











Table 5.1: Number of fish tagged with each tag model and tag specifications.

Length Diameter Weightin  Battery life  Pmg Interval Power output

Model . (mm) (1m) water (Days) (Seconds) (dB @1m)
V9-2H 8 29 9 29 487 110-250 151
V9-2L 16 29 9 29 665-738 110-250 146
VI9A-2H 16 43 9 33 108 110-250 151
V7-4L 5 22.5 7 1 381 110-250 136
VI13AP-1H 1 48 13 59 155 23-37 153

Figure 5.4: A bluespotted flathead post tag implantation, with ~1 cm mid-ventral incision in

the abdomen. The incision was closed with one dissolving stitch tied with a double surgeon’s

knot.
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Table 5.2:
Summary of
tagging data for 46
Bluespotted
Flathead. Days
detected on Hare
Bay VPS = DD.
Days post tagging
of last detection on
VPS = LD. Last
detection residency
index = RI__p.
Residency index =
RI. Residency
Index by days post
tagging = Rlx
(where X is the days
monitored). LG
largest gap in
detections on the
Hare Bay VPS.
Gate and Bondi
values are number
of days post
tagging with days
on array 1 unless
indicated in
brackets.

* Indicates the
study ended rather
than battery expiry.

Tagging . Tail Tagging Battery Days Bondi
Batch Fish ID Length Date Tag Type Life  Monitored DD LD Rl p RI Rlgo Rl Rlg3 Rl 449 LG Gate Line
Fish 1 441 16/09/2014 V9-2H 487 487 68 158 0.43 0.14 0.75 0.61 0.37 0.15 48
Fish 2 365 22/09/2014 V9-2H 487 487 188 189 0.99 0.39 1.00 1.00 0.99 0.42 1 194 (2)
Fish 3 410 23/09/2014 V9-2L 666 618* 241 600 0.40 0.39 0.90 0.82 0.57 0.54 135 312
Fish 4 410 23/09/2014  V9A-2H 108 108 65 82 0.79 0.60 0.90 0.60 6
Fish 5 405 23/09/2014  V9-2H 487 487 123 241 0.51 0.25 0.88 0.72 0.52 0.27 18 257
Fish 6 330 23/09/2014  V9-2L 666 618* 293 469 0.62 0.47 1.00 0.75 0.44 0.61 135
Fish 7 380 2/10/2014  V9-2H 487 487 139 253 0.55 0.29 0.93 0.76 0.51 0.31 36 257 (2) 273
Fish 8 445 2/10/2014  V9A-2H 108 108 93 108 0.86 0.86 0.90 0.86 6
Fish 9 338 2/10/2014 V9-2L 738 609* 107 227 0.47 0.18 0.85 0.54 0.43 0.24 45 274
Fish 10 345 3/10/2014 V9-2L 738 608* 45 45 1.00 0.07 0.75 0.42 0.25 0.10 0
Fish 11 326 3/10/2014 V9-2L 666 608* 389 445 0.87 0.64 1.00 1.00 0.98 0.87 10
_: Fish 12 440 3/10/2014 V9A-2H 108 108 75 108 0.69 0.69 0.83 0.69 18
% Fish 13 370 3/10/2014 V9-2L 666 608* 35 40 0.88 0.06 0.58 0.32 0.19 0.08 5 42 (20)
o Fish 14 417 3/10/2014  V9A-2H 108 108 96 108 0.89 0.89 0.93 0.89 2
Fish 15 431 3/10/2014  V9A-2H 108 108 106 108 0.98 0.98 1.00 0.98 1
Fish 16 375 3/10/2014 V9-2L 738 608* 358 381 0.94 0.59 0.98 0.99 0.96 0.80 3 394 424
Fish 17 357 3/10/2014 V9-2L 666 608* 395 418 0.94 0.65 1.00 0.95 0.94 0.88 4
Fish 18 425 9/10/2014 V9-2L 666 602* 86 194 0.44 0.14 0.40 0.44 0.44 0.19 18
Fish 19 390 9/10/2014 V9-2H 487 487 103 108 0.95 0.21 1.00 0.95 0.56 0.23 3
Fish 20 350 9/10/2014 V9-2H 487 487 134 419 0.32 0.28 1.00 0.59 0.35 0.30 208
Fish 21 325 9/10/2014 V9-2H 487 487 352 385 0.91 0.72 0.87 0.93 0.95 0.78 14 394 (3) 444
Fish 22 410 9/10/2014  V9A-2H 108 108 69 93 0.74 0.64 0.73 0.64 6
Fish 23 340 9/10/2014 V9-2L 666 602* 317 322 0.98 0.53 1.00 0.97 0.98 0.71 2 324
Fish 24 385 9/10/2014  V9-2H 487 487 180 242 0.74 0.37 0.93 0.76 0.82 0.40 7 247
Fish 25 330 9/10/2014 V9-2L 666 602* 429 458 0.94 0.71 0.98 0.99 0.97 0.94 8
Fish 26 355 4/03/2015 VIA-2H 108 108 3 3 1.00 0.03 0.05 0.03 0 3
Fish 27 410 4/03/2015 VI9A-2H 108 108 3 3 1.00 0.03 0.05 0.03 0
Fish 28 345 4/03/2015 V9A-2H 108 108 102 105 0.97 0.94 0.97 0.94 1
Fish 29 370 4/03/2015 V9-2L 666 456* 411 455 0.90 0.90 0.98 0.99 0.99 0.90 27 462
Fish 30 335 4/03/2015 V9-2L 666 456* 158 2711 0.58 0.35 1.00 1.00 0.76 0.35 37 452
Fish 31 320 4/03/2015 V9-2L 738 456% 137 206 0.67 0.30 0.60 0.62 0.30 0.31 8
o Fish 32 365 6/03/2015  V9A-2H 108 108 108 108 1.00 1.00 1.00 1.00 0
2 Fish 33 390 6/03/2015  V9A-2H 108 108 106 108 0.98 0.98 0.97 0.98 1
o Fish 34 360 11/03/2015  V9A-2H 108 108 86 108 0.80 0.80 0.80 0.80 5
Fish 35 370 11/03/2015 V9-2L 666 449* 385 415 0.93 0.86 0.97 0.98 0.97 0.86 12
Fish 36 410 11/03/2015 V9-2L 666 449* 60 205 0.29 0.13 0.42 0.26 0.30 0.13 37 209 232
Fish 37 390 11/03/2015  V9A-2H 108 108 95 108 0.88 0.88 0.90 0.88 3
Fish 38 490 15/04/2015 V13AP-1H 155 155 56 56 1.00 0.36 0.93 0.52 0 60 81
Fish 39 415 15/04/2015  V9A-2H 108 108 9 10 0.90 0.08 0.15 0.08 1 24 40 (2)
Fish 40 295 15/04/2015  V9A-2H 108 108 95 101 0.94 0.88 0.92 0.88 3
Fish 41 420 7/12/2015  V9A-2H 108 108 58 108 0.54 0.54 0.85 0.54 34
o Fish 42 250 9/12/2015 V7-4L 376 176* 68 70 0.97 0.39 1.00 0.63 2
s Fish 43 260 9/12/2015 V7-4L 376 176* 66 67 0.99 0.38 0.98 0.61 1
§ Fish 44 415 9/12/2015 V7-4L 376 176* 65 68 0.96 0.37 0.97 0.60 1 234
Fish 45 420 10/12/2015  V7-4L 376 175% 85 171 0.50 0.49 0.52 0.40 18
Fish 46 235 10/12/2015  V7-4L 376 175* 155 175 0.89 0.89 1.00 0.93 4
Average 373 148 198 0.79 0.51 0.83 0.71 0.65 0.47 20 205 288
SE 8 18 22 0.03 0.04 0.04 0.04 0.06 0.06 6 41 44
Median 373 103 133 0.89 0.48 0.93 0.76 0.57 0.38 6 228 274




Data Analyses

Data were downloaded into the Vemco User Environment (VUE), time
corrected and false detection analysis carried out (See VUE user manual and Pincock
2012). Presence-absence of each tagged fish by day within each array was plotted for
each tagging batch. Within each batch, tags were placed into a further category based
on battery life; accelerometer tags and coded tags and each category sorted by length
of detection period within Hare Bay VPS for visual clarity.

