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FOREWORD , .

In the period 1976 to the prescnt, the author and others
have examined methodologies for the biological characterization
of coral reefs at scales ranging from square meters to tens of
square kilometers. This paper, which is part I of a two part
report, describes an application of the 'manta-tow' method for
characterizing reefs at a scale between these two extremes.

This application has been developed under the auspices of the
Great Barrier Reef Mar%?e Park Authority, and is now a major tool

in their reef recomnaissance programme.,

In this péper, the status of the method as of March 1980 is
reported. The aims and field methodology are presented and
critically evaluated in the text; detailed instructions for map
presentation and data tabulatfén»are given in Appendix I, which
may be used separately as an instruction manual. Those few results
which are given are merely to exemplify the way in which the data
should be used. The use of the data for management purposes would

involve more extensive study of the maps and, tables.

The author gratefully acknowledges the support in this work
of several friends and institutions. Richard Kenchington first
introduced me to the manta-board and has been closely associated

with all stages of the study. Thanks are due to the Creat Barrier

Reef Marine Park Authority who supported the study, and to
Professor Cyril Burdon-Jones who provided facilities and support at
James Cook University of North Queensland. Thanks also to those

friends who joined me in the field, especially Len Zell, Chris Smalley

and Koko Wigness. Bob Pearson, Rod Garrett and Ten Zell contributed
in various ways to the methods development. Gordon Bull produced

the maps of the Capricorn reefs.
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INTRODUCTION

“

Management of a group of coral reefs for commerciai, recreational,
scientific and conservation uses should ideally be responsive both to the
nature of these multiple uses, and to the individual characteristics of
the reefs themselves. The Capricornia section of Australia's Great Barrier

cef Marine Park contains 21 of the two thousand or so reefs in the Great
Barrier Reef regilon. A general description of the reefs is given in Mathex
and Bennett, 1978, pp7-l4. Many more reefs will be included in the Park in
the future, and recommendations relating to their management will be made
by the Great Barrier Reef Harine Park Authority (G.B.R.M.P.A., a federally
constituted body: whose full functions and responsibilities are specified

by Anon., 1975 and summarised by Baker, 1977).

The Authority's management philosophy is responsive to traditional
usage patterns and other socio-economic aspects of the reefs in the park.
However it also recognises that gﬁe"mauagcment of complex biological/
geological systems should be based on a thorough knowledge of how such
systems function. To this end, G.B.R.M.P.A. supports basic coral reef
research and in addition has itself developed research programmes aimed at

answering specific questions not addressed by other bodies.

Current scientific opinion+holds that many of the coral communities
which inhabit coral reefs are rather transient in their composition and
structure (see reviews of Connell, 1978; Done and Pichon, in press).

Coral communities are susceptible to damage by storms, predators and bio-
eroders as well as the senescence and death of ageing colonies. Decisions
regarding the management of such temporally variable entities should
therefore be based on knowledge of their current status. Although
information is accumulating which will allow reef ecologists to predict
the general nature of the coral communities to be found on reefs in
different Great Barrier Reof‘lodélifies, the current status (Z.e. 'health'
or 'condition') of the communities at any time may only be ascertained by

direct observation.

The G.B.R.M.P.A. has therefore developed a 'benthos reconnaissance
programme', the function of which is to provide a.broad picture of the
range and condition of comménities to be found on particular reefs, at the
time management decisions are to ‘be made. In addition, a 'benthos

monitoring programme' is being explored so that a better understanding of




the rates and nature of natural and man-induced change may be achieved,
This report deals with the methods and results of the reconnaissance
programme as used in the Capricornia scction of the Marine Park. The

monitoring methodology is the subject of a second report.

The reconnaisgsance programme aims to characterize 'entire' reefs on
the basis of:

(a) the types of communities present, and

- (b) the aereél covex -of living and dead coral and other
benthos in edch community.

It also aims to locate areas of exceptionally high or low aesthetic appeal
and diversity and areas where coral colony size is exceptionally large ox
small. -

8. .
The approach in its broadest térms as adopted on the Capricornia
reefs involved: o
(a) the viewing of all the major coral colonized areas of the
reefs by appropriately trained observers, and
(b) the utilization of appropriate information collection, storage

>

retrieval and presentation methods.

The viewing of reefs is itself of significant management value, since
participants are able to make decisions based on informed comparisons
between reefs, whereas decisions made before the reconnaissance would have
lacked any biological basis except perhaps anecdotal accounts. The major
intention for information presentation was that standing alone, it should

be readily dnterpretable by individuals not involved in the surveys.

Reconnaissance was undertaken by snorkellers towed along reef margins
behind a small boat and using é“@anﬁ&«board for manouverability (see
Kenchington and Morton, 1976). Standard data presentation was by way of
both tables and shaded maps of the tow path overlying an outline of the

reef. The maps were produced on a computer plotter (sec below).

The achievement of the programme’s objectives was clearly a task of
considerable magnitude. Some 270 km of reef margin were viewed by members
of the observation team over a period of 160 man days. Observations made
by snorkellers towed behind boats may only be described as cursory and

impressionistic. As in any reconnaissance, interpretation must be tewpered
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with a due repgard to the imprecise nature of the data, and in additlon, to
unquantifiable intra- and inter-observer variability. Thus one function
of this paper is to discuss the usefulness of the data, given its

inherent shortcoming.

The Reconnaissance Area

Reconnaissance was made of 21 reefs in the Capricornia section of the
Great Barrier Reef Marine Park, which lies at the southern end of the
CGreat Barrier region (see Figure 1). The reconnaiséance took place during
8 separate visits. to the area during 1978 and 1979. The reefs include
wall reefs, platform reefs with and without lagoons, and ring reefs
(terminology of Maxwell, 19682 and twelve support vegetated coral cays.
The reefs range in length fromulﬁgm to 9 km (see Figure 1) and the total
length of reef margin to be reconno;ﬁreﬁ was about 270 km. Underwater
visibility ranges between 10 and 30 m@tgrs and is not limiting to the

methods described below. -

METHODS 2

Field methods

The field team was accomodated for 7 - 12 days on a charter vessel
which would anchor at the reef to be reconnoitred. The team consisted of
a small-boat driver, a person to record data, and two observers. For each
reef, the observers together aimed to record a standard set of observations
for the entire seaward and (where present) the lagoonal margins of the
reef. Observers were towed in turn along a section of the reef's margin
using a manta board (Figure 2a) pulled by a 4.2 m Zodiac inflétable dingy
powered by a 15 or 35 HP motor. The tow path was usualily 100 - 400 m long
and followed a sinuous path (?igﬁre'2b), to enable the observer to examine
both lower and upper slopes and adjacent reef tops. Observers planed on
the surface and to a depth of about 10 m, which enabled satisfactory

observations to about 15 m.

An observer completed his tow either‘

(a) when a marked change in the character of the recef was observed, or

(by after a period of about ten winutes had passed without marked
change.

Once the first observer had returped to the boal, the second would begin

his tow. During the sccond observer's tow, the first would undergé a )

debriefing conducted by the recorder. The obscrver would vecall his
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Shape, size and orientation of reefs

reconnaissance. Distance bar equals

lagoons are indicated,
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observations separately for as many coral zones as he could rccogniée (see
below). The first observer would do another tow immediately on the
return of the second observer. Working in this fashion, the boat moved
continually and observers alternating thus could sustain concentration

for up to about two hours. The smallest reef (g.g. Lady Elliot) could be
completely circumnavigated in this time; larger reefs were surveyed over

several days.

For the purpose of defining coral zones toc be reported on, observers
had been directed to mentally subdivide the reef into linear bands rumning
parallel to the line of the reef margin. The vertical limits to these
bands were dictated by the distinctness of the coral or structural zones
as perceived by the observer, and were recorded as the estimated depths in

feet.

The observers were required to estimate the parameters (see below)
which collectively best de§cribed the 'condition' of each of the zones as
integrated over the length of the tow (a distance usually between 100 and
400 meters). Tor spur and groove systems (whicﬁjare oriented perpendicular
to the reef margin and tow line) the assessment was made on the basis of
the communities colouizingmﬁhevépur tops. These are the most visible part
of the spur and groove system, and were considered appropriate indicators
of condition for that zone. Coral communities not growing on the reef
structure (such as isolated thickets or knolls on the adjacent sea floor)

were recorded separately)

The field data sheet

The recorder carried a number of field data sheets printed on water-
proof paper or plastic drafting film. A separate sheet was completed after
each tow by each observer, and the tow path marked on an aerial photograph

(or tracing thereof).

