USING SHELL MORPHOLOGY
TO CHARACTERISE ABALONE
POPULATIONS ACROSS
MULTIPLE SPATIAL SCALES

‘-. YR “.-_'.i_ _{_h ’,,‘! TR 2 : '_ ?
4 P s s R s
L A ! e = W" iR~

THOR M. SAUNDERS

Submitted for the degree of Doctor of Philosophy
School of Earth and Environmental Sciences
The University of Adelaide
March 2009



Declaration

This work contains no material which has been accepted for the award of any other
degree or diploma in any university or other tertiary institution and, to the best of my
knowledge and belief, contains no material previously published or written by another
person, except where due reference has been made in the text. I give consent to this
copy of my thesis when deposited in the University Library, being made available for

loan and photocopying, subject to the provisions of the Copyright Act 1968.

I acknowledge that copyright of published works contained within this thesis (as listed

below* ) resides with the copyright holder(s) of those works.

* Saunders T, Mayfield S (2008) Predicting biological variation using a simple
morphometric marker in the sedentary marine invertebrate (Haliotis rubra).
Marine Ecology Progress Series 366: 75-89 (CSIRO publishing,
WWW.CSiro.com.au)

Saunders T, Mayfield S, Hogg A (2008) A simple, cost-effective, morphometric
marker for characterising abalone populations at multiple spatial scales.
Marine and Freshwater Research 59: 32-40 (Inter Research, www.int-
res.com)

Saunders T, Connell S, Mayfield S (in press) Differences in abalone growth and
morphology between locations with high and low food availability:
Morphologically fixed or plastic traits? Marine Biology (Springer/Kluwer
Academic Publishers, www.springeronline.com)

Saunders T, Mayfield S, Hogg A (2009) Using a simple ‘morphometric marker’ to
identify fine-scale management units for abalone fisheries. ICES Journal of
Marine  Science  66: 305-314 (Oxford  University  Publishing,
www.oxfordjournals.org)

THOR M. SAUNDERS
March 6, 2009


http://www.csiro.com.au/
http://www.int-res.com/
http://www.int-res.com/
http://www.springeronline.com/
http://www.oxfordjournals.org/

Table of contents

[ =Tod F= U =1 o] o PO ST ROPPP 1
BLIE= L o] (o) o0 01 =] g | £SO 2
A 0] 1 - (o USSP 4
ACKNOWIEAGEMENTS ...t nre e 6
Chapter 1: General INtrodUCTION ..........cccoiiiiiiiiie e 8
1.1 Notes 0N Chapter StYIe ... 13
Preamble t0 Chapler 2. e 14
Chapter 2: A simple, cost-effective, morphometric marker for characterising
abalone populations at multiple spatial scales............ccccoeveiieiieincic e 15
P00 1 (o [0 Tox (o o H USSP 15
2.2 MEENOGS. ...ttt nraere s 18
2.2. 1 STUAY SITE.....eeiiiieiieiie ettt bbb 18
2.2.2 Broad-SCale .......cc.eciiiiece et 18
2.2.3 FINE-SCAIE .....cuviiiie e 18
2.2.4 Morphometric SAMPIING........c.coviieieeieiec e 19
2.2.5 DAta ANAIYSIS ...t 20
2.3 RESUILS ...ttt ettt a et e et et e re e e nreere s 22
2.3.1 Broad-SCale ......ccuveeiieieii ettt 22
2.3.2 FINE-SCAIE ..ottt 22
2.4 DISCUSSION .....veeveeitieeetee et e et te ettt e et e e sbe et e e s te e et e e s beeebeesaseenbeeasreenreennneenns 25
Preamble t0 Chapter 3..... ... 31
Chapter 3: Predicting biological variation using a simple morphometric marker
in the sedentary marine invertebrate Haliotis rubra .............cccccooviveiiciiccncee, 32
T8 A 101 0o 0 od o o USSR 32
3.2 MEENOUS. ...t 35
3.2.1 STUAY SITE...evieieeie ettt te e s e et e e e e e nreaneennaeee s 35
3.2.2 GIOWLN .o e 37
3.2.3 SIZ€ At MALUNILY ....eveeieeie ettt e e e e eae s 37
324 FECUNGILY ..ottt ettt st sneeae s 39
3.2.5 Data @NAIYSIS .. .eeuveieieiieeie et 39
LB RESUILS ..t 40
T 00 1 (0.1 1 o USSR 40
3.3.2 SHZ€ At MALUNILY ..ottt ae s 41
3.3.3 FECUNGILY.....eveiieie ettt e e e e ae s 46
3.3.4 Relation of biology to Morphology.........ccccceeeiiiiiniiiieiee e 46
3.1 DISCUSSION ...ttt e s e e e e te et e e e e e ste s e s aaesteeseesre e teesaesseesteaneesseeeeeneenneensens 46
Preamble t0 Chapler 4.t 53
Chapter 4: Differences in abalone growth and morphology between locations
with high and low food availability: morphologically fixed or plastic traits?......54
g I 1o oo [U T oo SRS 54
A V1= 1 o T 1SR OPR 56



