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EXECUTIVE SUMNARY ” 

.,: This report outlines the proceedings and findings of a,workshop 
on the offshore effects of tropical cyclone Winifred. The cyclone 
crossed, the North Queensland coast south of Innisfail on February " 
1, 1986. The workshop was held at the Townsville International 
Hotel on Friday, June 20, 1986. 

The workshop had two principal objectives; 

l to review what was learned from studies of the offshore 
effects of cyclone Winifred; and 

l to review the significance of those findings in the 
context of our understanding and management of the Great 
Barrier Reef Region. 

Nineteen reports and papers were presented in respect of the 
first objective, covering a range of scientific and management- 
oriented topics. Each of these contributed to the second 
objective. This was considered in detail by the workshop under 
the following headings: 

0 Biophysical and ecological significance. While Winifred 
was not an exceptional cyclone (rated 3 on the-five 
level Saffir-Simpson scale), follow-up studies yielded 
new insights into the functioning of the Great Barrier 
Reef system. Short-term phenomena, such as nutrient 
release from lagoonal sediments, were observed which may 
have significant longer term implications for the 
functioning of the Great Barrier Reef. 

0 Socio-economic significance. Little data was obtained .on 
the offshore socio-economic impacts of Winifred. 
Although reports presented noted that damage to 
structures and facilities was minimal. Data qbtained to 
date on post-disaster response indicates that local 
residents and visitors would have,experienced severe; 
short term disruption. 

Scientific understanding of, the Great Barrier Reef. 
Winifred provided an excellent opportunity to evaluate 
the effects of an extreme, short-term phenomena. 
Measurement and evaluation of those effects was greatly 
facilitated by the availability *of "baseline" 
information on aspects of, the impacted area in the form 
of data obtained from studies undertaken in the week 
preceding the cyclone. New information was obtained on 
short and mid-term processes; however, underst,anding'of 
this will be limited until longer term and comparative 
data are available. 

e Human use. Human use of the offshore areas was severely 
disrupted in the short-term by Winifred. The extensive 
damage to some reefs and inter-reef areas may cause some / 
disruption to tourism and fisheries operations between 
Fitzroy and Hinchinbrook Islands. I 
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* Management of the Great Barrier Reef. Winifred 
reinforced the notion that cyclones are one of the most 
significant forces shaping the Great Barrier Reef. 
concern was expressed that, in planning for human use of 
offshore areas, care should be taken that the proposed 
activity does not interfere with the inherent ability of 
natural systems to recover from extreme damage, such as 
is caused by cyclones. 

l Research response. It was noted that the research 
response to Winifred was the best yet achieved. However, 
major deficiencies exist in many areas, particularly 
socio-economic studies. Longer term, follow-up studies 
are also needed on processes such as the potential 
occurrence of ciguatera outbreaks. In order to improve 
response to future cyclones, three recommendations were 
put forward by the workshop: 

(1) A meeting of nominated heads of involved 
institutions be held to determine individual and 
collective responsibilities and requirements with a 
view to developing a co-ordinated response system. 

(2) The Great Barrier Reef Marine Park Authority should 
co-ordinate a multidisciplinary committee to oversee 
research activities after natural disasters, 
especially to organise long-term studies. 

(3) A source of funding be identified to enable rapid 
response to future incidents. This should be 
considered in the context of both points above. 

Footnotes: 

On June 3, 1986, the Commonwealth Government provided $30 000 to 
the Johnstone Shire Council and the James Cook University for a 
project .designed to develop practical approaches to disaster 
management. This will, at least in part, redress some of the 
deficiencies noted above. 

On August 25, 1986, the meeting recommended in (1) above ,was 
held. This meeting was attended by the heads of the three 
principal institutions; the Great Barrier Reef Marine Park 
Authority, The Australian Institute of Marine Science, and the 
James Cook University. The meeting agreed that the Authority 
should proceed with establishing a committee to plan for disaster 
response as recommended. Where possible, any plan(s) should make 
provision for involvement of appropriate research groups, 
particularly the 'Centre for Disaster Studies at James Cook 
University. 
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1. INTRODUCTION 

Cyclones have long been recognised as a major influence on the 
Great Barrier Reef, the world’s largest tract of coral reef, 
However , until comparatively recently, the effects of cyclones on 
the offshore parts of the Great Barrier Reef Region have not been 
scientifically assessed. This reflects a number of influences; in 
particular the fact that the effects of cyclones are of most 
concern in areas of human settlement and permanent activity. It 
also reflects the comparative difficulty in determining the 
offshore effects, as they are generally not as obvious as the 
onshore effects. 

When cyclone Winifred crossed the North Queensland coast south of 
Innisfail on February 1, 1986, it presented a rare, if not 
unique, opportunity to evaluate offshore effects. This was 
largely because of the presence of scientific equipment and 
personnel in the vicinity of the cyclone path. Scientists from 
the Australian Institute of Marine Science (AIMS) and James Cook 
University of North Queensland (JCU) had been working in the area 
offshore from Innisfail during the week prior to the cyclone 
crossing the coast. In the aftermath of the cyclone, they were 
able to resurvey the same area and thus obtain the first, albeit 
preliminary, scientific evaluation of the offshore effects of a 
cyclone in the Great Barrier Reef Region. 

The Great Barrier Reef Marine Park Authority (GBRMPA), which has 
primary responsibility for the care and development of a Marine 
Park in the Great Barrier Reef Region recognised and supported 
this research endeavour by; 

a arranging for an aerial reconnaissance survey of the 
coastal and offshore area by staff of the Queensland 
National Parks and Wildlife Service (Q.NPWS), and by 
AIMS and JCU, and GBRMPA staff. A report of that survey 
is presented in Part C of this report; 

a participating in, and providing financial and logistical 
.support to, vessel-based surveys of offshore reefs and 
waters; and 

0 arranging for compilation of damage assessment reports 
and surveys in concert with the Q.NPWS, which is the 
agency responsible for day-to-day management of the 
Great Barrier Reef Marine Park. These are also reported 
in Part C of this report. 

As a result of these studies, it was recognised that it would be 
very useful to management of, and research into, the Great 
Barrier Reef system to develop an overview of the effects of 
cyclone Winifred. Accordingly, the Authority arranged for a 
workshop to be held once all preliminary information was compiled 
and analysed. 

The workshop was held in Townsville on June 201 1986, and 
involved participants from GBRMPA, AIMS, JCU, Q.NPWS, other State 
and local government agencies, consultants, industry, and the 
general public. A complete list of participants is given in 
Appendix I. 
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The workshop had two principal objectives; ‘, /I’ ‘,I 
e to review what wals learn’ed from studie’s of the of,fshor,e, 

effects of ‘cyclone Winifred; and 

0 to review the significance of those findings ‘in the 
context of our understanding and management of the Great 
Barrier Reef Region. 

Allied with the second objective are a range of issues which are 
fundamental to determining the significance of Winifred. These 
were considered in detail in the small group discussion sessions 
held during the workshop, and include; 

0 assessment of whether Winifred was a significant event 
(in reference to natural phenomena and use of the Great 
Barrier Reef); 

l how Winifred affected our understanding and use of the 
Great Barrier Reef; 

0 how information obtained from studies of Winifred can be 
applied to management of the Great Barrier Reef Marine 
Park; 

0 whether the scientific response and studies undertaken 
were adequate, and if not, in what respects were t,hey 
inadequate; and 

l what longer term and/or follow-up studies are necessary 
or desirable. 

Appendix II outlines the workshop program. The detailed small 
group briefs for these topics are presented in Appendix III. 
Participants in each group are noted in Appendix I. 

This report is structured to reflect the workshop findings in 
relation to the above objectives an,d discussion topics. Part A 
incorporates the workshop findings and recommendations in 
relation to both objectives and the discussion topics. It was 
compiled largely from the reports of the small group discussions. 

Part B sets out the findings of studies undertaken on cyclone 
Winifred. Many of the papers are brief reviews of aspects of the 
range of offshore and coastal effects, as further analysis and/or 
study is required. It is anticipated that further reports may be 
produced by some of the authors once this additional work is 
undertaken. 

All references cited in Part A refer to papers in Part B. To 
complement the information set out in Parts A and B of this 
report, a range of supporting material has also been prepared and 
incorporated in Part C. This material includes damage reports ‘not 
presented to the workshop, and a short annotated bibliography on 
the effects of cyclones. 
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2. THE SIGNIFICANCE OF CYCLONE WINIFRED 

Kelleher and Dutton describe cyclones as one of the most 
significant natural influences shaping the Great Barrier Reef. 
They noted that the significance of cyclones has many dimensions, 
including; 

l ecological and biophysical; 

0 socio-economic (including engineering); and 

l managerial. 

With this framework established, the workshop therefore 
considered the question of "significance" in terms of identifying 
ecological, biophysical and socio-economic aspects with a view to 
obtaining an appreciation of management aspects. 

2.1 Biological and ecological significance 

The groups which considered the biophysical and ecological 
significance of cyclone Winifred agreed that, compared with other 
cyclonic events which have affected or may in future affect the 
Great Barrier Reef, Winifred was not particularly significant. It 
ranked as a category 3 cyclone on the 1 to 5 Saffir-Simpson 
scale, and thus was characteristic of many of the cyclones which 
have been recorded since European settlement of Australia. 
Winifred crossed the shelf during low tide, and this may have 
attenuated its effect on reefs and waters in the path. However, 
it was noted that no major changes to the shoreline of offshore 
islands- or the mainland coast resulted. None of the signs of 
gross morphological change such as complete submergence of cays, 
establishment of ramparts or generation of emergent reef blocks 
were observed. 

Changes in the physical character of the affected area were 
limited to minor cay and beach erosion and the rearrangement of 
part of the sediment bed of the lagoon between the mainland and 
offshore reefs. The latter observation was considered 
particula'rly significant as it gave an indication of the massive 
sorting processes which occur as a result of cyclones. From 
studies by Sandstrom, Bode and Wolanski, and Birtles, 
participants recognised that the lagoonal sediments may play a 
greater role than was previously realised in productivity in Reef 
waters and on the reef proper. 

This finding has important implications for understanding cross- 
shelf geochemical and ecological processes, although it was noted 
that more detailed longer term studies are needed to develop a 
full appreciation of the significance of this observation. In 
this context, the relationship between cyclones and crown of 
thorns starfish (Acanthaster 
topic requiring 

pfanci) damage was mentioned as a 
1 attention. The area of reefs directly 

affected by the cy~?~~~ahad recently been extensively affected by 
crown of thorns starfish outbreaks. It is expected that the A. 

research program currently underway may iead to a better 
of this cumulative impact. 



;Partic'ipa,,nts noted that the I,,geographie influencelof the, ,bio- * ;,I' 
physical limpacts of Winifred was largely restricted to the area, 
between Fitzroy and Hinchinbrook Islands. Studies at Green'Island 
by Harriott and Fisk recorded slight impact on corals and coral '/ 
regeneration, and may have yielded new insights into the I' 
mechanical tolerance of corals. For example, little damage was 

; recorded in areas exposed to wind gusts of up to 100 km/hr. It 
was also postulated that damage to the coral community irl this 
area may have been restricted because of the early successional 
stage of corals due to past crown of thorns damage. 