The data shect comprises three sections. (see Figure 3). The top
section consists of reef and tow identifiers, as well as observer's name
and code number, the date, and time (at start and finish of tow). The
remainder of the data sheet is diﬁided into six columns, which allow

observers to report on up to six zones per tow. The first two columns are

R



BENTHIC RELF SURVEY DATA_SMEET MARTA TOWS
. Date ,/ /
Reef ' Obaerver ’ ] ) -
Rame © HName Times .
Ho. L_ﬁ;m._w”j : Ho. [MW,} Tow No. ,_Mw_,,___}
Site Dosc'n reef gop recf cresy
Site No. 1 2 )
Lesthetics, 1-6
Slope, 0-6 .- - |
Mud
§9
g - . Sund
H
5 CGravel
A
S Stag Rubble
4 Sm. Blocks i
h <50cn e
«1 . "
5 e g
© RN
Platformn .
Depth, fr .
) Hard Coral
o ’
: Soft Coral -
o Dead Stand
Hard Coral
8]
Hacro Algae
Colony Sire, 1-3 ‘
Diversity, 1-4
¥.D.0.'5
. Benthos Code
« with ]
X hard coral, 1-6 d
I soft coral, 1»6[
Z other, i-6
Code b4 i
~~~~~ 0 0 S
§ 1 1-5 -
2 5~15 : .
3 15-30 X
4 30-50
5 50-75
6 75-100
1
i
|
|
Fig, 3 A field data sheet. Attributes and units are described in

the text.
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reserved for 'reef top' and 'crest' (as depicted in Figure 4); the remaining
four columns are for data pertaining to any other zones the observer deems
appropriate. The morphological nature of each zone (e.g. upper slope,

lower slope, knoll, floor) is written into the 'site description' box at

the top of the appropriate column.

The body of the data sheet is for recording observations on a variety
of each zone's physiographic features (from 'Aesthetics, 1 - 6' to
'Diversity, 1 - 4', inclusive) and on its visually dominant benthic

organisms, (VDO's) respectively.

(a) Physiographic features

The seemingly illogical order of attributes in this section of the
data sheet (see Figure 35 is iﬁ,fict a result of the field experience of .
observers who found the order illd;trated easier than that on earlier
versions of the data sheet. Physiographic attributes consist of three
types. The primary attributes (discussed below) are those which the
reconnaissance is primarily after - aesthetics; cover of hard, soft and
dead coral and macroscopic algae; colony size; and diversity. These are
the attributes to be mapped. 1

S

The secondary physiographic attributes are collectively labelled
"substrate / sediment’ on the data sheet. These were included as an aid
to interpretation of the maps, but were not intended to be routinely

mappad themselves.

The tertiary attributes are "slope' and 'depth'. These were included

simply to better define the area observed and to aid in interpretation.

(b) Visually dominant organisms {VDO's)

The bottom part of each column is for recording those few corals (or
other benthos) which are the most visually predominant to the towed
observer. The categories of-VDO's and their code numbefé are presented in
Table 1. 'VDO' 1is an umbrella term which encompasses three levels of
taxonomic/morphologic resolution. As can be seen from Table 1 the highest
level of résolution contains a mixture of genera, species and ecomorphs
(1.e. environmentally induced growﬁh forms of individual species). These

are the operational taxonomic units (0TU's), and they have been grouped
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PORITES
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TUBASTREA
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CLUB-LIKE BRANCHES
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700 SOLITARY CORALS]

710 ROUND FUNGIIDS

711 FUNGIA ACTINIFORMIS o
712 CYCLOSERIS

713 DIASERIS .

Py

720 ELONGATE FUNGIIDS

721 F. ECHINATA/H. SIMPLEX
722 H. LIMAX/H. WEBERI

723 HALOMITRA/PARAHALOMI TRA
724 POLYPHYLLIA

*730 OTHER ELONGATE

731 PARASCOLOMY TA
732 TRACHYPHYLLIA

Table 1-

List of visually dominant organisms {(VDO's).
headings

BROWN FEATHER
WHITE FINE

ASCI DIANS

| SMALL WHITE COLONTAL

Major category

(in boxes) are never used in field scoring of VDO's.

Field observers score a mixture of minor categories (underlined)

and 0TU's (the remainder).
has been produced by Zell, 1980.

A photographic guide to the VDO S




TABLE 2

Units used to score the followiﬁ@xp?ysiographic features:

a)

b)

d)

e)

=

Total cover of hard coral, soft coral, dead standing coral

and macroscopic algae. Relative cover of VDO's.

Slope of the tow zone (refers to the predominant slope

over the length of the zone).

¥
Aesthetic appeal.
OTU diversity; since only a small number of VDO's are
recorded, a separate observation of diversity is required.
The gradation is based on the number of types of OTU

registered by the moving observer as he assessed the VDO's.
Colony size; areas with a predominance of exceptionally

small or large colonies are didentified by the three point

scale.




.
a. Area Coverape b. Slope
Grade Range - percent Crade Range - degprees -
0 0 0 0 B
1 I -5 1 + - 15
2 1 -15 2 15 - 30
o 3 © 15 - 30 3 30 - 45 =
4o 30 - 50 4 40 - 60 y
5 50 - 75 5 60 - 75
6 75 ~100" 6 75 - 90
¢. Aesthetic Appeal d. OTU Diversity
Grade Description ) Grade Description
0 coral absent
1 Very poor 1 monospécific area
2 poor 2 low diversity ?
3 average 3 moderate diversity ;
4 good 4 high diversity
5 very good
6 ‘ ouéstanding
e. Colony Size ;
Crade Description
1 © Exceptionally §ma£ivcolonies predominant
2 ' Unexceptional - can't deéide
3 Exceptiéﬁally large colonies predominant
i
K




successively into minor and major categories.

Observers had been familiarized with the 0TU's and the three levels
of resolution using a photographic guide compiled by Zell, (unpublished
m/s, 1980). Observers were required to score VDO's at a resolution of
minor category ox better, and in practice, a mixture of minor categories
and 0TU's was used. The logical numbering system shown in Table 1
facilitated the simple conversion from OTU to higher categories at the

data analysis stage (see below).

(c) Uhits

With the exception of *depth’ (which was expressed in feet), all the

physiographic attributes were recorded as graded scores with a range of
either 7, 6, 4 or 3 points. Asseven point area coverage score (see Table

22) was used to record the amount of hard coral, soft coral, dead standing
hard coral and macroscopic algae presenﬁ. The same scale was used to
record the two or three most predominant types of 'substrate/sediment'’

(the mon-living material beneath and around the coral benthic communities).
Slope was scored on the seven point scale shown-in Table 2b. The entirely
subjective 'aesthetics' was scored on a six point scale, the verbal
equivalent of which is expressed in Table 2¢. 'Diversity' was scored on

a four polnt scale (Table 2d); the purpose of this attribute was simply to
highldight areas of exceptionally low and high OTU diversity (scores 1 and
4). Likewise 'colony size' (3 point scale, Table 2e) was intended to
highlight areas of very small coleny size (which in some cases indicate
pioneer communities recolonizing a damaged area) or very large colony size

(which are frequently of great aesthetic value).

VDO's were scored on the seven point scale (Table 2a) used as an

indicator of relative area coverage (whereas for the physiographic features

it referred to absclute area coverage). Thus 1f total hard coral had a

cover of only 10% (grade 2), hard coral VDO's were expressed as a graded
proportion of that 10%, not of the total area surveyed. Similarly, soft
coral VDO's were expressed as a graded.proﬁﬁrtion of the total soft coral
cover. Neither algae nor deéad standing hard coral were subdivided into

Vpo's.

b

1S
L
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Data Handling

(a) Shaded maps

Tor each reef surveyed, the completed field data shects and the
tracing of the tow paths were used to produce separate shaded maps of the
seven primary attributes. (Sce details of procedures in Appendix I which

includes instructions for preparation of a detailed outline of the reef

on which is drawn a stylized representation of the tow path, and for the
use of this so called ‘'source map' to produce up to four maps on a single
run of the computer). The procedures are based on the use of the CALFORM

computer plotting program at James Cook University of North Queensland,

with which we superceded SYMAP, a line printer mapping program used for
producing maps of reef surveyéd early in the Capricornia reconnaissance

programme.

(b) Tabulation and statistics

-

Tabulation and statistics of the data were obtained using ad hoc

programs (see Appendix Ib), Cd

¥

{(¢) Definition of benthic. assemblages

VDO data were examined for the occurrence of groups of VDO's which fre-

quently occurred together (assemblages) and which thus characterized the benthic
communities present. Pattern analysis procedures were used in defining

the assemblages, in particular, program 'Clustan lc' at James Cook

University (see Wishart, 1978). Site group classifications were made

separately on the data of observers 4, 5 and 8 for ten reefs. These

reefs consisted of all eight reefs in the Bunker Group,Mplus Tryon and
Broomfield reefs in the Capricofﬁ Group; they were chosen because of the
participation of the author in this section of the reconnaissance programme.