An overall residency index (RI) for Hare Bay VPS was calculated, to examine
residency over the entire monitoring period for each fish. Rl was defined as the number
of days a tagged fish was detected, divided by the number of days monitored (Garcia
et al. 2015, Fontes and Afonso 2017). Days monitored ended either when the study
ended or when the tag battery expired, whichever occurred first. An RI value of 0
indicates no residency and increases to complete residency at 1. As fish were tagged
across a wide time period, some transmitters were still active at the end of the
monitoring period and some had battery expiry dates during the study. Therefore, days
monitored varied between 108 and 618 days (Table 5.2).

A one-way ANOVA was used to test whether residency patterns were
temporally variable across the batches (3 levels, B1, B2, B3). RI data were non-
normally distributed and a In(X+1) transform was applied before analysis. To examine
residency only during the time a tagged fish was detected in Hare Bay, a second
measure of residency was also calculated. This index excluded times after fish had left
the Hare Bay array by adjusting RI to last detection day. Last day RI (Rl.p) was
defined by the number of days a tagged fish was detected in Hare Bay VPS divided by
the number of days from tagging until the last detection (Abecasis and Erzini 2008,
Fontes et al. 2014). A one-way ANOVA using the same design as above was then
carried out to compare the effect of batch on Rl.p.

Change in residency over time was also calculated on data from all batches
using RI standardised to tagging day for 60 (Rleo), 108 (Rl108), 183 (Rl1s3), 449 days
(Rlas9) and 608 days (Rleos) post tagging for fish with battery life remaining at each
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time point (i.e. Rl and number of tags at each point: Rleo = 46, Rl10s = 46, Rl1g3 = 24,
and Rls49 = 24 tagged fish). These cut off points were aligned with battery expiry dates
for a number of tags and chosen to maximise number of tags available for each measure
e.g. Increasing Rlios to Rliog reduces available tags for the index by 16. The rate of
tagged fish loss or “decomposition” from the Hare Bay VPS over the whole study
period was used to estimate the probability of fish loss over time. This was achieved
by plotting each coded tags’ (n= 25) last day of detection post tagging against the
cumulative percentage of tags remaining in the array and fitting a local polynomial

regression (LOESS curve with 95% confidence intervals, span = 0.7).

Large scale and migration movements

Relocation outside Jervis Bay was defined as tagged fish detected on the Jervis
Bay gate array and not subsequently detected by a receiver inside the Bay. Migration
was defined as any fish detected >2 times on IMOS receivers. Site fidelity was defined
as a fish being detected on any receiver outside the Hare Bay VPS array and then
subsequently returning and being detected inside the Hare Bay VPS again.

Length frequencies for flathead that left Jervis Bay and those that stayed were
plotted by 20mm length intervals for visual comparison. The cumulative length
distribution of the two groups were compared and tested using a two sample non-
parametric Kolmogorov—-Smirnov (KS) test conducted in R (R Development Core
Team 2014) using the ‘ks.test’ function in the package ‘dgof” (Arnold and Emerson
2011). The data contained no ties which enabled exact p-values to be calculated
without the need for bootstrapping (Ogle 2016).

5.3 Results
Detection summary

Forty-six bluespotted flathead (Platycephalus caeruleopunctatus) were tagged
with acoustic tags and detected successfully (Table 5.2). Tagged fish ranged in size
from 23.5 cm to 49 cm (mean 37.3 £ 7 SE) with a skew towards larger fish (Fig. 5.5).
Over 9.5 million detections from 709 transmitters were logged during the study (See
supporting information) of which 1,215,075 were detections of bluespotted flathead
(Fig. S5.1). Detections per bluespotted flathead ranged from 233 to 84534, with a mean
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of 24056 + 3206. False detections of bluespotted flathead tag IDs accounted for

0.008% of these detections (See false detections in supporting information 5.5).
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Figure 5.5: Length frequency distribution of 46 tagged bluespotted flathead based on

20 mm length intervals.

The results of range testing using static sentinel tags in the Hare Bay VVPS during the
study suggested that average detection rate at 150 m from a receiver was ~65% of high
power and ~30% of low power transmissions (Fig. S5.4). This was likely an
underestimate due to issues with the sentinel tag range test (See supporting information
5.5). Sentinel tag detections declined gradually over time with bio-fouling a possible
cause (see Fig S5.2, Fig. S5.3 and supporting information 5.5). Receiver time
synchronisation was consistently achieved over the study (see Fig S5.5 and supporting
information). During the period when most tags were in the array (when all the fish in
tagging batch one had been released), it might have been expected that collision rates
would be highest and therefore sentinel tags detected less often, however sentinel tag
detection rates were highest over the first 60 days of the range test (~80% high and
~50% low power transmissions detected at 150 m). Importantly, over the 164 days
both sentinel tags were detected every day, suggesting that although detection range
fluctuated, sufficient detections were achieved on individual receivers to confirm the

presence of a stationary tagged fish on a day it was present in the array.

148



Due to the comprehensive grid design used in the array, the much higher transmission
rate of tags used to track fish and the likelihood that fish regularly moved to new
positions rather than were stationary for days and therefore mobile range tests are more
representative of tagged fish (see Chapter 4.2), it was unlikely a tagged fish could be

present in the array for very long before being detected.

Movement Patterns and Residency

The mean residency time of bluespotted flathead in the Hare Bay VPS (days
from tagging to last detection) was 195+ 22 SE days (Table 5.2). Residency time in
each tagging batch ranged from 40-600 days in batch 1, 3-455 days in batch 2 and
67-175 days in batch 3 (Table 5.2, Fig. 5.6). The lower longest detection value in each
subsequent batch after batch 1 is an artefact of the shorter monitoring period. Fish from
all three batches could be broadly divided into five movement patterns in the Hare Bay

array,

(1) fish that left the array < 10 days from tagging and were not detected on the array
again (n = 3, 6.5%; Table 5.2, Fig. 5.6);

(2) fish that showed short term site attachment with their last detection on the array
40-93 days after tagging (n = 8, 17.4%; Table 5.2, Fig. 5.6);

(3) fish (n = 15, 32.6 %) last detected >100 days after tagging and with a high Rl.p
(Table 5.2), as they were detected in the array over a long period and had consistently
confirmed daily presence over that time (Table 5.2, Fig. 5.6);

(4) fish (n =12, 26.1 %) last detected >100 days after tagging and over that time had
intermediate to long term periods of site attachment where they were consistently
present in the array. However, these periods in the array were split by lengthy gaps in
detections (>27 days) where they were absent before returning to the array again
(Table 5.2, Fig. 5.6).
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(5) The final group (n =8, 17.4 %) were last detected >100 days after tagging and were
regularly present in the array, however, there were numerous short gaps where over a

few days, they were not detected (Table 5.2, Fig. 5.6).

