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Does breathing apparatus affect fish counts and observations?
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Abstract Across three areas, open-circuit scuba
(OC) and rebreather (RB) surveys produced similar
results for the density and size distribution of fish spe-
cies inside and outside marine reserves. At Tonga
Island, more Notolabrus celidotus were counted with
OC than with RB, independently of reserve status
[log-scale response ratio of OC/RB (RR)=0.7]. At
Long Island, differences in abundance of Parapercis
colias between sampling methods were small at
reserve sites (RR = -0.1), but more were counted
with scuba than with RBs at fished sites (RR =0.5).
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RRs for Pagrus auratus were —1.0 in fished areas and
0.3 in the reserve at Leigh. We also sampled each site
using a baited video system (BUV) to establish
whether diver-transects sampled the full size range of
target species. Most fish in BUV views were Paraper-
cis colias at Long Island (97%), and Pagrus auratus at
Leigh (77%). Size structures of Parapercis colias were
similar among all three sampling methods within
reserve and fished areas at Long Island (max. chi-
squared distance =0.11). BUV samples for Pagrus
auratus at Leigh did not detect a prominent juvenile
size class observed by divers, but size-frequency distri-
butions of OC, RB, and BUV corresponded at sizes
beyond 15 cm TL (max. chi-squared distance = 0.08).
To investigate the effects of diver sound on fish behav-
iour at Long Island, we also compared fish activity
when divers with RBs or scuba were present, when the
sound of each breathing apparatus was replayed
underwater, when no divers were present and no
sound was replayed, and when bait was provided,
within the reserve only. The lowest number of fish vis-
its to the focal area (mean of 3.0 per 10 min) for
Parapercis colias occurred with RB divers present.
Maximum abundances of Parapercis colias in all
speaker treatments averaged 4.1 per 10 min, whereas
with scuba divers present maximum abundances were
5.7, and with baits the average was 38.0 per 10 min.

Introduction
Estimating abundances of organisms in space and time
is central to resolving ecological questions. This may be

difficult underwater owing to the opaque medium and
the superior sensory abilities of mobile vertebrates
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such as fishes. Visual sampling by scuba divers is com-
monly used to estimate abundances of fish populations
and assemblages (Kingsford 1998). Estimates based on
visual surveys can be biased by fish behaviour,
observer experience and training, or environmental
variables such as water clarity, plant density, or other
habitat features that obscure detection of fishes
(Thompson and Mapstone 1997). If sources of diver
sampling bias are consistent, their effects may not influ-
ence comparisons. However, if diver sampling bias var-
ies among comparisons (e.g. between habitat types,
management zones, or sampling periods), then con-
founding could lead to erroneous conclusions.

Open-circuit scuba (OC), where exhaled gas is
vented to the water column after each breath, is a stan-
dard equipment for reef fish sampling (Kingsford
1998). It is relatively cheap, simple, and widely avail-
able. However, its noise (Radford et al. 2005) may
affect fish behaviour (Chapman and Atkinson 1986).
Such responses may vary with species or local condi-
tions, and potentially influence fish behaviour over
hundreds of metres, as sound is transmitted rapidly and
for long distances in seawater. Chapman et al. (1974)
recognized the potential problem of interference
between sampling method and species behaviour over
30 years ago.

In temperate marine environments, scuba-based
diving has been used to estimate reef fish distribution
and abundance, diversity, habitat associations, and
behaviour (Kingsford 1998). Despite the widespread
use of scuba, we are aware of no tests of whether fish
counts or measures of behaviour are affected by the
sound of scuba divers. Such a potential sampling bias
may be relevant to the evaluation of marine reserve
effects. Protection from fishing in marine reserves can
alter population density and size structure for fishes
(Halpern 2003) and have community-level conse-
quences (Babcock etal. 1999). However, protection
from fishing may also induce behavioural changes in
fished species that in turn may confound comparisons
(Kulbicki 1998).