Similarily, Lewis, Burke, and Gillespie noted that, at sudbury 
Reef, there is little evidence to date of an increase in 
ciguatera levels; a phenomenon often associated with reef 
disturbance. They caution however, that it may take up to 18 
months for this phenomena to be manifested. 

In terms of coastal and island systems, Muir, and Blackman and 
Winter observed major impacts on some,flora and fauna': Extensive 
defoli'ation of emergent vegetation was recorded, resu1Ung.i.n 
loss of habitat for fauna such as Cassowaries and Torresian 
Imperial Pigeons. By contrast, Smith noted,that Winifred caused 
little damage to mangrove communities compared with cyclone Kathy 
which crossed the northern Australian coast from the Gulf of 
Carpentaria in 1984. Participants agreed that this was most 
likely due to the difference in windspeed between the two 
cyclones (Kathy was 15 to 25 km/hr higher on average). 

The overall conclusion of the discussion groups on biophysical 
and ecological aspects was that Winifred provided new insights 
into the functioning of the Great Barrier Reef system. The 
studies undertaken were possible only because of the ready 
availability of scientific expertise and logistical support. 
These studies confirmed the potential importance of short-term 
extreme events in the long-term maintenance and development of 
the Great Barrier Reef. Participants noted, however, that 
interpretation of the results obtained is severely limited by 
lack of data prior to, and during the cyclone event, and by the 
lack of understanding of the Great Barrier Reef system. 

2.2 Socio-economic significance 

The socio-economic significance of cyclone Winifred appears to be 
poorly understood, but compared with onshore effects, relatively ., 
minor. As Part B of this report suggests, there is a dearth of 
information on socio-economic effects. The reports available 
describe minor damage to some resort and offshore tourist 
infrastructure (moorings for example). Some damage to clam 
mariculture operations was also noted; this may result in a delay 
in breeding and experimental studies. 

Participants noted that short-term disruption did occur to the 
two main offshore industries, commercial fishing and tourism. 
They agreed, however, that the long term effects are likely to be 
relatively minor, with the possible exception of effects on 
public perception and behaviour. The latter effect was described 
by Foley and Thorpe, mainly in terms of the experience of a sense 
of 'devastation among local residents. They noted that there is a 
three-part effect on cyclone victims; economic, social, and 
psychological, with the latter most enduring. 
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Follow-up studies of cyclone-affected coastal communities by JCU 
researchers will focus on this aspect, and may give insights into 
broader community attitudes relevant to use of the Great Barrier 
Reef (in the vein of, "when do locals and/or tourists feel safe 
to 'go back into the water'?"). 

The workshop noted that engineering design standards for offshore 
infrastructure appear adequate, although further attention may 
need to be paid to new types of activities such as mariculture, 
to ensure that design standards take account of all possible 
types of impact. Attention should be paid to operational 
procedures in the event of a cyclone warning to ensure, for 
example, that an adequate supply of seawater will be available 
during the cyclone, or that offshore facilities are adequately 
protected. 

Most authorites have adopted category 3 of the Saffir-Simpson 
scale as the design standard, and in few instances were there 
failures of structures built to this requirement. No major 
failures of offshore structures was recorded by McClymont. 
However, Walker noted that in some onshore areas, local 
topographic influences had concentrated the destructive effects 
of Winifred. This finding may have implications for offshore 
design. 
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3. ,EFFECTS 0F;;WINIFRED ON UNDERSTFDING .,I ,j ' ,,;I 3, !L' 
8.' 

3.1 Scientific undergtanding .I,' 

Winifred represented a major research opportunity in that ,it 
provided scientists with the opportunity to evaluate the effects ', 
of an extreme, albeit short-term, phenomena on the Great Barrier 
Reef. The extent to which this opportunity could be translated 'I" 
into knowledge and understanding was, however, limited by; 

.' 

0 the general lack of understanding of the Great Barrier 
Reef system, although the availability of recent survey 
data on some aspects of the offshore environment did 
enable 'Istate of the art" assessments; 

l the lack of survey techniques, design and resources. It 
was noted for example, that the scientific response 
would have been enhanced by the availability of a 
contingency plan for scientific response; and 

l the inability to plan and implement a comprehensive 
research program, which is related to the factor above. 

In the latter respect particularly, it was noted that the benefit 
of Winifred to sc'ientific understanding of the Great Barrier Reef 
system may only be realised in the long-term through carefully 
designed longitudinal studies of specific phenomena. An example 
of this, as noted by Lewis, Burke and Gillespie, is the necessity 
to monitor affected reefs for up to two years after a cyclonic 
event before' clear conclusions about the effects on ciguatera 
levels can be drawn. 

Despite the limitations imposed by these points, it was agreed 
that Winifred provided a significant incremental increase in our 
understanding of offshore cyclonic impacts. It was suggested in 
this context that it may be possible for research planning 
purposes to recognise various levels of impact, as set out below: 

a Primary impacts: short-term (within a day) extreme 
changes (often visually observable); such as changes in 
reef, cay, or coastline morphology; destruction of 
coral or vegetation; change in, loss, or displacement of 
fauna; 

a Secondary impacts: mid-term (one week to one year), 
obvious effects (visual and equipment based measurement) 
such as increased turbidity, nutrient resuspension, 
changes in current patterns, plant, and animal 
succession; and 

l Tertiary impacts: long-term (more than one year) subtle 
effects (detectable only by experimentation and/or 
monitoring) such as changes ' productivity, 
interspecies competition (for exampliy crown of thorns 
starfish), development of new formations (micro atolls), 
and features (sand spits). 



Based on the information presented to the workshop, it was 
determined that studies of Winifred had confirmed previous 
knowledge about the types of "primary" impacts and the processes 
involved in those impacts. More importantly, studies yielded new 
insights and information on the "secondary" and "tertiary" 
impacts of tropical cyclones. In particular, the workshop 
indentified the work of Carter et al., Sandstrom, and Bode as 
useful in terms of providing new insghts into the functioning of 
the Great Barrier Reef system. 

-8- 

From a management perspective, it was also noted that Winifred 
provided new opportunities to identify how the level of 
change/damage caused by cyclones may have been affected by human 
activity. For example, Blackman and Winter expressed concern that 
the effects of land clearing on wildlife may have made some 
species more vulnerable to catastrophic, short-term influences 
such as occur during cyclones. 

3.2 Human use 

Differences between the short-term and long-term effects of 
cyclones on human use of the coastal and offshore areas were 
identified. Short-term effects such as damage to structures, 
disruption to services and activities (tourism and fishing 
operations for instance), loss of amenity, and emotional impacts 
have been identified. Very little data on the extent or 
significance of these impacts was obtained, especially when 
compared with data available on "onshore" impacts. It was noted, 
for example, that local patterns of recreational boating use were 
altered for several weeks after the cyclone. This reflects both a 
typical disaster response by locals and the prevalent physical 
conditions (for example rough, turbid seas). 

Human use of coastal and offshore areas is unlikely to change 
markedly, although it may be altered by changed attitudes towards 
the affected areas. Thorpe and Foley noted that, while the 
economic impact of cyclones is typically of most concern 
initially, cyclones also alter human perceptions of the 
environment. Their initial studies reveal a coping response 
typical of most disaster victims, although some locals may have 
been more affected because of lack of awareness of cyclonic 
impacts. The coastal area where Winifred crossed is highly 
regarded for its scenic amenity. The sudden loss of visual 
amenity caused by defoliation particularly, was therefore 
potentially more significant than if the cyclone had crossed at 
other locations. 

Thorpe and Foley proposed follow-up studies to evaluate changing 
perceptions. Of more direct relevance to management, it is 
proposed to incorporate the potential effects of cyclones into a 
major study by Griffith University on the crown of thorns 
phenomena. This should enable comparison of the significance of 
cyclones and other natural phenomena (crown of thorns starfish, 
box jellyfish, sharks and the like). 
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The lessons learned from cyclone'tiinifred have many implica'tions " 
for management of the Great Barrier Reef Marine Park. T,he';:' 
workshop identified the f'ollowing specific areas as being within 
the ambit of management. 

4.1 Planning 

As noted previously (and further in Part B), the short-term ,' ,' 
effects of cyclones on offshore areas can be severe. Mid to 
longer term effects may also significantly alter the character of' 
offshore areas. Phenomena such as the destruction of coral, 
increase in turbidity, and gross changes in reef morphology 
affect the broad spectrum of human uses of the offshore area. 
They may also significantly alter the local/regional conservation ;" 
status of some species and resources. 

,' 

Such changes alter the relative balance of constraints and : 
opportunities from which zoning plans for Sections of the' Marine 
Park, are derived. They cause both temporal disruption,and,? more 
importantly, spatial disruption to human use and (potential) 
enjoyment of the Great Barrier Reef. For example, tourist ,' 

operations which rely on regular visits, to one reef'may be 
displaced if a cyclone severely alte'rs the amenity or character 
of that reef. Participants observed that the effects of such 
change would be magnified if the affected reef was an import&t 
base for a range of users. Because of this, pa,rticipants were 
concerned that increased flexibility may need to be incorporated 
into the approach of the Authority to planning. It was noted that 
zoning plans are reviewed every five yea'rs. 

However, participants felt that some provision should be made for 
reassessment of zoning plans following natural disasters such as 
cyclones. One option which could be utilised is an extension of 
the existing protected areas concept (such as Reef Replenishment 
Areas) as a short-term measure. A comprehensive planning system 
should, however, be developed to ensure that the spatial and 
temporal integrity of plans is not adversely affected. 

4.2 Offshore design and development / 

There was little recorded damage to offshore structures as a 
result of Winifred, and thus there was little opportunity to 
assess the adequacy of current design standards and criteria. 
From data obtained during damage surveys of mainland and island 
buildings, it was observed that current building standards are 
appropriate. The damage recorded was within the range expected 
for a category 3 cyclone, although some unusual effects were 
recorded due to topographic influences. 

The information obtained on processes such as the offshore wind 
and wave climate during and after Winifred accords reasonably 
well with historical experience, and with theoretical 
estimations. It will therefore be useful in future design 
applications. Participants also agreed that Winifred reinforced 
the importance of including assessment of cyclonic risk in 
studies for developments in offshore areas, particularly noti that 
the Authority may need to make provision for the risk of failure 
of structures by; 

0 ensuring that development proposals use the best 
available techniques for assessment of cyclonic impact,; i 
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0 requiring developments to adopt appropriate design 
standards and make provision for contingency procedures; 
and 

a requiring developments to provide indemnity in the event 
of damage or failure occurring. 