The recommended methodologles for analysis of the remaining data are

established here.

An agglomerative hierarctical proéedtre in Clustan was used to define
site groups on the basis of their hard coral VDO compositions; (other
benthos were excluded for this sf&ge because it was felt they were less
eflfectively surveyed; however, they were included in later sections of A ?

the analysis). The Canberra Metric dissimilarity index (with joinp ... .. .

oy




absences excluded) and the Croup Average strategy were seclectod after
trials with squared cuclidian distance and incremental sum of squares
has proven unsatisfactory. (This latter combination produced a

classificatién so strongly determined by the most dominant VD0O's that
more subtle but nonetheless readily observable diffcrences, were not

brought out).

Clustan procedure 'Result' was used to list the membership of all
groups, with number of groups rangingifrom 10 to 18 (see Wishart, 1978
for details). Spatial pattern in the distribution of members of site
groups was examined by plotting their positions on outline maps of the

reefs. .

The VDO composition of the site groups was determined using program
"Subset' which 1lists those VDO's which are most constantly present in
members of the specified sité“group, along with the mean and variance
of their cover grades. A VDO is feferred to as 'constant' if it occurs
in two thirds or more of the sites in a site group. The site '

-

descriptive attributes of depth, slope and predominant substrate are

also listed by Subset. By using the Subset output, and the distribution

map together, 'diagnostic constant' VDO's were defined for the major
reef habitats Surveyed (.e! outer slopes and lagocon margins, sub-
divided into zones). in cases where a site group contained sites

from both outer slope and lagoon, the site was further subdivided into
slope and lagoon subgroups and 'diagnostic constants’ defined for each
sub groups. It is these lists of 'diagnostic constants' which are
loosely referred to as 'assemblages', although of course many more
than the listed organisms would be required to precisely define the

assemblages.
RESULTS

Summaries of the data ave presented in Appendix IIT and Table 3.
In Appendix III the full data as recorded are summarised; in Table 3.
all attributes scored on seven point scales are condensed to a four
point scale in which points 1 and 2, 3 and 4,'and 5 and 6, respectively,
are combined. This four point scale should (at lecast partially)
compensate for intra- and inter-observer variability, and the following
presentation of results ds therefore basced on Table 3, in which recfs

are listed in descending order of average score for cach attribiute.

1
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a)  Physiographic features

1. Aesthetics (Table 3a)

Wilson Is. reef ranked highest in terms of average aesthetics
score, although this top ranking was due not to high scores but an
absence of scores below three. North West Is. reef had the greatest
proportion of 5;6 scores, these being located mainly on north and

south facing reef fronts adjacent to the island (see Figure 5). The

eastern end of the reef was considered drab.

\

Erskine Is. reef ranked last, due to the allocation of a score
of 1 to almost half the towed areas. Neither Heron Is. reef nor
Wistari Reef (the two most accessible to the tourist resort on Heron
Island) were rvanked-highly,

o

2. Hard coral cover (Tablé“Bb)

Six reefs had a mean score of*4 or more (Z.e. hard coral cover >
50%) and of those, Fairfax, Wistari and Llewellyn had the greatest
proportion of 5-6 scores. The two lowest ranked reefs (Erskine and
Polmaise) are amongst the closest inshore. ﬁowever, the highest ranked
reef, Masthead, is also one of the closest to shore.

[

3. Soft coral cover (Table 3c¢)

Soft coral cover was generally lower than hard coral cover (range
of mean scores 0.59 to 3.08, c.f. 2.67 to 4.25 for hard coxal).
Masthead Is. reef had a large area with scores of 3-4; (Figure 6).

No reef had more than 107 of 5-6 scores. Seven of the lowest eight

average scores were rvecorded for reefs from the Bunker group.

4. Dead coral (Table 3d)

On no reef did average dead coral score exceed 1.0 (Z.e. 5%) or
did more than 15% of scores exceed 2. On Llewellyn Reef, 6 of the 71
sites scored 4; observers noted that many of the dead colonies had

been recently killed by a localized population of the crown of thorns

starfish, Acanthaster planct.

5.  Macroscopic alpae (Table 3e)

Polmaise Reef had a higher average score for macroscopic algae

than it did for hard or soft coral. (Half of its sites scored 5 or ..,




TABLE 3

Reefs ranked in order of decreasing average score for each

of the seven physiographic features recorded.

a)
b)
)
d)
e)
£)
g)

-
Aesthetics

Hard cpral cover
Soft coral cover
Dead coral cover
Macroscopic Algae

Colony, size

Diversity

The number of records (i.e. tow zones) and the proportion of

scores of O,

1-2, 3-4 and 5-6 are indicated. (For aesthetics

and colony size, zero scores are missing data)




2)

b)

AESTRETICS
HILSON TSLAND REEF ”"“”'““"””'”“”“””””“”"“““?“'““’””‘"*~~-~“~~“~««*w«ﬁ~««~«
TRYON ISLAND REEF 22 g Zg 0,20 0,00
NORTH WEST ISLAND REEF 13 339 ASERRILERENE
ONE TREE ISLANO REEF P 373 0,27 0,42 0,27 0,06)
FAIRFAX ISLANDS REEF o PP 3;13 8,11 e,59 ¢ 36
SYKES REEF 27 3l 0,15 @,50 0,33
HASTHEAD ISLAND pEEF 24 . 3;é? @10 e.§7 ¢,24
LLUWCLLYN REEF V 1 2759 6. 13 0,50 ¢, 38
FITZPOY REEF 96 2 o a,13 0 36 ¢.39
LAY ELLIQTT ISLAND REEF o 54 0,10 0,53 e,38
WISTARI REEF . ; 29 2,79 ¢, 0,37 ¢,42
POLKAISE REEF S i 2e73 : e,e; 0,52 ¢.45
* HERON ISLAND REEY 8o Y Gply bl nuss
BROOVFIFLD REEF .. o 2.4 6.e8 ¢,41 ¢,49 9,01
BOULT REEF ' bt e a.12 0,28 ¢, b0
LADY MUSGRAVE ISLAND ngax 05 P e 1t 8,53
LAVONT REEF - 97 2:56 6.1 2,40 9,49
NORTH REEF ISLAND REEF 2i 2 52 p.e7 0,44 ¢ dg
HOSKYN ISLANDS REEF 27 2 ic 0,46 0,52
HRECK TSLAND REEF - 18 2’ 17 g'gé g'ig
8 . . f v .
ERSKINE IsLAND REEF . N 24 . 2703 0.18 ¢.63
HARD CORAL
8E§i;h;“;'"m s eoo. NOWRECS, o AVEsCR, LT S T I ¢
MASTIEAD TsLAND REER T s -~v“~v~~~~w—~-««~;;~~~».-“*“w
FAIPFAX ISLANDS RpEEF  ° - ﬁ; i P23 ¢,38 6,63
KOFTH WEST ISLAND REEF 33 4'1 2,63 0,13 ¢.2¢ 2,05
SYKES FEEF 2] P P A8 36 0.¢9 0,26
WISTARI REEF 20 M e e.43 0,43 e,t0 2,05
LLEWELLYN REEF 5 7o .55 e,11 ¢ 28
WILSCN ISLAND pEsF (o 3 ;00 .52 @,25 ¢.15 ¢,e7
TRYOR ISLAND REEF . '8 )/ pe .40 €,40 ¢ 20
HOSKYN ISLANDS REEF ‘ b % 80 0.47 0,27 ¢, 27
DRCOVMFIELD REEF s . 25 . 3 6 ¢,33 2,37 e,26 C.e4
ONE TREE TSLAND EEF 28 360 8,40 0,32 .24 ©.o4
LACY ELLIOTT ISLAND REEF ‘9 1S 0,28 £,48 ¢ 24
BOULT PEEF 8 3 P42 €.37 0,32 e,26 ¢,25
HERON 1SLAND REEF o 340 .33 8,32 .25 ¢, le
FIT2R0Y REFF 96 3! r3 €,26 0,45 ¢,23 e,e6
LANOST REBF b 3 /38 ¢,34 ¢,33 e,2y ¢,i¢
LALY MUSCRAVE ISLAND REEF 85 o 33 £.30 ol e s 0,1l
WRECK YSLAKD REEY 14 et .36 2,20 €26 ¢,e9
HORTE REEF 1SLAND REEF 2 o VSIS AL IE
QOLUAI”” e 16 2’23 231 ol19 S'i? 13
18 cL A neR s . R a,
(ERSKINE ISLAND REEF , 24 o 20en e 21 £.25 ¢.38 .17
SOFT CORAL . -
REEF . .. ..+, NOLRECS. | AVELSCR, 6=5 _ 4=3 2.1 7
WAETHEAD ISLAND nEEF ww””“f”“"”7”"””“””"”""’T“""””“”"“”*"““””“”““~““““"”“'“"
WILsCH ISLAND REEF : fg 2’;; g ?g g 23 g 29
EHSKINE ISLAND RERF 24 2023 o5 j‘?g JQ,A )
NHORTH WEST I18LANKD REEY 33 z 5 g' 9 b.: ?‘:? 13
TRYOR ISLAND REEY . 5 2, ﬂ o 8‘27 ?'39 f'“7«'ﬁ'39
WAECK ISLAND REEF '8 2o L 0.El BaalopLET
SYNES REEF 21 .- 190 e.06 0,33 046 o
BRCONFIELD REEF ' 25 " 1 80 a4 ¢.1 ANSSNES.
WISTART REEF %9 99 p.0% 0,20 £.51 07
NORTE FEEF ISLAND REEF S 1 g, 30 .45 0.2
LLEWELLY!N REEF . 7 oy h gy I3 RETOLC
ONE TREE ISLAND pEEF N 46 i1 Bres P l8 e i 0,38
POLMAISE REEF P 1131 bole Delv 3T 0,20
FAIRFAY ISLANDS npEEF s 1 < 0,86 v,bg ﬁ-f3 “,25
F1TIROY PopF | 5 o o5 ; 0.15 £.43 0,4
LAVONT REEF 29 L 96 0.83 @00 e, 42 ¢ 40
HERON ISLAND REEF : 94 2y .00 067 0.0
LADY MUSGRAVE ISLAND pEEF o5 U’gg De0g Cehas
LADY ELLTOTT ISLAUD REEF 19 o 6 .08 eLd) 645
BOULT FEEF 85 AL ‘ 0,05 £,42 €,5)
), n.al L6630 53

TABTE 3 a-c

HOEKYN ISLANDS REEF 27 059 g o4 é 37 ﬁ'ﬁg




TABLE 3 d-f

DEAD CORAL

a
éffi; e e e NO,RECE, AVE! 5CR, 645 4ad Dot p
LADY MUSGRAVE ISLAND P "m“""""""““""*“”'“””“**“”‘»“““***““wwwwwww~~~;;~wm_;nﬂ~»_
F1T7R0Y BREF REEF gz g oL fLol4 £,33 0,53
LLEWELLYN REEF : 1 8 0,15 .31 ©.54
BOULT REEF , 8 ) 9.72 0,88 2,286 @,63
HOSKYN ISLANDS REEF ) 27 9.60 B,06 B,28 ¢€,6%
FAIRFAX ISLANDS REEF o 9;5% 6,07 8,22 0,74
POLMAISE REEF 6 Qr; £.45 0,55
MASTHEAD TSLAND pEEF 24 ;,aﬁ : _ .31 ©,69
ERSKINE 1SUAND REEF ~ 24 5e 2,08 ¢,21 ©,71
HERON ISLAND REEF 85 U " L Ba0d B33 0,09
© HRECK ISLAND REEF 18 . 47 6,86 6,19 0,75
CWISTARI REEF 29 ’ 9 39 a1t e,c6 0,83
"LADY ELLIDTT ISLAND REEF {9 w 33 €,31 €,89
WILSON I&LAND REEF : Lo " gg e.2) .19
ONE TREE JELAND pEEF 16 0l 26 6.e2 ¢4y o 5
NORTH WEST ISLARD REEF . 33 {2§ ; . L13 0,85
SYKES REFF . 2 &t p.18 ¢,82
NORTH REFF ISLAND REEF 21 u o8 9.14 8,08
LAMONT REEF 21 04 Z~§5 9.93
TRYON ISLAND H?.’EF ’ 15 - (}ﬁ 240,96
BRCOMFILLD REEF T ... ax Al oa L.00
",
MACRO ALGAE
) nepo e
TR - NO.RELS, | AVE,SCR, 65 4=) | 2.1 ?
POUMALSE REEF '""“"“”“"“”‘““”””"?E”‘““””“'““iv«~*~-m—-~«~~~-u”-;"w*";,_w~"
ERSXINE ISLAND REEF . 24 ?g 2,59 ¢,25 €,25
