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Project 1.4.1 Objective A:

Condition, status and trends and projected futofése dugong in the Northern Great
Barrier Reef and Torres Strait; including idenafion and evaluation of the key
threats and evaluation of available managementiogtio improve its status.

Complementary Objective C.
Improving knowledge of dugong life history.
Investigators:

Ms Jillian Grayson
Professor Helene Marsh
Dr Steven Delean

Rie Hagihara

Work Undertaken to Date Enabled by Supplementary Fading from GBRMPA

(1) The Growth Layer Groups of one tusk from each ofl@g§ongs from Torres
Strait were examined using a range of techniquésvestigate whether they
provide an unambiguous record of: a) early growjtthe age of sexual
maturity in males and females, and c) calving ev.ehte life history of each
of the dugongs was inferred from carcass analysis.

(2) The aerial survey records collected in Australrecsithe mid 1970s were used
to quantify spatial and temporal patterns of fedéiynaksing percentage calf
counts as a surrogate measure of dugong fecuddigse data were then
modelled to determine if changes in dugong fecyratié associated with
weather indices such as the SOI, NINO 3.4 or rexofdainfall.

Results

(1) The spacing in the GLGs of the tusks of both fenaalé male dugongs from
Torres Strait does not show a distinct pattern ¢hatunequivocally be
attributed to life history events such as the on$sexual maturity or calving.
Plausible scenarios can be developed to explaipdtiern of GLG deposition
in individual dugongs for which life history inforation is available from
carcasses. However, these patterns are too umcttdahe pattern of GLG
deposition in the tusk of a dugong from a tropregjion such as Torres Strait
to be used as an unambiguous record of its lifestyis

(2) The temporal and spatial differences in dugongridity measured by the
proportion of calves seen during aerial surveydage. In regions that were
comprehensively surveyed, the proportion of cateeged from 0.002 in the
Northern Great Barrier Reef in 1978 to 0.22 in HgrBay in 1988 and 1992.



There was a significant negative relationship betwie proportion of calves
and the wet season rainfall, the wet season raarfaimaly and the SOl and a
positive relationship between the proportion ofrealand the wet season
NINO3.4, each lagged by two years in the NorthereaGBarrier Reef region.
In the Western Australian survey region there wagaificant negative
relationship between the proportion of calves d®SOI and a significant
positive relationship between the proportion ozealand NINO3.4, each
lagged by two years; but the relationship with fairor rainfall anomalies
could not be tested because of the low variatiagaimfall. In the Moreton Bay
region, the proportion of calves positively covdrigith rainfall lagged by two
years and negatively covaried with rainfall anehfai anomalies each lagged
by three years (which may have been a consequéitice two-year positive
relationship), but there was no relationship wi@®l 8r NINO 3.4. The results
for Western Australia and Moreton Bay are tentaisehey were not robust
over all covariates. It is possible that simildat@nships exist for other
regions and that the data are not yet adequatantom them statistically
(Type 2 error).

(3) The negative impact on dugong fecundity of the wfssoastal seagrass
associated with exceptionally high rainfall andestextreme weather events is
of major concern when considering the impact ahalie change on dugongs.

Recommendations

(1) That the use of dugong tusks as a record of Igeohy events be restricted to age
determination.

(2) That the proposed Masters project to further exardigong tusks as a record of
life history events not be carried out becausephigect demonstrates that dugong
tusks from Torres Strait are an ambiguous recosilioh events.

(3) That the data on the proportions of calves seeattugong surveys be further
analysed in collaboration with meteorologists idesrto better capture any impact
of pulsed turbidity events.

(4) That future assessments of the impact of pulsdaildity events associated with
Climate Change for the GBRWHA include the negatmpact of such events on
dugong fecundity.

(5) That the dugong stranding database be examinegtéondine whether the number
of deaths attributed to natural causes is cormhaith broad-scale sources of
inter-annual variability in weather and climate Is@as changes in rainfall, SOI and
NINO 3.4.

Outcomes/Obijectives

Objective 1:
Provide a final report on the pilot study condudiz@éxamine if the spacing and
elemental context of the growth layer groups inttleks and ear bones of dugongs



collected from the Torres Strait reflect the lifstbhry events in animals known
reproductive histories.

This objective has been achieved for tusks. Itwveapossible to undertake specimen
preparation for the ear bones within the time fraofi¢he project because the time
required to decalcify dugong ear bones is many tmriiowever, we regard it as
extremely unlikely that the ear bones would haegd more information than the
tusks.

Objective 2:

Include in the final report the spatial and temppedterns of dugong fecundity using
percentage counts as a surrogate measure of dégmnglity from the aerial survey
records of dugong distribution and abundance dalteby James Cook University for
the east coast of Queensland and Torres Straé #iec1980s.

This objective has been achieved.

Objective 3:

If possible, include in the final report additiomta on: dugong life history
parameters such as age at sexual maturity, caandgluration of lactation and the
way they change through time at a population lemed} periods of nutritional stress
during low food abundance.

This objective has been achieved for the relatignbbtween fecundity and weather
only. It was not possible to undertake the remaimdéhis part of the project because
the tusks were not sufficiently informative.

Appropriateness of the Approaches used in the Devsggment and
Implementation of the Project
Appropriate

Communicating the Results to Policy Makers and Statholders
Dr Kirsten Dobbs and Ms Stephanie Lemm GBRMPA Hasen briefed verbally by
Professor Helene Marsh.

Transferability of the Research

The relationship between rainfall and dugong fedyrghould be explored for other
areas in the dugong’s range and used in the dewelojpof models to inform policy
about the levels of human-induced mortality thatldely to be sustainable.
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Executive Summary

(1) The Growth Layer Groups of one tusk from each ofl@§ongs from Torres
Strait were examined using a range of techniquésvestigate whether they
provide an unambiguous record of: a) early growjtthe age of sexual
maturity in males and females; and c) calving ev.ehlbe life history of each
of the dugongs was inferred from carcass analysis.

(2) The spacing in the GLGs of the tusks of both fenaalé male dugongs from
Torres Strait does not show a distinct pattern¢hatunequivocally be
attributed to life history events such as the on$sexual maturity or calving.
Plausible scenarios can be developed to explaipdtiern of GLG deposition
in individual dugongs for which life history inforation is available from
carcasses. However, these patterns are too umctatdhe pattern of GLG
deposition in the tusk of a dugong from a tropregfion such as Torres Strait
to be used as an unambiguous record of its lifetyis

(3) The aerial survey records collected in Australrcsithe mid 1970s were used
to quantify spatial and temporal patterns of fectynasing percentage calf
counts as a surrogate measure of dugong fecufidigse data were then
modelled to determine if changes in dugong fecyratié associated with
weather indices such as the SOI, NINO 3.4 or recofdainfall.

(4) The temporal and spatial differences in dugongridity measured by the
proportion of calves seen during aerial surveydage. In regions that were
comprehensively surveyed, the proportion of cateeged from 0.002 in
Northern Great Barrier Reef in 1978 to 0.22 in HgrBay in 1988 and 1992.
There was a significant negative relationship betwie proportion of calves
and the wet season rainfall, the wet season raarfaimaly and the SOl and a
positive relationship between the proportion orealand the wet season
NINO3.4, each lagged by two years in the NorthereaGBarrier Reef region.
In the Western Australian survey region there wagaificant negative
relationship between the proportion of calves d&®SOI and a significant
positive relationship between the proportion ozealand NINO3.4, each
lagged by two years; but the relationship with fairor rainfall anomalies
could not be tested because of the low variatiaaimfall. In the Moreton Bay
region, the proportion of calves positively covdrigith rainfall lagged by two
years and negatively covaried with rainfall anehfai anomalies each lagged
by three years (which may have been a consequéitice two-year positive
relationship), but there was no relationship wi@®l 8r NINO 3.4. The results
for Western Australia and Moreton Bay are tentaisehey were not robust
over all covariates. It is possible that simildat@nships exist for other
regions and that the data are not yet adequatantom them statistically
(Type 2 error).



(5) The negative impact on dugong fecundity of the wfssoastal seagrass
associated with exceptionally high rainfall andestbxtreme weather events is
of major concern when considering the impact ohale change on dugongs.

Recommendations

(1) That the use of dugong tusks as a record of |geohy events be restricted to
age determination.

(2) That the proposed Masters project to further exardirgong tusks as a record
of life history events not be carried out becalnse project demonstrates that
dugong tusks from Torres Strait are an ambiguocerdeof such events.

(3) That the data on the proportions of calves seeattugong surveys be further
analysed in collaboration with meteorologists idesrto better capture any
impact of pulsed turbidity events.

(4) That future assessments of the impact of pulsdaidity events associated
with Climate Change for the GBRWHA include the negaimpact of such
events on dugong fecundity.

(5) That the dugong stranding database be examineetéondine whether the
number of deaths attributed to natural causesrieleded with broadscale
sources of inter-annual variability in weather ahichate such as changes in
rainfall, SOI and NINO 3.4.



1. Introduction

The dugong, the only extant member of the familg@ngidae, is listed as vulnerable
at a global scale by the International Union fon€arvation of Nature (IUCN 2007).
In Australia and Queensland, the dugong is proteleyetheEnvironment Protection
and Biodiversity Conservation Act 19@0th) and théNature Conservation Act 1994
(Qld), respectively. Dugongs have a wide globageawhich spans at least 48
countries (Marsh et al. 2003 and unpublished). raliah waters support more
dugongs than those of any other country. As thg deVeloped country with a
significant dugong population, Australia is intetoaally expected to play a pivotal
role in dugong conservation. The significance ef @reat Barrier Reef World
Heritage Area (GBRWHA) as a feeding ground for cugois an explicit reason for
that Area’s World Heritage Listing (GBRMPA 1981n. Torres Strait, the customary
dugong fishery is recognised by the internatioredty between Australia and Papua
New Guinea.

Dugongs are long-lived animals with a slow reprdihecrate, long generation time
and high investment in each offspring (Marsh ¢844 a, Boyd et al. 1999). These
factors make them susceptible to anthropogeniatbrearticularly anthropogenic
mortality, as the dugong’s life history makes tpeaes particularly sensitive to
changes in adult survivorship. Population modeds demonstrate that the rate of
increase of a dugong population is sensitive tomgha in fecundity (Heinsohn et al.
2004).

Cryptic marine mammals such as dugongs are nosldyiaifficult to study. These
difficulties are exacerbated when such animalsliysaecur in: (1) relatively large
numbers (thousands), (2) turbid water, (3) reldyivemote areas (Marsh et al. 2003),
and (4) are highly mobile (Sheppard et al. 2006)sEfeatures make mark-recapture
studies logistically impossible throughout muchtbé dugong’s range in Australia,
even though they have potential in Moreton Bay,ahly urban area which supports
dugongs in a clear water area that is relativadiaied from the remainder of the
range (Lanyon et al. 2002). As a result of theggstaal challenges, almost all
information on dugong life history originates fraarcass analysis (Marsh 1980,
Marsh et al. 1984a, Boyd et al. 1999, Kwan 2002rdi@and Kwan in press).

Growth Layer Groups (GLGs) in dugong tusks havenhesed to estimate age (Marsh
1980). In conjunction with the examination of reguotive specimens, these
estimates of age have been used to estimate $ifeririparameters such as the pre-
reproductive period and the calving interval, bothvhich show considerable
variation in both space and time (Boyd et al. 1998an 2002, Marsh and Kwan in
press). Marsh and Kwan (in press) demonstratedhbdife history and reproductive
rate of female dugongs are adversely affected agrass loss, which in turn, can
result from natural environmental factors suchigist Ideprivation resulting from
increases in turbidity resulting from prolongedofiiing (Preen and Marsh 1995,
Preen et al. 1995) or sediment resuspension dprmignged periods of high winds
(Saint-Cast in press). Green turtle life histogits such as growth and breeding rates
also vary with environmental factors (Limpus anaiiils 1988; Chaloupka et al.
2004). For example, the number of green turtlesliheed each year increases two
years following an El Nio episode (Limpus and Nichols 1988). El Nifio eges)
which are associated with negative values of thet®sn Oscillation Index (SOI) and



positive values of the NINO 3.4 sea surface tentpegandex, are usually
accompanied by sustained warming of the centrakastern tropical Pacific Ocean,
a decrease in the strength of the Pacific Tradedg/iand a reduction in rainfall over
eastern and northern Australia. NINO 3.4 is onthefregions in the equatorial
Pacific important for monitoring and identifying Bino and La Nina. The sea
surface temperature variability in this region hagrong effect on rainfall variation in
the western Pacific. Calves are recorded separftetyadults during dugong aerial
surveys. The time series of dugong aerial survegslucted in northern Australia
since the 1970s (Table 1) provide an extensiverdegbvariation in dugong fecundity
over huge temporal and spatial scales. The poteaitihe data from these surveys to
reveal whether dugong fecundity also varies withaldrscale sources of inter-annual
variability in weather and climate such as changédke Southern Oscillation Index
and the NINO 3.4 sea surface temperature indexdialseen investigated.

