relating to expe-
rience level in terms of the number of Chaetodontidae
counted (regression df = 20, 2 = 0.06, p = 0.30), the
number of Chromis counted (regression df = 20, 2 =
0.04, p = 0.39), or the number of Cirrhitidae counted
(regression df = 20, r2=0.12, p = 0.12). However, there
were significant differences for all other taxonomic
groups. Experience level was positively associated
with Labridae counts (regression df = 20, 12 = 0.37, p =
0.003), Acanthuridae counts (df = 20, r?> = 0.53, p <
0.001), benthic Pomacentridae counts (Stegastes and
Plectroglyphidodon: df = 20, r? = 0.35, p = 0.005), and
Holocentridae counts (df = 20, r2 = 0.40, p = 0.002). The
scale of the differences among different experience
groups was substantial: the mean counts of the 5 divers
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Fig. 2. Observers' experience level and (A) mean richness and
(B) coefficient of variation (COV) of richness estimates, for all
survey divers involved in the West Hawai'i Aquarium Project.
Each data point represents a single observer. Observer expe-
rience is the mean level for that individual over the period
from which we took data, measured in terms of mean number
of previous dives, and is displayed on a log, scale; r>-values
and p-values were derived from linear regressions of mean
richness, or COV, on log-transformed experience level.
Solid trend line indicates a significant regression (at o = 0.05)
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with <10 previous dives were 66 to 71 % of the mean
counts of the 7 divers with >100 previous dives for
Acanthuridae, Labridae, and benthic Pomacentridae,
and 44 % for Holocentridae.

Observers' experience and precision

There were no significant associations or even clear
trends between COVs and experience level (Fig. 4)
(linear regression of COVs on log-transformed expe-
rience level, df = 20, r £0.14, p 2 0.10 in all cases).
However, there was some indication of high COVs
among very inexperienced observers; those with a
mean experience level of around 3 previous dives,
particularly for the least abundant groups of fishes:
Cirrhitidae, Holocentridae, and Stegastes/Plectrogly-
phidodon (Fig. 4). All those groups were generally
recorded in rather low numbers, even for experi-

enced observers; mean counts were around 2 per
transect (Fig. 3), and high COVs for 1 or 2 novice
observers in each of those taxonomic groupings prin-
cipally reflect low counts by those observers rather
than high absolute variance.

DISCUSSION

We found clear evidence of a relationship between
the amount of observers' previous survey experience
and the number of fish and number of species they
counted per survey. Furthermore, the scale of differ-
ence in counts between the most experienced and the
least experienced observers was substantial: the least
experienced observers, those with <10 previous survey
dives, counting around 15 % fewer species, and >30 %
fewer fishes in several taxa than observers with >100
previous survey dives. That was in spite of the fact that

the program we took data from had multiple
quality-control measures, including the re-
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which were numerically dominated by small-
ish and fairly mobile individuals which were
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frequently to some extent hidden among coral heads
and other structurally complex benthic features. The
greatest impact of experience on counts was for the
most cryptic group, Holocentridae. Such differences
among taxa, corresponding with fairly simple behav-
ioral or physical characteristics, indicate that some
groups of fishes are simply harder to count than others
and reinforce the notion that tailored surveys that
focus on a narrower range of taxa are likely to gener-
ate better-quality data (Thresher & Gunn 1986, Lincoln
Smith 1989, Samoilys & Carlos 2000).

As with all such models, the log-linear fits we
applied are simplifications of the real relationships
between observers' experience and performance. In
particular, it seems likely that there will be some point
at which greater experience would not lead to any fur-
ther change in performance and, therefore, that counts
may actually tend towards an asymptote as experience
increases. However, the simple log-linear models we
applied fit our data well (r?-values are relatively high