NOBTH REEF ISLAND REEF : 2] .3 B,Cé #,13 ¢,54 ¢,29
MASTREAD [(SLAND REEF 2 1,38 6es e.ta .52 ¢.33
HORTH wEST ISLAND REEF 13 Lol T LT
BROQNFIELD REEF ns ety 0.e3 e,e6 ¢,53 ¢ 33
TRYON 1SLinP ROEF - PR 0,26 ¢35 0,6
LLEWELLYN REEF L 73 o’ a7 : 2.3 .33 2,5
HOSKYN ISULANDS REEF © < 27 o 73 0.e3 S e.62 6,33
WILSCH ISLAND REEF o Lo 010 pLIt o £.38 e,59
ONE TREE ISLAND REEF 46 Ur*; ] ¢, Ta 2,39
WRECK 1SLAND REEF i 67 £.62 .52 @,46
FAIRFAX 15LANDS REEF de g . 0,61 ¢,39
HERQN 1SLAND REEF 84 el e.e2 0n,e8 ¢,25 0,65
WISTARI REEF 29 “r?Q 8,01 e e,53
LAVONT REEF 5 3,56 ) e,55 8,45
BOULT REEF 8] 0723 e.04 0.4 8,18 £.74
LADY MUSGRAVE ISLAND REEF , s N e,5
LADY ELLIOTT ISLAKG REEF 0 bl p.eloeoelo0,33 0,65
ggxgs_nzzy 2 élgf 0,11 E.éi g.zé
FITEROY RE » 38 3 ;|
0Y REET ‘ ‘ 9g el s ) VAR
COLONY SIZE
f) o
BEEF L. e HO'RECS. | AVELSCR, L. . .3 . 2 ARE
WILSON ISLAND REEY "m"*”“““““""“““”"“““"“”””“”‘“*“‘”‘““”“““““:“““*“7”“~-~“~~“~«~
TRYOU YSLARD REER 12 §~}; g‘§§ 2'2; . 29
MASTHERD TSLAND nfEyr 24 2 eq P I
FATRFAX 151RHB5 REEF 4q \ os G727 "4? ;’1 -
WISTARI REEF 26 L an AR ¢ 27 @,es
HOSKYH ISLANDS REEF 27 L eh A T
NORTH WEST ISLAND REEF 33 {Rg AR S Al
SYKES nEEF 2 Ak e el at ¢.18 0,28
HEEON TSLAND REEF 88 {an o 1o e J1oe b e85
ONE THLE TSLAND mEEF 46 L gn g.00 0,11 £.03 4.c8
f}f;uoz REEF 9 7 A 2'31 i';g .
LLEWELLYD RUEEF 77 g 223 évqﬂ 2 "“3
BOULT REEF By "77 ‘(3»23 ".41 “, 3 ‘A,(;‘f,
LAMONT REEF 27 Y 19 g..0 f'?7 wte
LADY MUSCRAYE ISLAND REEF 65 A o Q'i“ welzoo, il
LALY ELLIQTT ISLALD REEF 19 ' es ST AL S
BROOMFILLD HEEF 25 5 0 16 w0 2 oLl g
NORTH REEF ISLAND REEF 24 152 p16 0,28 EET LT,
POLMATISE RELY 16 T 0,06 e i i
i‘ KINE TSLARD pepue 4 1»3; ﬁ‘é; ;.;g 3§ 9,13
% ~” 150 nee @ PRt : v,
RECK TSLAND REEF 19 1,33 SRV




- TABLE 3g
) DIVERSITY
Trerr L s v o JWOURECS. AVELSCRL 43 21 g

HORTH WeST TSLAND RLEF 33 2.79 2024 0,42 e,27 [N
TRYON TSLiND REEp ’ ' 15 2.67 w13 nido e 47

B HISTARI REEF 29 2.55 #,le 0,34 0,55
WILSON ISLAND REEF ip 2,5 p.lo 8,30 o, b¢
NORTH pELP ISLAND REEF 21 o948 , #,48 ¢.59

. MASTHEARD ISLAND REEY ’ .24 Com, 48 f.24 0,38 g,5g

— SYKES PEEF 21 L 2,43 , 0,52 9,43 4,05
BROOMFIELD REEF " 25 2.35 n,e8 0,23 ¢,6¢ ¢,04
ULEWELLYN pEEF 74 2,35 f.27 0,39 ¢,44 0,21 0,e8
ONE TREE 18LAND pLEF 46 2.28 6,82 0,28 g,65 @¢,04
HOSKYN ISLANDS RFEF 27 2.22 0,04 0,26 @,63 6,04. 0,04
LAMONT REgF 27 2.19 .7 0,30 e,48 0,84 o1
FITZROY RerfF i 96 2,19 6,06 0,26 2,57 @,01 0,49
FAIRFVAX ISLANDS pEEF o 0 40 2,18 . 0,35 2,52 93,08 8,5
HERON ISLanD REEF ., 83 2,17 0,02 ©,26 8,64 @,02 0.06
LADY MUSGRAVE ISLAND RBEEF 85 2,14 #.02 ©,32 e,53 0,04 &.u9
LADY ELLIQTT ISLAND REEF 19 2,75 6,21 .68 @,¢5 #,¢5
BOULT REEF - el 2,00 PLe2 2,21 p,60 B,ue 0.1
WRECK IS{AND RELF 18 1.89 [N B B & v,
POLMAISE REEF 16 1.88 P66 0,06 ¢,69 ¢,e6 ¢L13
ERSKINE ISLAND REEF : 24 1,88 a.04 6,17 8,58 e,e4 o, 17
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RESTHETICS
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6). On all other reefs, macro-algae were Ilncounspicuous, particularly

on the more offshore reefs (lower entries of Table 3e).

6. Colony size (Table 3f)

Most reefs had a majority of sites in which colony size was
unexceptional (score 2). The highest proportion of sites with
exceptionally large colonies occurred at Tryon Is. reef, followed by
Wistari and TFitzroy reefs. The greatest proportion of low scores
were recorded at Bfoomfield and North reefs. (Note all zero scores

for aestheti¢s, and colony size are missing data).

7. Dive%sitz (Table 3g)

Average diversity (on a 0-4 scale) ranged from 1.9 to 2.8. North
West Island reef had'both“thg highest average and the greatest
proportion of 4's scored. Mdzfargefs had a majority of 2's (low
diversity) dndicating the depauper?te appearance of many of the
communities. Very few‘l's were scored, indicating the relative

scarcity of monospecific stands.

S,
P

b)  Visually dominant organisms — composition and distribution

3

i

The records of observers 4, 5, 8 and 9 on the reefs in the Bunker
group were used in the assessment and their use of the VDO's is
summarised in Table 4. Observers 4, 5 and 8 reported on 99, 197 and
92 sites respectively and as the tows of each covered the full range
of habitats, i1t may be assumed that the same range of benthic organisms
was observed. Observer 9 was a short-term voluﬁtecr who reported on
only 11 sites. TFor each observer, Table 4 indicates the frequency,
average and variance of each VDO where
a) “ frequency is the number\of times it was recorded (regardless of

score), and |

b) the calculation of average and variance excludes zero scores.

Those VDO's not recorded by any observer are excluded from the

table.

Collectively, the four observers scored 89 of the 140 VDO's on
the data sheet. Observer 5 used 75, observer 4 used 58, observer 8
used 54 and observer 9 used 27, Marked discrepancies in the use of

individual VDO's may be seen by inspections of the table (sce
Y Y P
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particularly VDO's marked thus '#'). 1In general, observer 5 tended
to score individual OTU's 'more than the others, and observer 8 used

higher categories more,

The differences between observers may be reduced by considering
the data set at a level of some lower common denowinator. Table 5
is based on a modified matrix, in which most OTU's were recoded to
their higher category; (those which were not recoded were generally
those which were scored consistently or were considered important at
the OTU level). The modified matrix contained 41 VDO's and observers
4, 5, 8 énd 9 used 36, 38, 32 and 20 of these respectively. This far
more consistent usage of the VDO's greatly enhanced the ability to
reconcile the observers' different perceptions of the same communities

(see discussion) although at a cost of some information loss.

The data of observer 9 is-not considered further. The considerable
work involyed in analysing VDO data is not justifiable for a data set
of only 11 sites; the use of observers for such short times is to be

»

discouraged.

Site group classification of the unmodif}ed matrix was unsatisfact—
ory. Although the dendrograms produced had ; suggestive structure,
Subset analysis of the VDO composition of groups at several levels
indicated that IGW’VDO'é (in several cases, no VDO's) were consistently

present in members of the site groups.

The term 'assemblage'’ loosely refers to the list of diagnostic
constants defined for Clustan site groups (see methods for detail).
The distributions of members of all site groups containing more than
three sites are plotted in Figures 7 to 9. Examination of these
distributions indicates the existence of a number of ubiquitous
assemblages, and others which are more restricted in their occurrence.
Generalized profiles showing'the distributions of the ubiquitous
assemblages are presented in Figure 10, and the diagnostic constant

VDO's are presented in Tables 6 - 9,

1. Ubiquitous assemblages

Weather and lce slopes
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Fig. 10 The distribution of the most ubiquitous coral assemblages on
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Table 6

Observer 4

GROUP 2 (26 siles)

GROUP 3 (12 sites)

GROUP 4 (5 sites)

T

Tabulate Acropora

Massive ~ meandroid {fine)

Staghorn Acropora

Acropora palifera
{claviform)

Ceaspitosc Acropora

CROUP 1 (5 sites).

:

Acropora palifera (shects)

cropora hunilis

GROUP 5 (5 sites)

GROUP 7 (15 sites)

Acropora palifera (claviform)

Staghora Acropora
Explanate

Porites (branching)

Explanate with v.p.

GROUP 6 (12 sites)

GROUP 8 (4 ‘sites)

S
Porites (branching)

Staghorn. Acropora

Massive Porites (large)

Vascs [/ roses

site groups of Observer 4.
to highlight similarities between them.
VDO's occur in two thirds or more of the sites in a site pgroup.

A tabulation of the 'diagnostic constants' in Clustan generated
Site groups are themselves grouped
"Diagnostic constant'

¥
!
!
ki
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Table 7

Qbmerver 5

CONSTART VIQ's

GROUP 2 (90 sites)

Tabulate Acropora

Massive — meandroid (fine) R
S

Staghorn Acropora

GROUP 1 (37 sites)

GROUP 4 (5 sites)

Acropora humilis
“Acropora palifera

Encrusting .

Tabulate Acropora
(sheets) Aeropora palifera (sheets)

Massive-cerioid/plocoid

GROUP 3 (10 cites)

GROUP 5 (11 sdites) GROUP 9 (5 sites)

‘

Acropora staghorn

Pocillopora dwiicornis

Porites - branching

fassive-cerioid/plocoid

Explanate Porites - massive

. (large)
Massive-meandroid (fleshy)
) Vases/Roses

GROUP 7 (5 sites)

Explanate with v,p.

Acropora palifera-(claviform)

Massive ~ cerloid/plocoid:

A tabulation o
site groups of
to highlight s
VDO's occur in

f the 'diagnostic constants' in Clustan generated
Observer 5. Site groups are themsclves. prauped

imilaritiecs between them. 'Diagnostic constant'
two thirds or more of the sites in a site group.
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Observer 8

GROUP 1 (23 sites) GROUP 4 (17 sites) GROUP 3 (13 sites)

-+ .. Tabulate Acropora

L

Staghorn Acropora

Ehssi;e ~.mcandroid (fine)

Massive - cerioid/
N " plocoid

Massive-Porties (large)

Encrusting )
’ » | Explanate

o

.