The Potential Biological Removal method (Wade 1988 been used to estimate
sustainable anthropogenic mortality from all cadseslugongs in various regions
including the GBRWHA and Torres Strait (Marsh et2fl04a, 2006 and 2007). This
technique requires an accurate and precise knowlefidugong life history
parameters based on empirical data. At presenbtbemation on age parameters
such as age of first reproduction and calving flateh of which vary in space and

time as discussed above) are based on relativedll samples because of the need to
collect reproductive specimens as well as tuskaderdetermination to measure these
parameters.

Unlike dugongs, Florida manatees do not have tidksmontel (1995) and
Marmontel et al. (1996) used the GLGs in manated@aes for age determination in
a technique analogous to that used by Marsh (1f#@8@ugong tusks. The patterns of
inter-annual variation in the width of the GLG4tlveir ear bones have subsequently
been verified as proxies of life history informatim individual Florida manatees
with well-documented life histories. Pitchford aRdmmel (2002) compared the
timing of events from an individual manatee's history with the timing of inter-
annual variations in growth observed in the measardgs of GLGs. Their results
indicated that: (1) a consistent and relativelgéaamount of growth was observed
during the first three years for all individualsaexined, (2) all individuals had a
distinct change in growth rate between ages thmddiae, consistent with the
documented timing of sexual maturity and field alsagons of the manatees
examined for this study, and (3) after age fivehemanatee had intervals of
inconsistent growth which may reflect individudélhistory events. They considered
that GLG spacing could be a useful method for oltgilife history information of
manatees and that growth-layer intervals coulddeel dor both population level
assessments by examining long-term trends in agexafal maturity, and for
individual assessments by identifying short-termidgical and environmental events.

The potential to use the GLGs in dugong tusks imrianner to increase the sample
size on which life history parameters are basedbasiderable advantages,
particularly because of the inherent difficultiasobtaining such information from
either: (1) carcasses that are to be used for bye@taditional Owners when
researchers are not present at the butchering) aecomposed carcasses. If dugong
tusks could be used as a record of major life hystwents, the information could be
used both in population models and in public edanab provide information to



individual hunters on their catch. Similarly, catfunts obtained during aerial surveys
for dugongs are potentially useful proxies of dugecundity. If they vary in
associate with extreme weather events, large sbaleges in fecundity, which also
affect the rate, could be predicted on the basigezither records in the same manner
as temporal variation in green turtle nesting edjcted (Limpus and Nichols, 1988,
2000).

This project thus had two aims:

(1) to determine whether dugong tusks provide an ungmalis record of: a) early
growth; b) the age of sexual maturity in males tamales; and c) calving
events by examining the tusks of dugongs for whfehhistory information
could be inferred from carcass examination.

(2) to examine the aerial survey records collectedustfalia since the late 1970s
to quantify spatial and temporal patterns of fedéiynasing percentage calf
counts as a surrogate measure of dugong fecumditgtermine if changes in
dugong fecundity are associated with weather irsdsceh as the SOI or
NINO 3.4 or rainfall records.

2. Materials and Methods
2.1 Dugong Tusks as a Record of Life History Events
2.1.1 Source of Material

The tusks (second incisors) of 92 female and 5k miagjongs of a range of ages and
reproductive states collected by Kwan (2002) froendugong fishery conducted at
Mabuiag Island in Torres Strait were availabledoalysis. The date of death of each
animal was known. Life history information was dshble for most of the animals
from gross and histological examination of theingds and the mammary glands of
female dugongs.

The tusks were strategically sub-sampled to enables to be selected from animals
with a comprehensive and unambiguous record ohlgtory events. Twenty dugong
tusks were examined, 16 from female dugongs andffomn male dugongs (Table 2).

2.1.2 Growth Layer Groups (GLGSs) in Tusks

The postnatal dentine is deposited in a dugongituakprolonged series of coaxial
cone-shaped increments. Each GLG consists of twesz(A and B in Marsh 1980).
Zone A forms the ridge in acid-etched tusks; Zorted3groove. Using the
proportional increment method, Marsh (1980) exauhite thickness of the Zone
being laid down at the time of death and found:t(igtZone B of the GLG was
almost always formed between July and October(2nthe thickness of Zone A
increased from October to September. Both thesdtsesiggest that one GLG is
deposited per year. The width of the GLGs deceiasaisler animals. The inclination
of the GLGs from the long axis of the tooth alscr@ases with time, resulting in the
later layers in very old teeth being almost perpauidr to the long axis of the tooth.



2.1.3 Methodologies trialled to study the Growthytea Groups in Dugong Tusks

Marsh (1980) trialled several methods of prepadagong tusks for age
determination including etched half-teeth, staitradsverse thick (500n) and thin
(30-80um) sections and microradiographs of trarsgvérin sections (280-60M).
She found that the numbers of GLGs revealed by esthod were similar and
suggested that acid-etched half teeth were mosoppate for counting GLGs for
age determination. Marsh (1980) reported that th&£in the tusks of dugongs from
the areas in her study (mainly Townsville and Mogton Island) were extremely
clear and usually easy to count. She noted thathdik (1978) observed that tusks
from Torres Strait were difficult to read becauseythad more marked accessory
layering than teeth from Townsville. The more markecessory layering in dugong
tusks from Torres Strait (and Banka Island in Ineka) was confirmed by
participants at an Age Determination Workshop ind9Marsh and Kasuya 1981).
Workshop participants concluded that the degrescoéssory layering is inversely
correlated with latitude, perhaps as a resultagital environments being less
seasonal than temperate ones.

We needed to develop methods to enable us to needmuwidth of tusk GLGs,
rather than simply count them as Marsh (1980) ladd We spent considerable
effort investigating a range of methods, most ofcliproved unsuitable (Table 3).
Previous studies have used transverse thin set¢basisw up GLGs in the teeth of
marine mammals but dugong tusks exhibit dramatil gxowth in both sexes,
making transverse sections useless for age detationrbased on dentinal layering.
For our purposes, the most suitable method wastssore the GLGs on high
resolution digital photographs of acid-etched hatiks using image processing
techniques as outlined below.

2.1.4 Sample Preparation
Acid- etching to Highlight Growth Layer Groups

Kwan (2002) cut the tusks in half longitudinallytire mesiodistal plane with a 20cm
carbon steel blade. We used a half tusk from eadiridual that had not been
previously acid-etched. The cut surface was patisiseng progressively finer grades
(180, 240, 800 and 1200 grit) of wet and dry sapdpaEach tusk was then etched in
5% formic acid ¢ensuPierce and Kajimura 1980) for 6-10 hours. Thenges in

each tusk was individually monitored during thehetg process by removing it from
the acid bath every two to three hours, brieflgimg it in running water, placing it in
acetone for several minutes and then allowing &italry for at least ten minutes.
This procedure permitted accurate determinatich@fegree of etching achieved
and prevented over-etching. After the level of gtglwas considered sufficient, each
tusk was rinsed thoroughly in water for at leagt iminutes before being left to soak
in a tray under gently running water for a furtd@rhours. The tusk was then air dried
for one to two days. The tusks must be rinsed tnginty before final drying to
prevent gradual deterioration of the etched surédtas it is dried from the residual
acid (Pierce and Kajimura 1980; Kwan 2002).
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High Resolution Digital Photography

Digital photographs were taken of each acid-etdratitusk using a Fuji FinePix S2
Pro camera, 1ISO 100, focal length 70mm, expos@gsl@ f/6.7 with a flash (Single
Bowens studio flash unit). The contrast and brighsnof the images were
transformed in Photoshop to enhance the layeriaghphotograph included alOmm
scale bar to enable measurements in the imagesamabftware to be calibrated as
outlined below.

2.1.5 Measuring GLGs

The digital image of each tusk was viewed in Arc&ISnes were drawn on the
image to delineate each ridge and groove withim €2lcG. The widths of the GLG
ridge and groove changes from the centre linedctige of the tusk and therefore the
average of several measurements was used to degetinel width of each ridge or
groove. Measurements were taken along the eddeafdge or groove at 5mm
increments from the edge of the tusk. A perpendiciihe was drawn between the
lines delineating each ridge and groove using kieéch tool in ArcGIS9 (Figure 1).
The lengths of these perpendicular lines, calcdlaieArcGIS9, were exported into
Excel for graphing to compile a time series of Wilof GLGs (Appendix 1). The first
three or four dentinal layers were much more diftitco measure than the layers
formed subsequently. Therefore each time seriestaaed from the third GLG.

2.1.6 Assessing the Repeatability and ReliabilityMeasurements

The measurement of a structure may vary dependirigeoequipment/software used
to make the measurements, the person taking theumsmaents or within person
variation across time. Two observers (JG and RH)sued the widths of the GLGs
independently after examining several tusks togethdecide on an agreed protocol.

The repeatability and reliability of the measuretseaf the widths of GLGs in tusks
were calculated to assess the differences in measumts between the two persons
taking the measurements (between observer diffegrand the differences in
measurements made by the same observer througlfvtithen observer differences).

For each of four tusks (MD56, MD 21, MD41 and MD),&he two observers each
independently measured the widths of the sameGiv@s in each tusk on four
occasions to assess measurement repeatabilitypbtieen and within observers.
The time between measurements was long enouglidoessive observations by the
same observer to be regarded as independent wibtsgrver measurements.

We used the method of Lessells and Boag (19875timate repeatability as the intra-
class correlation coefficient (Sokal and Rohlf 1pB&sed on variance components
derived from a one-way analysis of variance. Regi®itly, the proportion of

variation in the sample among observers varies fdm1. A high value of this
coefficient means that most of the variation inshenple is among observers. A value
of unity would indicate that all of the varianceaimiong observers (i.e. there is no
variance within observers). Reliability was calt¢athin the same way. The intra-
class correlation coefficient,is given by:
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r=Sal(S + Fp)

where, $, is the among-observer variance component &risl tBe within-observer
variance component. The variance components acalatdd from the mean squares
in the analysis of variance as:

S =MS,
and

Fa = (MSa — MSy)/n
where n is the sample size per observer. A workadhele of the calculation is
provided in Appendix 2.

The repeatability and reliability of the GLGs cosimtere also evaluated for each of
the four tusks because the accessory layering madey difficult to ensure
consistency in interpreting some structures. Tlop@rtion of times an observer
measured a different structure was calculated ftunfive GLGs measured in each of
the four tusks for Observer 2 and in each of tvaksufor Observer 1.

2.1 7 Aligning Tusk Measurements and Life Historpformation

As detailed in Appendix 1, the pattern of the spg@f GLGs in each dugong tusk

was presented graphically and considered in theegbof the available information

on that animal’s life history. The analysis makles fiollowing assumptions:

(1) that the layering in dugong tusks is a reliablerdof growth rhythms (Kelvezal
1980);

(2) that one GLG is laid down per year, with Zone Ahe Summer and Zone B in
the winter (Marsh 1980);

(3) that Zone A is a record of growth and fat depositio

(4) that Zone B represents a period of growth retamdatr loss in body condition;

(5) that dugongs undergo a period of fat depositionfigetonception and during
pregnancy (Kwan 2002; Marsh and Kwan in press);

(6) that placental scars are a reliable long-term irafebirth events (Marsh et al.
1984 b).

2.2 Temporal Variation in Dugong Fecundity as reveled by Calf Counts during
Aerial Surveys throughout Northern Australia between 1974 and 2006.