4.3 Research and monitoring 

As noted previously, studies of Winifred generated a large amount 
of new data on, and a range of insights into, the effects of 
cyclones. This information is highly important to the management 
of the Great Barrier Reef system, as the system is comparatively 
poorly understood at present. Because much of the data presented 
at the workshop was of a preliminary nature, it is considered 
worth undertaking follow-up studies to facilitate better 
understanding of biological processes such as recolonisation and 
succession; physical processes such as geomorphological change, 
and socio-economic processes such as readjustment and change in 
long-term use patterns. 

These processes are considered broadly comparable from a 
management perspective to those associated with other major 
influences on, and uses of, the reef. For example, such studies 
could yield useful insights into the effects of ship groundings, 
coral recovery after crown of thorns starfish predation, and the 
effects of dredging. 

4.4 Education 

Thorpe and -Foley-noted-that human response to cyclones involves a 
succession of stages of coping and readjustment. From experience 
with previous cyclones in the region, the type of response tends 
to be closely associated with the level of experience of 
individuals with the event. Thus, those directly affected endure 
a more complex process of readjustment, while those outside the 
immediate area of influence recover more quickly. 

Participants agreed that the level of preparedness of 
individuals, their ability to mitigate risk, and their ability to 
recover would be improved by, Ieducation and interpretation 
programs. 
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The research’ 
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response to cyclone Winifred was th’e best achieved 
the Great Barrier Reef Region to date’in terms of design, 

range and level of activities undertaken. New insights into the 
following patterns and processes were obtained; I 

ions; 0 ocean-atmosphere interact 

l oceanographic conditions; 

0 sediment redistribution; 

0 impacts on benthic .and re.ef biota; 

l ’ effects, on island’wildli’fe; and 

l effect,s on human perception and adjustment. 

Participants noted that this was achieved largely because ‘of the, 
ready availability of researchers who are competent in these 
areas. Many ’ were fortuitously working in the area prior to the 
event and -thus mounting a scientific response was logistically 
much easier than had previously been the case. 

However, as implied above, the response was deficient in many 
respects, particularly in areas such as; 

l the use and application of remote sensing techniques to 
moni tar. changes in parameters such as turbidity and 
vegetation cover; 

l wave climate data; 

0 data on offshore economic effects; and 

l data on human use of the offshore area in the period 
after the cyclone crossed the coast. 

In addition, it was noted that much of the data obtained was of 
limited use unless ongoing studies are undertaken. 

These deficiencies partly reflect the fragmented nature of the 
research response. Participants were therefore unanimous in 
recommending that the response to future cyclone events be both 
better designed and better co-ordinated, making provision for 
both short and long-term studies. 

A number of proposals were put forward to achieve an improved 
response to future incidents, including a proposal to have 
available a fully designed series of studies which can be 
implemented at short notice. Consistent with this approach, the 

,workshop therefore recommended that: 

(a) A meeting of nominated heads of involved institutions be 
held to determine individual and collective 
responsibilities and requirements, with a view to 
developing a co-ordinated response system; 

(b) The Great Barrier Reef Marine Park Authority should co- 
ordinate a multidisciplinary committee to oversee 
research activities after natural disasters, especially 
to organise long-term studies; and 

8, I  
/  , :  

I ”  
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(c) A source of funding to enable rapid response to future 
incidents be identified. This should be considered in 
the context of the first two recommendations above. 

Participants noted that a wide range of expertise already exists 
in the Great Barrier Reef Region in these fields, particularly at 
the Centre for Disaster Studies at James Cook University. Such 
expertise is seen as a major resource in the context of the 
second recommendation above. Participants also noted that any 
future response should take advantage of the expertise and 
capabilities of organisations such as the Department of Defence, 
the CSIRO and the Natural Disasters Organisation. Although these 
have responsibilities which may be peripheral to many aspects of 
the offshore environment, they may be able to contribute 
complementary expertise and logistical support. 

. .- 
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workshop reinforced the long-held notion, that,cyclones are's I 
major influence on the Reef system. A wide range of new data were 
obtained during and after cyclone Winifred which: are ,of 
fundamental significance to understanding the reef system. " 

Unfortunately, in the absence of more comprehensive and longer 
term studies, the full significance of Winifred to management of 
the Great Barrier Reef cannot be established. To overcome this, 
and ensure that the established scientific capability in the Reef 
Region is properly utilised in future events, a more systematic 
and comprehensive contingency planning approach has been 
proposed. ', 

This approach is consistent with the strategies currently being 
developed by the Marine Park Authority for scientific response to 
.other disasters such as hazardous chemical spills,,,oil spills, 
and shipping accidents. Ultimately these approaches should lead 
to better understanding of resources, uses and resource-use 
interactions, and a significant improvement in management 
capability. 
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INTRODUCTION 

Cyclones are one of the most significant short-term natural 
, influences shaping the Great Barrier Reef. Since 1984, some 14 

cyclones rating category 3 or greater on the Saffir-Sjmpson'scale 
have affected the north-eastern coast of Queensland. 

At the North Queensland Cyclonic Conference held in Townsville in 
November, 1985, the Queensland Regional Director of the Bureau of 
Meteorology noted, somewhat prophetically, that it is now some 14 
years ,since a major cyclone has impacted the Queensland'eastern 
seaboard (Falls, 1985). > 

The Direc,tbr's prophesy was realised on February 1, 1986, when 
cyclone Winifred crossed the North Queensland coast south of 
Innisfail. We will hear later in this workshop that Winifred 
ranked as one of the most severe since European settlement of the 
North Queensland region. 

From the viewpoint of. the Great Barrier Reef Marine Park, 
Winifred was a very significant event. This point will be 
expanded later in this paper. However, it is worth noting that 
the goal of the Great Barrier Reef Marine Park Authority is to 
provide for the "protection, wise use and enjoyment of the Great 
Barrier Reef in perpetuity through the development and care of 
the Great Barrier Reef Marine Park". This goal obligates the 
Authority to carefully consider the influence of extreme events 
such as cyclones, relative to the effects of other phenomena 
(such as human use) and reinforces the importance of the Marine 
Park concept to long-term conservation of the Great Barrier Reef. 

It should also be noted that Winifred was a scientifically 
significant event. For the first time in the Great Barrier Reef 
Region detailed scientific information is available, based on 
before and after surveys of the affected offshore area. Through 
the auspices of research groups mainly from the James Cook 
University of North Queensland and the Australian Institute of 
Marine Science, researchers in North Queensland are well placed 
to assess the significance of cyclone Winifred. 

. . 
WINIFRED - A CHANCE EVENT? 

While Winifred was the catalyst for much of the scientific 
research 'we. will hear about later, it should be kept in mind 
throughout this workshop that Winifred was a chance event both 
spatially and temporally. As Winifred pass,ed through the Reef, 
tract .between 1900 and 2200 hrs, there was a low tide of around 
0.82 m at 2100, hrs. The coincidence of seas with a mean wave 
height .in. excess of 5 m with the low tide may h,ave maximised 
physical damage to 'reefs in the cyclone path. 

,' 

,’ 

I , ,  
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John Oliver noted in 1974 that the recurrence period for damaging 
cyclones to a particular locality on.the most actively affected 
parts of the Queensland coast is 20 to 30 years. 

On the basis of this information, it is therefore an appropriate 
question for this workshop to consider later is to what extent 
can we extrapolate the findings made relative to the impact and 
severity of Winifred? 

CYCLONES AS A SHAPING FORCE 

Within days of cyclone Winifred crossing the coast, the Authority 
arranged for an aerial reconnaissance of coastal and offshore 
areas. This survey provided little quantitative data. However, 
it provided useful insights into the extent of influence of the 
cyclone. For example, the study revealed the extent of influence 
of coastal flood discharges. Many of the mid-shelf reefs north 
and south of the cyclone path were noted to be directly 
influenced by these discharges. 

This finding underpins the value to management of studying 
cyclonic events. As short-term, extreme natural phenomena, they 
offer a means of investigating ecological patterns and processes 
which in many cases are subtle or long-term. Another example of 
direct relevance ’ the comprehensive research and monitoring 
program that the AutiErity has commissioned to assess the effects 
of sediment exported from the Cape Tribulation to Bloomfield Road 

adjacent fringing reefs. Design of the study was complicated 
Ey the lack of knowledge of the dynamics of fringing reefs. 

A recent extreme influence on these reefs was cyclone Manu. 
-----Al-though that cyclone-dissipa-ted offshore, during the period--it 

was positioned offshore from Cooktown, it generated large waves, 
and was also responsible for the very high rainfall experienced 

the Cape Tribulation region. Preliminary surveys on the road 
i:oject have provided some measure of the extent of these 
influences. The surveys indicate that such events play a major 
role in determining the structure, composition and extent of 
reefal communities. Conversely, Manu has further complicated 
interpretation of the research and monitoring program results. 

MANAGEMENT SIGNIFICANCE 

The Authority’s goal is to provide,for the protection, wise use, 
appreciation, and enjoyment of the Great Barrier Reef in 
perpetuity through the development and care of the Great Barrier 
Reef Marine Park. This involves making provision for sustainable 
use which will not exceed the repair or replacement capacity of 
the Reef. Cyclones can have a significant effect on the Reef 
which, in many cases, can probably be regarded as damaging. It 
is the Authority’s responsibility to ensure that the added impact 
of human activity does not push the balance of the reef 
ecosystem beyond its capacity for repair and recovery. 

The influence of cyclones such as Manu and Winifred on the 
offshore Great Barrier Reef typically receives little attention 
bY the community at large. 

__. *.I wnlle a cycione may track INCUI~ --- 

hundreds of kilometres along the Reef tract, most concern is 
generated when the cyclone turns to cross the coast. Offshore 
industries such as tourism and fisheries are. exceptions to this 
general trend. They have, in the main, learned to live with such 
phenomena by the adoption of appropriate design, construction and 
operation techniques. 

~~ ; ~_ ; ~_L ~~~_~~~;_~- ~~~~;~_~~ ~_~ c~ ~~ ~~ ~~_~_ .~~~~~~ ; ~~~ 
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However , as we will hear later, based on reports compiled by the 
’ Authority, there would appear to be a need for further refinement 

of such techniques. 
be achieved, 

This worksho,p should, consider how this may 
as,the Authority has a strong commitment to ensuring 

safe, sustaina’ble usii of the offshore) resources of the Great 
Barrier ,Reef. ,’ :, / 

I 
Other aspects of the management significance of cyclones which 
merit consideration at this gathering are, socio-economic 
aspects, including factors such as: 

l The cost of cyclones to offshore industries. What level 
of protection against such damage is warranted, and how 
is it best achieved? 

l The impdct of cyclones on offshore activities. For 
example, are cyclones a limiting f act0.r on off shor,e 
tourism? 

0 The perception of cyclones. For instance, how are 
cyclones perceived relative to other influences such as 
crown of thorns starfish outbreaks and the presence of 
box jellyfish? 

It is unlikely that these questions can be adequately addressed 
at this workshop to provide a more balanced assessment of socio- 
economic’ fac:tors. The majority of presentations deal with 
biophysical factors, largely reflecting the interests of those 
undertaking the studies. Perhaps future studies could be more 
comprehensive and better address these aspects. 