There was no difference in RL.p (days detected/number of days from tagging
until last detection) among batches (Table 5.3). Half of the tagged fish were detected
on 89% or more days between tagging and their last detection (Fig. 5.7) and most fish
were consistently detected while they were in the Hare Bay array. This is reflected in
amean Rlp of 0.79 £ 0.03 SE (Table 5.2). The average overall residency index score
(RI, days detected/days monitored) was 0.51 £0.04 SE (Table 5.2) and there was no
difference in Rl among tagging batches (Table 5.3, Fig. 5.8). Rl over time showed a
gradual decrease from 0.83 at Rleo to 0.47 Rlas9, as fish were gradually lost from the
array (see Fig. 5.9 for coded tag loss from the VVPS array) a parallel decrease in Rl was
to be expected (Table 5.2). However, there was considerable variation between fish
and a large proportion of tagged fish still being monitored at 449 days post tagging (8
of 25 fish) had an Rls49 of between 0.70 and 0.94 (Table 5.2, Fig 5.6).

Large Scale Movements

A total of 16 fish left Jervis Bay and were not detected inside the Bay again.
There was no difference in mean length or cumulative length distribution between fish
that were detected leaving and those that remained inside Jervis Bay (Fig. 5.10, KS
test D = 0.217, p = 0.694). Six of these fish were detected on both the Jervis Bay gate
and the IMOS Bondi Line, five were detected only on the Jervis Bay gate and another
five were detected only on the Bondi line (Table 5.2). Although five of the fish detected
at Bondi were not detected crossing the gate, the timing of the last gate download
meant that three of these fish may still have been detected on the gate array. However,
these data will not be available until the receivers are next collected and downloaded
in late 2017. Further, a number of tags in fish had varying lengths of battery life
remaining at the end of this study (Table 5.2) and could potentially be detected on
future array downloads. Nevertheless, in this study | found no evidence that any of the
fish that left the Bay returned
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The majority of fish that left the Bay appeared to move quickly from the VPS to
the gate and then travel north (crossing the Bondi Line). All the fish that were detected
on the gate had left the Hare Bay VPS array within a relatively short time period,
usually within hours to 14 days (Table 5.2, Fig. 5.6). The distance between the VPS
and the gate was ~8.5 km (Fig. 5.1). Of those travelling north and passing the Bondi
Line, nine did so rapidly. For these fish, the average time from Hare Bay VPS to Bondi,
a shortest swim distance of ~155 km, was 30 days (x5 SE) which equates to roughly
5.2 km per day. The fish detected on the Bondi line were only detected briefly on the
array with eight detected for less than 25 minutes each and the remaining three being
detected for between 3:26 and 15:06 hours. Nine of the fish were detected on two
receivers, Bondi Line 3 and 4. These two receivers were in depths of ~62 m to ~66 m.
The remaining two fish were detected in deeper water on Bondi Line 10 at ~82 m.
Seven of the fish detected at Bondi were detected at the same time of year: five in a
38-day period between late May and early July in 2015 and another two in 2016 over
a 10-day period from late to early July (Fig. 5.6). The remaining four fish were detected
between late July and late December with no obvious patterns in temporal detection
between them (Fig 5.6).

One other fish, Fish 3, was also detected on the gate array before moving back
into the Hare Bay VPS array (Fig. 5.6) and only one tagged fish, Fish 25, was detected
on any of the JBMP reef array receivers (Fig. 5.6), on a receiver on the southern side

of Jervis Bay.
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Figure 5.7: Residency index adjusted to last day detected for each fish (RI_LD) by
tagging batch; batch 1(B1: n = 25), batch 2 (B2: n = 15), and batch 3 (B3: n = 6). Data
plotted as box of 50% of values, median as black horizontal line and whiskers are 1.5x
interquartile range. Black circles are each fish’s RI_LD plotted with jitter applied so

over lapping values are distinguishable.
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Figure 5.8: Residency index for each fish (RI) by tagging; batch 1(B1: n = 25), batch
2 (B2: n = 15), and batch 3 (B3: n = 6). Data plotted as box plot of 50% of values,
median as black horizontal line and whiskers are 1.5x interquartile range. Black circles

are each fish’s RI plotted with jitter applied so over lapping values are distinguishable.
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Figure 5.9: Last detection of each fish with a coded tagged plotted (back circles) as
cumulative % loss from the Hare Bay array and loess curve fitted to estimate tag loss

probablity over time.

Table 5.3: a) One-way analysis of variance comparing residency index (RI) by tagging
batch. b) One-way analysis of variance comparing residency index (Rl.p) by tagging
batch.

df SS MS F P value
a) Rl
Batch 2 0.083 0.042 0.249 0.780
Residuals 43 7.163 0.166
b) Rl
Batch 2 0.159 0.080 1.068 0.353
Residuals 43 3.204 0.075

154



Left Jervis Bay

w - —

Frequency
3
l

Remained in Jervis Bay

Frequency
3
l

< T T 1

0 100 200 300 400 500

Total Length (mm)

Figure 5.10: Length frequency comparison between tagged bluespotted flathead that
were detected leaving Jervis Bay and those that were not detected leaving the Bay.
The cumulative length distribution was tested using a two-sample Kolmogorov-
Smirnov test (KS test D = 0.217, p = 0.694).

5.4 Discussion
This study provides a rare data set on the long-term movement of demersal

marine soft sediment associated fish in relation to a marine protected area (MPA), and
is the first examining the long-term movements of bluespotted flathead (Platycephalus

caeruleopunctatus). These data demonstrate that a substantial proportion of tagged
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bluespotted flathead showed long-term site attachment to a relatively small section of
a no-take zone in Jervis Bay Marine Park. This overall pattern of long-term residency
within a relatively compact area by a large portion of the population has rarely been
demonstrated on marine soft sediments. Although the majority of the tagged fish
showed site attachment to Hare Bay (up to 600 days), there was some variability in
residency and movement patterns observed among individuals over the long-term.
Close to two thirds of the tagged fish were only detected in Jervis Bay, while just over
a third of the tagged fish also moved outside of the Bay and were detected up to 155
km from where they were tagged. Generally, these fish had a prolonged period of site
residency before making these large-scale movements. The degree of site attachment
shown and these larger movements have implications for the management of this
species generally, and particularly for MPA management within this species range. In
a broader context, this study is one of the first to show long-term site attachment by
marine demersal fish associated with soft sediments and the results contradict current
general theory, suggesting that no-take MPAs have the potential to affect soft sediment

fishes.

Over the first 108 days of this study, most fish remained within Hare Bay VPS
and were detected frequently and consequently short-term site attachment in this study
was very high. Of note is that these short term residency patterns (e.g. Rlso = 0.83),
and the number of fish that left the Hare Bay array were very similar to those found
previously using active tracking (Rlso = 0.75) in 2011 (Fetterplace et al. 2016). As
residency results in 2011 are so similar to those estimates in this study (2014, 2015
and 2016), they provide further support for these results being representative of

general movement patterns over a wide time frame.