In New Zealand, divers using OC may feed fish in
reserves and spear fish outside reserves. Fish may learn
to use the sound of scuba bubbles as cues for the pres-
ence of divers, avoiding them outside reserves and
being attracted within reserves. Moreover, such
responses are likely to vary among size classes and spe-
cies based on how frequently they are fed or pursued
(Chapman and Atkinson 1986). These behavioural
responses could confound interpretations of reserve
effects.

Rebreathers (RBs) produce less diver noise than
scuba (Radford et al. 2005), and thus could reduce
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sampling artefacts. Lobel (2001) and Hanlon et al.
(1982) have discussed the use of RBs in behavioural
observations, but we are unaware of quantitative
comparisons of biological data derived by use of OC
versus those made with RBs. Here we compare den-
sity, size structure, species composition, and diversity
estimates between three marine reserves and adjacent
fished habitats, to ascertain the extent to which esti-
mates made by semi-closed RB and scuba divers
differ.

Methods
Study sites

This study was conducted at three marine reserves and
adjacent unprotected localities in New Zealand: Long
Island (Long Island-Kokomohua Marine Reserve,
LIKMR) and Tonga Island Marine Reserve (TIMR) in
the South Island of New Zealand, and the Cape Rod-
ney-Okakari  Point  (Leigh) Marine Reserve
(CROPMR) in the North Island (Fig. 1). The South
Island localities were sampled with divers between 30
November and 17 December 2001, and baited video
sampling was carried out from 3 to 14 January 2002.
Leigh sites were sampled during 15-19 April 2002, and
both diving and video sampling were done in the same
week. Underwater visibility was between 3 and 8 m at
Long Island, 8 and 15 m at Leigh, and averaged 3—-4 m
but was occasionally poor (~2 m) at Tonga Island.
Benthic habitats at Long Island and Tonga Island
were similar in having little macroalgal cover (David-
son and Chadderton 1994; Cole et al. 2000). Grain size
of the rubble bank habitat at Long Island decreased
rapidly down-slope, so that most transects were con-
ducted over cobbles. The more wave-exposed north-
western face of Long Island itself (Fig. 1; sites 35, 47)
had boulder habitat with continuous seaweed forests
comprising Ecklonia radiata and Carpophyllum flexuo-
sum, typically of canopy height ~1.2 m, from the shal-
lows to the reef edge at ~12 m. Fine substrata at the
reef edge at Long Island comprised coarse sands, shell
rubble, and gravel; there were no significant riverine
influences. Tonga Island also contained boulder bank
habitat (Davidson and Chadderton 1994) but grain size
did not decrease predictably down-slope and boulders
were typically much larger than at Long Island. A sin-
gle site (site 8, Fig. 1) within TIMR had Carpophyllum
flexuosum stands in the depths that were sampled.
Tonga Island is affected by riverine outflows, and
onshore (typically southeast) winds resuspend muds
from nearshore sediment areas onto reefs. There are
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Fig. 1 Locations of study areas in New Zealand (lower right), and
details of sampling sites inside and outside marine reserves at
each location [Leigh—upper right; Tonga Island (Abel Tasman)

no previously published descriptions of the fish fauna,
but abundances are typically low (R.J. Davidson,
unpublished data). In contrast, Leigh is a wave-
exposed site in northeastern New Zealand, and
CROPMR is New Zealand’s oldest fully protected
marine reserve. Habitats at Leigh have been previously
described (Babcock et al. 1999; Shears and Babcock
2002), and transect sampling was mainly conducted in
E. radiata stands, both inside and outside the reserve.

upper left, Long Island, lower left]. Black stars indicate sites within
marine reserves, stippled stars are outside marine reserves

Sampling design

The main sampling design comprised paired site-wise
comparisons of RBs, scuba, and baited video at the
three reserves and adjacent fished areas (Fig. 1). OC
dives were made with standard scuba equipment, and
the RBs were semi-closed constant mass flow Driger
Atlantis units. Eight sites were sampled within each
reserve, and eight sites were sampled nearby, but
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outside each reserve. Habitats sampled were similar
inside and outside each reserve, and for the paired
methods comparison sites were similar with respect to
exposure, substratum type and relief, and cover and
composition of macroalgae. The baited video surveys
were conducted on sand habitat at the base of the reef,
within 100 m of diver surveys but generally deeper
than visual transects, in order to prevent equipment
damage by tipping on uneven or sloping rock surfaces.