CONCLUSION 

This workshop has two primary objectives; 

a to review what was learned from studies of the offshore 
effects of cyclone Winifred; and 

l to review the significance of those find,ings in the 
context of our understanding and management of the Great 
Barrier Reef Region. 

Both involve challenging but important questions. This workshop 
is the first attempt to comprehensively address such questions. 
Regardless of the ,limitations of the information available, this 
workshop will provide an important benchmark for future 
management reference. It should also.provide invaluable guidance 
on further areas of investigation to assist contingency planning 
for future cyclonic events in the Great Barrier Reef Region,. 
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THE PERSPECTIVES AND COMNITMENTS OF 
THE AUSTRALIAN INSTITUTE OF MARINE SCIENCE 

TO CYCLONE RESEARCH 

J.T. Baker and R. Bradbury 
Australian Institute of Marine Science 

The Australian Institute of Marine Science is committed to 
research in four general program areas. The first is Coastal 
Processes and Resources; the second, Reef Studies; the third, 
Organism-Environment Interaction; and the fourth, Marine Systems 
and oceanographic Processes. Cyclones provide an opportunity to 
study aspects of the environment within all four of these major 
programs, allowing stresses on the different components to be 
investigated at a level that could never be achieved by man-made 
manipulation. 

AIMS sees its role as providing scientific investigation and 
interpretation of phenomena which may occur and in making this 
information available to management authorities for their use. 
AIMS is not a management authority. Its skills and its expertise 
lie in scientific investigation and other organisations are 
skilled in the various facets of interpretation of data for 
management purposes. In this respect, AIMS will always be happy 
to wprk with the Great Barrier Reef Marine Park Authority 
(GBRMPA) , the- J-ames Coo-k University of North-Queensland (JCU), 
and other agencies to maximise the benefits that can be obtained 
in immediate field access after cyclonic events. 

Despite the close co-operation between AIMS, the University and 
the Authority, with respect to studies such as the impact of 
cyclone Winifred, it is possible that we could improve our 
efficiency for future events by making better known to local 
authoritigs and to other agencies - such as the Joint Tropical 
Trials and Research Establishment (JTTRE) at Cowley Beach - our 
willingness to be involved in such studies. 

One major problem which may exist for future.studies is the 
ability to provide the most rapid forms of transport in the 
shortest possible intervals to ensure that field operations can 
be achieved. We should also move to nominate one agency as the 
co-ordinating agency, and identify a responsible individual 
therein to initiate the necessary processes to ensure the 
necessary rapid response. 

Cyclone Winifred has led to scientific results which require 
follow-up investigation after the disturbance and in the event of 
future cyclonic disturbances. With mangroves, Tom Smith and his 
colleagues have begun to understand the importance of threshold 
wind velocities on mangrove systems, but more work is needed to 
confirm the importance of this phenomenon in explaining the 
difference in effects on mangroves between cyclones Kathy and 
Winif red,, for example. Studies on biochemical effects by Mark 
Sandstrom more detailed analysis in future events; the 
ability 

require 
to detect the difference between terrestrial and marine 

science 
in 

of organic matter in surface sediments is very important 
interpreting the impact of cyclonic events on different 

terrestrial and marine communities. 
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Leads, have’ been obtained to ‘indicate the relati’ve abundance of 
: ‘, : ma r i ne algal hydrocarbons at different ‘!,parts of the’ reef ‘and 
’ suggest algal I’ gradients, but this work ‘again requires follow up 

studies. With respect to-studies of oceanographic conditions, 
the work of Miles Furnas and Alan Mitchell has shown spectacular’ 

“’ differences in light levels and also in nutrient levels in the 
water column after a cyclone, as compared with normal conditions, 
and give a clear indication of the reason for plankton blooms as 
well as a prediction of the length of time for which they may 
occur. 

Other studies have differentiated between the impact of 
oceanographic conditions, the effects of rainfall, the effects of 
fresh water and tidal variation on the marine environment, and 
models have begun to be constructed, by Lance Bode and Eric ’ 
Wolanski. 

Dramatic effects on quite massive corals in reefs in the,‘path’ of 
cyclone Winif red were observed, and will merit further I, 
investigation, particularly in an environment where we are 
looking forward to the development of offshore structures for 
tourism in the Great Barrier Reef Region. 

It is equally important to study the impact on coral associated 
organisms from such massive disturbances, and we were fortunate 
in this case in that the passage of cyclone Winifred was over an 
area which had been previously surveyed in the crown of thorns 
starfish survey, conducted under Peter Moran’s general 
supervision. 

It is important that AIMS, the Marine Park Authority, James Cook 
University, and the other agencies do have the organisational 
facility to respond quickly to massive disturbances such as those 
represented by cyclones, and it.is hoped that all people who are 
at this seminar would see merit in approaching the Government for 
provision of special funds which can be accessed over the 
shortest possible time period to allow us to investigate and 
obtain a better understanding of the results of the impact of 
cyclonic disturbances. 
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THE METEOROLOGY OF CYCLONE WINIFRED 

G. Crane 
Bureau of Meteorology 

INTRODUCTION 

Cyclone Winifred which crossed the North Queensland coast between 
Cairns and Townsville on February 1, 1986 was the first severe 
cyclone in 14 years to have a major impact on Australia's east 
coast. Winifred was therefore a severe test of community 
preparedness and public understanding of cyclones, as well as of 
the total warning process. In the hierarchy of severe tropical 
cyclones, Winifred was of moderate intensity, but relatively 
large in its area of impact. 

Figure 1. Track of cyclone Winifred, from January 27, to February 
6, 1986. 



Cyclone Winifred'developed from a t&pica1 i&i’ fir'st identifi'ed ', 
on the afternoon of :January 27, approximately 450 km'north of ;!, 
Ca'irns.' The ': 

," direction and 
low pressure system moved initially in an easterly 
very slowly intensified. Early on the morning of' 

January 29, the system changed course and commenced moving on a 
southerly, track. By 0400 hrs on January 30 (Day 11, the low had 
developed into tropical cyclone Winifred with a central pressure 
of 995 millibars (mb). 

Winifred continued to intensify, and underwent two major changes 
of direction before landfall, firstly from south to south-east on 
the evening of Day 1, and from south-east to, south-west overnight' 
on January 31,. (Day 2). The centre temporarily turned from 

to west-south-west just prior to landfall at 1845 hrs " south-west 
on February 1 (Day 3). Throughout its life prior to landfall, 
Winifred continued to intensify from its initial p-ressure of 995 
mb to an estimated pressure of 957 mb on landfall. The cyclone 
weakened as it moved inland but continued to exist a6 a weakening 
depression until February 6 (Day 8). The track of the system is 
shown as Figure 1. 

RADAR TRACK 

A radar surveillance was maintained'by the Cairns Weather Service 
Office throughout J-Y 1 and Day 2. Photographs at half-hourly 
intervals of the plan position indicator (PPI) display which 
presents a plan view of the echoes from the rain associated with 
the. cyclone were available from 1730 hrs on Day 2 until 1000 hrs 
on Day 3. From 1000 hrs until 2300 hrs on the Day 3, photographs 
were availa'ble at 15 minute intervals. The main radar features 
of a tropical cyclone are the eye, which is essentially an'echo- 
free area; and the eye well echo, which surrounds the eye and is 
approximately circular or slightly elliptical in shape. When 
discernible features of a cyclone are available on radar, this 
provides the best means of determining the location of the system 
and the radar track of Winifred is shown as Figure 2. 

Figure 2. Cyclone Winifred: radar track. 

RADAR TRACK 

CYCLONE WINIFRED 
zJ 

‘J... 

, , 
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The centre of the system was taken to be the geometrical centre 
of the echo free area within the eye wall. Previous radar 
observations of tropical cyclones have often shown that the 
centre appears to move in an irregular fashion with sudden 
accelerations and deviations from a mean direction of movement, 
and in this regard Winifred was no exception. 

EYE CHARACTERISTICS OF WINIFRED 

A partial eye wall echo was discernible on the Cairns radar by 
0700 hrs on Day 3 when the centre was located about 185 km from 
the radar. By 1300 hrs, with the centre 130 km from Cairns, the 
complete eye was visible and remained so until 2100 hrs, from 
which time the cyclone began to lose its identifiable radar 
features. 

The radar eye of Winifred was large and mostly elliptical, having 
a mean diameter of 51 km at 1300 hrs. However, as the cyclone 
approached the coast, the eye diameter gradually decreased to 49 
km by 1700 hrs when the eye well first touched the coast, and to 
41 km as the centre of the eye crossed the coast. This decrease 
in diameter was in agreement with other evidence indicating that 
the cyclone continued to intensify until landfall at 1845 hrs. 

PRESSURE PROFILE 

Barograph traces are available from three localities which 
experienced the cyclone's eye. The centre of the eye passed 
within 15 km of Innisfail, where a corrected lowest central 
pressure of 963 mb was recorded. A copy of the trace is shown as 
Figure 3. The barograph was checked in the week following the 
cyclone-- --and-- -wa-s found to be reading- 2 mb high. At South 
Johnston, the lowest corrected pressure recorded was 958 mb. A 
copy of this trace is shown as Figure 4. 

Figure 3. Cyclone Winifred: Barograph trace at Innisfail. 
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The centre of the eye passed within a few kilometres of the Joint 
Tropical Trials and Research Establishment (JTTRE) at Cowley 
Beach. This station was equipped with a barograph and a 
synchrotac anemometer. A copy of the barograph trace from 
Cowley Beach is shown as Figure 5. The lowest central pressure 
recorded was 958 mb just before 1800 hrs on the Day 3. It is 
interesting to note that the lowest central pressure occurred 
approximately one hour before the geometrical centres of the eye' 
was closest to Cowley Beach, suggesting that the pressure centre 
and the geometrical centre of the eye did not coincide. Pressure 
values extracted from the trace at Cowley Beach have also been 
plotted on Figure 6 to allow simultaneous examination of the wind 
and pressure field at that station. 

Figure 5. Cyclone Winifred: Barograhh trace at Cowley Beach. 
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WINDS 

The anemometer at Cowley Beach provided 10 minute wind run data 
in kilometres for each 10 minute period of the day. These data 
yield the most accurate and detailed description of the windfield 
associated with Winifred and 10 minute mean winds in 
kilometres/hour (km/hr) are plotted as Figure 6. 

JTTRE have advised that the anemometer does not record 10 minute 
wind run values between about 21 and 25.5 km; that is, any value 
of 21 km would be higher, but no higher than 25.5 km. The 
highest 10 minute wind run recorded was 21 km, which converts to 
a mean wind of 126 km/hr. Based on the mean wind speed profile 
shown in Figure 6, it is considered unlikely that this value 
would have been higher, and 126 km/hr has been accepted as the 
maximum mean 10 minute wind. 