Figure 2 and Table 1 list the dates and locationshfe aerial surveys from which the
data on dugong calf counts were extracted. FigusieoRvs the range of the dugong in
Australia, illustrating place names mentioned ib[€al. The number of dugong
calves and the total count of dugongs in each gywear were summed over regions
within each of seven locations: (1) Western Ausdréhark Bay, Ningaloo Reef and
Exmouth Gulf), (2) Gulf of Carpentaria (various s&as including the entire gulf, the
Queensland coast, the Northern Territory coasteGapk to Weipa, and Karumba to
Bayley Point), (3) Torres Strait, (4) Northern GrBarrier Reef (north of Cooktown
to Hunter Point), (5) Southern Great Barrier R&dgktown to the southern border of
the GBR Marine Park), (6) Hervey Bay, and (7) MoreBay. Only one survey of the
northern coast of the Northern Territory was adéaso it was not included in the
analyses.
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Generalised linear models (GLM) (Wood 2006) weredu® analyse the relationship
between the proportion of dugong calves and fourrenmental covariates: (1) total
wet season (October — Mardgnsu_ough 1997) rainfall averaged over the coastal
weather stations in the survey region or subrefjiable 4), (2) wet season rainfall
anomaly (difference between wet season rainfalafsurvey region (subregion) and
the 30 year average for that region (subregion)th@ November to February
Southern Oscillation Index (SOI) and (4) the Novemtio February NINO 3.4 sea
surface temperature indesepsuCheal et al 2000). Lagged relationships with each
covariate were assessed for each of one to fouss ye@r to the survey year. Lagged
relationships were expected because of the lomgdeptive cycle of the dugong
(Boyd et al. 1999). The models estimated the pitogoof calves in each location and
the linear relationship between the proportional¥es and each external covariate (at
each lag). Exploratory analyses did not find evatefor nonlinear relationships.
GLMs were fitted with a logit link function and mmial variance, and the proportion
of calves was weighted by the total number of atsm@l analyses were done using
the R statistical software system (R Developmened@am 2007).

Analyses were also performed on the east coastdatiéyfrom the three locations

with multiple regions within each location. Geneadl linear mixed models (Breslow
and Clayton 1993, Bates and Saikat 2004) were tasadcount for additional random
variation among blocks within regions. Otherwis@dal specification was the same.

3. Results
3.1 Growth Layer Groups in Tusks

3.1.1 Description of the Changes in the Generaltféans in the Spacing of
Growth Layer Groups with Increasing Age

The first three growth layers were generally veffialilt to measure in the tusks of
both sexes. The boundaries of the growth layerklamat be identified with certainly
because of the pronounced accessory layering. pectad, the layering indicated
that growth was rapid to about age four in mosividdals but the patterns in the
spacing of GLGs in tusks did not give a clear iatlan of when early growth stops,
particularly in males. (Note: This result is nowvays depicted in the graphs in
Appendix 1 because we generally could not measrearly GLGs because of the
accessory layering).

3.1.2 An Assessment of the Potential for Patterns in Sipacof Growth Layer
Groups to mark Life History Events or Environment&lactors.

With knowledge of the life history obtained fronrcass analysis, plausible scenarios
were developed to explain the patterns in spacirggawth layer groups in the 20
dugongs studied in detail (see Appendix 1). Howetherse patterns were open to
alternative interpretations and for most femalesttisks suggested multiple life
history scenarios of uncertain validity. If malegperience a pre-pubertal growth
spurt, the tusks may provide a record of sexualntgtin males but this finding is of
doubtful validity without additional data. We couadk that the patterns of layering in
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the tusks of dugongs from Torres Strait are natrod®ough to be used as a reliable
record of life history events in animals of unknolkifa history.

3.1.3 Assessing the Repeatability and ReliabilityMeasurements

The measurements made by each of the two obseveeesreliable and repeatable
because values ofwere relatively small indicating that for each ebh®r there was
little error in their repeated measurements of GirGke same tusk. Error rates
ranged from 3.4% to 24.5% (Table 5) which is exaelfor macroscopic
measurement of structures <1lmm. Similarly, for Titritbere was little error in the
measurements of GLGs in the same tusk betweemvtheliservers. Error rates
ranged from 9.26% to 24.8% for these tests (Taple 6

The counts of GLGs were also reliable and repeatdlble error rates in counting
GLGs were 22.4% (F = 0.08) for Observer 1 and 225% 0.15) for Observer 2.
The error rate between observers for Time one B&&2 (F= 0.05).

A different structure was measured by ObserverIIOb of cases (four times out of a
possible 40 times — 5 GLGs x 2 tusks x 4 times)@an®bserver 2 in 13.75% of cases
(11 times out of a possible 80 times — 5 GLGs wsk$ x 4 times).

The rate of error in the measurements of GLGs wi#imd between observers was
relatively small (<25%) and unlikely to have grgaiffected our assessment of the
patterns of spacing of GLGs.

3.2 Dugong Fecundity

In regions that were comprehensively surveyedptbportion of calves ranged from
0.002 in Northern Great Barrier Reef in 1978 t®2drR2Hervey Bay in 1988 and

1992. Hervey Bay had the largest range of valuessatgle location because the
proportion of calves in 1994 was only 0.015 (FigByeThe average proportion of
calves over all years in each location ranged f@0®0 in Moreton Bay to 0.129 in
Torres Strait (Table 7). The relationship betwdenrainfall lagged by zero to three
years inclusive and the proportion of calves isented in Figure 4 for the whole data
set; the corresponding relationship for rainfalbemalies in Figure 5, SOI in Figure 6
and NINO 3.4 in Figure 7.

3.2.1 Analyses Based on All Locations

The calf count data were collected in differentrgeaithin each location (Table 1),
and over time the blocks sampled within each locasilso changed. These limitations
excluded the comparison of calf proportions betweeations over time. The

different sampling years also resulted in differgistributions of values of the
external covariates (total wet season rainfall, segtson anomaly, SOI and NINO
3.4). For example, in some locations the rangeeaifsgason rainfall values observed
over survey years (or some lag thereof) were lampereas in other locations only
small variations in rainfall were observed amongysy years (or some lag thereof).
Consequently, overall estimates of the relatiorsbigtween the covariates and calf
proportions were not possible, because apparattaeships may be dominated by
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among location differences in the covariate. Figtagnighlights this situation: the
black points (Western Australia) only occur at tigkly low rainfall values, as do the
yellow (Moreton Bay) and pink (Hervey Bay) pointherefore, models were fitted
with varying location differences and varying slegd the calf proportion-
environment relationship between locations.

These location differences in the variation in stennainfall values in the survey
years (or lags thereof) limited the power of thalgsis to detect any relationship
between wet season rainfall and rainfall anom#besags thereof) and the proportion
of calves. There was no variation in rainfall amgegrs in the Western Australia
location and therefore this region was excludedftbat analysis. There was a
significant relationship for the Northern Great Barr Reef, where the proportion of
calves negatively covaried with rainfall and ralhéanomaly lagged by two years (e.g.
Wald = 2.04, P = 0.047 for rainfall; Figure 4c)claases in rainfall of 0.1m in the wet
season two years before surveys decreased theobddgong calves by 7% (95% CI
= 0.3%, 14.3%; Figure 8). In contrast, the proporf calves positively covaried
with rainfall lagged by two years in Moreton Bay &Wf = 2.9, P = 0.006; Figure 4c).
Increases in rainfall of 0.1m in the wet seasonyaars before surveys increased the
odds of dugong calves by 22.2% (95% CI = 7.2%, %0 Bigure 8). The
counterintuitive result for Moreton Bay may be asated with the negative
relationship between rainfall and calf proportiovess observed at a 3-year lag for this
location (Wald = 3.02, P = 0.004; Figure 4d). Iases in rainfall of 0.1m in the wet
season three years before surveys decreased th@bdalves by 25.1% (95% CI =
8.2%, 44.7%; Figure 8). No other relationships wayserved with rainfall at other
lags. The results were equivalent for the rairdatbmalies (Figure 5 and Figure 9).

Consistent with the results for rainfall, the prdpm of calves negatively covaried
with SOI lagged by 2 years in the Northern GreatiBaReef (Wald = 3.1, P =
0.003; Figure 6c). One unit increases in the meatns@ason SOI two years before
surveys decreased the odds of dugong calves by 8% CI = 1.4%, 6.4%; Figure
10). The proportion of calves also negatively camdwith SOI lagged by two years
in Western Australia (Wald = 3.51, P = 0.001; Fegac). One unit increases in the
mean wet season SOI two years before surveys dectélae odds of dugong calves
by 6.9% (95% CI = 3.0%, 10.9%; Figure 10).

Additionally, the proportion of calves positivelpvaried with NINO3.4 lagged by
two years in the Northern GBR (Wald =3.2, P = 0;d®8gure 7c). Increases in the
mean wet season NINO3.4 by 10% two years befoueveeg increased the odds of
dugong calves by 2.6% (95% CI = 0.3%, 23.5%; Fidire The proportion of calves
also positively covaried with NINO3.4 lagged by ty@ars in Western Australia
(Wald = 3.3, P = 0.002; Figure 7c). Ten perceataases in the mean wet season
NINO3.4 two years before surveys increased the ofildsgong calves by 0.3%
(95% CI = 0.01%, 10.1%; Figure 11).

3.2.2 Analyses based on East Coast Locations ofilyNorthern Great Barrier
Reef, (2) Southern Great Barrier Reef, and (3) Teg Strait.

The annual mean proportion of calves and 95% centid intervals for the east coast

survey regions which were sufficiently large a®éodivided into subregions are
presented in Table 8 and Figure 12. Results ofsibe analysis were consistent with
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those from the aggregated data from these locatidresproportion of calves
negatively covaried with rainfall and rainfall analylagged by two years only in the
Northern Great Barrier Reef (e.g. Wald = 2.6, P31 for rainfall). Increases in
rainfall of 0.1m in the wet season two years befunereys decreased the odds of
dugong calves by 8.6% (95% CI = 2.0%, 15.6%; Fidu®e The results were
equivalent for wet season anomalies (Figure 14¢. @roportion of calves negatively
covaried with SOI lagged by two years in the Nomh@&reat Barrier Reef (Wald =
4.1, P =0.0001). One unit increases in the medrsaason SOI two years before
surveys decreased the odds of dugong calves by 5% CI = 0.1%, 9.0%; Figure
15). The proportion of calves positively covariedhANINO 3.4 lagged by two years
in the Northern GBR (Wald = 4.1, P = 0.0002). On# increases in the mean wet
season NINO3.4 two years before surveys incredseddds of dugong calves by
54.3% (95% CI = 25.1%, 90.2%; Figure 16)

4. Discussion

4.1 Growth Layer Groups in Tusks

Klevezal (1980) has shown experimentally that layerthe hard tissues of mammals
are a record of the growth rhythms of individuédswever, this rhythm seems to be
less distinct in dugong tusks from Torres Stragintin the ear bones of Florida
manatee which live in a much more seasonal envieonrfiPitchford and Rommel
2002). The layering in dugong ear bones is lesar ¢han that of tusks (Marsh
unpublished information) and the time frame of gtisdy did not allow us to
investigate them further because months of deczdtibn required before
histological sections can be prepared from ear fione

The spacing in the GLGs in the tusks of dugonggesigd relatively rapid growth up
to about age four years but large individual vasiatn the pattern and timing of such
growth. This result is consistent with the dugongwgh curve generated by Marsh
(1980) who plotted the relationship between bodygle at death and the number of
growth layers in the tusk. However, unlike Floridanatees, which exhibited a
consistent and relatively large amount of growtkesleed during the first three years
for all individuals (Pitchford and Rommell 2002atferns in the spacing of GLGs in
dugong tusks did not give a clear indication of wiearly growth stops, particularly
in males. Klevezal (1980) predicted that in longed animals such as marine
mammals, growth in the first few years of life wokrsist for as long as is permitted
by external factors. It is not surprising that thgthm of growth is less predictable in
the tropical waters of Torres Strait than in theenlemperate environment of Florida.

Florida manatees exhibited a distinct change invgraate between three and five
years, consistent with the documented timing otisématurity in manatees (Boyd et
al. 1999). In contrast, dugongs did not show asitent distinct change in growth
rate at a particular age. This result is likelyasult from the fact that female dugongs
exhibit considerable variability in age at sexualtanity among individuals, within
populations at different times and possibly amoogypations (Marsh 1995; Boyd et
al. 1999; Kwan 2002). Female dugongs become sexunature between six and 18
years (Marsh 1995, Boyd et al. 1999, Kwan 2002,9@and Kwan in press).
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On the basis of carcass examination, Kwan (2002¢laded that the female dugongs
that formed the basis of our sample typically corex soon after they became
sexually mature. If a distinct change in the patte# spacing in GLGs in the tusks
indicated the onset of sexual maturity in femalgahgs, then the tusks of those
dugongs in our sample that were pregnant with oklgwg their first calf when they
died should show an increase in the width of Zongha ridge) in a GLG in the year
they died or the preceding two years. Althoughttisis of all four dugongs in these
categories (MD19, MD58, MD 101 and MD122) suggesiggerior growth/fat
deposition coincident with presumed pregnancy dlpedterns were not distinct
enough to be interpreted as a certain record obtiset of sexual maturity.