GROUP 2 (6 sites) GROUP 7 (4 sites) GROUP 9 (4 sites) !
Explanate
Explanate with v.p. Acropora hunilis
. Acropora palifera (shects)
Explanate - leafy Massive~-cerioid/plocoid
Poctllopora damicornis
Tabulate Acropora Poctllopora damicornis

Staghorn Acropora

Table 8 A tabulation of the 'diagnostic constants' in Clustan gencrated
site groups of Observer 8. Site groups are themselves groupcd o
to highlight similarities between them. 'Diagnostic constant’
VDO's occur in two thirds or more of the sites in a'eit§‘gfdup.




HABITAT/ZONE OBSERVER 4 OBSERVER 5 OBSERVER. 8
OUTER SLOPES: UPPER: 1. A. humilis 1. A, hurilis
A. palifera (sheets) A. paliferc (sheets)
Encrusting
MIDDLE: 2. Tabulate Acropopa 2. Tabulate Acropora . Tabulate Acropora
Staghorn deropora Staghorn Acropora Staghorn Aeropora
Massive-meandroid (fine) Massive-meandroid (fine) Massive-meandroid (fine)
LOWER __ As for mid-slope - As for mid-slope
! i - . / . - . -
i3a. Tabulate Acropora | 2. (as for middle slopes) 4a. Massive - Porites |
' Massive-meandroid (fineZJ | Tabulate Acropora
- § Staghorn Acropora
REEF FLAT: SHELTERED 3b. Tabulate Acropora 3. Staghorn Acropora Tabulate Acropora
A. paiijera (claviform) Massive-cerioid/plocoid Massive (cerioid/plocoid)
Massive-meandroid (fine) Pocillopora damicornis
Poctillopore damicornis
— - 1 ; - 1
LAGOON MARGIN: TOP/UPPER: 7. 4. palifera (claviform) = 7. A. palifera (clavifgrm)
Explanate with v.p. , Explanate with v.p.”
LOWER: 5. Staghorn Acropora’ 5. Explanate Acropora
- I p P
A. palijera (claviform) Staghorn Acropora
Branching Porites Pocillopora damicornia
Goniopora/Alvecpora
Massive-meandroid (fleshy)
LAGOON FLOOR: 6. Branching Poritesg 6. Staghorn Acropora -3 Massive Porites
Massive - Porites (9. Branching Porites i~ Staghorn Acropora
Staghorn Acropora 1 Massive Porites | Explanate
Iry 3 |
8. Vases/Roses Staghorn deropora |
Vases/Roses B

Branching Poriteqi
;

—

May be 4. bruggemant

2. Mainly Porites lichen.

3. Not the most ubiquitous, but common

'ubiquitous asscmblages' found in various

reef habitats and zones thereof.

A comparison of the

Table 9
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In general, the upper 15 meters of the weather slopes of the
Bunker reefs are gently sloping (10«300) and relatively featureless,
while the lee slopes are steeper (40~9OO) and frequently have spur
and groove structures. Only obsexrver 5 had data for both weather and
lee slopes. In general, the sequence of assemblages was similar,
regardless of aspect, and consisted of assemblage 1 on the upper reef
slopes, and assemblage 2 on mid and lower slopes. As may be seen ‘
in Table 9, the diagnostic constants of obscrver 5's upper slope
assemblage 1 are Acropora humilts and the 'sheet' growth form of

Acropora'paliféra. On the mid and lower slope, tabulate Acropora

is very important, and staghorn Acropora and 'massive-meandroid (fine)'

colonies also dominant.

Table 9 also indicates that observers 4 and 8 scored the same or

similar VDO's in describing -these zones. Differences occurres in

the lower slopes, where, in addition to the mid-slope assemblage, they

recorded deeper slope variants. -

-

Reef flat sites

A small number of reef flat sites adjacént to lagoon margins and
outer slopes were surveyed., These sites tended to group together in
the classification. Table 9 indicates only partial overlap in the
VDO composition of these sites, indicating perhaps the variability of

these sites as much as differences in observer perceptions.

Lagoon margins

Bunker reef lagoon margins characteristically consist of a
vertical or near vertical face adjoining a very flat reef top. The

adjacent sandy lagoon floor is from 2-5 meters below the reef top.

Observers 4 and 5 each défined a characteristic lagoon margin
assemblage, and in each case, the constants were the 'claviform'
growth form of Aeropora palifera and the 'explanate with vertical
projections' growth form, which was invariably a reference to the

encrusting Porites lichen.

The coral assemblages occupying the lagoon margin face consisted
of elements of the adjacent reef top and lagoon [loor assemblages.

Massive and branching Porites colonies, staghorn Acropora and
& E 3 L

foliose species (Z.¢. 'vases/rvoses' growth form) were charccteristic

ki

¥
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of the habitat. When the lagoon face and floor are considered

together (see Table 9), there 1s considerable agrecment between
observers in the composition of the diagnostic constant VDO's. However,
considered separately, there are differences, perhaps an indication of
the patchiness of coral distributions in this habitat, and/or

differences in observer perception of visual dominance (see Discussion).

2. Assemblages of restricted distribution

Each,observér scorgd a number of sites which did not fit well into
his classification. The failure of sites to join large site groups,
or to form small groups, may simply be due to deficiencies in the
data or the classification, or may truly indicate sites of unusual
composition; the latter may be of particular interest to reef managers.

5

3. Interpretation of equivalent assemblages recorded by three observers

Figure 11 is a composite compiied from the data of the three
cbservers. 1t is baseh on an interpretation by the author of equi-
valences between the assemblages of the different observers, the key
for which is included with the figure.Assemglages which do not fit
into the scheme of equivaléﬂces are marked using a two point number

thus; observer no./site group no.

GBRMPA's formulation of a zoning plan for the Capricornia reefs
benefited greatly from the fact that pairs of informed eyes had viewed
many of the recefs. concerned. Zoning of reefs without any knowledge
of their current biological status was an unacceptagle option and so

the reconnaissance satisfied a need.

Proper interpretation of reconnaissance data

This report attempts to present results in a féfmvﬁhich is
compatible with the data. Tor reasons which are discussed below, the
data is subject to the largely uncontrollable  variation which is
inherent in any biological reconnaissance. In this programme, problems
are exaggerated by the strenﬁous mental "and physical naturc of the tow
and the complex and alien environment in which observers must work.

Data presentation and analysis were done bearing in mind the Limit- ... .

ations of the data.

¥
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In the G.B.R.M.P.A. context, management requires that decisions
be made regarding uses to be made of cntire reefs or groups of reefs.
It thus seems that a ranking of reefs on the basis of their individual
bilological attributes is appropriate, and Tables 3a to 3g are intended
to fulfill this need. They give the reef manager his first 'in' to
the data, since he knows that reefs towards the top have high mean
scores for the particular éttribute, and reefs towards the bottom have
low mean scores. The frequency distribution of the scores shows how
a partlicular average came about. He may then refer to the appropriate
shaded map to ascertain the spatial distribution of high, intermediate
and low scores. The spéfial distribution of scores relative to access
points, anchorages, facilities, etc, may influence management decisions.
More detailed and intensive confirmatory surveys may be necessary in

areas the reconnaissance indicates as influential to the final decision.

The main value of the Vbo,ggconnaissance is that it provides a
broad scale biological characterization of the reefs considered
collectively. In this respect, a siénificant degree of concordance
among different observers allowed a composite map of uniquitous assem-
blages to be compiled. There is a degree of uncertainty regarding the
remaining sites not inhabited by 'uniquitous “assemblages'; some will
truly be inhabited by unusual assemblages (a finding which might be of
interest to a reef manager); others will only appear different due to
data inconsistencies (see below). This uncertainty is inherent in the
manta tow method as currently practiced, and it is. unlikely to be removed
by manipulation of the data. A reappraisal of that part of the data

and/or a further localised field survey may be called for in critical cases.

It will probably never be logistically or financially possible to
validate the reconnaissance on an appropriate scale. It must be taken
for what it is - the [first impressions of often tired and soggy
snorkellers. However, uséd.iﬁ a conservative and cautious manner, the
data are useful in the characterization of reefs over a scale of
hundreds of meters. The data will generally not coincide with critical
literal interpretation, -or with objective measurement within a small
section of a tow site. Anyone interpreting the data of this programme
must bear these limitations in mind, and the following secction is

included to ensure they are not underestimated.

Mcthodological short-comings and limitations

The programme's oviginators and participants were aware of the =

outset of its potential short-comings and limitations and this