It seems likely that I underestimated some fish’s residency for two main
reasons; 1) It is likely that at least some were still in Hare Bay no-take zone (NTZ)

given that the VPS covered less than half of the soft sediment habitat in that
zone; 2) It seems reasonable to assume that fish with activity spaces centred on the
edge of the VPS or just outside were behaving in the same way as those with activity
spaces in the core area of the VPS. Therefore, those inside the centre of the VPS would

be detected more consistently then those on the edge and as a result have a higher RI
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and be expected to have few gaps in detections i.e. higher R1_p. Those with numerous
short gaps in detections, seemingly most consistent with the fish’s activity space being
on the edge or just outside of the array, will be underestimated. This is because the
fish may be using areas that only partly over lapped with the array and they would
only be detected when they moved into the part of their activity space that was within
the VPS or when receiver performance was sufficient to detect them when outside of
the array. However, without more receivers outside the array there was no way of

confidently confirming this.

For fish that left and were not detected on the Hare Bay array again or were
not detected on any of the other arrays between periods of consistent detections, it is
not clear whether they had moved just outside of detection range of the Hare Bay array
or further afield within Jervis Bay. Either way, 75% of tagged fish remained inside
Jervis Bay for their entire monitoring period and therefore were under no fishing
pressure (if in NTZs) or recreational fishing pressure only during this time (If outside
NTZs). In addition, approximately half of Jervis Bay Marine Park lies outside the
Jervis Bay gate and is made up of mostly marine sand. Of the 16 fish that left the Bay
five were only detected on the gate and although it cannot be confirmed by this study,

presumably these fish may have moved past the gate and remained within the MPA.

Large Scale Movements

The results of this study suggest that there is intraspecific variation in
movement patterns shown by bluespotted flathead. Migration appears to be a
consistent strategy among a reasonably large portion of the population, as 35% of
tagged fish moved out of Jervis Bay. Migration in fish has been observed in demersal
species previously (e.g. Wilhelm et al. 2015) and some species make regular
movements between inshore and offshore locations that may be related to spawning
(e.g. Willis et al. 2003), other species exhibit divergent migration patterns by parts of
the population (e.g. DeCelles and Cadrin 2010). No bluespotted flathead were detected
moving back into Jervis Bay which may be because they do not return after leaving or
that they return outside the battery life of the tags in use. Double tagging of fish, with
the second tag programmed to start transmitting when the first dies, would likely be

required to detect fish moving back at ~600-700 days post tagging. Where fish moved
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to after crossing the Bondi Line is of great interest, however, will be difficult to ever
determine. This is because apart from the IMOS lines, which are widely spaced, there
are rarely (if ever) acoustic arrays on soft sediments at the depths the fish appeared to
be moving at (i.e. deeper than 50 m). Narrowing the search may require the use of
other tracking methods such as tagging large numbers of fish with cheap external T-
bar anchor tags and hoping some are captured once they have moved past the Bondi

Line.

I found no evidence of size differences among fish that left and those that
stayed in this study and the driver behind the large-scale movements observed by some
fish in this study is unclear. As bluespotted flathead males mature at 1 year of age (21—
23 cm) and females mature at 2—3 years (28-35 cm) (Barnes et al. 2011, Hall 2015),
all the fish | tagged were 1 year or older, and likely considerably older for most fish,
given the average length of 37 cm. It would be extremely useful in future research to
evaluate juvenile movement; the implications of that information coupled with the
present study are potentially large. We now know that flathead can be site attached for
up to 600 days. If these fish were using the area as juveniles (and juveniles are caught
in Hare Bay) then the fish tagged in this study may have been site attached to Hare
Bay for an extensive period before tagging. If that is the case then the long residency
periods shown here could be extended by a considerable amount.

Just under half of fish with long battery life coded tags were still in Hare Bay
300 days after tagging and based on the results all fish will be gone from an area the
size of the VPS after ~600 days. Although it should be noted that some of these fish
may have been detected after 625 days post tagging when the study ended and the data
could be on receivers that are currently in the water.
Reef Array

The results of this study lend further support to the idea that the bluespotted
flathead is a predominately soft sediment associated species. Only one fish over the
entire study was briefly recorded on the JBMP reef array (3 detections). Further, that
receiver range covers a large area of soft sediments, so it’s impossible to say whether
that fish was on sand or reef. Either way the vast majority of fish were not detected on

reef. This result accords with findings from other tracking studies. Fetterplace et al.
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(2016) noted that tagged fish were not detected on rocky reefs, and Keller et al. (2017)
found little evidence of site attachment of these fish around an artificial reef or nearby
rocky reefs. Other studies using baited underwater video have recorded bluespotted
flathead occasionally on low profile sand inundated reef (Author pers. obs.), adjacent
to reef (Wraith et al. 2013) and rarely if ever on complex rocky reef . For example in
Jervis Bay Marine Park they were recorded on 0/96 samples over two years (Wraith
2007) and in nearby Batemans Marine Park in a study they were recorded on 5/384
samples over 5 years, some of which maybe have been on patch reef or sand between
reefs (Kelaher et al. 2014).

Future Research

The drivers of the residency patterns observed here were not investigated
directly, although there were no differences in the degree of residency across the
seasons. There may be abiotic and biotic factors that are not obvious influencing
residency patterns, even at the broad presence-absence scale investigated here, and
this possibility merits further investigation in the future. | can also only speculate on
whether there were environmental or biological cues for fish to make the large-scale
movements observed in this study and this could also be a useful area of further

research.

Bluespotted flathead appear to be very robust to internal tagging and mortality
associated with tagging appeared to be zero in this study. However, a caveat in the
overall results is that | assumed that overall mortality rates were negligible, though |
had no data on either natural or anthropogenic mortality rates. Estimating fishing
induced mortality inside Hare Bay no-take zone as zero seems reasonable, although
there are occasionally instances of non-compliance by recreational fishers (Author
pers. obs.). Outside the no-take zones, the risk of fishing induced mortality is higher,
though still likely relatively low. If mortality was higher than the negligible level 1
assumed, it may mean that residency has been underestimated for some fish and as

such future research should attempt to quantify mortality rates.
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5.5 Supporting Information
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Figure S5.1: Total detections of bluespotted flathead between the 16" September 2014 and 1% June 2016. Fish were tagged in three batches; batch
1: n=25 16/9/-9/10/2014; batch 2: n=15, 4/3-15/4/2015; batch 3: n=5, 7/12/-10/12/2015.
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Detection Range & Receiver Performance

Detection range testing prior to array deployment provides information on
which to base array design (see Chapter 4). However, further in-situ detection range
testing and monitoring of detection range variability once the array is in place is
required to understand detection range under actual study conditions and determine
whether the detections obtained are a reflection of the presence-absence patterns of
tagged fish rather than an artefact of receiver performance (Payne et al. 2010, Kessel
et al. 2014). In addition, this range testing data will aid in understanding the data that
are collected e.g. how confident we can be that a fish was not within X distance of a
receiver and conversely how close a detected fish was likely to be to a receiver at a
given time and location in the study. The results of detection range monitoring using
sentinel tags carried out in the Hare Bay VVPS alongside tracking of fish are discussed

in more detail below.