After age five, manatees showed intervals of intest growth which Pitchford and
Rommell (2002) suggested probably reflected littdry events. Kwan (2002) found
that the pregnant females she examined were ieregly good body condition with
higher than average mean fat depths compared éo @jroductive states (Marsh and
Kwan in press). In addition, lactating females hes$ than average mean fat depths,
which is not surprising given the energetic co$tactation. Therefore, we expected
that pregnancies would be indicated by wide GLGpdeially Zone A), reflecting
superior body conditions of the animals and thetialidon would be indicated by
narrow GLGs (especially Zone A and/or a pronountede B), reflecting the poorer
body condition of the animals due to the energdtimands of lactation. We observed
intervals of inconsistent growth in the dugong sigle examined, but the patterns
were not sufficiently distinct and consistent fosks to be used as reliable records of
the life history of dugongs without accompanyirfg history information. The tusks
of the individuals we examined (Appendix 1) exheblipperiods of wide spacing
followed by narrow spacing, congruent with perioflpregnancy and lactation for all
of these individuals’ presumed pregnancies. Pregiea were determined by Kwan
(2002) from the number of scars caused by attachoféhe placenta in the uterus.
Even though it is not known how advanced a dugoegmmancy has to be to produce
a placental scar, scars will be produced by pregjearthat do not go to full term or
for a pregnancy that is followed by the death efldctating calf. Therefore, in some
cases superior growth may not be followed by poowth because the dugong did
not suckle the calf for a prolonged period.

The tusks of dugongs that were lactating when theg almost always showed
pattern of GLGs consistent with the high energa¢imands of lactation. However,
this pattern of wide GLGs followed by narrow GLGasanot limited to inferred
periods of lactation. It is logical to expect te&ess similar to the energetic demands
of lactation may be caused by environmental chasgel as seagrass diebacks
(Marsh and Kwan in press). Florida manatees magxiobit the same environmental
stresses as dugongs as they are generalist fdetdetsran 1979) with many foraging
options. In contrast, dugongs are seagrass comymapetialists (Marsh et al. 1982),
whose fecundity varies with the condition of treeagrass food as discussed below.

The four males examined in this study were all ypuout mature animals, three were
in full spermatogenesis; Kwan (2002) classifiedtdstes of the fourth animal as
restingsensuMarsh et al. (1984c). The spacing of GLGs in tiek$ of male

dugongs was fairly consistent throughout theirdivehis pattern is consistent with
Kwan'’s (2002) finding that there was no significdifterence in the body condition
of male dugongs amongst different reproductiveesagherefore, we would expect
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that male dugongs would show a consistent pattiegnoovth/fat deposition through
time as observed in the spacing of GLGs in theduskhis study. In addition, male
dugong tusks erupt and wear and so their growtloti€onstrained by the length of
the pre-maxilla as it is in female dugongs (MarSBd).

We consider that it would be inappropriate to fartimvestigate the spacing in the
GLGs of tusks of both male and female dugongs ffames Strait as a Masters
project because these layers do not show a digtatt#rn that can unequivocally be
attributed to life history events.

4.2 Dugong Fecundity

Despite the large temporal and spatial differemecekigong fecundity measured by
the proportion of calves seen during aerial sur{@gble 1), significant consistent
relationships between the proportion of calvesahthe external covariates were
limited to the Northern Great Barrier Reef regidhere was a significant negative
relationship between the proportion of calves dredvtet season rainfall, the wet
season rainfall and anomaly and the SOI, each thlggéwo years (Figures 8-10) and
a significant positive relationship between thepamion of calves and the NINO 3.4
sea surface temperature index lagged by two y&agare 11). This association was
also evident in the analysis which incorporatedsihigregions in the Northern Great
Barrier Reef region (Figures 13-16). The persistandhe relationship across the four
external covariates suggests it is real, espeaailly is congruent with our knowledge
of dugong life history and the dynamic responseafeficoastal seagrasses in which
dugongs feed to changes in water turbidity andnsedi deposition, which in turn are
linked to extreme rainfall events (Preen and Ma1895, Preen et al. 1995, Longstaff
and Dennison 1999, Waycott et al. 2007, LarcomloEVnolfe 1999).

Other significant relationships between the praparof calves and some external
covariates were found for the survey region in \&esAustralia and the Moreton
Bay region. In the Western Australia region theeswa significant negative
relationship between the proportion of calves &®SOIl and a significant positive
relationship between the proportion of calves aild®8.4, each lagged by two
years; but the relationship with rainfall or raihfnomalies could not be tested
because of the low variation in rainfall. It sedikely that the seagrass beds in
Western Australia were destroyed by the cyclonigegaassociated with category 5
Cyclone Vance in 1999 rather than by poor watelityu@ssociated with plumes of
terrestrial runoff per se. This result is not sigipg as the coastal environment in
Western Australia is very different from the easast and six severe tropical cyclones
have been reported in recent years. The water chlearer and the seagrass on
which dugongs feed less likely to be occurring eltsthe limits of light availability
and cyclones cause widespread damage (Gales2€04l)

In the Moreton Bay region, the proportion of calpesitively covaried with rainfall
lagged by two years, suggesting that rainfall mayehbeen having a positive effect
on the dugong’s food supply as claimed by WelsI®8). In addition there was a
negative relationship between the proportion ofesland rainfall and rainfall
anomalies each lagged by three years (which mag begn a consequence of the
two-year positive relationship), but no relatiomshiith SOI or NINO 3.4. Most of the
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dugongs in Moreton Bay occur in the eastern bayrevhenditions are much more
oceanic than in any other area which supports laogebers of dugongs on the east
coast of Australia and the impact of rainfall ile ttoastal catchments would be
expected to be different.

Nonetheless, we consider that the significantigahips we found external to the
Northern Great Barrier Reef region should be reggabs preliminary because they
were not consistent across all four external catesi and were based on more limited
datasets.

In the Northern Great Barrier Reef region, the tiggaelationship between the
proportion of calves and the rainfall with a twaayéag is presumably a result of: (1)
the negative impact of increased turbidity on safnthe coastal seagrass species
eaten by dugongs (Preen et al. 1995, LongstafDarthison 1999); (2) the need for
dugongs to be in good condition prior to and dupnggnancy and lactation (Kwan
2002, Marsh and Kwan in press) and (3) the liféonysof the dugong: pregnancy
lasts approximately 14 months and lactation upBtonbnths (Marsh et al. 1984 b,
Boyd et al. 1999, Kwan 2002). The significant lagvireen green turtle fecundity and
the SOl is also two years (Limpus and Nicholls 198®80). This lag is attributed to
the time required for female green turtles to aadiabe the fat reserves necessary for
breeding.

As listed below, there are several possible expians for the fact that these
relationships were not significant for dugongshia bther survey regions.

1. As pointed out above, the regional differencesunvey years resulted in
different distributions of values of the externaVariates (total wet season
rainfall, wet season anomaly, SOl and NINO3.4). Wastern Australia, the
range of wet season rainfall values observed dwestirvey years (or the lags
thereof) was too small to test the association eetwcalf proportions and
rainfall/rainfall anomalies.

2. At least some dugongs move, apparently in respanseanges in their
seagrass food (Marsh et al.1997, 2004a, 2006, Z6alés et al. 2004) and
may be able to compensate for local seagrassdagsne extent, especially in
areas where the dugong population is reduced suchthe Southern Great
Barrier Reef (Marsh et al. 2005). Conversely, smcvements may cause
declines in fecundity as a result of over-grazm@ieas which have not been
exposed to pulses in turbidity but where dugonge lemigrated because of
seagrass loss in other areas. The apparent eroigadtdugongs from Hervey
Bay to Moreton Bay in the mid 1990s (Preen and Ka&95) is a plausible
reason for the low calf counts in Moreton Bay i©39Emigration from
Exmouth Gulf may also explain the low calf coumtsShark Bay in 1999
(Gales et al. 2004).

3. The seasonal indices of weather that we used midyave adequately
reflected the local impact of pulsed rainfall esefd.q. it is possible to have
days of extreme rainfall which produce pulses dbitbwater in a season of
average rainfall).

4. Seagrass loss can result from other natural enwviental factors such as light
deprivation resulting from increases in turbidiggulting from sediment
resuspension during prolonged periods of high w{gdsnt-Cast2008), an
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external covariate not tested here. Saint-Cast3Pbélieves that sediment
resuspension is the major cause of seagrass digbackres Strait, a region
where there is strong evidence to suggest thatghgrass dieback in the mid
1970s caused a major decline in dugong fecundigréi and Kwan 2008).

5. There are species differences in the capacityadress to withstand episodic
decreases in light availability (Longstaff and Desom 1998, Waycott et al.
2007). These differences mean that the negativadcimgf pulsed turbidity
events on seagrass will vary with seagrass commuaoainhposition. For
example, the effect is expected to be less forrasaggommunities dominated
by later successional species suchlalassialthe major food for dugongs in
Torres Strait, Andret al. 2005) than it is for coastal seagrass communities
dominated byHalophila (Waycott et al. 2007).

6. There are locational differences in the susceftinf dugong habitats to
terrestrial runoff as explained for the region gyed in Western Australia and
for Moreton Bay above.

We consider that it is likely that the relative ionfance of these factors differed in
different survey regions. The absence of a sigaificesult for Hervey Bay is
surprising given the impact of the loss of morenth@00 kni of seagrass following
two floods and a cyclone in early 1992 (Preen €1995). At least 99 dugongs died
and the dugong population of the Bay was reducggtlya by emigration from an
estimated 1753se 388 in 1988 to 600126 in December 1993 (Preen and Marsh
1995). The proportion of the population that reredithat were calves plummeted to
2.2% in December 1993 from 22% in August 1988 anddwber 1992. This result
presumably reflected the energetic trauma assowisttehe period of starvation
following the loss of seagrass. In an extensiothisf project, we propose to
collaborate with meteorologists to reanalyse thepraportions using some measure
of pulsed rainfall events and to analyse recorddugibng strandings in the same way.

Nonetheless, the absence of an overall associatiass all survey regions between
SOl and the proportion of calves, indicates thatabsociation between dugong
fecundity and the SOI, a very broadscale indexiriannual variations in weather,
is less marked in dugongs than it is for greendsifLimpus and Nicholls 1998 and
2000). A plausible reason for this difference sttt least some dugongs move in
response to seagrass loss (Preen and Marsh 1985, ééal. 2004, Marsh et al.,
2004a, 2006, 2007) while green turtles show stitggphilopatry to a particular
foraging area (Musick and Limpus 1997).

The negative impact on dugong fecundity of the wfssbastal seagrass associated
with exceptionally high rainfall and other extremeather events is the major
concern about the impact of climate change on dgggwaycott et al, 2007, Lawler
et al. 2007).

5. Conclusions

5.1The spacing in the GLGs of the tusks of both fenaalé male dugongs from
Torres Strait does not show a distinct pattern ¢hatunequivocally be attributed
to life history events such as the onset of semalrity or calving. Plausible
scenarios can be developed to explain the patfeédiL& deposition in individual
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dugongs for which life history information is a\able from carcasses. However,
these patterns are too uncertain for the pattefaL@ deposition in the tusk of a
dugong from a tropical region such as Torres Stodite used as a unambiguous
record of its life-history.

5.2 The temporal and spatial differences in dugongridity measured by the
proportion of calves seen during aerial surveydage. There was a significant
negative relationship between the proportion ofesland the wet season rainfall,
the wet season rainfall and anomaly and the S@Il agpositive relations ship
between proportion of calves and the wet seasorONBM sea surface
temperature index, each lagged by two years iiNtréhern Great Barrier
Region. In the Western Australian survey regiomelveas a significant negative
relationship between the proportion of calves d®d30OI and a significant
positive relationship between the proportion ofzealand NINO3.4, each lagged
by two years; but the relationship with rainfallrainfall anomalies could not be
tested because of the low variation in rainfalitHa Moreton Bay region, the
proportion of calves positively covaried with rafiflagged by two years and
negatively covaried with rainfall and rainfall anales each lagged by three years
(which may have been a consequence of the twopgesative relationship), but
no relationship with SOI or NINO 3.4. The results ¥Western Australian and
Moreton Bay are tentative as they were not robust all covariates. Similar
relationships may exist for other regions and thatdata are not yet adequate to
test such relationships (Type 2 error).
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8. Tables

Table 1 Dates and locations or the aerial surveys frontiwvthe data on dugong calf
counts were extracted.