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awareness was reinforced during field observations.

Limits to the dinterpretation which may be made of the data are

dictated by the following factors:

(a) the complexity of coral reefs;

(b) the physical aspects of the reconnaissance;
(c) intra-observer variability;

(d) inter-observer variability.

(a) The complexity of coral reefs

The structural complexity of coral reefs and the nature of their
benthic communities result in a vast amount of information being
received by the towed observer. Observers were required to integrate
over small scale (10's of .square meters) patchiness but to halt the
tow after qualitative or m333%~%gantitative changes of a large scale.
Differences between the observer§ in both the way they integrate and

the way they subdivide the tows are a source of unquantified variability.

-

(b) The physical aspects of the reconnaissance

The sinuocus nature of the tow path, the-“lateral limits of vision,
and the observer's tendency to concentrate upon a single zone at a
time results in the observation of only a sample of each zone. Turther-—
more, the relatively fast speed of the tow (about 1.5 knots) allows
only a cursory look at each sample. These attributes of the methodology
force the obhserver to overlook detail and attempt to assimilate and
integrate within-zone units of tens of square meters, to arrive at his
final scores. However, he is also required to recall the VDO's, which
requires a certain amount of notice be taken of those individual

colonies which collectively make the greatest visual impression.

(¢) Intra-observer variability

An individual observer's results may be inconsistent over time.
Observers almost always found data recall and intes
gration extremely difficult on their initial training attempt at
reconnaissance. However, the skills were generally lecarnt after a

small number of tows.
Tndividuals tended to improve in their recognition of VDO's with
increased experience. For example, they became aware of 0TU's not

previously recorded, or recorded at a lower level of resolution. . Such..
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{nconsistencies were counteracted by using a data matrix reduced to

a common lower level of resolution (sce Results).

A further inconsistency exhibited by individual obsecrvers resultsA
from fatigue. It was found that two hours was the maximum time a
team of two observers could sustain concentration, and so tow periods
were generally limited to this time. Three tow periods of up to two
hours each and separated by at least one hour could be completed
daily. After a period of seven consecutive days, observers felt their
accumulated fatigue amd information overload was beginning to affect
their performance. During winter tows, the physical stress caused by

low sea temperatures tended to shorten effective working times.

(d) Inter—observer variability -

The observation teams included people of varying background and
coral reef experience; (those with little or no prior experience were
given several familiarization tows before their data were used) .
Observers also differed in their interpretation of what constituted
particular VDO's; this indicated deficiencies in training, and was
counteracted in the present reconnaissance by use of the matrix reduced

to a lower level of resolution.

Even given equal éxperience and understanding of the VDO's, and
an identical tow path, individual estimates of area cover do vary.
Kenchington (1978) found that individuals could be calibrated accord-
ing to their tendency to under-or overestimate cover, but this
calibration has not been done in the current study reconnaissance.
Rather, a very conservative use of the data was made (viz. the

reduction of graded cover data from a 7 to 4 point scale - see Results) .

In assemblages where no.clgar dominants exist, individual per—
ceptions of the most doﬁinéﬁt benthos may also vary, t.e. two
individuals viewing the same'mixed assemblage may record different
dominants. It is not possible at this stage to differentiate in all
cases between real differences in the coral assemblages and simple
observer inconsistencies. However, thé good correlation between the
identify of the diagnostic constants, for most of the site groups
(Table 9) gives encouragement that this aspect of the rcconnaissance

is also of value.

P
2
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SUMMARY AND CONCLUSION

The aims, methods and some results of the Capricornia reconnalssance

programme are presented. The extent of interpretation and method of

§
£

data presentation are dictated by the needs of reef managers and the

impressionistic nature of reconnaissance data. An approach to the

use of the reconnaissance data, and the sources of its variability,
are discussed. Now 1t is necessary that the data be evaluated in a
real reef management coﬁtext, so decisions conéerning the method's
future use (dé is, or iﬁ a modified form) may be made. ;

At the time of writing, two important aspects of the study remain
to be completed. Firstly, although the computer mapping procedure
described in detail in Appendix I was fully developed, the unavail-
ability of the James Cook 6hiygrsity plotter during late 1979 and
early 1980 meant that the maps wére not produced in time for inclusion
with this report. With the plotten<£ow functional, and the prepared
data on the computer's archive, it will be a simple matter to produce
a full set of maps.. ’ v

Secondly, the treatment of VDO assemblage data was incomplete.
Tt should be possible using the interpretation illustrated in Figure
11 to compile assemblage distribution maps for each reef, This may
readily be done by selecting special symbolism in the plotting pro-
gram, and assigning an appropriate 'assemblage type' code to each tow
zone in the data file. This task was not attempted due to time
limitations, but should be done for the sake of completeness.

I, like all participants, am enthusiastic about the overview which
the method provides. 1 hope that the form of data presentation

developed here appropriately represents the impression gained.
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Instructions for the use of computer mapping programs with
data collected by the Great Barrier Reef Marine Park

Authority Staff and Associates.,




INTRODUCTION

The CALFORM computer plotting program at James Cook University of
North Queensland has been used to produce shaded conformant maps of the
GBRMPA coral reef reconnaissance data for Bunker reefs. (The method
supersedes the SYMAP procedures used to produce the Capricorn maps; see

the consultancy to James Cook University, June to December, 1978).

The CALTFORM maﬁual (appended) describes a wide range of options and
gives full details for rumning the program. The GBRMPA data require a
standard set of options toirepresenﬁ the graded data relating to coral ’
cover, aestheticéj diversigy, etc. This paper describes a new program %
called CALSET, which

a. simplifies data preparation, and

b. selects standard options.

for multiple production of mapé using CALFORM.

The following assumpticns have Eéen made

i. The field data are recorded on standard GBRMPA field data sheets
(Figure Al); )

ii. A reef outline with labelled paths (labels corresponding to the %
tow numbers in the data sheet) accompd%ies the field data;

iii. The reader is familiar with the CALFORM wanual, part I;

iv. The reader is familiar with rudimentary file handling and

editing on the James Cook University Computer.

Step by Step Instructions ‘ ¥

1. Preparation of the field data

(a) Check that data sheets are filled in completely and placed in

numerical order by toy number. Data for all reefs surveyed

on the one trip are to be kept together.

(b) Data sheets are forwarded to James Cook University Administration

Computer Service section for punching onto cards. Instructions

for card punching are as follows:

i. each column on the data sheet requires two cards;

the first dncludes site didentifiers and all data
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down to and dincluding 'Diversity' (Z.e. cover data);
the second includes site identifiers and all the VDO

data .

11l. Imstruct punch card operator that cover data and VDO

data may be punched separately.

1414, Site identifiers are punched in the first positions

of each card of both cover and VDO data. The format

is shown in Figure AZ.

iv. The formats of the actual data in the cover and VDO

files are also shown in Figure A2.

v. Once cards have been punched and verified, they are

submitted to the computer centre to be read. The two
files are given the extensions .COV and .SPP for the
cover and VDO data respectively. For example, the

Bunker data are called BUNK.COV and BUNK.SPP.

vi. Once on the users area these files should be archived

ARCH BUNK.COV, BUNK.SPP
(this command will delete the files from the users'
area). The files can be retrieveq using the command
.RETR BUNK.COV, BUNK.SPP -

Retrieval may take several hours, so should be anticipated.

.

Preparation of Source map

(a)

The source map is to consist of an outline of the reef and any