Fixed Long Term Range Monitoring: Sentinel Tags

Detection range monitoring using static sentinel tags was undertaken within
Hare Bay VPS. Detection range monitoring was first undertaken over a 164 day period
from 20/9/14 to 2/3/14. With two range tags deployed to two separate moorings (See
Fig. 5.3). There was a steady decline in detections from day 1 in the test to when the
tags were removed (Fig. S5.2). Although there was variability between days, the
overall trend was a steady almost linear decline over time of detections of both sentinel
tags. This suggests biofouling was a probable cause. Although the steady build-up of
fouling can reduce receiver function, it has previously been shown to be less of an
issue with new receivers (Heupel et al. 2008), such as used in the present study.
Although the mooring lines were heavily affected by fouling, the receiver
hydrophones, which had been painted with anti-foul, were mostly free of fouling.
Further, in this study both fish positioning and synchronisation tags didn’t show a
similar linear decrease in detections through time, which would be expected if receiver
function was the cause. It therefore is more likely it was fouling of the sentinel tags,
particularly as the tags had no anti-foul and were heavily bio-fouled when retrieved,
so much so they couldn’t be distinguished from the mooring line they were attached

too. Biofouling in Hare Bay appears to occur relatively quickly on surfaces without
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antifoul (e.g. Fig. S5.3), and | recommended that in future studies sentinel tags are

cleared of fouling more regularly where possible.

Successful detection of sentinel tag transmissions (Fig. S5.4) was considerably
lower than detection success of range testing tags in range testing carried out prior to
when the VVPS array was put in place (Chapter 4), particularly for the low power tag.
Lower detection rates of sentinel tags was not unexpected as in contrast to testing in
Chapter 4, the test was not set up in a linear layout but rather used the isometric layout
of the VPS. Consequently the moorings blocked direct line of signal to at least half the
receivers and likely considerably reduced detections. An issue that would not occur in

tagged fish.

Issues with detections of our two sentinel tags during this testing period mean
that I more than likely have underestimated detection range of tagged fish in this study.
However, even based on this conservative estimate, a presence of sentinel tags was
achieved on all study days suggesting it is highly likely a tagged fish in the array would
be detected also if it were present (as discussed in main study results) - particularly

when mobile range testing results in Chapter 4.2 are considered.
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Figure S5.2: Total detections by day (165 days) for each of the two sentinel tags. Tag

1 (low power) blue line and sentinel tag 2 (high power) black line.

Range test using sentinel tags was planned for the whole study, however, |
moved the sentinel tags after 165 days, to a new location with different distance
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intervals. In hindsight, this was a mistake and detection comparisons couldn’t be
directly compared to the first 165 days. In the second location, both tags had relatively
constant but much lower detection rates than the first location for the first 6 months
(they were cleared of biofouling in the middle of this period). Detection rates then
dropped gradually to very few detections by the end of the study. The cause of the
generally lower detection rate at the 2" location seems likely to be because the new
location was closer to the perimeter of the VPS. The marked decrease in sentinel
detections in the 2" location that began after the first 6 months was likely because
they weren’t cleared of fouling in that time (> 360 days). As a result of these issues I

did not include the 2" period range estimates.
RN
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\ L‘ '(";. . - /;

Figure S5.3: Biofouling of a mooring line and buoy 189 days after deployment. The
tracking receiver itself was relatively fouling free, particularly the receiver head
containing the hydrophone which had been painted with anti-foul.
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Figure S5.4: Detection range profiles for acoustic receivers and sentinel tags over 16
distance intervals using all the receivers in the Hare Bay VPS. Data are daily
percentage of tag transmissions successfully detected by fixed acoustic receivers. Top
panel: tag 1 (V9-2L), and bottom panel: tag 2(V9-1H). A LOESS curve (Local
Polynomial Regression, £ 95 CI) of detection probability by distance is fitted to both
data sets.

Synchronisation Tags
All 20 receivers in the Hare Bay array had a V16 synchronisation tag attached to

the mooring so that receivers clocks could be time synchronised. Time drift on individual
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receivers occurs following a predictable linear pattern and the longer that receivers are in
the water, the greater the time drift (receiver clocks are reset at each download). Time
drift results in some receivers with overlapping detection range recording the same tag
transmission as being detected at different times. For example a transmission sent at
10:00, detected at 10.00:18 on one receiver and 10:01:00 on another receiver will appear
to be two unique detections unless time corrected. In some cases during this study, time
differences of transmissions due to time drift was greater than 10 minutes. To achieve
accurate time synchronisation within a VPS ~ 3 detections of synchronisation tag
transmissions on mulitple receivers is required per hour. In this study, detection of
synchronisation tags was very high (Fig. S5.5). This also means that detection probability
of V16 tags generally would be high. While this provides support for receiver detection
range being good throughout the study (i.e. tags were being detected by more than 3
receivers consistently), nearly all the tags used in fish were V9 tags with lower power and
thus the results of mobile, stationary and sentinel range testing with V9s are more

informative.

The results of these various tests combined (here and those in Chapter 4) suggest
that that the presence-absence patterns observed in this study are a good estimate of
bluespotted flathead presence-absence over the study period. Positioning success was not
as high and should be taken into account in future tracking studies looking at fine scale

behaviour patterns within the VVPS.

False Detections

Over 9.5 million detections from 709 transmitters were logged during the study.
Of these tags, 605 transmitters were identified as highly likely to be false tag I1Ds in false
detection analysis in VUE software and one further tag in further manual inspection.
These 606 tags only accounted for 992 of total detections. Of the remaining 103 legitimate
tags, 93 were identified as belonging to Jervis Bay DPI linked projects (including the 2
reference tags, 20 sync tags and all tags in bluespotted flathead in this study), 7 tags were
in sharks from various researchers in other locations (identified by word of mouth, Vemco
assistance or through the IMOS animal tracking database), 1 was an embargoed tag listed

on the IMOS animal tracking database and two tags were unknown.
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Figure S5.5: Time sync availability over the study for the 20 receivers making up the
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data is receiver changeover and download when only one receiver was in the water). Note
that receivers 17-20 were added to the VVPS at a later date in March 2015). B) Second
download of receivers
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Chapter 6 General Discussion

This thesis is a rare example of an assessment of the impacts of protection on
marine soft sediments over a wide spatial and temporal scale and represents a
significant step in addressing the lack of research on this habitat. Prior to this study,
there had been very little research attempting to gauge whether demersal soft sediment
fishes respond to protection in marine protected areas (MPAS). This is despite the
extensive inclusion of this habitat within MPAs. The use of stereo BRUVs provided
a level of detail on soft sediment fish assemblages that was non-existent prior to this
study. The 245 successful BRUV deployments provide a permanent baseline record
over a wide spatial area, a range of depths and fisheries management levels. These data
can be used in future studies to make long term assessments and compare changes in

patterns in assemblages over various management levels.

In this study, | did detect effects of protection, however they were not those
that were necessarily predicted or of a magnitude that might be expected if demersal
fish assemblages were experiencing a high level of fishing pressure on the soft
sediment habitats assessed. The strongest effects were for species that are not
considered highly targeted species by recreational fishers; eastern fiddler rays and
longspine flathead. Fiddler rays appear to be affected within Jervis Bay and on the
open coast, where there was only one observed in fished areas outside the MPAs.
Fiddler rays have been reported to form a considerable component of bycatch in
commercial trawling operations (Marshall et al. 2007), which could explain the
patterns | observed. This species may be a particularly useful indicator species to
assess the effects of trawling. Incorporating long term monitoring into assessments of
the effect of MPAs may have additional fisheries benefits for species in the assemblage
that have no stock assessments, those assessed sporadically and for bycatch species.
For species like longspine flathead (no stock assessment in NSW) and eastern fiddler
rays (Undefined stock status) long-term fisheries independent studies could be used to
flag population crashes or changes in population characteristics that may otherwise go

unnoticed.
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There were clear assemblage wide multivariate effects shown in offshore
comparisons. These effects were probably the result of many taxa contributing, but
with few of these taxa having differences among zones detected in univariate analyses
on their own. Clearly, only having 3 replicate locations within each zone for the open
coastal study meant that the power of the analysis was low. Adding more locations in
repeat testing in Batemans marine park (BMP) and fished open access areas would
increase the power of the assessment and provide a better indication of the patterns
observed in the current study. There are another three no-take zones on the open coast
within BMP that definitely include suitable soft sediment habitats. Sampling these
extra sites was beyond the scope of the current study but including these in future
surveys would more than double the number of locations in the assessment,
substantially increasing the power of future tests. Within Jervis Bay, no extra locations
were possible as the zones within the Bay were extensively sampled both spatially and

also over time.