Locality

Shark Bay WA

Exmouth Gulf-
Ningaloo WA

Northern Coast NT

NT coast of Gulf of
Carpentaria

QLD coast of Gulf
of Carpentaria

QLD and NT coast
of Gulf of
Carpentaria

Torres Strait

Date of Survey

Oct., Dec. 1981,
Feb., Apr., June,
Aug. 1982
July 1989
July 1994
July 1999
Feb. 2002
July 2007

July 1989
July 1994
July 1999
June 2007

Dec. 1983

Aug. 1984, Feb.
1985

Apr. 1975
Apr. 1977
Nov. 1978
Dec. 1991

Nov. 1997
Nov. 2006

Nov. 2007

Apr. 1975

Nov. 1983

Nov. 1987, Mar.
1988
Nov.—Dec. 1991

Nov. 1996
Nov. 2001
Nov. 2006

Number of
calves
sighted

227

68
48
26
14
85

14
8
0
0

4
46

=
ool

58

11
32
65

57
73

29
57

Total
number of
dugongs
sighted
2178

354
290
534
386
398

57
40
29
35

133
435

247
73
96

123

128
30

464

122
223
472

419
602

293
374

Reference

Anderson (1986)

Marsh et al. (1994)
Preen et al. (1997)
Gales et al. (2004)
Holley et al. (2006)
Hodgson (2007)

Marsh et al. (1994)
Preen et al. (1997)
Gales et al. (2004)
Hodgson (2007)

Bayliss (1986)
Bayliss and Freeland (1989)

Ligon (1976)

Heinsohn (1977)

Heinsohn and Marsh (1978)
Database/Marsh and Lawler
(1993)

Marsh et al. (1998)
Database/Marsh unpublished

Database/Marsh unpublished

Ligon (1976)
Marsh (1986)
Marsh and Saalfield (1988)

Database/Marsh and Lawler
(1992)

Database/Marsh et al. (1997)
Database/Marsh et al. (2004b)
Database/Marsh et al. (2007)
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Table 1 continued

NGBR region
north of Cape
Bedford

GBR region
south of Cape
Bedford

Hervey Bay

Nov. 1974
Nov. 1976
June, Nov. 1978
Nov. 1984
Nov. 1985
Nov. 1990
Nov. 1995

Nov. 2000

Nov. 2006

Sep.- Dec. 1974

1975

Feb., Apr., June,
Aug., Oct. 1976

June 1977

Jan., July, Aug.,

Nov. 1978

Aug., Nov. 1979

Sep. 1986
Nov. 1992
Nov. 1994
Nov. 1999
Nov. 2005

Aug. 1979
Aug. 1988
Nov.1992

Dec. 1993

Nov. 1994
Oct-Dec. 1999
Apr. 2001
Nov. 2001
Nov. 2005

23
2
11
39
64
59

72

38

11

15
9

O b

13
15
13
11
35
25

11
44
19

17

13
20

171
209
1175
95
309
503
493

615

532

161
396
175

98
124

411
144
101
102
198
265

156
199
87

45

130
117
94
156
278

Heinsohn et al. (1976)
Heinsohn (1976)

Heinsohn and Marsh (1978)
Marsh (1985)

Marsh and Saalfeld (1987,1989)
Database/Marsh et al. (1993)
Database/Marsh and Corkeron
(1996)

Database

Database/Marsh et al.(2007)

Heinsohn (1976)
Heinsohn (1976)
Heinsohn (1976)

Heinsohn (1977)
Heinsohn and Marsh (1978)

Heinsohn and Marsh (1980)
Marsh and Saalfeld (1990)
Marshet al. (1994)

Marshet al. (1995)

Marsh and Lawler (2001)
Database/Marsh et al. (2006)

Heinsohn and Marsh (1980)
Database/Marsét al (1990)
Database/Preen and Marsh
(1995)

Database/Preen and Marsh
(1995)

Marshet al (1995)

Marsh and Lawler (2001)
Lawler (2002)

Lawler (2002)
Database/Marsh et al. (2006)
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Table 1 continued

Moreton Bay

*Region not comprehensively surveyed so result bebiased.

May, Sep. 1976
May 1977

Aug. 1979
Jan., Mar., May,
July, Sep., Dec.
1995

Oct- Dec. 1999
Dec. 2000, Apr
2001

Nov. 2001

Nov. 2005

28
14
17

104
O*

41
41
10

291
210
307

3485
12

410
330
97

Heinsohn 1976
Heinsohn 1977
Heinsohn and Marsh (1980)

Lanyon (2003)
Marsh and Lawler (2001)
Lawler (2002)

Lawler (2002)
Database/Marsh et al. (2006)
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Table 2 Date of death and life-history information foetdugongs whose tusks were
measured in this study.

ID Date of Sex Reproductive  Number Status of Size of  Status of
number death status of mammary foetus ovaries/testes
placental glands (cm) if
scars present
MD19 16/06/1998 Female UPG 0 57.2
MD41 9/07/1998 Female U/PFO 4 Follicular
MD56 7/08/1998 Female POV 2 Ovulating
MD58 9/08/1998 Female ULC 1 Lactating
MD60 21/08/1998 Female PPG 2 105.2
MD73 30/09/1998 Female ULC 1 Lactating
MD96 6/11/1998 Female PLC 4 Lactating
MD98 14/03/1999 Female PLC 4 Lactating
MD101 19/03/1999 Female ULC 1 Lactating
MD108 1/04/1999 Female PPG 1 30.08
MD122  20/04/1999 Female ULC 1 Lactating
MD124  21/04/1999 Female PLC 4 Lactating
MD138 18/05/1999 Female PLC 2 Lactating
MD148  16/07/1999 Female PLC 3 Lactating
MD155 20/07/1999 Female ULC 1 Lactating
MD161  26/05/1999 Female PLC 3 Lactating
MD21 21/04/1999 Male FSP Active
MD28 5/07/1998 Male FSP Active
MD123  21/04/1999 Male RST Resting
MD26 5/07/1998 Male FSP Active

UPG = primigravid pregnant; PPG = mulitparous pregnant; ULC = uniparous lactating; PLC =
multiparous lactating; POV = mulitparous ovulating; FSP = fully spermatogenic; RST = resting
mature male.
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Table 3 Methods investigated to highlight and measure &irGdugong tusks and

found unsuitable.

Details of Methodology

Comments

Longitudinal thin sections

1 mm section of a longitudinal section of a
12.5cm long tusk was cut with a 20cm
diamond-edged blade. The sections was
ground to 500um on a grinding wheel and
then polished on both sides using
progressively finer grades of wet and dry
sandpaper.

500 m section was viewed with fluorescent
light under a microscope

500 m section was stained in Mayers
Haematocylin and Mayers Methylene blue

A 500 m section was acid-etched and stained

100 m longitudinal thin section was prepared
by cutting a 1mm section, polishing one side
on a grinding wheel, sticking the polished side
to a glass slide and then polishing the other
side.

Both the 100 m and the 500 m sections were
viewed under UV light.

Previous studies on cetaceans have made
longitudinal sections by cutting the tooth into
pieces and making a montage.

GLGs were not evident when viewed through
a microscope using transmitted light.

The GLGs did not fluoresce.

GLGs were not evident and the stain made
the section curl up.

The etching caused the tusk section to split;
the stain caused it to curl..

The thin section broke apart on the slide and
GLGs were not evident using the naked eye
or a microscope.

The GLGs did not fluoresce.

Such an approach is appropriate for age
determination, but is not appropriate for
measuring GLG widths because critical
information is lost where the cuts are made.

Transilluminating scanner (AIMS)

A 1mm thin section was scanned

The sharpness of the images was not as
good as that of the digital photgraphs.

33



Table 3 continued

x-ray (Mater Hospital)

Various different thicknesses of sections 1mm section worked the best

were trialled

Various settings were trialled on different x- The mammography machine worked best

ray machines because it is designed to detect fine-scale
features.

25kv, 9 MAs worked, but only showed lines
up on one side.

We were not able to use the mammography
machine because our long exposure times
wear out the tube too quickly.

Trialling other machines would have required
much more trial and error to get the setting
right, but may not have resulted in adequate
images.

x-ray is expensive ($300 per hour) and
therefore would not be a very useful
technique for processing many samples as
would be required if tusks could be used as a
proxy for determining life history
characteristics.

Scanning Electron Microscopy (AAC — JCU)

Tried an acid etched-half tusk and 1mm thin It was not possible to create a vacuum in the
section chamber to coat the tusks in carbon, which is
needed to use SEM

Backscatter SEM

Investigated the possibility of using this Requires very expensive equipment for
technique specimens the size of a tusk, which is not
available in Townsuville.
Micro-CT
Adelaide Microscopy, Adelaide University This technique was unsuccessful. It might

be possible to achieve an image with thin
sections. This technique is very time-
consuming taking about 7 hours to scan
each sample.
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Table 4 Weather stations from which rainfall totals andraaties were extracted.

Region

Western Australia

Shark Bay

Ningaloo/
Exmouth

Northern
Territory

Top end

Data
available

Oct., Dec.,
1981, Feb.,
Apr., June,
Aug. 1982
July 1989

July 1994
July 1999
Feb. 2002
June 2007
July 1989

July 1994
July 1999
June 2007

Nov. 1983

Weather stations

Denham; Learmonth AP;
Carnarvon

Denham; Learmonth AP;
Carnarvon

Denham; Learmonth AP;
Carnarvon

Darwin; Warruwi; Black
Point

Assumptions for pooling

Galeset al. (2004) indicated that it is likely that movemeit o
animals from Exmouth affected the situation in &H2ay; Lag
years 1976/77 — 1980/81

Lag years 1984/85 — 1988/89.

Lag years 1989/90 — 1993/94
Lag years 1994/95 — 1998/99
Lag years 1996/97 — 2000/01
Lag years 2002/03 — 2006/07

Galeset al. (2004) indicated that it is likely that movemeit o
animals from Exmouth affected the situation in Hzay; Lag
years 1984/85 — 1988/89.

Lag years 1989/90 — 1993/94
Lag years 1994/95 — 1998/99
Lag years 2002/03 — 2006/07

Survey was done between Daly River and Milingimbhese
weather stations are the only ones in that regibm rainfall data
for the NWS months for the lag years precedingstirgey
(1978/79-1982/83).
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Table 4 continued

Gulf of

Carpentaria

Western Gulf Aug.
1984/Feb.
1985

Eastern Gulf

Staaten River — Apr. 1975

Weipa
Karumba — Bayley Apr. 1977
Pt.

Cape York —
Karumba

Karumba — Bayley Dec. 1991
Pt.

Eastern Gulf Nov. 1997
Cape York — Weip: Nov. 2006
Whole Gulf Nov. 2007

Nov. 1978

Angurugu; Centre Island

Weipa (Eastern Ave);
Karumba
Airport/Normanton;
Mornington Is.

Alyangula; Centre Island;
Weipa (Eastern Ave);
Karumba
Airport/Normanton;
Mornington Is.

Survey was done between south of Yirrkala and sotith
Borroloola. These weather stations are the ongson that region
with rainfall data for the NWS months for the lagpys preceding
the survey (1979/1980 -1983/1984)

Surveys were done between Cape York and Bayleyt.Paihof
these weather stations were used for all survegs #the survey
only covered part of the region because it is yikbkat dugongs
move among these places through time. These westdtems are
the only ones in the region of the surveys withfal data for the
NWS months for the lag years preceding the sur(sses below)

Lag years 1969/70- 1973/74

Lag years 1971/72 — 1975/76.
Lag years 1973/74 — 1977/78.
Lag years 1986/87 — 1990/91.

Lag years 1992/93 — 1996/97
Lag years 2001/02 — 2005/2006

The survey covered the Northern Territory and Qsleerdl sides
of the Gulf of Carpentaria. These weather statameshe only
ones in the region of the survey with rainfall distathe NWS
months for the lag years preceding the survey (2003 —
2006/2007) and were used in the previous survbigge:
Alyangula was used instead of Angurugu becausevdata not
available for Angurugu at this time or for Alyangubr the
previous surveys.
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Table 4 continued

Torres Strait

Northern GBR
(Blocks 1-5)

Blocks 1-5
(Cooktown to
Princess Charlotte
Bay)

Apr. 1975
Nov. 1983

Nov. 1987,
Mar. 1988

Nov. 1991
Nov. 1996

Nov. 2001
Nov.2006

Nov. 1974

Thursday Island Township/
Horn Island Airport
(Thursday Is. MO — 30-year
average)

Thursday Island Township
Thursday Island Township
Thursday Island Township

Thursday Island Township

Thursday Island
Township/Horn Island
Airport

Horn Island Airport

Thursday Island
Township/Horn Island
Airport

Cooktown PO/Cooktown;

Cooktown PO

These weather stations are the only ones in theguegion with
rainfall data for the NWS months for the lag ygamsceding the
surveys. Thursday Island Township and Horn Islaad data for
different years. Both had data for the 2005/06 Ny&&r so the
totals from both weather stations were averagethisryear.