Each site was arbitrarily demarcated into two sides,
and RB versus OC divers were randomly allocated to
one of the sides to prevent interference effects between
the different breathing apparatus. All transects were
conducted at 10-14 m depth because of operational
requirements of the semi-closed RBs. At each of the 48
sites sampled, diver pairs sampled four transects, each
30-m long by 4-m wide by 2-m high using a 10-m lead-
in to reduce attraction of fish while the transect was
commenced. All large reef fish were counted as the
tape was laid and their total lengths estimated to the
nearest centimetre. Four divers carried out the RB
counts, CS assisted with scuba counts throughout,
whereas GC assisted with scuba counts at Long Island.
All divers were familiar with the fauna at each locality,
were experienced fish counters, and underwent size-
estimation calibration prior to sampling. Divers with
RBs entered the water and commenced counts first,
and were followed 10 min later by OC divers sampling
in the opposite direction. We estimate that at least
100 m separated scuba and RB divers at all times, and
consider this distance was sufficient to avoid interfer-
ence between the two methods.

Baited video sampling

Baited underwater video (BUV) sampling was chosen
to compare fish sizes with diver counts in general for
the three reserves (Willis and Babcock 2000). BUV
sampling was necessarily done on sandy substratum,
near the reef edge, within 100 m of where the dives
were carried out. At Leigh and Tonga Island, the reef
was characterized by rock, and reef edges were abrupt,
whereas at Long Island the substrata changed more
gradually and video deployments were often among
cobbles. Practical constraints dictated that BUV sets
were done 24 weeks after the dive surveys at Long
and Tonga Islands. At Leigh, BUV sets were done in
the same week as diver counts, but BUV sets were
always done after the diver counts at any particular
site. Thus BUV sets and diver counts were not paired
in time, but as the objectives of using BUV were pri-
marily to provide an outgroup contrast with diver
methods, particularly as a check on size-structure esti-
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mates, and not as an assessment of BUV per se, the
lack of pairing was not a factor in this methodological
comparison.

A baited video frame, based on the design of Willis
and Babcock (2000), equipped with a cable video cam-
era was deployed in areas of sand adjacent to the reef.
Baits of minced pilchard and tuna were placed in a
pierced plastic bottle or commercial lobster trap bait
container on a string running directly below the video
camera, and digital-8 video was recorded continuously
for 30 min from when the stand hit the seabed. A single
30-min session was recorded at each site. The maxi-
mum number of fish present in a single 0.88 m? video
screen was used as an index of abundance (Willis and
Babcock 2000).

Although the vast majority of fish species in the
regions are carnivores, BUV has been found to best
sample a subset of larger mobile carnivorous species
(Willis and Babcock 2000) and hence it was not appro-
priate to compare abundances across the full species
range. Consequently we analysed size distributions for
the two most abundant large carnivores, Pagrus aura-
tus and Parapercis colias. These two species are diver-
positive within reserves at Leigh (Cole 1994) and Long
Island (Davidson 2001), respectively. We therefore
focused on abundances of those species in the expecta-
tion that their behaviour might be oriented towards
scuba divers within reserves, and that they might avoid
scuba divers outside reserves.