Figure 6. Cyclone Winifred: Wind speed and pressure data - Cowley 
Beach. 
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To arrive at an estimate of the peak two to three second gust, it 
is necessary to apply an approximate gust factor to the mean 
wind. The major consideration in selecting a gust factor is the 
surface roughness. The strongest mean winds at Cowley Beach 
occurred between 1600 hrs and 1630 hrs when the wind direction 
was south-south-easterly. This indicates that the mean wind was 
essentially an off water wind and a gust factor of 1.4 would be 
appropriate. This gives a maximum gust of 176 km/hr. 

Remarkably strong winds were recorded as far north as Cairns in 
the westerly wind regime north of the cyclone centre. The effect -__-. 
of mountainous terrain was clearly evident at Cairns Airport 
where north-westerly wind gusts to 119 km/hr were recorded while 
the mean winds were averaging only 45 to 55 km/hr. With such 
mountainous terrain along the far north tropical coast, large 
local variations in wind gusts would be expected. 
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GRADIENT WIhD PRoFILE 
/ / 

The availability of ,,pressure data fro,m the:‘barograph at Cowley 
Beach, and the accurate location of the*cyclone centre from radar 
observations enable: cdlculation of the gradient tiind profile near, 
the eye. The results,,of these calculations are shown ,in Table 1. 
for the south-southleast wind ‘regime’ before the passage of the 
cyclone’ centre. The gradient wind,level is the level at which! 
the wind is not ‘affected by the frictional influence of the 
earth’s surface and is usually about 1 000 m above the surface. 
In the table, /\P represents the pressure drop during the time 
that the cyclone approached a distance /\R, R is the distance 
from Cowley Beach, and Vg is the gradient w=d. 

Table 1. Gradient.wind profile - cyclone Winifred. 

Time (EST) 

1400 - 1430 hrs 2.0 8.3 56.9 '120 
1416 - 1445 hrs 2.1 9.3 52.3 111 
1430 - 1500 hrs 2.0 8.2 47.6 110 
1445 - 1515 hrs 2.6 8.2 43.9 122 
1500 - 1530 hrs 3.1 8.7 39.5 123 
1515 - 1545 hrs 4.3 9.6 35.2 130 
1530 - 1615 hrs 7.4 5.7 26.5 195 

.1600 - 1630 hrs 7.0 6.1 24.1 175 
1615 - 1645 hrs 5.4 7.4 20.4 128 
1630 - 1700 hrs 5.0 7.4 16.7 111 
1645 - 1715 hrs 4.6 7.2 13.0 96 
1700 - 1730 hrs 4.0 6.9 9.5 78 

Inspection of the figures in Table 1 indicates that the radius of 
maximum winds was approximately 27 km. Estimates of the radius 
of maximum wind using the mean wind speed profile shown in Figure 
6, and the speed of the cyclone indicates that this is a 
realistic assessment. Table’1 also indicates that maximum winds 
should have been experienced at Cowley Beach at about 1600 hrs 

-----.wh-i-eh-i-s-i-n-~~~ose-ag.~eeme-n.t-w-i-~h-~e~~.~ded-d.a-~a . ______-_ __---___ +_-_-- _ ----_- 

STORM SURGE 

When a tropical cyclone crosses or closely approaches a 
coastline, there is a resu,ltant rise in mean water level above 
that expected from astronomical tides alone, and this rise in 
water level.is called a storm surge. The abnormal rise in level 
is caused principally by wind stress on the water surface and the 
effects of atmospheric pressure reduction. A. storm tide is 
defined as the summation of the storm surge and the astronomical 
tide. Storm tide is the absolute water level above a stated 
datum. 

The Bureau of Meteorology has responsibility ‘for the production 
and dissemination of quantitative storm tide warnings to the 
State Counter Disaster Organisation. Warnings are issued only if 
the predicted storm tide height exceeds the Highest Astronomical 
Tide (HAT) at the locations under threat. Qualitative advices of 
storm threat are included in tropical cyclone warnings which 
contain landfall or near-landfall predictions. 

I ,  
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Throughout Saturday, storm tide gauges at Cairns, Mourilyan, 
Clump Point, Cardwell and Lucinda were interrogated at regular 
intervals to monitor tide levels. 

Levels at all centres were above predicted astronomical tides 
throughout the day. With a radius to the region of maximum winds 
of 27 km at landfall, the peak storm surge would have occurred 
near the Clump Point to South Mission Beach area. The maximum 
storm surge recorded at Clump Point was 1.6 m, approximately 
0.2 m below the highest astronomical tide. Cardwell recorded a 
maximum surge of 1.2 m. Using tide heights obtained from 
interrogation of’ the gauges and additional data provided by the 
Beach Protection Authority, plots of actual tides, predicted 
astronomical tides and storm surge for various centres are shown 
as Figures 7 to 9. 

Figure 7. Cyclone Winifred: Storm tide data - Clump Point. 

CLUHP POINT 9TDRll SURGE - l/2/1986. 

I I I 

Figure 8. Cyclone Winifred: Storm tide data - Cardwell. 



Coastal catchments on the far north tropical coast were genera,lly 
saturated by heavy rainfall associated with the developing low 
several days before Winifred made landfall. Between pay 1 and 
Day J, totals of over 100, mm were recorded over much of the. far 
north tropical coast and in some inland areas, whilst totals 
exceeding 500 mm occurred in some coastal areas particularly over 
the Tully, Herbert and Johnston River catchments. Major 
flooding resulted in the Tully and Herbert Rivers with river 
levels approaching record levels. 

: 
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?yclone Winifred crossed the North Queensland coast near 
‘Innisfail late on the afternoon of February 1, 1986. It was the 
most damaging tropical cyclone to cross the Queensland coast and 
the most severe to affect the Great Barrier Reef since cyclone 
Althea in December 1971. Ten minute mean wind speeds exceeding 
'70 km/hr were probably experienced for a length of over 100 km of 
the Great Barrier Reef from Flora Passage in the north to Otter 
Reef in the south, with maxima exceeding 125 km/hr in the 
vicinity of Hall-Thompson Reef and Geranium Passage. On land 
wind gusts about 150 km from Cairns to Cardwell with maximum wind 
gusts estimated to have been of the order of 198 km/hr near the 
centre of the cyclone. Building damage was mainly restricted to 
older buildings, with those built since 1980 and incorporating 
current cyclone resistant construction requirements performing 

-extremely well. The cyclone highlighted the significant 
influence of topography on the wind characteristics. - 

INTRODUCTION 

Cyclone Winifred formed out of a tropical low, approximately 
450 km north of Cairns on January 30, 1986. Late the next 
evening, after slowly moving roughly parallel to the coast to 
approximately 250 km east-north-east of Cairns, it turned and 
moved in .a south-westerly direction across the Great Barrier Reef 
(Figure 1). The centre of the cyclone would have passed almost 
directly over Wardle, Cayley, and Feather Reefs before crossing 
the coast just south of Mourilyan Harbour in the vicinity of 
Double Point, late in the afternoon of February 1. Just prior to 
crossing the coast, Winifred changed course to a more easterly 
direction. 

At the time it crossed the coast, the Bureau of Meteorology has 
e.stimated that the central pressure of Winifred was 957 mb and 
that it had been continuing to intensify until it crossed the 
c.oast . It was travelling at approximately 15 km/hr and had an 
unusually large eye of the order of 50 km in diameter, which 
extended from north of Flying Fish Point south to the vicinity of 
Clump Point when it crossed the coast (Figure 2). After the 
centre crossed the coast, the eye decreased in size and does not 
2'ppesr to have perninted more than 60 km inland. - --- -_ -. 
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Figure 1. Approximate track of cyclone Winifred (based. ‘on 
information supplied by the Bureau of Meteorology): ,’ Il 
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Figure 2. Location of cyclone Winifred as it crossed the coast. 
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On the international five point.Saffir-Simpson scale (Table l), 
Winifred would be classed as a severe cyclone of intensity 3, as 
far as central pressure and’wind speeds are concerned. Cyclone 
Althea, ‘which damaged Townsville in 1971, was also an intensity 3 
cyclone. Cyclone Tracy which devastated Darwin in 1974, fell 
into intensity class 4. Catastrophic cyclones of intensity 5 are 

‘very rare. The most well known example of a cyclone of this 
intensity is hurricane Camille which hit the southern coast of 
the United States in 1969. 

Table 1. Intensity scale of tropical cyclones. 
(after Simpson and Riehl, 1981) 

Magnitude Saffir- Central Maximum Maximum 
.Simpson pressure Wind Gusts Storm Surge 
scale (mb) (knots) (km/hr) (ml 

Mi.ld 1 >990 40-60 72-108 - O-l 
Moderate 2 970-985 70-90 126-162 1.5-2.5 
Severe 3 950-965 loo-120 180-216 3-4 
Very Severe 4 930-945 130-150 234-270 4.5-5.5 
Catastrophic 5 <925 160-180 288-324 6-7 

It must be emphasised that the relationships shown in Table 1 are 
only approximate, and that many cyclones do not fit this pattern. 
For instance, cyclone Tracy was only an intensity 3 in terms of 
central pressure and storm surge although an intensity 4 in terms of. _ win-d .;. Winifred itself was only intensity 2 in terms of star-m--- 
surge, although intensity 3 in other respects. 

Records of cyclones in the region over the past 120 years suggest 
that an average of about two intensity 3 cyclones cross the Great 
Barrier Reef per decade. Only two intensity 4 cyclones are 
believed to have crossed the Great Barrier Reef this century; the 
Innisfail and Mackay cyclones of 1918, which occurred within two 
months of each other. If reports are correct, the 1899 Bathurst 
Bay cyclone, also known as cyclone Mahina (Holthouse, 1971) 
(which still holds the record for the greatest number of lives 
lost in an Australian cyclone since European settlement) was an 
intensity 5 cyclone. , 

WIND SPEEDS 

Recorded data 

The nearest anemometer operated by the Bureau of Meteorology was 
at Cairns, which was too far from the centre of Winifred to be of 
much use in determining wind speeds in its vicinity. Fortunately 
however , the Department of Defence has an anemometer at Cowley 
Beach, which was within the eye of the cyclone as it crossed the 
coast and just south of its centre. This anemometer remained 
operational throuqhout the passage of the cyclone and pr.ovided a 
very good record of the wind speed characteristics of Winifred as 
it crossed the coast. 

The Cowley Beach instrument is a synchrotac anemometer and gives 
ten minute mean wind speeds for successive ten minute periods 
throughout the day, as well as the instantaneous wind direction 
every ten minutes. Plots of the recorded wind speeds and wind 
directions are shown in Figure 3. 



The anemometer is .located approximately 1'8 m inland from the 
beach, at a height of l,O,m, ini flat'open terrain. From south 
through east to north-e:ast, the'directions from which the, wind I 
was primarily blowing during the pass,age of Winifred,"the fetch 
is over the sea. From the other directions, with the exception 
of south-south-west to west the fetch is 'over at least 5 km of ,,' 
flat scrub covered land. 