Intriguingly, | found no indication of any effect on the main targeted fish
species, blue spotted flathead. This species showed no striking difference among zone
in terms of abundance or size. This was surprising, considering how important this fish
species is to commercial and recreational fishing sectors (Stewart et al. 2015, West et
al. 2015). This may indicate that recreational and commercial fishing pressure is at an
ecologically sustainable level. The use of no-take MPAs as references for fisheries
assessments has been suggested previously (e.g. Breen 2007), however, the utility of

this approach has not been tested in the study region as far as | am aware.

The age of an MPA can influence the response of species to protection, with
targeted species in older MPAs more likely to show a positive and stronger response
to protection than those in young MPAs (Claudet et al. 2008, Edgar et al. 2014).
Bluespotted flathead mature quickly (males mature at 1 year of age and females at 2—
3 years) and are highly fecund broadcast spawners (Barnes et al. 2011), so have
therefore had multiple generations since MPA implementation (~8 years 6 months in
BMP and ~13 years 8 months of protection in JBMP at last sampling). Given this, it
seems unlikely that MPA age is the reason behind lack of response detected here.
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However, duration of protection is not always a clear predictor of response (Malcolm

et al. 2016), particularly for slower maturing and less fecund species.

In contrast to bluespotted flathead, Eastern fiddler ray (T. fasciata) and
shovelnose ray (A. rostrata) are slower to mature and produce few young; 2-3 pups
(Bray 2018) and 4-18 pups respectively (Kyne and Bennett 2002). Although age at
maturity data isn’t available for Eastern fiddler ray, it is likely similar to the closely
related Southern fiddler ray (Trygonorrhina dumerilii) in which age at maturity is 4+
years for males and potentially 10+ years for females (Izzo and Gillanders 2008).
Based on these life history data one might predict that these species would have a
considerable lag in response to protection. The Eastern fiddler ray and shovelnose ray
in fact only showed a response in abundances inside Jervis Bay NTZs in the last year
of sampling. Although this prediction, life history and results are in concordance,
further sampling is needed to determine if the trend continues consistently post 2015.
Additionally, some responses may take decades to manifest (Malcolm et al. 2016), so
establishing some impacts of protection in MPA’s that have been in existence even for
the timescales here may not yet be possible. A further complication is that for many of
the other species in the assemblage there is little or no life history available so it is
difficult to make predictions on response times or to say whether it is likely that reserve
age is the reason for a lack of effect in these individual species. Repeating the sampling
undertaken in this thesis in follow up years will help shed light on the longer-term

impacts of protection and should be a priority.

An alternative explanation for the patterns | have observed is that the zones
and MPAs were not large enough or positioned in the right places for more substantial
effects to occur. Fish moving between the various management zone would explain
many of the observed results. However, the tracking data suggested that soft sediment
fishes such as bluespotted flathead do show a high level of residency (some individuals
up to 600 days within the one area), which suggests the size of the zones is not the
issue. However, there are very few species in the soft sediment assemblage that have
published movement data on which to base predictions on effective zone size.
Currently, there are simultaneous studies on other soft sediments species underway in

Jervis Bay, that together with movement data gathered in my thesis should go some
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way to filling this gap in the literature. These studies, although still ongoing, suggest
that fiddler rays (preliminary data; Adams 2016) and longspine flathead (in prep.
Fetterplace, Knott, Adams, Taylor, and Davis) also show high levels of residency
comparable to those presented here. Considering that both these species showed
effects of zoning it may be that they have greater levels of residency over a longer
period and, hence, would be more likely to show a response to MPAs and their zones.
The residency data | have collected provides reasonable support to suggest that the
marine park zones and the marine parks themselves are likely to be adequate to protect
large numbers of bluespotted flathead for reasonably long periods of time (e.g. 12-18
months). Assessing juvenile movement in the future research could potentially show

that these residency periods are considerably longer.

The large, rapid and direct movements made by a substantial proportion of the
tagged flathead, complicate the residency picture somewhat for this species. Just over
a quarter of the tagged fish (12 of 46) made movements of up 200 km within 2-3
weeks. When fish are moving over these distances it is unlikely that small-scale
management will have much of an effect. Hence, it may be that no-take zones and
marine parks may provide a substantial temporal refuge, but that many fish appear to
move large distances, primarily to the north, which would reduce the apparent effect
of MPA protection. This “spill over” of some adult bluespotted flathead is likely to
reduce the magnitude of any effect on abundances within both NTZs and the MPA as
a whole, and at the same time may be subsidising numbers in areas surrounding the
reserve; an outcome that can be a fisheries benefit (Gell and Roberts 2003, Russ et al.
2004, Russ and Alcala 2011). These movement results demonstrate the complex
movement patterns that need to be considered in order to determine the likely
effectiveness of protection on fish species. It should be noted that prior to this study
no evidence existed indicating that bluespotted flathead made such large-scale
directional movements. The question then becomes whether the residency of these fish
over periods of 12—-18 months (and possibly longer as 2/3 of the tagged fish were not
detected making large distance movements) are enough for the MPA to have an effect
or whether the large-scale movements of a substantial proportion of these fish would

be likely to erode any spatial patterns in the abundance and size of the fish in relation
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to MPAs. Further research is clearly needed to determine this intriguing and complex

movement pattern and its effect of spatial patterning in this species.

For logistical reasons, the acoustic tracking was carried out within an ocean-
dominated embayment. An assessment of movement needs to be carried out to
determine whether these residency patterns reflect that of fish on the open coast and
wider shelf area, as it is possible that fish in these areas may be more mobile than those
within the studied embayment. It should, however, be considered that prior to this
study no movement estimates existed for this species and | see no reason why my
results here would be inconsistent with those of fish on the wider coast. However,
now with the experience of working on this species with acoustic telemetry
technology, | would be confident in assessing their movement patterns on the open

coast.

Also, of note is that all the bluespotted flathead detected of Bondi were in water
deeper than 60 m and some were detected in at least 80 m of water. In BMP, with the
zones extending out to 3 nautical miles, this depth would be covered. However, in
JBMP, with the zones only extending 1.5 km out from the shore, this depth would not
be included in the MPA. Hence, there would be some indication that the coverage of
the depths may not be fully adequate at JBMP. Similarly, the narrower width and
generally smaller zones in JBMP (i.e. generally 1.5 x 3km) compared to BMP (i.e.
generally 5.56 x 6 km) means that stray fishing effort from poor position could have a
greater effect in JBMP than in BMP. It should be noted, however, that the NTZ
sampled in BMP was one of the smaller open coastal zones. Future sampling of the
larger southern BMP no-take zones should be a priority but were beyond the scope of

the current study.