Statistical analysis

Scuba and RB counts of abundant species, number of
species, and number of individuals at each locality
were analysed by linear mixed-effects models (Littell
et al. 1996), in which sample method and reserve status
were treated as fixed effects, and sites nested within
reserves and divers were treated as random effects. In
addition, scuba and RB means inside, outside, and
pooled across marine reserve status were compared
with equivalence tests using a —50 to +50% equiva-
lence interval (Cole and McBride 2004). Differences in
multivariate assemblage structure were displayed
graphically using a separate canonical discriminant
analysis for each region, with reserve status and
breathing apparatus as a single classification variable.
Sample log response ratios, defined as RR = In(mean
abundance scuba) - In(mean abundance RB) (Hedges
et al. 1999: p. 1151), were calculated for the two most
abundant species, number of individuals, and number
of species. Means were calculated pooled across all
transects within each reserve status (reserve versus
fished) x breathing apparatus (RB versus scuba)
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combination. Positive RRs thus indicate more fish
counted with scuba, and negative values indicate more
fish counted with RBs.

Differences in size-frequency distributions were
analysed with maximume-likelihood logistic regression
using the LOGISTIC procedure in SAS®, using a
cumulative logit link function. Size classes were gener-
ated by rounding Parapercis colias sizes to 5 cm, and
Pagrus auratus sizes to 10 cm. A 2-factor crossed model
of reserve status and sampling method was tested.

Quadrat observations

We further investigated artefacts of breathing appara-
tus by comparing fish activity at LIKMR using a sta-
tionary visual technique (Kingsford 1998). Number of
visits by fish to a 4 m? area were recorded while the
following seven treatments were applied: (1) scuba
divers present; (2) scuba sound played, no divers pres-
ent; (3) RB divers present; (4) sound of RB divers
played, no divers present; (5) silent sound gear, no
divers present; (6) bait, no sound, no divers; (7) no
sound gear, no divers. The seven treatments were ran-
domly ordered each day and two complete sets of the
seven treatments were completed in a day. This
resulted in a total of 84 sites, 12 of each treatment.
Fish visits were recorded within a 4-m? area using a
downward facing cable video camera, mounted on a 3-
m high bridle, with a centimetre scale in the frame.
Each 15-min video was split into three 5 min blocks,
and fish species and length recorded within a ran-
domly selected 1-min section of each block. In addi-
tion to these random sections we also recorded time to
first fish, the substratum type, and an overall species
list across the 15-min recording.

Sounds from OC and RB apparatus were recorded in
Lake Tarawera, a remote and deep lake surrounded
mostly by forested parkland. The two breathing systems
recorded were a diaphragm SCUBA regulator (U.S.
Divers Conshelf SE2) and a semi-closed circuit RB
(Dréger Dolphin). All recordings were taken at 20 m, in
40 m water depth, during calm conditions with the
hydrophone 2 m away from the diver’s mouth. This
ensured minimal extraneous noise in addition to the
breathing apparatus. Sounds were played back through
an underwater loud speaker (Lubell Model L1.964,
200 Hz-20 kHz frequency response, output level of
180 dB at 1 m, reference sound pressure 1 pPa; Lubell
Laboratories Inc., Columbus, IN, USA; www.lubell.
com) using a CD player and amplifier at the same
source levels as the recording [SCUBA 164 + 3 dB
re 1 pPa at 1 m; semi-closed circuit RB 130 + 4 dB re
1 pPa at 1 m (Radford et al. 2005)].

Results
Species assemblage structure

There were no differences in assemblage structure
measured by the two diver sampling methods inside or
outside any of the reserves (Fig.2). Transects at the
Long Island locality were generally similar regardless
of reserve status or breathing apparatus with the
exception of some transects in which shoaling plankti-
vores occurred (Fig.2a). Within the Long Island
marine reserve these planktivores were generally
sweep Scorpis lineolatus, whereas in adjacent fished
areas the planktivores were butterfly perch Caesiop-
erca lepidoptera. The average assemblage structures
measured by each method however were very similar
(each axis unit in canonical discriminant analysis is the
multivariate equivalent of a variance). A weak compo-
sitional effect was apparent at the Tonga Island
reserve/fished sites, irrespective of breathing apparatus
(Fig. 2b). Within the reserve, blue moki Latridopsis cil-
iaris and scarlet wrasse Pseudolabrus miles were more
abundant whereas spotty Notolabrus celidotus densi-
ties were higher outside the reserve. A compositional
effect was apparent at the Leigh marine reserve, with
higher numbers of blue cod Parapercis colias, snapper
Pagrus auratus, banded wrasse Notolabrus fucicola,
and red moki Cheilodactylus spectabilis inside the
reserve and proportionally higher numbers of butterfly
perch Caesioperca lepidoptera and goatfish Upeneich-
thys lineatus outside the reserve (Fig. 2c). However, as
with the other localities, there was no consistent
covariation in assemblage structure with breathing
apparatus.