Lag years 1969/70 — 1973/74
Lag years 1978/79 — 1982/83
Lag years 1982/83 — 1986/87

Lag years 1986/97 — 1990/91
Lag years 1991/92 — 1994/95(TI); 1995(TI1)/1996(HI)

Lag years 1996/97 — 2000/01
Lag years 2001/02 — 2004/05(HI); 2005/06 (TI anyl HI

These weather station are the only one in the guegion with
rainfall data for the NWS months for the lag yganesceding the
surveys;

Different weather stations were used for Blocksdn@ Blocks 6-
15 because of the large distances between thess are

Lag years 1969/70 — 1973/74
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Table 4 continued

Blocks 2 and 4
(Lookout Point to
Starcke River)
Blocks 1-5
(Cooktown to
Princess Charlotte
Bay)

Blocks 1-4
(Cooktown to Cape
Melville)

Blocks 1-4; 5
(Cooktown to Cape
Melville; Princess
Charlotte Bay)

Blocks 1-4; 5
(Cooktown to Cape
Melville; Princess
Charlotte Bay)

Blocks 1-4; 5
(Cooktown to Cape
Melville; Princess
Charlotte Bay)

Blocks 1-4; 5
(Cooktown to Cape
Melville; Princess
Charlotte Bay)
Blocks 1-4; 5
(Cooktown to Cape
Melville; Princess
Charlotte Bay)

Nov. 1976

Jun, Nov.
1978

Nov. 1984

Nov. 1985

Nov. 1990

Nov. 1995

Nov. 2000

Nov. 2006

Cooktown PO

Cooktown PO

Cooktown PO

Cooktown PO

Cooktown PO/Cooktown

Cooktown

Cooktown

Cooktown

Lag years 1971/72-1975/76

Lag years 1973/74-1977/78

Lag years 1979/80-1983/84

Lag years 1980/81-1984/85

Lag years1985/86-1989/90

Lag years 1990/91-1994/95

Lag years 1995/96-1999/2000

Lag years 2001/2002-2005/2006



Table 4 continued

(Blocks 6-15) Lockhart River This weather station are the only one in the suregjon with
rainfall data for the NWS months for the lag ygamsceding the
surveys;

Different weather stations were used for Blocksdn# Blocks 6-
15 because of the large distances between these are

Blocks 6-15 Nov. 1978 Lag years 1973/74-1977/78
Blocks 6-14 Nov. 1985 Lag years 1980/81-1984/85
Blocks 6-15 Nov. 1990 Lag years1985/86-1989/90
Blocks 6-15 Nov. 1995 Lag years 1990/91-1994/95
Blocks 6-15 Nov. 2000 Lag years 1995/96-1999/2000
Blocks 6-15 Nov. 2006 Lag years 2001/2002-2005/2006
Southern GBR
Central SGBR Cardwell, Townsville, Ayr, Most dugongs in the central SGBR are found neacliinbrook,
Burdekin Shire Council Townsville and Upstart bay. These weather stattmasear those
areas and have rainfall data for the lag yearsepliag each
survey.
C8-10 (Townsville Sep., Oct., Lag years 1969/70-1973/74
— Hinchenbrook)  Nov., Dec
1974
C8-10 (Townsville All 1975 Lag years 1970/71 — 1974/75
— Hinchenbrook)
C8-10 (Townsville Feb, Apr, Lag years 1971/72 — 1975/76
— Hinchenbrook)  Jun, Aug,
Oct., 1976
C7&8 Cleveland  June 1977 Lag years 1972/73 — 1976/77
Bay and Bowling
Green Bay
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Table 4 continued

C1-10 (Proserpine

Jan., July,

Lag years 1973/74 — 1977/78

— Hinchenbrook)  Aug., Nov.
1978
C8-10 (Townsville Nov. 1979 Lag years 1974/75 — 1978/79
— Hinchenbrook)
C8-11 (Townsville Sep. 1986 Lag years 1981/82 — 1985/86

— Hinchenbrook)
C1-12 (Proserpine
— Cooktown)

C1-11 (Proserpine-

Dunk Island)

C1-12 (Proserpine-

Cooktown)

C1-12 (Proserpine-

Cooktown)
Southern SGBR

Nov. 1992

Nov. 1994

Nov. 1999

Nov. 2005

Lag years 1987/88 — 1991/92
Lag years 1989/90 — 1993/94
Lag years 1994/95 — 1998/99

Lag years 2000/01 — 2004/05

Pacific Heights; Most dugongs in the southern SGBR are in Shoalvedgr These
Rockhampton; St Lawrence weather stations are near Shoalwater Bay and laavialt data for
the NWS months in the lag years preceding the ssrve

S4-5
S6-8 (St Lawrence
— Proserpine)

June, 1975
July 1978

Lag years 1970/71 — 1974/75
Lag years 1973/74 — 1977/78

S1-5 (Gladstone — Aug., Nov. Lag years 1974/75 — 1978/79
Shoalwater Bay) 1979

S1-8 (Bundaberg - Sep. 1986 Lag years 1981/82 — 1985/86
Proserpine)

S1-8 (Bundaberg - Sep. 1992 Lag years 1987/88 — 1991/92
Proserpine)

S1-8 (Bundaberg - Nov. 1994 Lag years 1989/90 — 1993/94

Proserpine)
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Table 4 continued

S1-8 (Bundaberg - Nov. 1999

Proserpine)

S1-8 (Bundaberg - Nov. 2005

Proserpine)
Hervey Bay

Moreton Bay

Aug. 1979

July/Aug.
1988

Nov. 1992
Dec. 1993
Nov. 1994
Nov. 1999
Apr. 2001
Nov. 2001
Nov. 2005

May, Sep.
1976

May 1977
Aug. 1979

Jan, Mar.,
May, July,
Sep., Dec.
1995

Nov. 1999

Bundaberg Airport
Sandy Cape, Maryborough

Somerset Dam

Lag years 1994/95 — 1998/99

Lag years 2000/01 — 2004/05

Lag years 1974/75 — 1978/79
Lag years 1983/84 — 1987/88

Lag years 1987/88- 1991/92
Lag years 1988/89 — 1992/93
Lag years 1989/90 — 1993/94
Lag years 1994/1995 — 1998/99
Lag years 1995/96 — 1999/00
Lag years 1996/97 — 2000/01
Lag years 2000/01 — 2004/05

Rainfall at Somerset Dam is more likely to affecdrigton Bay
than rainfall at Brisbane or Cape Moreton (whioh evastal).

Lag years 1971/72 — 1975/76

Lag years 1972/73 — 1976/77
Lag years 1974/75 — 1978/79
Lag years 1990-1991-1994/1995

Lag years 1994/1995 — 1998/99
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Table 4 continued

Nov. 2001 Lag years 1996/97 — 2000/01

42



Table 5. Reliability of the measurements of the width€&aiGs for each observer.

Observer 1 Observer 2
Tusk Ridge F Groove F Ridge F Groove F
MD56 -22.9'% 0.07 -214% 0.12 -187% 021 116%  1.65
MD21 -14.6% 0.36 -3.4% 0.84 -16.8% 0.28 7.88% 1.43
MD41 -22.4% 0.08 -23.6% 0.04 -19.4% 0.19 -12.9% 0.43
MD161 -24.5% 0.02 -18.5% 0.22 -14.4% 0.37 -12.5% 0.45

'Error rates are negative when the F-ratio < 1 because the within observer

variance is greater than the among observer variance. This situation was common

because different GLGs along a dugong tusk vary in width and therefore it would be expected
that the variance in widths among GLGs in the same tusk would be relatively large compared with
the repeated measurements of widths of the same GLG among times.
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Table 6. Repeatability of the measurements of the widtib® GLGs
between observers.

Tusk Ridge F Groove F

MD56 -24".8% 0.006 -20.5% 0.15
MD21 -22.6% 0.08 9.26% 1.51
MD41 -16.4% 0.30 -21.9% 0.10
MD161 22.0% 241 -19.3% 0.19

'Error rates are negative when the F-ratio < 1 because the within observer

variance is greater than the among observer variance. This situation was common
because different GLGs along a dugong tusk vary in width and therefore it would

be expected that the variance in widths among GLGs in the same tusk would be relatively

large compared with the repeated measurements of widths of the same GLG among times.
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Table 7. The average proportion of calves over all yearsach survey region.

Survey Region Mean proportion calves
(95% Confidence Interval)
Western Australia (Shark Bay-Ningaloo) 0.114 (0.086-0.150)
Gulf of Carpentaria 0.086 (0.050-0.144)
Torres Strait 0.129 (0.092-0.180)
Northern Great Barrier Reef 0.076 (0.053-0.108)
Southern Great Barrier Reef 0.074 (0.044-0.119)
Hervey Bay 0.107 (0.062-0.178)

Moreton Bay 0.050 (0.033-0.074)



Table 8: The average proportion of calves over all yeamsaich survey region on the

eastern coast of Queensland which was large erntougg divided into sub-regions.

Year | Proportion calves (95% Confidence Interval)
Northern Great Barrier Reef
1978 0.002 (0.000-0.026)
1984 0.129 (0.041-0.340)
1985 0.128 (0.069-0.224)
1990 0.127 (0.078-0.201)
1995 0.119 (0.071-0.193)
2000 0.121 (0.075-0.188)
2006 0.074 (0.039-0.134)
Southern Great Barrier Reef
1974 0.075 (0.023-0.213)
1975 0.041 (0.015-0.107)
1976 0.056 (0.016-0.182)
1977 0.045 (0.007-0.246)
1978 0.078 (0.022-0.243)
1979 0.032 (0.011-0.090)
1986 0.107 (0.040-0.257)
1992 0.128 (NA)*
1994 0.107 (NA)*
1999 0.188 (0.099-0.328)
2005 0.098 (0.045-0.198)
Torres Strait
1991 0.140 (0.084-0.225)
1996 0.125 (0.079-0.193)
2001 0.100 (0.049-0.193)
2006 0.156 (0.094-0.247)

4ClI not calculated because data for individual blocks was not available.
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9. Figures

Figure 1. Acid-etched half-tusk of female dugong number MD161 showing growth layer groups
labelled for measurement with ArcGIS
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Figure 2. Map of the range of the dugong in Australia, illustrating place names mentioned in
Table 1. Adapted from Marsh et al. (1999)
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Figure 3. Proportion of calves in the population from aerial survey data from a) Shark Bay (Black
bars) and Ningaloo (white bars), Western Australia; b) Northern coast of the Northern Territory; c)
Torres Strait; d) Gulf of Carpentaria (K-BP: Karumba - Bayley Point, CY-K: Cape York —
Karumba, CY-W: Cape York — Weipa, NT: Northern Territory coast);
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Figure 3 (continued). Proportion of calves in the population from aerial survey data e) Northern
Great Barrier Reef; f) Southern Great Barrier Reef; g) Hervey Bay; h) Moreton Bay (Moreton Bay
1999 not comprehensively surveyed so may be biased).
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Figure 4. Plots of the raw relationships between the proportion of calves and (a) total wet season
rainfall, (b) 1-year lag, (c) 2-year lag and (d) 3-year lag for each survey region. Points are
coloured according to the their location as follows: Black, Western Australia; red, Gulf of
Carpentaria; green, Torres Strait; dark blue, Northern Great Barrier Reef; light blue, Southern
Great Barrier Reef; pink, Hervey Bay; and yellow, Moreton Bay.
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Figure 5. . Plots of the raw relationships between the proportion of calves and (a) wet season
rainfall anomalies, (b) 1-year lag, (c) 2-year lag and (d) 3-year lag for each survey region. Points
are coloured according to the their location as follows: Black, Western Australia; red, Gulf of
Carpentaria; green, Torres Strait; dark blue, Northern Great Barrier Reef; light blue, Southern
Great Barrier Reef; pink, Hervey Bay; and yellow, Moreton Bay.
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Figure 6. Plots of the raw relationships between the proportion of calves and (a) southern
Oscillation Index (SOI) (b) 1-year lag, (c) 2-year lag and (d) 3-year lag for each survey region.
Points are coloured according to the their location as follows: Black, Western Australia; red, Gulf
of Carpentaria; green, Torres Strait; dark blue, Northern Great Barrier Reef; light blue, Southern
Great Barrier Reef; pink, Hervey Bay; and yellow, Moreton Bay.
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Figure 7. Plots of the raw relationships between the proportion of calves and (a) NINO 3.4 index
of sea surface temperature, (b) 1-year lag, (c) 2-year lag and (d) 3-year lag for each survey
region. Points are coloured according to the their location as follows: Black, Western Australia;
red, Gulf of Carpentaria; green, Torres Strait; dark blue, Northern Great Barrier Reef; light blue,
Southern Great Barrier Reef; pink, Hervey Bay; and yellow, Moreton Bay.
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Figure 8. Plots of the estimated relationships between the proportion of dugong calves with total
wet season rainfall two years preceding the survey year in each location. Solid lines are
estimated mean relationship; dashed lines are 95% confidence intervals.
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Figure 9. Plots of the estimated relationships between the proportion of dugong calves with wet
season rainfall anomalies two years preceding the survey year in each location. Solid lines are
estimated mean relationship; dashed lines are 95% confidence intervals.
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Figure 10. Plots of the estimated relationships between the proportion of dugong calves with the
Southern Oscillation Index (SOI) two years preceding the survey year in each location. Solid lines
are estimated mean relationship; dashed lines are 95% confidence intervals.
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Figure 11. Plots of the estimated relationships between the proportion of dugong calves with the
NINO 3.4 index of sea surface temperature two years preceding the survey year in each location.
Solid lines are estimated mean relationship; dashed lines are 95% confidence intervals.
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Figure 12 Annual estimates of the proportion of dugong calves for each of the three regions on
the east coast of Australia for which the data were available as subregions. Solid points are
estimated means; error bars are 95% confidence intervals.
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Figure 13. Estimated relationships between the proportion of dugong calves with the total wet
season rainfall two years preceding the survey year for the three regions on the east coast of
Australia for which data were available in subregions. Solid lines are estimated mean relationship;