other imporxrtant features such as islands, banks or knolls. (A
tracing of the 5000' ASL colour series was used for the Bunker
Reefs, but a smaller scale will be necessary for larger reefs).
Superimposed over the outline is a stylized fbpresentation of
the tow path, subdivided into the sections for which field

data were recorded. On ecach section (or POLYCON in the CALFORM
terminology, is noted the tow.site number (Z.e. a decimal

number consisting of tow number and site number as recorded on

the field data sheet.

The computer maps can only be as good as the source map, 50 care

is required in dts compilation.

Two copies of the source map are vequired; dyeline copies of

large maps caun be made by JCU Buildings and Crounds section, . .

bt

A



Figure Al
The field data sheet whose entries are punched according
to the format indicated in Figure-A2.
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TFigure A2
Required punching format for data .recorded on field data
sheet (see Figure Al). A copy of Figure 2 should be
forwarded to the punchcard operators along with the j
completed field data sheets. .
b
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(b) The co-ordinates of the reef outlines and polygons are recorded
at points chosen by the user. The more pdints there are the
smoother the map will be. Points defining the POLYGONS are
marked on copy 1 of the source map; points defining reef,

island and knoll outlines are marked on copy 2.

Up to 4,000 points are allowed by CALFORM: and each is to be
individually numbered (although not all numbers need to be

written on the map; see below).

Copy 1. Points 1 and 2 are reserved for reef name and attribute
type, respectively, and numbered crosses should be marked on
copy 1'at the position at which these legends are required to

commence .

The remaininé points are marked on the outline of the tow
sites. The following comvention must be followed:

THE NUMBERED POINTS MUST BE ARRANGED, AS TAR AS POSSIBLE,
SEQUENTIALLY ALONG THE CONTOUR LINES WHICH DEFINE THE UPPER
AND LOWER MARGINS OF EACH TOW SITE.

An example of the correct procedure is given in Figure A3a.
Failure to follow this convention will make coding of the data

umnecessarily laborious.

Copy Z. The first point entered on copy 2 is assigned the
number immediately following the highest number on copy 1.
Points are marked on the reef outline, island outline, etc.;
include as many points as necessary to achieve the required
detail. It has been found to be satisfactory to label only
every fifth point on long sequences on readily visible lines.

See Tigure Alb,

Digitizing the source map

The co-ordinates of all the number poiixts are digitized on the large

digitizing table at AIMS using the following procedures:
(a) Tape copy 1 of the source map to the digitizing table;
(b) Run program TERRY and follow the iastructions displayed;

(c) Give the output file the name (reef no. 1.DIG) e.g. CB341.DIC;

N

)




a)

b)

Figure 3

=

Copy 1 of a hypothetical sourte map showing points

used to define legend and titlevgiarting positions
(points 1 and 2) and tow zomes (points 3 - 128).

The sequence of numbering should always follow along
the 'contours' as shown. Numbers in eachy tow zone

correspond with tow site number on data sheet.

Copy 2 of the hypothetical source map, showing how
numbering sequence continues uninterrupted from

copy 1.
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(d) Starting at point No. 1, touch each of the poimfs in turn
with electronic pen;

(e) Exit from the program as instructed;

(£) Tape copy 2 of the source map in exactly the same position as
copy 1 (as near an exact overlay as possible);

(g) Give the output the name (reef no. 2.DIG) e.g. CB342.DIG;

(h) Starting at the lowest nunber, touch each of the points in

turn;

(4D Exit from the program as instructed.

Transfer of digitized map co-ordinates to James Cook System

Data are transported on Floppy discs which can be read at J.C.U.
Floppy discs can be obtained from the James Cook University Computer

Centre.

-

(a) At AIMS
Run program FLOPPY to load data onto the floppy disc.

(b) At JCU
Hand over floppy disc to Mr Duce, Administration Computer

Services, to have it read onto JCU systemn.

Coding of the source map

It is necessary to define the outlines of the POLYGONS, reefs, islands
etc. in terms of the numbered points. Special CALSET coding forms
(Figure A4) have been printed with a resuné of the following instructions

included. -~

(a) Have a listing of the cover data file (e.g. BUNK.COV) at hand.

Locate the data set for the required reef.

{(b) Fill in the CALSET coding form for POLYGONS .as follows:
i. Enter the feef identifying code (e.g. CB34) and name
(e.g. Hoskyn) in the Sp&ceé indicated at top of form;
ii. Locate on copy 1 of the Source Map the POLYCON with
the first tow.site number listed in the cover data file.
Inter the tow.site number right justified in column

1 - 4 on coding sheet;

-
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A coding form completed by the user to define tow zone
outlines, legends, titles and outlines of reefs, islands,
etc. The detailed rules for using the form are included

in the text. g
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iii. Define dits shape in terms of the points on its outline.
. consecutive sequences such as 34 35 36 37 38 should
be abbreviated 34 - 38,
. If no consequentive sequence exists, the number should
be entered to the left of a dash on the coding sheet,
VER the right. |
It is not necessary to close the POLYGON by repeating
the first number.
When coding of the POLYGON is complete, write 9999
to left of next dash, (never to the right).
.~ Locate the next numbered tow site from the cover file
and repeat from (b) iidi.
. When last POLYCON has been defined, write END in
columns 1 ~“3%0§ the next line.
(c) Continue filling in CALSET coding form for reef outline and other
features as fol}ows:

(remember to enter reef number and name and page number at top

of each coding form used).

. Leave columns 1 - 4 blank.

. Define outlines; the conventions are the same as for
POLYGONS, except;

- it is necessary to repeat the first number to obtain a
closed outline, and; v
it is not required that the four 9's be inserted at the
end of an outline.

.. More than one line of the coding form may be used if
necessary.

. A maximum of 100 points are allowed for“any one line ox
outline, so i& Qill sometimes be necessary bto break long
reef outlines inté sections of 100 or fewer points.

. Write END In columns 1 - 3 when all outlines have been

defined.

Punching POLYGON and Qutline Data

The CALSET coding forms are to be handed to punchcard operators for

punching and wverifying.
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(a) fach reef's data 1s to be punched as a separate file, the
name of which is dindicated on the top of each coding form
as {reef no.USE) e.g. CB34.USE. The names of all the files
should be 1listed on the job form submitted with the work.

(b) The cards are submitted to the computer centre for reading

as separate files.

7. Checking of data before map production

It is vital that the following check of data be made before map

productien: -

— (a) Obtain a listing of the cover data file (e.g. BUNK.COV);

,,,,, (b) Obtain a listing of the user file for the reef involved
(e.g. CB34.USE); "

{c) Check that the order of Eﬁe‘pow.site numbers on .COV file
is identical to the order én the .USE file.

(a) If there is a disparity, it will be necessary either to
define extra POLYGONS or delete lines of .COV data, using

-

an editing program.

{e) Once disparities are removed, a trial run of the data is
) advised.
8 Trial run

It is recommended that a trial run be made to produce a single map with
outlines only and no shading.
(a) Run the sequence of programs as indicated in the anotated
example below, but:
i. request only”i mép'(see 8(c) 1ii) in anotated example;
ii. edit the output Ffrom CALSET (Z.e. FORZL.DAT) as follows:
. delere all lines between, but excluding 'VALUES'
and the next 'END'; S
.. delete the '"X' from the. MAP line.
(b) Run CALTORM on this edited file and plot the map (steps

10 - 14 in anotated example).

9. Production of shaded maps

The trial run will indicate if errors in coding of polygons and
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outlines have occurred. Once these have been eliminated, a production
run can be made. The procedure for producing maps of aesthetics,

hard coral cover, soft coral cover and dead coral cover in a single
run is shown in the anotated example. The cholce of other

attributes is shown in 8(c) 4idi).

Conclusion
The quality of map output by this method depends on the quality of the
source map and the distance between POINTS used to define POLYGONS

and outlines. Variations in the standard shading options may be made
by simple adjustmemtsitowthe CALSET program and users are referred to

the author (T. Done) if changes of this type are desired.
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Instructions for Production of Maps using CALIFORM