There is also the real potential that lack of enforcement may be playing a role
in limited PPA or NTZ effects. Commercial trawl operators have been observed and
on occasions fined for fishing within the MPAs and within no-take zones. Currently,
no estimates of compliance exist so it is difficult to determine how much illegal fishing
is occurring and how much of this activity could effectively remove any biomass of

fish in these areas. However if non-compliance is occurring in an MPA, it can
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potentially negate any benefits of protection (Bergseth et al. 2015). Assessing this
should be a future priority for Fisheries NSW (who are responsible for NSW MPAS).
Doing so would provide a better indication of whether NSW Marine Parks are
affecting soft sediment fish assemblages.

There is considerable expense and effort associated with protecting large areas
of the ocean. If enforcement is required to ensure compliance, then protecting vast
tracts of ocean is likely to be prohibitive in its cost. Soft sediments are likely to be
particularly costly as fishing effort is often dispersed across wide areas and harder to
monitor. This is in comparison to rocky reef for example, where effort is often
concentrated on a few restricted locations (e.g Lynch 2006). If protection on soft
sediment isn’t effective, then perhaps it should be revisited, and resources redirected
to management of habitats, where protection has been shown to be effective. Short
falls in management capacity have been identified as the key reason limiting the
success of MPAs (Gill et al. 2017), so it makes little sense to expend limited funding
and effort on extensive areas of habitat if there is no demonstrable benefit. This is,
however, different from not being assessed — which is currently the case with soft

sediments.

The use of acoustic telemetry provides results that are useful to assist with the
interpretation of complementary density, size and abundance data collected
simultaneously using baited remoted under water video (BRUVS). For example, when
assessing the first and second chapter in isolation, my results suggest that bluespotted
flathead are relatively unaffected by no-take MPAs; either because i) fishing pressure
is low relative to their fecundity (and therefore fishing has little impact on abundances
in PPAS), or ii) they are so highly mobile relative to the zone sizes in the two MPAs
that they are unaffected by zoning, or iii) fishing is occurring inside the NTZs.
However, when the results are considered in light of the strong residency patterns in
Chapter 5, it becomes much less likely that extensive mobility could be the reason
behind the abundances patterns observed. The use of the second method, acoustic
tracking, therefore eliminates a potential explanation for the results gained using
BRUVS. Assuming compliance is high (i.e. there is little fishing occurring in NTZs),
and inside Jervis Bay at least, it appears to be a reasonable assumption due to high
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levels of enforcement, then it suggests that the impact of recreational fishing inside
Jervis Bay is at a sustainable level. Whether low compliance can be assumed in

offshore waters is not as clear (as discussed earlier).

The use of BRUVS and acoustic telemetry as complementary techniques to
investigate movement and abundance/biomass in the same study, is uncommon. There
are some examples on sharks (Bond et al. 2012, Acuiia-Marrero et al. 2017,
Papastamatiou et al. 2017) but other than Fetterplace (2011) and by extension this
study, there are no examples on bony fish that | am aware of (though see studies where
visual census data and acoustic telemtry were used as complementary methods e.g.
Zeller and Russ 1998, Abecasis et al. 2015). Although their use together is novel, both
methods improve our understanding of the ecology of fish, and in unison they provide
an additional means of assessing results gained by either method. Overall, combining
this information will allow better management of the bluespotted flathead, and other

fish in the assemblage when movement data becomes available.

In conclusion, the effect of protection on demersal fishes inhabiting soft
sediments is poorly understood. This is despite the dominance of soft sediment habitats
in the ocean and the widespread inclusion of large areas of soft sediments in MPAs.
Whether protection can have the same impact on demersal soft sediment fish
assemblages as those on other habitats has rarely been assessed and is a critical gap in
the understanding of MPA efficacy. My thesis represents an important step in filling
this gap by providing one of the few assessments of soft sediment fish community
response to MPA implementation. My results demonstrate that temperate demersal
fishes found on marine soft sediments can show strong residency and that they can be
influenced by protection within MPAs at a number of spatial scales. However, many
species show no response and for those that do, the range of responses are highly
variable. At the assemblage level responses were also varied with no response detected
inside Jervis Bay, but clear differences in assemblages among all management zones
in offshore waters. This study has broken new ground, providing strong spatial and
temporal estimates of the relative abundance and size of the soft sediment fish
assemblages along the temperate south-east coast of Australia. Furthermore, | have
provided robust long-term (up to 618 days with more data to come) estimates of the
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residency and large-scale movement patterns of one of the most important commercial
and recreational soft sediment species, which prior to this study had been effectively
unassessed. In a worldwide context, this study, together with my preliminary work
(Fetterplace 2011, Fetterplace et al. 2016) represents a) the first comprehensive
assessment of effects of MPA on soft sediment fishes across multiple years, NTZs,
MPAs, and b) one of the few studies assessing the movement of a soft sediment fish
in relation to MPAs across multiple years and c) a rare example of movement data on
a soft sediment associated fish species based on a relatively large sample size (51 fish
tracked in total). It is envisaged that the use of abundance and movement data together,
will be more broadly adopted to improve the oft neglected assessment of one the most
protected habitats and fauna assemblages—marine soft sediments and soft sediment
associated fishes.
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Appendix A: Published Manuscripts and Presentations

During my PhD | have published; two journal articles as lead author, one as 2" author
and have one in review as 2" author. | have also published 4 datasets and presented data

from my thesis at national and international conferences.
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Fetterplace, L., Davis, A., Neilson, J., Taylor, M. and Knott, N. (2016). "Active acoustic
tracking suggests that soft sediment fishes can show site attachment: a preliminary
assessment of the movement patterns of the blue-spotted flathead (Platycephalus

caeruleopunctatus).” Animal Biotelemetry 4(1): 15.

Adams, K. R, Fetterplace, L. C., Davis, A. R., Taylor, M. D., Knott, N. A. (2018). Sharks,
rays and abortion: the prevalence of capture-induced parturition in elasmobranchs.

Biological Conservation 217: 11-27.
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Speaker, Department of Ecology, Environment and Plant Sciences seminar series,
Stockholm University.
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fish on marine soft sediments? The 5" International Marine Conservation Congress,

Kuching, Malaysia.
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Industries Fisheries Research, Marine Ecosystems. Huskisson, NSW.
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Fetterplace LC and Knott NA. (2015). Standard Operating Procedure for Field Based
Surgical Implantation of Acoustic Transmitters in Fish: Jervis Bay Marine Park.
Huskisson, NSW.

Co-Author Presentations

Fetterplace L, Taylor M, Davis A and Knott N*. (2017) Are open coastal soft sediment
fishes always highly mobile? An assessment of the movement patterns of the bluespotted
flathead. International Conference on Fish Telemetry, Cairns, June 2017. *Presenting

author.

Appendix B: Systematic Review of Acoustic Telemetry and Satellite Telemetry
Based Studies

The following steps were undertaken to find acoustic tracking and satellite telemetry
papers to explore (1) research effort undertaken by broad habitat type and (2) spatial
patterns in the use of this technology globally.