dashed lines are 95% confidence intervals.
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Figure 14. Estimated relationships between the proportion of dugong calves with the rainfall
anomalies (m) two years preceding the survey year for the three regions on the east coast of
Australia for which data were available in subregions. Solid lines are estimated mean relationship;

dashed lines are 95% confidence intervals.
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Figure 15 Estimated relationships between the proportion of dugong calves with the Southern
Oscillation Index (SOI) two years preceding the survey year for the three regions on the east
coast of Australia for which the data were available as subregions. Solid lines are estimated
mean relationship; dashed lines are 95% confidence intervals.
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Figure 16 Estimated relationships between the proportion of dugong calves with the NINO 3.4
sea surface temperature index two years preceding the survey year for the three regions on the
east coast of Australia for which the data were available as subregions. Solid lines are estimated
mean relationship; dashed lines are 95% confidence intervals.
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10. Appendix 1

Pattern of spacing of GLGs in dugong tusks. Thelteare presented graphically for
each tusk in the context of known information ogalg life history.
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Appendix Figure 1 a.Time series of Growth Layer Groups (Ridge (sumgrewth/fat deposition): solid bars; Groove
(winter growth/fat deposition): empty bars; Pregnanlid line; Lactating: broken line; dotted limalicates the projected
lactation period had the dugong not died). Scesaare not in any particular order of plausibilityless stated.

MD19: Female dugong that died in June 1998.
Reproductive history: Pregnant with its first catien it died.

Scenario 1. The dugong became pregnant withrgsdalf in the summer of 1998 (indicated by tluge; age 17) after
superior growth/fat deposition the previous ydadied in early pregnancy with a 57.2 cm foetugume 1998. The dotted
line indicates the projected pregnancy had the dggot died.
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Appendix Figure 1b. Time series of Growth Layer Groups (Ridge (sumgrewth/fat deposition): solid bars; Groove
(winter growth/fat deposition): empty bars; Pregnanlid line; Lactating: broken line; dotted limalicates the projected
lactation period had the dugong not died). Scesate not in any particular order of plausibilityless stated.

MD58: Female dugong that died in August 1998.
Reproductive history: Lactating first calf wheredi

Scenario 1la: The dugong became pregnant in the sueiM 996 (indicated by the ridge; age 10) aftgresior growth/fat
deposition the previous year. It gave birth tHofeing summer (age 11) so had reduced growth&gagition during the first
12 months of lactation. In the last 6 months ofd#ion it needed less energy for feeding the axadf therefore grew
more/deposited more fat (age 13). We regard thiseamore plausible scenario.

Scenario 1b: The dugong became pregnant in thiem(age 11) after superior growth/fat depositioboth the summer and
winter of the previous year. It gave birth thddwaling winter (age 12) and did not expend much gyan the second 6
months of lactation when it grew well/fat depositi@ge 13); (it died while lactating so the pattefigrowth//fat deposition
that would have occurred during the last 6 montHaatation is unknown).
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MD101: Female dugong that died in March 1999 at age 12.
Reproductive history: Primiparous female lactatieg first calf when she died.

Scenario 1la: The dugong grew rapidly until ageh®mgrowth tapered off. She became pregnant isuhener of 1997
(indicated by the ridge; age 10) during a periodugerior growth/fat deposition. She gave birthfthllowing summer and
died towards the end of her lactating period. Flemsnario represents the earliest the dugong ¢@mvd become pregnant and
still be lactating when she died.

Scenario 1b: The dugong became pregnant in thensurof 1998 (indicated by the ridge; age 11) aftgyerior growth/fat
deposition the previous year. She gave birthdHeviing summer and died during the early stagdaaifting. The dotted
line represents the projected lactation perioddienot died.

67



2.0
1.8
1.6
1.4
1.2 —_ - 1b

1.0 | —_— e lA
0.8 -
0.6 |
0.4 -
0.2
0.0

Width (mm)

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0|0 0 1

1969|1970/1971|1972|1973|1974/ 1975|1976/ 1977|1978/ 1979/1980|1981/1982|1983) 1984/1985/1986/1987|1988|1989|1990|1991|1992/1993|1994| 1995|1996/ 19971998 1999

Age/Year

Appendix Figure 1d. Time series of Growth Layer Groups (Ridge (sumgnewth/fat deposition): solid bars; Groove
(winter growth/fat deposition): empty bars; Pregnanlid line; Lactating: broken line; dotted limalicates the projected
lactation period had the dugong not died). Scesate not in any particular order of plausibilityless stated.

MD122: Female dugong that died in April 1999 at age 13.
Reproductive history: Primiparous female lactatneg first calf when she died.

Scenario la: The dugong became pregnant in the suwimM 998 (indicated by the ridge; age 12) duanmeriod of superior
growth/fat deposition. She gave birth the follogvsummer and died during the early stages of lactatThe dotted line
represents the projected lactating period had shdiad.

Scenario 1b: The dugong became pregnant in thensurof 1997 (indicated by the ridge; age 11). §nee birth the
following summer (age 12) and died at the end ofidating period. We regard this scenario as pausible than scenario
la because we would expect growth to be low duhegvinter of 1998 (indicated by the groove; aggldgtause of the
energetic demands of the start of lactation. btstéhere is superior growth/fat deposition at time. The good growth/fat
deposition in the winter of 1998 could indicateywgood environmental conditions throughout the ehgdar.
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Appendix Figure le. Time series of Growth Layer Groups (Ridge (sumgrewth/fat deposition): solid bars; Groove (winter
growth/fat deposition): empty bars; Pregnant: shid; Lactating: broken line; dotted line indicathe projected lactation
period had the dugong not died). Scenarios arérenty particular order of plausibility, unlesststh

MD73: Female dugong that died in September 1998 at4ge 1

Reproductive history: Primiparous female lactatieg first calf when she died.

Scenario la: The dugong became pregnant in the suwimM 996 (indicated by the ridge; age 12) duanmeriod of superior
growth/fat deposition. She gave birth the follogvgummer and died during the late stages of lacjati
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Appendix Figure 1f. Time series of Growth Layer Groups (Ridge (sumgnewth/fat deposition): solid bars; Groove (winte
growth/fat deposition): empty bars; Pregnant: shitid; Lactating: broken line; dotted line indicatie projected lactation
period had the dugong not died). Scenarios ar@renty particular order of plausibility, unlessteth

MD155: Female dugong that died in July 1999 at age 14.

Reproductive history: Primiparous female lactatieg first calf when she died.

Scenario 1la: The dugong became pregnant in the suim 997 (indicated by the ridge; age 12) duarngeriod of superior
growth/fat deposition. She gave birth the follogvgummer and experienced lower growth/fat depasdiaring the early
stages of lactation, but grew better/had betteddgsition in the last part of lactation, duringieh she died.
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Appendix Figure 1g. Time series of Growth Layer Groups (Ridge (sumgrewth/fat deposition): solid bars; Groove
(winter growth/fat deposition): empty bars; Pregnanlid line; Lactating: broken line; dotted limelicates the projected
lactation period had the dugong not died). Scesate not in any particular order of plausibilityless stated.

MD108: Female dugong that died in April 1999 at age 14.

Reproductive history: Multiparous female in thelgatages of pregnancy (foetus 30.08cm) with heoseé calf.

Second calf:

Scenario 2: The dugong became pregnant in the samini999 (indicated by the ridge; age 14) aftevdygrowth/fat
deposition the previous year. She died duringetiréy stages of pregnancy and the dotted line aescthe projected
pregnancy period .

First calf:

Scenario 1la: The dugong became pregnant in thensuwf 1995(indicated by the ridge, age 10) aftgesior growth/fat
deposition in the preceding few years. She gank I the summer of 1996 (age 11) and grew marelglhad less fat
deposition during 18 months of lactation, after ethshe started to deposit fat again. We regasdaththe more likely
scenario because it assumes that there was loatlgfat deposition during lactation than scendsiol

Scenario 1b: The dugong became pregnant in thensumof 1993 (indicated by the ridge; age 8) aftgresior growth/fat
deposition the previous year. She gave birtheénstimmer of 1994 (age 9) and grew less/had leskefatsition during
lactation.
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Appendix Figure 1h. Time series of Growth Layer Groups (Ridge (sumgrewth/fat deposition): solid bars; Groove
(winter growth/fat deposition): empty bars; Pregnanlid line; Lactating: broken line; dotted limalicates the projected
lactation period had the dugong not died). Scesarte not in any particular order of plausibilityless stated.

MD138: Female dugong that died in May 1999 at age 19.

Reproductive history: Multiparous female lactativey second calf.

Second calf:

Scenario 2. The dugong became pregnant in the supfi®97 (indicated by the ridge; age 17). Sheedarth the following
summer (age 18) and experienced slow growth/fabgigpn in the first 12 months of lactation.

First calf:

Scenario 1la. The dugong became pregnant in thensuf 1989 (indicated by the ridge; age 9). Sineedoirth the following
summer and experienced less growth/fat depositwimgl lactation.

Scenario 1b. The dugong became pregnant in thensuwf 1992 (indicated by the ridge; age 12). &nee birth the
following summer and experienced less growth/faodéion during lactation.
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Appendix Figure 1i. Time series of Growth Layer Groups (Ridge (sumgrewth/fat deposition): solid bars; Groove (winter
growth/fat deposition): empty bars; Pregnant: shihd; Lactating: broken line; dotted line indicathe projected lactation
period had the dugong not died). Scenarios arénrenty particular order of plausibility, unlesststh

MD56: Female dugong that died in August 1998 at age 31.

Reproductive history: Multiparous female that i stproductively active and has had 2 calves.

Scenario a. The dugong became pregnant in themohtLl986 (indicated by the groove; age 19) dusimgerior growth that
year. It gave birth the following winter (age 20)d experienced lower growth/fat deposition laotati

Scenario b. The dugong became pregnant in the sumini990 (indicated by the ridge; age 23) aftgresior growth/fat
deposition the previous summer. She gave birtlidit@ving summer (age 24) and experienced low dghdfat deposition
during lactation.

Scenario c. The dugong became pregnant in the suimind 989 (indicated by the ridge; age 22) duangeriod of superior
growth/fat deposition. She gave birth the follogvBummer (age 23) and experienced low growth/faosiéion during
lactation. We regard this as a less plausibleao@than (b) because growth/fat deposition diddrop off as sharply for the
start of lactation.

Scenario d. The dugong became pregnant in the sumini994 (indicated by the ridge; age 27) duammeriod of superior
growth/fat deposition. She gave birth the follogvBummer (age 28) and experienced low growth/faosiéion during
lactation.
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Appendix Figure 1j. Time series of Growth Layer Groups (Ridge (sumgnewth/fat deposition): solid bars; Groove (winte
growth/fat deposition): empty bars; Pregnant: shitid; Lactating: broken line; dotted line indicatie projected lactation
period had the dugong not died). Scenarios arenrenty particular order of plausibility, unlessteth

MDG60: Female dugong that died in August 1998 at age 25.

Reproductive history: Multiparous female in theslatages of pregnancy (foetus 105.2cm) with hed talf.

Third calf:

Scenario 3: The dugong became pregnant in the suf@atumn of 1997 (indicated by the ridge; aged24)ng a period of
superior growth/fat deposition. She was in theyVate stages of pregnancy in the winter 1998 @igevhen she died.
Other 2 calves:

Scenario a. The dugong became pregnant in the suiM 983 (indicated by the ridge; age 10) duangeriod of superior
growth/fat deposition. She gave birth the follogvBummer (age 11) and experienced less growthefadsition during
lactation.