Unfortunately, due to limitations in the instrument's recording 
system, there is a question mark regarding the reliability of the 
three maximum wind speed readings. How,ever, comparison with past 
records of wind speeds near the centre of tropical cyclones 
suggests that the indicated values are close to the actual values 
that occurred. On the basis of this record it appears reasonable 
to assign a maxi,mum ten minute mean wind speed at 10 m height of 
126 km/hr at Cowley Beach. 

The sharp drop in wind speed after 1630 hrs indicates the arrival 
of the eye. ' The much lower wind speeds recorded following the 
passage of the eye suggest that by this time with.,the centre of 
the eye 20 to 30 km inland and the leading edge of the eye 40 to 
50 km inland Winifred had weakened considerably in intensity.' 

The jagged nature of the wind direction plot reflects the effect 
of turbulence on instantaneous wind direction. The smoothed 
curve through the points is a more realistic description of the 
10 minute mean wind directions. The change in direction from the 
south as the cyclone approached through east to north-north-east 
as the cyclone passed over is consistent with the location of the 
anemometer being slightly south of the path of the centre of the 
eye. 

Figure 3. Wind records obtained at Cowley Beach during 
Winifred. 
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Wind speeds over the sea 

The wind speed at ,a particular location and time during a 
tropical cyclone is a function of the central pressure, the 
radius of maximum winds, the forward speed of the cyclone, 

_ location relative to the centre of the eye, the surface terrain, 
the height above the surface, latitude, topography and other 
meteorological factors. A number of mathematical models of 
varying complexity have been developed to describe the wind 
field. These are generally only strictly applicable over the sea 
because of the complications arising from the weakening in 
intensity once cyclones cross the coast, and the influence of 
topography. 

These models are mostly semi-empirical in nature, and based on 
fitting observed data from previous tropical cyclones. The wind 
speed is normally made up of two components - one arising from 
the rotating nature of the cyclone and the other from the forward 
speed of the cyclone. Examples of these are to be found in 
Graham and Nunn (1959), Martin (19541, Atkinson and Holliday 
(1975) I Gomes and Vickery (1976), Tryggvason (1979) and Georgiou, 
Davenport and Vickery (1983). 

For determining the pattern of maximum 10 minute mean wind speeds 
over the sea at a height of 10 m the following formula can be 
shown to be a reasonable approximation in the southern 
hemisphere: 

Along the track of the centre of the eye: 
k 

v = c~-gYcir l ( ; )  

To the left of the track of the eye: 

v = CJ pc - 1010 l (4, 
k 

+ 0.5 vs 

To the right of the track of th; eye: 

v = cJpc - 1010 l (5, - 0.5 vs 

where; v= maximum ten minute mean wind speed 

P,= central pressure (mb) 

R= radius of maximum winds (km) 

vs= forward speed of cyclone (km/hr) 

km/hr) 

C,k = constants obtained by fitting to cyclone data. 

For Winifred, C and k can be determined from the Cowley Beach 
record since it was close enough to the centre of the cyclone for 
the maximum recorded wind speed of 126 km/hr to be assumed as the 
maximum wind speed along the track, when the central pressure was 
957 mb, and for the plot of increasing wind speed as Winifred 
3nn%-O%“knA -J/FL “UbIIGU t0 be 1rcnrl UUb” tc!  evsluateik, assuming a steady forward 
speed of approach of the order of 45 km/hr. This gives us a 
reasonable approximation C = 4.81 and k = 0.67. Using these 
constants in the above formulae in’ conjunction with information 
on central pressure along the track of Winifred approac’hed the 
coast supplied by the Bureau of Meteorology the wind field map 
shown in Figure 4 was obtained. I 

i 
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It will be seen that the reefs experiencing the highest 10 minute 
mean wind speeds were probably Hall-Thompson Reef, Adelaide Reef, 
and Ellison Reef. The maximum wind speeds would have been of the 
order of 133 km/hr from east to north-east. Reefs from Gibson 
and Hedley Reefs in the north to Farquaharson Reef in the south 
probably experienced 10 minute mean wind speeds in excess of 
110 km/hr, and those from Flora Passage in the north to Otter 
Reef in the south probably experienced ten minute mean wind 
speeds in excess of 70 km/hr. For those to the north of the eye 
the maximum wind speeds were probably from the south-west to 
west, while those near the centre of the eye probably experienced 
maximum wind speeds from the south-east prior to the eye, 
followed by strong winds from the north-west following the 
passage of the eye. 

While 10 minute mean wind speeds are the most relevant in 
relation to the sea state and effects related to this, wind 
effects on structures are more a function of the maximum wind 
gust speeds. In Australia for instance, wind loading criteria 
for building design are related to the maximum expected three 
second gust speeds. The relationship between three second wind 
gust speed at the same location depends on the turbulent 
characteristics of the wind (Cook, 1985). For steady wind over 
the sea these change with wind speed due to the increasing 
roughness of the sea as wind speeds increase. For the range of 
interest a ratio of 1:4 is commonly assumed, but studies by 
Melbourne (1984) of wind records obtained in Hong Kong during 
typhoons suggest that this may underestimate the gust speeds in 
the region of maximum winds with ratios between 1:4 and 1:5 being 
relatively common. The increased turbulence giving rise to these 

.highe-r- --value-s may be due to wind shear-s--within the cyclone. For 
wind off the land, significantly higher gust ratios could be 
obtained, particularly, if the terrain is very rough. 

Wind speeds over land 

Over the land, it is the wind gusts that generally cause the 
problems rather than the mean wind speeds. The discussion in 
this section will therefore be in terms of the maximum three 
second gust speed at 10 m height over flat open terrain, this 
being the standard reference for expressing wind speeds by the 
Bureau of Meteorology and for building design standards. 

If the land is flat and featureless, it could be assumed that the 
wind field over the land would be very similar to the wind field 
over the sea until the eye crossed the coast and would then 
contract as the cyclone weakened as it moved inland. Even if no 
information was available on the weakening after crossing the 
coast, this approach would be expected to at least give a good 
indication of wind speeds near the coast before the cyclone 
weakened. 

However , rarely is the land flat and featureless, and cyclone 
Winifred highlighted how misleading this approach can be when the 
topography is very rough as it is in North Queensland. Figure 5 
shows the pattern of estimated maximum gust speeds based on a 
gust ratio of 1:1.45 just prior to Winifred crossing the coast. 
Apart from near the centre of the cyclone, the pattern of 
building damage and the measured wind speeds at Cairns indicate 
this is a poor representation of the actual wind gust speeds that 
occurred in Winifred. The reason for this is believed to be the 
very rugged topography of the area. 
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Figure 5 suggests that the highest wind speeds would have been 
experienced in the Kurrimine Beach to Bingil Bay area, with 
maximum wind gusts between 180 and 198 km/hr occurring, which is 
consistent with observed wind damage. Away from this area, 
however, there are many inconsistencies. For instance, Figure 5 
suggests that Tully and Innisfail should have experienced similar 
wind speeds with maximum wind gusts between 160 and 180 km/hr, 
and Babinda and Cardwell much less with maximum wind gusts of the 
order of 125 and 108 km/hr respectively. Yet observations of 
wind damage suggest that while the wind speeds in Babinda and 
Tully were much less than in Innisfail, the wind speeds in 
Babinda were similar to those experienced in Innisfail, and the 
wind speeds in Cardwell were less than would have been expected 
from this analysis. 

The overall impression was that on land, wind speeds to the north 
were greater than those to the south, contradicting the normally 
held view of wind fields in tropical cyclones. Topographical 
sheltering in the case of Tully and Cardwell, and topographical 
funnelling in the case of Babinda were probably major factors in 
these anomalies. High levels of turbulence generated by wind 
flow over the rugged topography, causing high gust speeds even if 
mean wind speeds were relatively low, was probably a significant 
factor in amplifying the gust speeds in general to the north of 
Winifred's path. 

Figure 6. Records of windspeed obtained at Cairns Airport during 
cyclone Winifred. 

The _..I w i n d records nhtained at Cairns by the Bureau of Meteorology -- --- 
highlight the effect the topography can have on wind speed 
patterns. The Bureau operates two anemometers at Cairns Airport 
approximately one kilometre apart. Figure 6 shows the two wind 
speed records obtained from these during Winifred. The most 
striking feature is the difference between the two records. One 
measured a mazimum wind gust of 119 km/hr at about 1915 hrs, and 
the other a maximum of 105 km/hr over an hour later; the shape of 
the two records is quite different. 
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The difference is believed to be,due to the close proximity of a 
large hill with the highest 'reading being obtained from the 
anemometer closest'to the hill: due to local,accelerat'ion of wind 
around the It will also be noticed that both 
the 'maxima' 

edge of the"hil1. 
are'well above the expected value based,& Figure..5.' 

-.However, closer inspection will show that,the mean wind speeds 
were at all. times less than 54 km/hr whic'h is consistent with 
Figure 4 and indicates that it is high gust ratios in.excess of 
1:2 due to very high levels of turbulence that are the princ'ipal 
reasons for the high maximum gust speeds, again highlighti,ng the 
significance,of topographic effect on wind speeds on land. 

1 
BUILDING DAMAGE 

Building damage was in general much less than originally reported 
in the media. It is estimated that less than five percent of the 
buildings in the area affected by Winifred suffered significant 
damage, and that damage was less in proportional terms than 
occurred in Townsville during cyclone Althea. The latter is 
attributed to wind speeds in the major communities affected 
probably being slightly lower, the much better performance of 
houses built in accordance with the new cyclone resistant 
building regulations, and improvements in the fastening of roof 
cladding on older buildings undertaken since cyclone Althea. 

Although larger buildings have been structurally.engineered to 
resist wind loads for many years, it was not until after the 
devastation of Darwin by cyclone Tracy that a serious attempt was 
made to provide the same level ,of structural safety to housing 
and other small buildings (Walker, 1980). In Queensland, the 
resulting changes to building construction were implemented 
progressively as they were developed, and formalised in 1982 with 
the adoption of the Home Building Code Queensland as Appendix 4 
of the Queensland Building By-Laws (Queensland Government, 1981). 
In achieving these changes Australia has pioneered the 
development of wind resistant housing construction and provided a 
model for the rest of the world (Walker and Baton, 1983). 
,Cyclone Winifred provided the first real test of these new 
requirements. 

The current building regulations in cyclone-prone areas of 
Queensland are designed to minimise damage in the event of,an 
intensity 4 cyclone. Consequently, as Winifred was only..an 
intensity 3 event, all buildings constructed to the new building 
standards should have survived undamaged. With minor exceptions, 
this proved to be the case,.with damage to buildings less than 
five years old being almost wholly restricted to failure of 
attachments such as guttering and awnings (Reardon, Walker and 
Jancauskas, 1986). Nowhere was the improved performance of 
housing better demonstrated than at Kurrimine Beach, which was 
probably subjected to the maximum winds in the cyclone. There a 
group of older housing suffered relatively serious damage with 20 
to 30 percent of buildings having significant structllral damage, 
but a group of recent houses and an hotel in identical condit,ions 
of exposure, suffered only minor non-structural damage. 