Relative abundance
Long Island

SCUBA and RB mean counts were equivalent for
number of species, number of individuals, and nearly
so for spotty Notolabrus celidotus and blue cod Parap-
ercis colias when reserve sites were pooled, whereas
those for tarakihi Nemadactylus macropterus and scar-
let wrasse Pseudolabrus miles could not be shown to be
either equivalent or inequivalent (Table 1). For the
reserve counts, only number of spotty could not be
shown to be equivalent between apparatus, whereas
for counts from fished areas, only number of species
could be shown to be equivalent between methods
(Table 1). Parapercis colias abundances (F=6.76,
df=1,105, P =0.0107), and number of species recorded
(F=4.87, df=1,105, P=0.0296) were statistically
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Fig. 2 Canonical discriminant analysis of fish assemblages at
each of the three regions. Large symbols represent treatment
means, small symbols are individual transects. Open circle open-
circuit, open to fishing; filled circle open-circuit, reserve; open

different with sampling method, contingent on reserve
status (Table 2). The interaction of method and reserve
status for Parapercis colias abundance was driven by a
difference between OC and RB counts in the fished
sites only, though the difference was small abundance
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square closed circuit, open to fishing; filled square closed circuit,
reserve. The fish species are projected into the space using the to-
tal structure coefficients multiplied by 4. Only species with a cor-
relation >0.2 are presented

estimated by OC apparatus was 5.50 £ 1.22 individu-
als per transect, compared to 3.45 &+ 1.22 individuals
for RB counts (Fig. 3). Differences in species richness,
although statistically significant, were biologically
inconsequential. Species richness varied across each
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Table 1 Results of statistical tests comparing densities (numbers per 125 m?) of various species sampled by divers with open-circuit and
rebreather apparatus at Long Island and nearby fished areas of Queen Charlotte Sound

No. spp. No. inds Spotty Blue cod Tarakihi Scarlet wrasse
(a) Pooled comparison across management areas (n = 64 transects per apparatus)
HO: no diff. No sig. diff. No. sig. diff. No sig. diff. No sig. diff. No sig. diff. No sig. diff.
H: inequivalence Equivalent Equiv. Inequivalent Inequiv. Inequiv. Inequiv.
H: equivalence Equivalent Equiv. Equiv. Equiv. Equiv. Equiv.
Bayesian P 98.73 99.97 94.71 94.29 16.39 51.56
(b) Reserve (pooled across sites, n = 32 transects per apparatus)
HO: no diff. No sig. diff. No. sig. diff. No sig. diff. No sig. diff.
H: inequivalence Equivalent Equiv. Inequivalent Equiv.
H: equivalence Equivalent Equiv. Equiv. Equiv.
Bayesian P 99.92 99.41 89.28 96.70
(c) Fished areas (pooled across sites, n = 32 transects per apparatus)
HO: no diff. No sig. diff. No sig. diff. No. sig. diff. Sig. diff.
H: inequivalence Equivalent Inequivalent Inequiv. Inequiv.
H: equivalence Equivalent Equiv. Equiv. Equiv.
Bayesian P 99.98 92.16 82.40 68.27

Tests are done with a —50 to +50% equivalence interval, and are presented for the (a) overall comparison, and separately for (b) reserve

and (c) fished areas

HO: no diff. is the standard ¢-test, H: inequivalence is rejected to conclude equivalence, H: equivalence is rejected to conclude inequiv-
alence, Bayesian P is the posterior probability that the true difference is within the equivalence interval using uniform priors