o Acanthuridae o Cheetodontidae and residuals are generally well balanced
40 ° ° 801 around lines of best fit throughout the experi-
30 ® o3 ., : 60+ ®e% ° ence range from which we have data), have
20 P : ° 40 °. s ." o8 ® the benefit of simplicity and consistency
L o ° (the same model was applied to all data sets),
10 201 ; ot
2=002p=056 2=006p=029 and share the.: essential characteristics of any
0 0 model we might reasonably apply, namely,
3 10 20 50 150 400 3 1020 50 150 400 that small to moderate increases in experi-
Cirrhitidee 850 Holocentridae ence tend to have a great impact on ob-
350, i 6505 ® servers' counts at the low end of the experi-
5 ° 200/ e © ence spectrum, but only rather marginal, if
100 o any, impact on the performance of experi-
° ° oo o 8 & % enced observers. Certainly, as experience
° [ X ] [ @ e ° . .
° . '2-812 o °® o o, ® ~ levels increase, other sources of difference
0 r=o-cp=% 0 r7=008p=021 among individual observers (St John et al.
3 10 20 50 150 400 3 1020 50 150 400 1990) will become much more important than
0 Labridae o Chromis relative experience.
i ° 150 Assuming that underwater visual surveys
60 % e ° o generally underestimate density (Sale & Dou-
20 :.. ° 100+ b glas 1981, Brock 1982, Sale & Sharp 1983,
°3" ¢ e 0%°,00 o % Samoilys & Carlos 2000), higher counts by
20 o 50 1 ° ° . .
° ° S ™ more experienced observers would be consis-
0 ?=001p=067 r’=014p=010  tent with those observers being more accu-
3 1020 50 150 400 3 1020 50 150 400 rate. However, it is unwise to assume that
2001 Segastes/Plectroglyph underwater visual surveys accurately esti-
° mate actual population sizes (St John et al.
150 ° 1990, Jennings & Polunin 1995), and, in any
100 case, for survey programs which aim to detect
°® H differences among sites or time periods, it is
50 °® ‘e » , o Fig. 4. Observers’ experience level  only necessary that surveys give good relative
0 r2=012p=013 and the coefficient of variation of  measures of density or diversity. Therefore, to

their counts of different taxonomic
groupings. Details of observer ex-
perience and taxonomic grouping
as for Fig. 2 and Fig. 3, respectively

remove experience bias, it would be sufficient
for survey programs to broadly balance
observers' experience level among surveys.
Assuming our findings are more generally
applicable, the greatest scope for observer-experience
bias will be found in programs that either (1) employ
novice or inexperienced observers for at least some
surveys or periods, or (2) employ observers with very
widely differing levels of experience. Small changes in
experience level among surveys would likely have
smallish effects on resulting data, but experience bias
could clearly be a problem for a program which begins
with largely inexperienced staff who then gain experi-
ence as the program matures, particularly if there
is some element of before versus after comparison;
for example, in assessing the effects of creation of a
marine reserve. The scale of differences we found
between counts by novice and highly experienced
observers was certainly comparable with what would
be considered ecologically meaningful if they repre-
sented real differences among sites or time periods: the
most experienced observers counting somewhere
between 40 and 130% more fishes than the least
experienced observers for some taxa.
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Other than for the analyses presented here, our sur-
vey data are always pooled by transect (2 observers
transect™! site”!) and grouped by some combination of
site (4 transects site™!), year (5 to 6 rounds yr! site™?), or
site status (unprotected, partially protected, fully pro-
tected) prior to analysis. Furthermore, in order to mini-
mize scope for observer bias, survey sites were gener-
ally surveyed and analyzed in groups of 3, consisting of
1 protected, 1 partially protected, and 1 fully protected
site, which were surveyed on the same day by the
same dive teams. It seems likely therefore that any
impact of observer-experience bias on our survey data
would be negligible in comparison to the approxi-
mately 50% or greater effect sizes which we would
expect to be around the lower limit of what would nor-
mally be statistically detectable (De Martini et al. 1996,
Samoilys & Carlos 2000).

In summary, observer experience level is a poten-
tially important source of error in underwater visual
surveys, particularly for harder to count taxa. While
experience level is certainly not the only factor causing
differences among observers (St John et al. 1990,
Thompson & Mapstone 1997), it is relatively easy to
identify situations in which it might be a source of bias.
Resource managers and scientists in charge of survey
programs should seek to avoid gross differences in
experience level among teams of observers involved in
surveys at different sites or times.
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