A.2.0 STUAY SIT....eveeieeieesiie ettt st sb e nn e 56

4.2.2 Reciprocal transplant eXperiment ..........cccevveveiieesieein e 56
4.2.3 Measurements of blacklip density, topography, water movement and algal
(0101 TSRO P PSP 59
4.2.4 Data @NAIYSIS ...veeueeiieeiieie e 60
A .3 RESUIS .. bbb 61
4.3.1 Reciprocal transplant eXperiment ..........cccovveieiieiieie s 61
4.3.2 Spatial variability in environmental factors..........ccccccvvvevieveiceneccc e 62
4.3.3 Relationship between growth and environmental factors...............cc.......... 64
4.4 DISCUSSION ...cvvirtete ittt ettt sttt et bbbt b e bt e st et et sb et beeneene s 64
Preamble t0 Chapler 5. 69
Chapter 5: Using a simple morphometric marker to identify management units
fOr @balone fISNEIIES........oo i 70
ST 1 (0o [0 Tox 1 o] PSSP 70
5.2 METNOGS. ...ttt reere s 73
5.2.1 STUAY SITE...eueiiieie ettt re e nre e ara e e 73
5.2.2 Broad-scale spatial distribution of stunted and non-stunted blacklip......... 74
5.2.3 Fine-scale spatial distribution of stunted and non-stunted blacklip............ 76
5.2.4 Estimates of biological parameters for potential MUS ............ccccceeveniennns 79
5.3 RESUIES ..t 79
5.3.1 Broad-scale spatial distribution of stunted and non-stunted blacklip......... 79
5.3.2 Fine-scale spatial distribution of stunted and non-stunted blacklip............ 80
5.3.3 Estimates of biological parameters for potential MUS ............cccccevveriennns 80
5.4 DISCUSSION ....tevttestieiie ettt sttt e et bbbt b e b e s et e b e besbenbenbeeneane e 80
Chapter 6: General diSCUSSION.........cc.ciieiieiiiiesie et 89
6.1 Identification and characterisation of blacklip populations using a
MOFPhOMELIIC MAFKEN.......ccui it 89
6.2 Environmental effects on blacklip morphology ..o, 90
6.3 Identifying units of management for blacklip using a morphometric marker ...92
6.4 FULUIE RESEAICI .....eiivieiiice et ee s 94
6.5 CONCIUSION ..ottt bttt n e ne e 95
RETEIEINCES ...ttt bbb e 97
APPENAIX A et b e bbbt re e nbe et e e nre e b 110



Abstract

Many sedentary marine invertebrates have a fine-scale (100s m) population structure
that complicates their conservation and management. This is a consequence of the
limited information on the boundaries between component populations and the
biological variability among them. Blacklip abalone (Haliotis rubra) form discrete
populations many of which are “stunted” with individuals reaching a maximum length
less than those in adjacent areas. A range of morphological measurements from
samples of stunted and ‘non-stunted’ H. rubra collected from sites spread across
broad (10s km) and fine (100s m) spatial scales in southern South Australia. In
addition, information on the growth, size at maturity and fecundity of H. rubra was
obtained from these same sites. The ratio between shell length and shell height
showed clear and significant differences among samples from stunted and non-stunted
sites. The fine-scale morphometric collections suggested that stunted populations
existed at smaller spatial scales compared to those for non-stunted populations.
Spatial variation in these key life history parameters could primarily be attributed to
differences between stunted and non-stunted sites. Relationships between each of
these parameters and the ratio between shell length and shell height were also
examined. The spatial patterns in morphology and biology were highly correlated
suggesting that shell length:shell height ratio can be used as a simple ‘“morphometric
marker’ to distinguish among populations of abalone and identify their biological

characteristics.

The detection of differences H. rubra morphology among variable environments
cannot determine whether these differences represent a plastic response to the local
environment, or whether morphology is genetically fixed. A reciprocal transplant
experiment was used to test whether stunted H. rubra are the result of a plastic
response to the environment or fixed genetic trait. Furthermore, environmental factors
that affect food availability were related to differences in morphology. Morphological
plasticity was confirmed as the mechanism causing morphological variation in H.
rubra. Individuals transplanted to sites with non-stunted H. rubra grew significantly
faster when compared to stunted controls, while individuals transplanted to stunted
sites grew significantly slower compared to non-stunted controls. It is suggested that

these differences are related to resource availability with areas limited in food supply



resulting in stunted populations and areas with abundant food resulting in non-stunted

populations.

To reduce the risks of over-fishing and localised depletion of H. rubra, management
units (MUs) that encompass individual populations need to be determined and then
managed according to their life-history characteristics. Potential MUs in the South
Australian abalone fishery were identified from the broad-scale, spatial distribution of
stunted and non-stunted populations of H. rubra, by applying the morphometric
marker to commercial shell samples. Key life-history parameters of the H. rubra
populations within the potential MUs were estimated using relationships between this
marker and H. rubra biology. Data from fine-scale systematic sampling by
commercial fishers were used to validate spatial patterns observed from the more
broadly distributed commercial catch samples. The location, distribution and size of
potential MUs were largely inconsistent with that of current management. The
locations of two MUs were consistent across the broad- and fine-scale datasets with
the fine-scale samples being more informative for identifying a potential boundary
between these. These results suggest that this morphometric marker can used as a tool
for the spatial management of abalone fisheries by simply and inexpensively inferring
key biological parameters for individual populations and identify the boundaries
among these based on these differences. This approach is among the first to provide a
practical means of more closely aligning the scales of assessment and management

with biological reality for sedentary marine invertebrates.
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