Table 2 Mixed-effects analysis of variance of Notolabrus celidotus, Parapercis colias, and total fish abundance and species richness in

the Long Island region

Long Island, Notolabrus celidotus

Long Island, Parapercis colias

Source df F Pr>F Source df F Pr>F
Reserve status 1,14 2.05 0.1745 Reserve status 1,14 1.58 0.2287
Method 1,105 1.15 0.2850 Method 1,105 1.01 0.3160
Status x method 1,105 3.61 0.0603 Status x method 1,105 6.76 0.0107

28% Variation
0% Variation

Site (reserve status)
Diver

84% Variation
10% Variation

Site (reserve status)
Diver

Long Island, total numbers

Long Island, number of species

Source df F Pr>F Source df F Pr>F
Reserve status 1,14 0.64 0.4375 Reserve status 1,14 0.11 0.7412
Method 1,105 1.42 0.2357 Method 1,105 0.02 0.8762
Status x method 1,105 291 0.0910 Status x method 1,105 4.87 0.0296

19% Variation
2% Variation

Site (reserve status)
Diver

86% Variation
8% Variation

Site (reserve status)
Diver

Reserve status and sample method were modelled as fixed factors. Site (nested within reserve status) and diver were modelled as ran-

dom factors and expressed as a percentage of random variation

apparatus and reserve combination from 2.53 £ 0.36 to
3.03 £ 0.36 species per transect (Fig. 3).

Response ratios [In OC/RB] at Long Island fished
sites were positive for Notolabrus celidotus (0.36),
Parapercis colias (0.54), number of individuals (0.33),
and negative for number of species (—0.09). At Long
Island reserve sites, RRs were mainly negative; —0.14
for Notolabrus celidotus, —0.11 for Parapercis colias,
—0.03 for number of individuals, but positive for num-
ber of species (RR =0.16). In summary, more fish
were observed by SCUBA divers at fished sites,

whereas more fish were observed by RB divers at
reserve sites.

Tonga Island

The number of species was equivalent between RB and
scuba counts when all sites were pooled, and when the
reserve area was treated independently (Table 3). The
number of species was equivalent between RB and OC
counts when all sites were pooled, and for reserve sites
alone (Table 3). It was not possible to demonstrate
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Fig. 3 Mean densities of
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equivalence or inequivalence of number of individuals
for the pooled data and for reserve areas, but for fished
areas, number of individuals was inequivalent between
OC and RB. There was a statistically significant differ-
ence in Notolabrus celidotus abundances sampled by
RB and OC equipments at Tonga Island (F=4.59,
df =1,106, P = 0.0345, Table 4). This difference was not
dependent on reserve status, and was of negligible bio-
logical significance. No other fixed effects were statisti-
cally significant for any of the abundant species
(Table 4). The relative magnitude of the random
effects of site and diver differed among variables, with
variation among divers being high for number of spe-
cies, and low for total number of fish, whereas variation
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C. spectabilis No. inds No. spp.

Fishes

among sites within reserve status was low for Nema-
dactylus macropterus. The opposite pattern, higher var-
iation among sites than within sites occurred for
Notolabrus celidotus. The average abundance of Not-
olabrus celidotus rtecorded in RB counts was
1.27 £ 0.33 individuals per 120 m? transect, compared
with 1.88 %+ 0.33 individuals per transect in OC counts
(Fig. 3).