Scenario b. The dugong became pregnant in the suwini984 (indicated by the ridge; age 11) aftperaod of superior
growth/fat deposition the previous year. She daxté the following summer (age 12) and experienioadgrowth/fat
deposition during lactation, particularly in thenteér.
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Scenario c¢: The dugong became pregnant in the suM®&88 (indicated by the ridge; age 15) duringeaod of reasonably
good growth/fat deposition. She gave birth théofeing summer (age 16) and experienced less gréatttiéposition during
lactation, particularly in the winter.

Scenario d: The dugong became pregnant in the sumini992 (indicated by the ridge; age 15) aftpeaod of superior
growth/fat deposition the previous year. She daxté the following summer (age 20) and experierlesd growth/fat
deposition in the first 6 months of lactation, afténich she had better growth/fat deposition.
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Appendix Figure 1k. Time series of Growth Layer Groups (Ridge (sumgnewth/fat deposition): solid bars; Groove
(winter growth/fat deposition): empty bars; Pregnanlid line; Lactating: broken line; dotted limalicates the projected
lactation period had the dugong not died). Scesarte not in any particular order of plausibilityless stated.

MD161: Female dugong that died in May 1999 at age 30.

Reproductive history: Multiparous female that istéding her third calf.

Third calf.

Scenario 3: The dugong became pregnant in the suimM®98 (indicated by the ridge; age 29) duringeaod of superior
growth/fat deposition. It gave birth the followisgmmer and experienced lower growth during lamtatilt died during the
first 6 months of lactation and the dotted lineitadies the projected lactation period if the dugbad not died.

Other calves:

Scenario a. The dugong became pregnant in the sumim 979 (indicated by the ridge; age 10) duanmeriod of superior
growth/fat deposition. She gave birth the follogvgummer (age 11) and experienced lower growtt&position during
lactation.

Scenario b. The dugong became pregnant in the suwrfi®86 (indicated by the ridge; age 17) durimmeaod of superior
growth/fat deposition. She gave birth the follogvsummer (age 18) and experienced lower growttd&position during
lactation.
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Appendix Figure 1l. Time series of Growth Layer Groups (Ridge (sumgrewth/fat deposition): solid bars; Groove (winter
growth/fat deposition): empty bars; Pregnant: shitid; Lactating: broken line; dotted line indicatie projected lactation
period had the dugong not died). Scenarios arenrenty particular order of plausibility, unlessteth

MD148: Female dugong that died in July 1999 at age 32.

Reproductive history: Multiparous female that istéding its third calf.

Third calf:

Scenario 3: The dugong became pregnant in the suim®97 (indicated by the ridge; age 30). Itgauth the following
summer and experienced lower growth during laatatib died at the end of its lactating period.

Other calves:

Scenario a. The dugong became pregnant in the sueiM 980 (indicated by the ridge; age 13) dugngd growth/fat
deposition. She gave birth the following summere(a4) and experienced lower growth/fat depositiorng lactation.

Scenario b. The dugong became pregnant in the suwini981 (indicated by the ridge; age 11) duangeriod of superior

growth/fat deposition in that year and the previgear. She gave birth the following summer (ageati@l experienced lower
growth/fat deposition during lactation.
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Scenario c. The dugong became pregnant in the surf®87 (indicated by the ridge; age 20) durimmpaod of superior
growth/fat deposition. She gave birth the follogvgummer (age 21) and experienced lower growtt&position during
lactation.
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Appendix Figure 1m. Time series of Growth Layer Groups (Ridge (sumgnewth/fat deposition): solid bars; Groove
(winter growth/fat deposition): empty bars; Pregnanlid line; Lactating: broken line; dotted limalicates the projected
lactation period had the dugong not died). Scesare not in any particular order of plausibilityess stated.

MD98: Female dugong that died in March 1999 at age 34.

Reproductive history: Multiparous female was laotgits fourth calf when it died. The fourth catas with the mother when
it died.

Fourth calf:

Scenario 4a. The dugong became pregnant witbutsh calf in the summer of 1998 (indicated byrikge; age 33) after a
period of superior growth/fat deposition the prexgear. It gave birth the following summer (ag¢ &d was lactating the
calf when it died so growth/fat deposition for thet 12 months of lactation is unknown. We consitiss the most plausible
scenario.

Scenario 4b. The dugong became pregnant witlutsH calf in the summer of 1997 (indicated by rikdge; age 32) while
experiencing a period of superior growth/fat deposi It gave birth the following summer and (&%) and growth/fat
deposition slowed during lactation. It was atéinel of the lactation period when it died.

Other 3 calves:There are several possible scenarios and wedmrtsiese four the most plausible.
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a. The dugong became pregnant in the summer of (I8di6ated by the ridge; age 11) during a peribduperior growth/fat
deposition. It gave birth the following summerdeaf) and experienced poor growth/fat depositiaimduactation.

b. The dugong became pregnant in the summer of (88#ated by the ridge; age 19) during a peribduperior growth/fat
deposition and after good growth/fat depositionghevious year. It gave birth the following sumrfege 20) and
experienced poorer, but increasing growth/fat dejoasduring lactation. After finishing sucklingsi calf its growth/fat
deposition improved again (indicated by the ricage 22).

c. The dugong became pregnant in the summer of (i8@itated by the ridge; age 26) during a peribduperior growth/fat
deposition and after several years of increasiagperior growth/fat deposition. It gave birth tbbowing summer and grew
poorly/had poor fat deposition during lactationfteA finishing suckling its calf it grew well/hadigerior fat deposition again
(indicated by the ridge; age 29).

d. The dugong became pregnant in the winter of 1B@Hcated by the groove; age 29) during a peabsiuperior growth/fat
deposition and after superior growth/fat depositioa previous summer. It gave birth the followimigiter and grew
poorly/had poor fat deposition during lactationfteh finishing suckling it's calf it grew well/hasluperior fat deposition again
(indicated by the ridge; age 32).
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Appendix Figure 1n. Time series of Growth Layer Groups (Ridge (summewth/fat deposition): solid bars; Groove
(winter growth/fat deposition): empty bars; Pregnanlid line; Lactating: broken line; dotted limalicates the projected
lactation period had the dugong not died). Scesarte not in any particular order of plausibilityless stated.

MD96: Female dugong that died in November 1998 at age 17

Reproductive history: Multiparous female that weastdting its fourth calf.

Fourth calf:

Scenario 4: The dugong became pregnant in the mohtE996 (indicated by the groove; age 15. Iteghirth the following
winter and experienced lower growth/fat depositioning lactation. It died at the end of its lartgtperiod.

Other calves:

Scenario a. The dugong became pregnant in the suiM 987 (indicated by the ridge; age 6) duringeeod of superior
growth/fat deposition. She gave birth the follogvsummer (age 7) and experienced lower growth&dposition during
lactation.

Scenario b. The dugong became pregnant in themnaitLl990 (indicated by the groove; age 9) dugagd growth/fat
deposition. She gave birth the following wintegddl0) and experienced lower growth/fat depostionng lactation, which
improved towards the end of the lactating periogémvkhe became pregnant again.
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Scenario c. The dugong became pregnant in the mohte992 (indicated by the groove; age 11) dugngd growth/fat
deposition and lactating a previous calf. She daxth the following winter (age 12) and experiethidewer growth/fat
deposition during lactation.
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Appendix Figure 1o. Time series of Growth Layer Groups (Ridge (sumgnewth/fat deposition): solid bars; Groove
(winter growth/fat deposition): empty bars; Pregnanlid line; Lactating: broken line; dotted limalicates the projected
lactation period had the dugong not died). Scesarte not in any particular order of plausibilityless stated.

Figure x. MD124: Female dugong that died in April 1999 at age 36.

Reproductive history: Multiparous female that westadting its fourth calf.

Fourth cdf:

Scenario 4: The dugong became pregnant in the suim&98 (indicated by the ridge; age 35. It ghir¢h the following
winter and experienced lower growth during lactatidt had slightly lower growth/fat depositiontime first part of lactation,
but died early on in its lactating period so groffghdeposition during lactation is unknown.

Other calves:

Scenario a. The dugong became pregnant in themontl973 (indicated by the groove; age 10) duanmeriod of superior
growth/fat deposition. She gave birth the follogviminter (age 11) and experienced lower growthdégiosition during
lactation.

Scenario b. The dugong became pregnant in the suini979 (indicated by the ridge; age 16) duammeriod of superior
growth/fat deposition. She gave birth the follogvsummer (age 17) and experienced lower growttd&position during
lactation.

Scenario c. The dugong became pregnant in the suorf®86 (indicated by the ridge; age 23) durimmeaod of superior
growth/fat deposition. She gave birth the follogviminter (age 24) and experienced lower growthdégiosition during
lactation.
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Appendix Figure 1p. Time series of Growth Layer Groups (Ridge (sumgnewth/fat deposition): solid bars; Groove
(winter growth/fat deposition): empty bars; Pregnanlid line; Lactating: broken line; dotted limalicates the projected
lactation period had the dugong not died). Scesate not in any particular order of plausibilityless stated.

MD41: Female dugong that died in July 1998 at age 21.

Reproductive history: Multiparous female that i stproductively active and has had 4 calves.

Scenario a. The dugong became pregnant in the sueiM 982 (indicated by the ridge (age 5) durinmesaod of superior
growth/fat deposition. She gave birth the follogggummer (age 6) and experienced lower growthdposition. She was
still growing/depositing fat reasonably well, prbhabecause she was young.

Scenario b. The dugong became pregnant in the sumini 986 (age 9) after a period of superior ghdiat deposition the
previous few years. She gave birth the followingiemer (10) and was still in good condition durihg first few months of
lactation, after which she had lower growth/fat @&pon.

Scenario c. The dugong became pregnant in the sumind988 (agell) after a period of superior ghdfat deposition the
previous few years and while still suckling henpoeis calf. She gave birth the following summeggd2) and experienced
low growth/fat deposition during lactation.

Scenario d. The dugong became pregnant in the sumini993 (indicated by the ridge; age 16) duammeriod of superior
growth that year and the previous 2 years. She gath the following summer (age 17) and experehlow growth/fat
deposition during lactation.
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Appendix Figure 1g. MD21: Male dugong that died in June 1998 at age 16.

Reproductive status: Fully spermatogenic (i.e.uregt

If male dugongs experience a pre-pubertal growtintgpvhich is unknown) the tusk record suggests sbaual maturity may
have occurred at age 14.
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Appendix Figure 1r. MD123: Male dugong that died in April 1999 at age 16.

Reproductive status: Resting (i.e. mature).
If male dugongs experience a pre-pubertal growtiitgpvhich is unknown) the tusk record suggests seaual maturity may

have occurred at age 14.
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Appendix Figure 1s MD28: Male dugong that died in April 1999 at age 16.
Reproductive status: Fully spermatogenic (i.e.urgt If male dugongs experience a pre-pubertaltirepurt (which is
unknown) the tusk record suggests that sexual mataay have occurred at age 10.
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Appendix Figure 1t. MD26: Male dugong that died in July 1998 at age 10.
Reproductive status: Fully spermatogenic (i.e.urgt If male dugongs experience a pre-pubertaltirepurt (which is
unknown) the tusk record suggests that sexual mataay have occurred at age 10.
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11. Appendix 2

Calculation of Repeatability
Repeatabilityr is given by:

r =SS+ Fp) Equation 1
where, 8, is the among-groups (observers) variance compareh$ is the within-
group variance component. The variance comporagatsalculated from the mean
squares in the analysis of variance (see Table)Ai3:1
F=MS, Equation 2
and
Fa = (MSa — MSy)/n
where n is the sample size per group.

Equation 3

Table A2.1.Analysis of variance for the calculation of redmlity and reliability

Source of Degrees of Sum of squares |Mean squares F-ratio
variation freedom

Among groups df; SSa MS, F
Within groups df, SSw MSw

As an example the analysis of variance table alaliegion of reliability is shown for the
case where one observer measures the same 5 Gla@ssk each of 4 times, using data
from observer 1 and tusk MD56 (Table A2.1).

Table A2.2.Analysis of variance of measurements of widths b&G by an individual
observer for the ridges of tusk MD56.

Source of Degrees of Sum of squares |Mean squares F-ratio
variation freedom

Among times 3 0.021 0.007 0.668
Within times 16 1.637 0.102

Total 19

From the analysis of variance table (table A2.2):

MS, = 0.007
and

MSy = 0.102
Hence, from Equations 2 and 3

§=0.102
and

A = (0.007 — 0.102)/5 = -0.191
Substituting into Equation 1,

r=-0.191/(0.102 + -0.191)/5 = -0.23
r is multiplied by 100 to express it as a percenta?@%.
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