The most severe damage to a relatively new building observed was 
to a house.at Coquette Point near Innisfail: This house, which 
was less than five years old and appeared to have been,built with 
regard to the new regulations, suffered severe roof,and wall 
damage to half'of the building. 
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The mode of failure was probably a failure on the windward wall 
leading to internal pressurisation, causing the roof to blow off 
followed by wall collapse. The reason for failure was probably 
because of topographical factors not appreciated at the time of 
its design. Coquette Point is a ridge about 70 m high, with the 
house located on the crest. 

Recent overseas research (Cook, 1985) has shown that high 
accelerations of the wind can occur in such locations which, in 
the case of Coquette Point, could have resulted in wind speeds at 
the crest being of the order of 70 percent higher than they would 
have been over the surrounding flat land resulting in wind forces 
two and a half to three times what the wind forces would have 
been on houses on the flat land. This highlights another 
influence of topography which has generally not been fully 
recognised in the construction of houses in very exposed 
locations such as the tops of hills and ridges and the edges of 
escarpments. Most of the severe damage to older houses occurred 
in similar locations. 

Two other significant structural failures of relatively new 
buildings occurred. One was the failure of a roof on a house due 
to uplift of the roof structure originating, it appeared, at the 
outside edge of the verandah due to smaller fasteners being used 
than were specified. The other was the removal of a large 
section of roof cladding from a school assembly building in 
Cairns. The building was less than two years old and wind speeds 
in Cairns were very low relative to design wind speeds. In this 
case, the use of a cladding system which did not appear to have 
been tested for cyclonic conditions (Experimental Building 

--.-S tat-i on., 19771, and poor installation were apparently to blame. 
Both these cases highlight the importance of quality control in 
the construction of buildings in cyclone-prone areas. 

Another potential problem brought to notice by Winifred was 
corrosion of metal components. The failure of a carport 
approximately 15 years old due to corrosion of the steel 
supporting columns was observed at Kurrimine Beach, and several 
reports were received of failure of roof cladding fasteners less 
than five years old, due to corrosion. 

The poor performance of guttering and awnings has already been 
mentioned. Apart from the cost of replacement, the potential 
debris hazard of these elements in a more serious blow is a 
matter of some concern. Entry of water around windows, doors and 
air conditioning units was a significant cause of contents damage 
in buildings otherwise undamaged. It is not realised by many 
people that the waterproofing requirements for these elements do 
not generally cover cyclonic conditions. 

In respect of older buildings, it was noticeable that when roof 
cladding was removed by the wind, in many cases it took the 
battens or purlins with it. This was generally as a result of the 
attachment of the cladding having been upgraded in recent years 
without any improvements being made to the remainder of the roof 
rt W..rnC..WA 3LLULCULG. C\..rr”-rll 
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probably did reduce 
*uw -..*,a---> 

the total amount of damage by lifting the 
damage threshold, but the batten failures indicated the 
limitations in damage reductions that can be expected from this 
form of upgrading on its own. 
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A final lesson to be learned from Winifr’ed inrespect of building 
performance’ is the danger of using ,older buildings as places of 
refuge during tropical cyclones. School 

For 
buildings are often 

designated for this, purpose. instance’, prior to Winifred 
making landfall’, the residents of.Kurrimine Beachlwere evacuated 
to S i 1 kwood State School in case a major storm ’ surge had 
accompanied the cyclone. The construction of this school’ 
pre-dated the current cyclone requirementsand, like ,many ,of its 
Contemporary buildings, it suffered some roof damage. At 
Innisfail High School a major structural failure occurred in,a 
building of similar vintage. In an intensity 4 cyclone,, ‘fa’ilures 
of these older buildings could be expected to be much more 
widespread posing a grave danger to persons using them as 
refuges. 

CONCLUSIONS 

On the five point Saffir-Simpson scale, Winifred would be classed ‘, 
an as intensity 3 cyclone, similar to cyclone Althea, and much 
less intense than cyclone Tracy. 

, 
Maximum 10 minute mean wind speeds at 10 m height over the sea 
were probably a little over 125 km/hr. Approximately 50 km of 
,the Reef would have experienced mean wind speeds in excess of 110 
km/hr, and over 100 km would have experienced mean wind speeds in 
excess of 70 km/hr. 

On land, maximum wind gusts of the order of 180 to 200 km/hr, in 
terms of three second gusts at 10 m height in flat open terrain, 
were probably experienced in the Kurrimine Beach to Bingil Bay 
area. The rugged topography of the area appears to have had a 
major influence on the wind pattern over the land. 

Buildinss built to the current buildinq standards had an 
excellent overall performance. Where failures of these buildings 
did occur they appear to have been associated with severe 
topographical effects not fully appreciated in their design or to 
lapses in, quality control in their construction. The poor 
performance of guttering and awnings, and evidence of corrosion 
problems were of some concern. 

Al though improvements in the attachment of cladding appeared to 
have led to some reduction in the overall dam,age to older 
buildings the latter still suffered significant damage from 
inherent structural inadequacies; Unless such buildings are 
fully upgraded to the current standards their use as, places of 

.public refuge during tropical cyclones should be avoided. 
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OCEANOGRAPHIC CONDITIONS Ok THE'NORTH QUEEN&ND 
SHELF,AFTER'PASSAGE OF CYCLONE WINIFRED' 

M.' Furnas and A. Mitchell, 
Australian Institute, of Marine Science 

An intensive oceanographic survey (February 4 to 9, 1986), was 
carried out in shelf waters surrounding the Winifred storm track 

_' shortly after its passage through the GBR. Extensive mixing 
caused by energetic cyclonic winds (greater than 200 km/hr), 
coupled with rainfall and river runoff produced dramatic changes 
in shelf waters. These changes included: 

Greatly increased water turbidity 

While GBR and lagoon waters are normally quite clear (from 0.5 to 
5 percent of surface light can be measured at the bottom of the 
mid and outer shelf: a depth of 60 to 80 m), greatly increased 
turbidity reduced measurable light penetration to less than 5 m 
inshore, and less than 35 m on the outer shelf. Sources of this 
suspended material included river plumes from the Herbert, Tully, 
Murray and Johnstone Rivers, resuspended lagoon and reef 
sediments, and blooming plankton. 

Reductions in shelf water salinity 

Near-surface waters across the shelf were measurably diluted with 
freshwater. Measured salinities ranged from 10 parts per 
thousand (ppt) near the mouth of the Tully river to about 35 ppt. 
Observable plume structures in the lagoon ranged from less than 
1 m, to several metres thick. By February 6, plumes from the 
Johnstone and Murray Rivers were considerably reduced and trapped 
near the shoreline. 

Dissolved nutrient levels increase 

Inter-reef and lagoon waters are normally characterized by low 
and uniform distributions of dissolved nutrients, particularly of 
nitrogen. Following Winifred, concentrations of inorganic 
nitrogen species - ammonium and nitrate - were readily detectable 
and often quite high (greater than 1 urn). Sources of the 
nutrients added to shelf waters include river runoff, pore water 
from resuspended sediments and rainfall. With time, nutrient, : 
levels declined, particularly in a surface waters as plankton 
blooms developed. 

Plankton blooms in inter-reef and lagoon waters 

Following the injection of large amounts of nutrients into shelf 
waters, a pronounced phytoplankton bloom developed in the cyclone 
track area within two days. Chlorophyll concentrations were 
frequently five to 10 times higher than normally measured in mid- 
shelf waters and surface blooms extended to the shelf break. 
Blooming populations were dominated by net phytoplankton (greater ' 
than 10 uM). Despite high water column turbidity, primary 
production rates measured on the mid and outer shelf were also 
five to 10 times higher than normal. 
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No obvious effects of cyclone Winifred were observed in waters 
off Townsville, at stations occupied on February 10 and 15. 
Despite the dramatic shifts observed in shelf waters after the 
passage of Winifred, these changes are short-lived and are likely 
to have few direct effects upon the Great Barrier Reef. Indirect 
effects remain to be established. 
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,,;SOMF COM,$ARI,SqNS BETW$EN ,qBSERVED AND MODELLED &y&APBIC .,j( '5 
:' RESPONSE TO TROPICAL,CYCLONF.WINIFRED 1 I, 

L.,Bode I 
JamesCook University of North Queensland 

E. Wolanski 
Australian Institute of Marine Science 

Between January 5 and April 3, 1986, an array of oceanographic 
instruments was 'deployed at four locations in a cross-shelf line 
from Hinchinbrook Island to Britomart Reef. This array was 

: designed to measure current profiles, coastal water elevation, 
water salinity and temperature. The centre of the eye of cyclone 
Winifred crossed the coast roughly 80 km to the north of the U 
array. The currents were primarily northward and barotropic .' 
before the storm landed. Thereafter, the currents reversed, 

'rapidly, and the vertical shear became considerable in coastal 
waters. A pool of fresh water was found offshore, probably 
generated by,rainfall, followed several days later by freshwater 
plumes inshore. 

A two-dimensional numerical hydrodynamic model of the shelf water 
response to the,passage of cyclone Winifred has been constructed.., 
This uses available meteorological data on the storm (cen,tral 
pressure, speed and direction of its track, radius of maximum, 
winds) and known astronomical tidal elevations as its forcing, to 
allow a combined storm/tidal simulation to be pe,rformed. 
Results from the model are the fields of sea surface elevation 
and depth-averaged currents, with subtraction of the tidal fields 
producing the net storm-induced response. The time series 
obtained from the model are compared with the observations at the. 
four instrumented locations. 

;  

,’ 
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SEDINENT REDISTRIBUTION ON THE GREAT BARRIER REEF SHELF 
BY CYCLONE WINIFRED 

D.P. Johnson, R.M. Carter, M.K. Gagan, 
J.E. Dye, and D.L. Carr, 

James Cook University of North Queensland 

Severe tropical cyclone Winifred traversed the Great Barrier Reef 
shelf between Cairns and Tully on February 1, 1986. Pre-cyclone 
studies had outlined the shelf bedforms and terrigenous-carbonate 
facies patterns between the coast and the inner shelf of the reef 
tract. Re-surveys commencing four days after Winifred 
demonstrated the following data: 

Large areas of the inner shelf were bathed in surficial muddy 
river plumes, some of which reached 30 km seaward to the inner 
edge of the Reef tract. Suspended material was present 
throughout the shelf water column. In mid-shelf areas (water 
depths greater than 20 ml, the particulate content increased 
towards the seafloor, to a maximum concentration of 6 milligrams 
per litre. 

A seaward-thinning mud drape, generally 10 to 100 mm thick, was 
present on the inner and middle shelf. Commonly, a normally 
graded, medium sand to silt layer occurred at the base of this 
mud drape. Elsewhere, particularly on the middle shelf, a medium 
to - coars-she9 ly or quartzose l-a-g --wa-s--present, either at the- 
surface or under a mud drape a few millimetres thick. 