RRs were variable at fished sites; 0.51 for Notola-
brus celidotus, —0.27 for Nemadactylus macropterus,
—0.60 for number of individuals; and 0.25 for number
of species. At reserve sites, RRs were consistently posi-
tive; 0.56 for Notolabrus celidotus, 0.31 for Nemadacty-
lus macropterus, 0.40 for number of individuals, and
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Table 3 Results of statistical tests comparing densities (numbers per 125 m?) of various species sampled by divers with open-circuit and
rebreather apparatus at Tonga Island Marine Reserve and nearby fished areas

No. spp. No. inds Spotty Blue cod Tarakihi Scarlet wrasse
a. Pooled comparison across management areas (n = 16 sites per apparatus)
HO: no diff. Sig. diff. No. sig. diff. Sig. diff. Sig. diff. No sig. diff. No sig. diff.
H: inequivalence Equivalent Inequivalent Inequiv. Inequiv. Inequiv. Inequiv.
H: equivalence Equivalent Equiv. Equiv. Equiv. Equiv. Equiv.
Bayesian P 96.35 80.01 24.67 25.69 63.39 90.69
b. Reserve (pooled across sites, n = 32 transects per apparatus)
HO: no diff. No sig. diff. No sig. diff. No sig. diff. No sig. diff.
H: inequivalence Equivalent Inequiv. Inequiv. Inequiv.
H: equivalence Equivalent Equiv. Equiv. Equiv.
Bayesian P 95.65 80.61 60.74 51.39
c. Fished areas (pooled across sites, n = 32 transects per apparatus)
HO: no diff. Sig. diff. Sig. diff. Sig. diff. Sig. diff.
H: inequivalence Inequivalent Inequiv. Inequiv. Inequiv.
H: equivalence Equivalent Inequiv. Equiv. Equiv.
Bayesian P 16.87 3.35 70.74 14.68

Tests were done with a —50 to +50% equivalence interval, and are presented for the overall comparison, and separately for reserve and

fished areas

HO: no diff. is the standard ¢-test, H: inequivalence is rejected to conclude equivalence, H: equivalence is rejected to conclude inequiv-
alence, Bayesian P is the posterior probability that the true difference is within the equivalence interval using uniform priors

Table 4 Mixed-effects analysis of variance of Notolabrus celidotus, Nemadactylus macropterus, and total fish abundance and species

richness at the Tonga Island locality

Tonga Island, Notolabrus celidotus

Tonga Island, Nemadactylus macropterus

Source df F Pr>F Source df F Pr>F
Reserve status 1,14 2.32 0.1504 Reserve status 1,14 1.03 0.3282
Method 1,106 4.59 0.0345 Method 1,106 0.02 0.8863
Status x method 1,106 0.25 0.6200 Status x method 1,106 0.21 0.6503
Site (reserve status) 25% Variation Site (reserve status) 0% Variation

Diver 8% Variation Diver 3% Variation

Tonga Island, total numbers Tonga Island, number of species

Source df F Pr>F Source df F Pr>F
Reserve status 1,14 2.56 0.1319 Reserve status 1,14 0.56 0.4685
Method 1,106 0.77 0.3821 Method 1,106 1.00 0.3191
Status x method 1,106 2.95 0.0886 Status x method 1,106 0.03 0.8545

12% Variation
1% Variation

Site (reserve status)
Diver

13% Variation
20% Variation

Site (reserve status)
Diver

Reserve status and sample method were modelled as fixed factors. Site (nested within reserve status) and diver were modelled as ran-

dom factors and expressed as a percentage of random variation

0.28 for number of species. Thus more fish were
observed by scuba divers at reserve sites, whereas
results were variable at fished sites.

Leigh

Pooling data from reserve and fished areas, numbers of
species and individuals, and of red moki Cheilodactylus
spectabilis were equivalent between scuba and RBs,
whereas comparisons of number of individuals, spotty
Notolabrus celidotus, snapper Pagrus auratus, and goat-

fish U. lineatus between apparatus were inconclusive
(i.e. neither equivalence nor inequivalence could be
demonstrated) (Table5). Considering reserve and
fished areas separately, only number of species in the
reserve could be considered equivalent; comparisons of
number of individuals, Pagrus auratus, Notolabrus
celidotus, Cheilodactylus spectabilis, and U. lineatus
were inconclusive. Abundances of Pagrus auratus dem-
onstrated the pattern expected if behaviour was con-
trolling fish responses to divers, but abundances were
low and variability was high. The only effect of breathing

@ Springer
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