To compile an initial list of marine and estuarine tracking publications, a web of science
search using terms based on those used in Kessel (2015) was carried out and included
papers up to 31% December 2013. The search terms for the Kessel (2015) dataset were
“acoustic, ultrasonic, sonic, satellite, PSAT and SPOT proceeded by each of the words
telemetry, tracking and tag”. The search terms provided ~800 papers, however this did
not replicate the study list of the original paper (including papers cited in the searched
publications). | then cross referenced the list with the Kessel (2015) dataset and included
all additional papers. The total number of papers after this combined search was 1170 and

I included these in my initial database.

Papers in Kessel (2015) already had species from each publication defined, so | defined
species for the remaining papers. | then removed any studies not tracking fish (note: if a
publication tracked fish and non-fish species it was included). Following Kessel (2015)
each species tracked was assigned a study number. If more than one species was tracked

in a publication then each species was assigned a unique ‘study’ number (i.e. if a study
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tracked Great Whites and Whip Rays then a study number was assigned to both and a
point on the global maps was plotted for each). Similarly, on the few occasions where
there were different tagging locations within a paper (e.g. fish tagged in Russian and fish
tagged in the US) | assigned each group of fish tagged at each location a study number.
If there were different tagging years within a paper, each was considered a different study
and assigned a study number (e.qg. if fish were tagged in one batch in 2009 and another in
2011 than they were both plotted).

This produced a list of 853 studies on fishes (bony and cartilaginous).
e 624 on Teleosts (494 acoustic, 130 Satellite).
e 229 on Elasmobranchs (126 acoustic, 103 Satellite).

| then used FishBase (2017) to assign an attribute(s) based on water type with categories
marine, freshwater, brackish (fish were assigned to one or multiple categories).
Freshwater only species were then removed (Table B1.1). Species classed as occurring in
both freshwater and brackish categories were removed (Table B1.1) as they spend the
majority of time in freshwater and rarely enter marine waters. | also removed catadromous
species that spend most time in freshwater and only enter marine waters to spawn/breed
(Table B1.1). During sorting of the remaining studies, | removed a number of papers
included by Kessel (2015) that either weren’t on fish or didn’t using telemetry (Table
B1.2)
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Table B1.1: Species assigned both freshwater and brackish categories and catadromous
species that spend most time in freshwater and only enter marine waters to spawn/breed
that were removed from the data set.

Category Common Name Scientific Name
Freshwater largemouth bass Micropterus salmoides
Freshwater lake trout Salvelinus namaycush
Freshwater South American Perch | Percichthys trucha
Freshwater Bighead carp Hypophthalmichthys nobilis
Freshwater Silver carp Hypophthalmichthys molitrix
Freshwater Razorback sucker Xyrauchen texanus
Freshwater Mekong giant catfish | Pangasianodon gigas
Freshwater Smallmouth bass Micropterus dolomieu
Freshwater Crucian carp Carassius cuvieri
Freshwater Crucian carp Carassius auratus
Freshwater Dark chub Nipponocypris temminckii
Freshwater/Brackish | Lake whitefish Coregonus clupeaformis
Freshwater/Brackish | Brown bullhead Ameiurus nebulosus
Freshwater/Brackish | European perch Perca fluviatilis
Freshwater/Brackish | Common carp Cyprinus carpio
Freshwater/Brackish | European catfish Silurus glanis
Freshwater/Brackish | Lake sturgeon Acipenser fulvescens
Freshwater/Brackish | White sucker Catostomus commersonii
Freshwater/Brackish | Taimen Hucho taimen
Freshwater/Brackish | Lake sturgeon Acipenser fulvescens
Freshwater/Brackish | Bull trout Salvelinus confluentus
Freshwater/Brackish | Burbot Lota

Freshwater/Brackish | Northern Pike Esox lucius
Freshwater/Brackish | Australian bass Macquaria novemaculeata
Freshwater/Brackish | Northern Pike Esox Lucius
Freshwater/Brackish | Siberian Sturgeon Acipenser baerii
Freshwater/Brackish | Common Bream Abramis brama
Freshwater/Brackish | Northern Pike Esox Lucius
Freshwater/Brackish | Australian bass Macquaria novemaculeata
Catadromous European silver eel Anguilla anguilla
Catadromous Japanese sea bass Lateorabrax japonicus
Catadromous American eel Anguilla rostrata
Catadromous Longfin eel Anguilla dieffenbachii
Catadromous Shortfin eel Anguilla australis
Catadromous European silver eel Anguilla anguilla
Catadromous Grey mullet Liza aurata

Catadromous Tupong Pseudaphritis urvillii
Catadromous American eel Anguilla rostrata
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Table B1.2: Papers removed from the dataset as they did not tag fish.

Paper Category | Name Reason Removed:

Edwards et al. 2007 Teleost Gulf sturgeon Acipenser Review  of  other
oxyrinchus studies, so no tags.
desotoi

Wright et al. 2007 Teleost Coho salmon Oncorhynchus | They only tag seals
kisutch

Watson et al. (b) 2009 | Teleost Horseshoe crab Limulus Not a Teleost
polyphemus

James-Pirri 2010 Teleost Horseshoe crab Limulus Not a Teleost
polyphemus

Schaller et al. 2010 Teleost Horseshoe crab Limulus Not a Teleost
polyphemus

Watson and Chabot | Teleost Horseshoe crab Limulus Not a Teleost

2010 polyphemus

Cooke et al. 2011 Teleost Atlantic sturgeon Acipenser Review, so no tags
oxyrinchus

Leeetal. 2011 Teleost Lingcod Ophiodon Paper not on lingcod
elongatus

Wuneschel et al. 2013 | Teleost Weakfish Cynoscion Based on fishery
regalis trawling data- no

tagging

Wuneschel et al. 2013 | Teleost Striped bass Morone Based on fishery

saxatilis trawling data-no
tagging

Wauneschel et al. 2013 | Teleost Summer flounder Paralichthys Paper does not tag any

dentatus fish

This resulted in the final dataset of 729 studies from 584 publications was complete.
FishBase (2017) was then used to allocate a habitat to all species based on the following
criteria;
“Habitat- Indicates the particular environment preferred by the species, with the following
choices (adapted from Holthus and Maragos 1995):
. pelagic: occurring mainly in the water column between 0 and 200 m, not feeding
on benthic organisms;
. benthopelagic: living and/or feeding on or near the bottom, as well as in midwater,
between 0 and 200 m;
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. demersal: living and/or feeding on or near the bottom, between 0 and 200 m;

. reef-associated: living and/or feeding on or near reefs, between 0 and 200 m;

. bathypelagic: occurring mainly in open water below 200 m, not feeding on benthic
organisms; and

. bathydemersal: living and/or feeding on or near the bottom, below 200 m.”
There were only three bathypelagic studies on two species, the sharp-tail mola (Masturus
lanceolatus) and opah (Lampris guttatus), and both are listed in the publications as
occurring above 200m depth so there were included in the pelagic category. In a similar
manner, only sixgill sharks (Hexanchus griseus) were included in the bathydemersal
category and were listed in the publication as occurring in much shallower water so were
included in the demersal category.

Lastly, the demersal category was split by habitat type into the following categories; soft
sediment associated (n = 51), generalist (n = 76) or reef associated (these 11 papers were
placed into the main reef associated category). Category was designated firstly by
manually checking the publication, if not defined in the publication then the detailed
ecology section of 1) FishBase (2017) and 2) the ICUN red list (2017) was consulted.
The final classification by habitat was pelagic (n = 226), benthopelagic (n = 175), reef
associated (201), demersal soft sediment associated (n =51) and demersal generalist (n =
76).
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