Off-reef and shoreward transport and deposition of skeletal 
debris and carbonate fines took place from the inner edge of the 
Reef tract during and after the cyclone. 

The mud drape incorporates material from three sources, in 
varying proportions across the shelf. The sources are; new river 
influx, resuspended bottom sediment and, material derived from 
nearby reefs. 

Longitudinal bedforms were widespread on the middle shelf at 
water depths of 28 to 35 m, and form a furrowed substrate of 
linear convex ridges, approximately 1 m high and 40 to 150 m 
wide, separated by narrow V-shaped depressions. The ridges 
consist of terrigenous and biogenic muddy sand and gravel, 
overlying a mottled Pleistocene clay. 

/ 
Northward facing 1.2 to 2 m wavelength megaripples occur in the 
furrows between the ridges; megaripples also occur in extensive 
fields outside zones of ridges. 



, I  

Well-sortedl:,quartzose/bioclastic sand less” than 10’ mm thick 
occur’s on ‘: ‘top of some, convex ridges, probably represe’nting,: sand 
ribbons develo$ed in sympathy”’ with the 

,‘topography. 
under 1y:ing :‘r idge .: 

‘It is inferred that storm-waves associated with the passage’of 
cyclone Winifred caused widespread unmixing of bottom sediments. 
On the middle shelf, long-shelf transport of bedload sand’ribbons 
and megaripples was effected by powerful northward-flowing bottom 
currents. Wind-forced downwelling may have resulted in offshore 
water flow along the seafloor, depositing the graded bed. As the 
storm decayed, a widespread mud drape began to accumulate ., 
Bioturbation had started within ,,a few days, was well advanced 
after three months, and is expected to homogenise the thin 
sedimentary units produced by the cyclone. 
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BIOCHEMICAL EFFECTS OF CYCLONE WINIFRED 

M.W. Sandstrom 
Australian Institute of Marine Science 

The distribution of terrestrial organic material in inner and 
middle shelf and Reef lagoon sediments off the coast near 
Innisfail immediately following cyclone Winifred was determined 
to examine the influence of cyclonic river discharge across the 
shelf. Capillary gas chromatography of aliphatic hydrocarbons 
and carbon isotope analysis of bulk organic matter was used to 
identify terrestrial and marine sources or organic matter in 
surface sediments. Lagoon sediments from Feather, Gilbey and 
Potter Reefs were characterized by hydrocarbon distributions 
indicative of algal sources; terrestrial hydrocarbons were not 
present above detectable levels. Carbon-13 analysis also 
indicated an absence of terrestrial higher plant material, with 
values between 19 and 15 ppt for all reef samples. The abundance 
of algal hydrocarbons and organic material increased from outer 
to middle shelf reefst suggesting there may have been a gradient 
in productivity across the shelf. 

Terrestrial hydrocarbons derived from higher plants were abundant 
sediments close to the 

Agcreased to- low levels 
mouth of the Johnstone River, and 

in middle shelf sediments. Carbon-13 
analysis also indicated a gradient in terrestrial organic -.- 
material across the -shel.f , 

the 
with values decreasing from 2.6 ppt 

near Johnstone River, to 14 ppt, typical of reef derived 
organic material, in sediments near the reefs. 

Cyclonic river discharge of 
presumably other nutrients, 

terrestrial organic material, and 
seems to have been confined to the 

inner and middle shelf, despite the fact that river discharge was 
greater than average daily wet season discharge. Hence the 
phytoplankton bloom that occurred in middle and outer shelf reefs 
and inter-reef lagoon waters after the cyclone must have been the 
result of 
of bottom 

nutrient input from alternative sources. Resuspension 

nutrients 
sediments by cyclonic winds and release of pore water 

into the water column 
source of 

is suggested as an important 
nutrients 

waters, 
for phytoplankton productivity in the reef 

rather than river discharge. 
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; SOME,+RELIMINARY OBSERVATIONS FROM A"SURVEY OF THE SGFT 
SEDIkENT BIOTA OF THE INNER ANti MIDDLE SHELF OF THE, 

GREAT BARRIER REEF FOLLOWING CYeLONE WINIFRED ',, I 

A. Birtles 
James Cook University of North Queensland 

Documentation of the effects of cyclones, hurricanes or even 
storms on the macrobenthos of soft sed,iment areas is extre'mely 
limited. Accounts have often come from higher latitudes than the 
Great Barrier Reef and have rarely included numerical data. Even 
the most relevant have been restricted to shallow, water 
(Stephenson: et al., '1974 ,and 1977) and usually estuarine ,:I 
conditions 
demonstrated 

(AgreG, 1973; 'Reish, 1965). They have primarily :, 
the biological effects of drastic salinity 

reductions, and few have examined the effects of siltation in any 
detail. There is even less information on the physical effects 
of water movement. ', 

The passage of cyclone Winifred over the Great Barrier Reef 
lagoon near Innisfail early in February 1986, provided an 
opportunity to document some of the effects on the macrobenthos 
of the area. 

a 

A survey .was undertaken between February 9 and 12 using the 
methods indicated in Birtles and Arnold (1983), and'Arnold and 
Birtles (1985). Ninety samples were obtained from two transects 
running between the coast and the inner line of reefs. The mosf 
intensive sampling, using grabs, sledges, trawls and Scuba 
diving, was concentrated at six sites along the. southern 
transect, east of Mourilyan Harbour. Sites and samples are shown 
in Figure 1. 

The infaunal samples have not been examined, but initial 
observations of the sledge and trawl samples shows strong 
evidence of zoning of the epifaunal assemblages across the shelf. 
in a comparable manner to that demonstrated in other parts ofJthe 
Reef (Arnold and Birtles, 1985). A diverse epifaunal component 
had survived to the time of sampling, although heavy siltation 
was apparent across the shelf with particularly marked effects in 
the shallower stations. Pronounced sand waves were.seen at '33 m; 
their structure and attendant biota was examined. 

Some preliminary observations will be presented from the survey 
and compared with information available from other areas.' 
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Figure 1. Post-cyclone Winifred sampling. Stations 1404 to 1457, 
g/2/86 to 12/2/86. 

Transect 1: Mourilyan Harbour 078' to the south end of Feather 
Reef: 14 nautical miles. 

Station numbers Gl G76 G75 G74 G73 G72 G71 G70 

Distance from North 1 2.1 3.0 5.3 6.7 8.6 11.4 13.5 
Head, Mourilyan Harbour (nautical miles) 

Depth (m) 13 17 22 27 29 31 38 45 

Frame-supported 1404 1405 1406 1407 1408 1409 1410 1411 
van Veen grabs (three replicate 76 mm diameter cores from each) 

Smith McIntyre 1440 1444 1448 1423 1434 1428 
grabs (.06 sq m) 1441 1445 1449 1424 1435 1429 

Modified Ocklemann 1442 1446 1450 1422 1436 1430 
sledges (.65 m gape) 1443 1447 1451 1425 1437 1431 

1426 1438 1432 
1427 1439 1433 

Six fathom "Yankee" 1457 1456 1455 1454 1452 
otter trawls 

Scuba dives 1453 

Transect II: Ella Bay 072' to north of Arthur Patches; 17 nautical 
miles. 

Station numbers. vll v9 v7 G63 G64 G65 G66 G67 G68 G69 

Distance offshore 1 2.5 4.0 5.7 7.7 9.6 11.4 13.4 15.2 16.8 
(nautical miles) 

Depth (m) 3 12 22 25 27 29 31 38 41 35 

Frame-supported 1421 1420 1419 1418 1417 1416 1412 1413 1414 1415 
van Veen grabs (three replicate 76 mm diameter cores each) 
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CYCLONE WINIFRED - OBSERVATONS ON SOME ECOLOGICAL AND 
GEOMORPHOLOGICAL EFFECTS 

T.J. Done, P.J. Moran and L. de Vantier 
Australian Institute of Marine Science 

Cyclones constitute short lived and extreme physical disturbances 
to coral reefs, affecting all levels of ecosystem organization, 
from individual organisms, through local populations and 
communities, to the physical structure of reefs. Cyclone Winifred 
passed through an area in which the majority of reefs had already 
been heavily impacted by the crown of thorns starfish in the 
previous one to five years. This coincidence of two severe 
disturbances; one physical and one biological; raises fundamental 
questions about the role of disturbance in the coral reef 
ecosystem. Are their effects additive; are long-term changes in 
the character of the reef likely to result; and are such changes 
outside the ‘normal’ range of variability of the reef through 
time? These questions are far from being answered at this time. 

The first step towards addressing such fundamental questions is 
the assessment of the immediate impact of the disturbances 
through field observations. Line and photo transects had 
previously been established on several reefs affected by the 
cyclone. They have subsequently been re-surveyed, allowing the 
extent of very localized changes to be assessed. While details 
varied-from place to place,. in -all cases- the already low cover-of. 
live coral was reduced even further, and there was at least 
superficial damage to the Reef framework. 

The broader extent and nature of damage was assessed 
using both manta board and scuba observations on 10 reefs over a 
160 km section of the Great Barrier Reef, centered on the cyclone 
path. The surveys were conducted within six weeks of the 
cyclone. Damage was classified as follows: 

l breakage of coral; 

l dislodgement of coral; 

l scouring of soft benthos; 

l peeling of surface matrix; 

l slab removal of reef matrix; 

l bulk transport of sediment; and, 

l sand blasting of corals. 

The latter four forms of damage constitute superficial changes to 
gross reef morphology which were nevertheless very conspicuous 
underwater. However, there was no damage to the structure of the 
reefs, such as tossing up of large reef blocks onto the reef 
flat, which was visible in aerial surveys conducted three days 
after the cyclone. Since many reefs in the area are littered 
with such storm-tossed blocks, Winifred appears to have been of 
lesser consequence in this regard than earlier cyclones. 

AL ;~~~; ; _ ~= _ ;~~ ;~~ ;~~_ 
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The ria’kurri ” of benthic and superficial structural damage and its 
location on individual reefs varied in a systematic pattern in 

; ‘, relation to predicted tiind ,direction and reef position,. On a 
” Series of reef,s within 30 km of the pat’h’ of the cyclone, reefs 

far,thest from the. coast appeared to receive m0r.e structural 
: damage than those’ near to shore, but even the worst’affected 

reefs appeared to have little damage on their landward sides., On 
reefs 60 to 75 km to the north of the path, damage was greatest 
on the landward side, which would have been open to cycl-onic 
waves with a westerly component. On reefs 120 to 140 km to the 
south, there was significant damage to live and dead cqral on 
parts of reefs exposed to cyclonic waves, which in this sector,. 
would have had a strong easterly component. 

The extent of changes to the benthic communities in the initial 
years following the cyclone will be followed by continued 
monitoring of the permanent study sites. The interpretation of 
these results in terms of the fundamental questions raised above 
will be based on a very incomplete understanding of reef 
structure and function. However the focus which these 
disturbances bring to the study ‘Of reef ecosystems can only 
improve our understanding of those systems. 

“I 


























































































