(To be recad in conjunction with 'Dxample Runt)

<E;> Copy the two .DIG files onto FOR22.DAT, which is the input file

foxr DIVAD

-
(Et) a) Execute program DIVAD
This first run of program DIVAD will discover end of file
characters which are inserted by the AIMS system, but which

~

“are 'blank errors' to the JCU system

b) The error is signallqd - 1t appears as a blank inside the

: T
square brackets =

c¢) The blank error is on the linevpreceding the line containing,
~in this example,‘l60 1528 1632 in file FOR22.DAT,

“We also know a similar 'blank error' has been inserted by the

AIMS system as the last line of FOR22,DAT.

Bdit TFOR22.DAT to eliminate these 'blank errors?

a) Locate the line containing, in this example, 160 1528 1632
D) go up to the line above

c) delete

d) go to the bottom line of the file -

e) bottom line appears”blahk; but contains a 'blank exroxr'

f) delete this bottom blank line

g) exit from the editor by typing FI

(};) Execute program DIVAD -

This time, the program will convert the digitized map data into
centimeters recorded in an appropriate format for the following

steps. The output from DIVAD is in FORPL.DAT
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e

JEDD FOROL.DAT S
1‘ 700(?(? ) 7¢(.[)0
¥l /.7 .
FEFEND
¥C

,COF FOR20.DAT=CR34USE

. COF FDRQQeﬂﬂTmBUNKRaCOU
CEDDFORZ2OLDAT

*T

THRTOR

I

ITrieut ‘
34 HOSKYN ISLANT REEF
19

EAN

CEDIFIL Filed T DISKAIFOR20,DATI

JEX CALSET

LITHES Loosdiims :
CLNEXCT CALSET Esecution

Tor “

(XD

ENDY OF EXECUTION -
CRU TIME! .48 ELAFSED TIME?D 449,92
EXIT

CCOP CALFOR. DAT=FOR2 1, DAT

1.2 122~ 121 123~ 150~ 152

151 59909
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It is necessary to examine FORZL.DAT to ensure there are no
negative co-ordinates, as these are unacceptable to the programs

to follow: EDIT is used to check the file for negative signs.

a) Load FORPL.DAT onto the editing program.

b) Locate the character '-' (i.e. negative sign)

¢} This reply indicates the editor has reached the end of the
file without finding any negative data, so

d) exit from EDIT using 'control C!

NOTE a)} Should negative data occur in FORZL,DAT, it will be

necessary to find the greatest absolute negative value for

o

both x and y co—ordinategf and then adjust program DIVAD so
that all x and y values have a number added such that the
smallest is positive. Once this has been done, repéat
steps 4. and 5, which will remove all negative data, and

confirm their absence, respectively.,

b) Once FORZL.DAT is free of negative data, it becomes

input for the next program - CALSET

Copy the ,USE file into FOR2Y.,DAT
Copy the field cover data-into FORP2.DAT. The program will
select only data for the specified reef, so the entire data

file can be copied into TFOR@2.DAT

Use EDIT to insert records 1 and 2 onto top of FOR2@.DAT
a) go to top of file

b)  input command
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¢} Record 1

i) type 'recf number?', right justificd in columng 1-5
ii) either - leave 15 blank spaces to obtain 'default

option', maps {(as in example)

i.e, aesthetics {attribute No, 1)
hard coral cover . (attribute No, 2)
soft coral cover - {attribute No, 3)
' “‘dead coral cover (attribute No, 4)

or insert the number of any required attribute in

columns 8, 11, 14 and 17,

The remaining, attributes are:

macroscopic algae (attribute No, 5)
colony size (attribute No, 6)
diversity (attribute No, 7)

If less than four maps are required, type '99' to end

in column 11, 14 or 17, which ever immediately follows

the last map specified,

iiil) Starting colwmn 21, type in any text which identifies

the series of maps produced,

Example of a run to obtain algae, sizevand diversity maps.

34 5 6 7 99  HOSKYN I8 REEF

..... L I S L T LR T S A SR

d) Record 2
Type in free format, the he;ght"mf the source map, in inches
(to nearest inch). This figure is uséd to calculate the scale
of factor to produce a map and legends of total height 10 inches.

The following should be noted.

i
§




-

i) This height should include the legends as well as the

map itself 1.e, distance a, not b,

J
5 Cc a b
/
b HOSKYN REEFR
AESTHETICS

If the legends are not accounted for an error will

usually result,

1i) A small map may be output by exaggerating this figure as
required (e.g. distance ¢). Thus, for a map plus legends
height of 5 inches, distance ¢ should be double distance

a,

e) Close the file using command FI

IExecute program CALSET, which, providing there are no errors in the

input data so far, will set up the input deck for CALFORM using

standard shading options,

The output from CALSET is called FOR2L.DAT. Tt is copied to a
£ile called CALFOR.DAT, which is the required name for the CALFORM
input file. This command will overwrite any data already in

CALFORM, DAT

i
&
i

e
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This is the command to run the CALFORM program

a) In the example, the program responds by printing out the
first three letters of each procedure reached. Note that

four maps (marked by *) were produced, since :the default

option (of four maps) had been requested (see 8. ¢) ii) above)

Note also that the FINISH command (marked by **) was reached.

If the specified number of maps were not produced, or FINISH

not reached, there has been an error in running. The nature

of this error can be ascertained by typing TY CALOUT.DAT which

is the output file for CALFORM. Adjustments to the data can

be made on the basis of the error message thercin (see also the

CALI'ORM manual if necessary).

b) In a successful run, the plots will always have these names.

These should be renamed immediately as shown in 12,

This command renames the‘plot, Note that the fir;t four
chéracters‘C834‘are the reéf code for Hoskyn Reef; cﬁoose the
appropriate reef code in each case.

.
This command confirmsvthat the plot files have been renamed, and

shows their new names.

[P

L.




e

14 CELOT CRZA0 LT

Totel of 19 bhlocks im 1 Tile in P LT renuest

15, ARCH CHIAY 2T ” éf
ARCHIY CREAY  FLT=CRI4%, FLT
Tolel of 2 Tilear 54 hlocke o rocescan b ARCHIV.

‘ g,
~ WPRINT CALOUT.DAT |

Total of 112 .blocke im 1 file irn LET reouest
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The first of these plot files is plotted using this command (and

is automatically deleted from the user's area).

i
.

(::) All remaining plot files of the form CB34*_.PLT are archived and

removed from the user's area,

Once the plot requested in 14 has been examined and foﬁnd
satisfactory, the ﬁlét files from the archives may be retrieved
'as follows:

.RETR CB34* PLT ?

This may take several hours, so should be anticipated. Once on

the users area these files may be plotted using the command

. PLOT CB34* PLT

. Note that this command will delete the files from the user's area.

16. This command prints the output file, which should be checked for
warning or error messages which are explained in the CALFORM

Manual, but which should, by this stage, be non-existant.

Repeat Runs
a) For extra attributes on the same reef
Edit the first line of FORZ0.DAT to indicate the required o
attributes (see step 8, above) and continue from step 9 to 11.
Rename the plot files to names which are different to ecarlier

renamed files for this reef.

b} For new reefs |

Start from step 1, and follow to 16, However, if field- =7

’

data are on came file as the previous run, there is no nced

to do step 7,
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APPENDIX Ib

Instructions for Production of Tables Summarizing the

Attribute Scores on Grodps of Reefs

o

p——
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Instructions for Production of Tables Summarizing

the Attribute Scores on Groups of Reefs

PROGRAMS ATTABLl AND ATTAB2

(to be read in conjunction with 'Example Run ') ' : {

Copy the CBALL.RAW data into FORGL.DAT

Execute REF, which puts CBALL.RAW into the same format as

BUNKR.COV

Copy the two files FOR@P2.DAT (which is the reformated output

of CBALL.RAW) and BUNKR.COV into FOR@I1.DAT

Copy the file of reef numbers and names into FOR@2.DAT

Execute ATTABRL (or ATTABZ2)
ATTABL tabulates.all attributes in a 7 column table

ATTAB? tabulates the 7 grade attributes on a 4 point scale
Input the reef numbexr of the first reef in file FORYL.DAT
This output shows program 1s running correcctly

Rename FORZ7.DAT (the output file) to a more logical

name (optional)

Print the output tables on plain paper and delete it from

the area.
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APPENDIX IT

Summary of raw data. Reefs are ranked in order of decreasing
average attribute score. The number of records (t.e. tow zones)
and the proportion of scores of Ojﬁbzw2, 3, 4, 5 and 6 are
indicated. Attributes summarised are gésthetics, and cover of
hard, soft and dead standing coral, and macroscopic algae.

Raw data for colony size and OTU diVersity are as in Tables 3f

and 3g.




AESTHETICS

REEF, . C o  MOLRECS,  AVELSCR, 6 . 5 4 3 2 : J
WILSON ISLAND REEF lo 3.7 .18 ©.1¢ ¢.,26 ¢,60

NOKTH WEST ISLAHD REEF 33 3.4 2,03 m,24 ¢,27 e,is g,18 .89 0,83
TRYON ISLAND REEF 15 3.4 0.13 g.33 a.,49 @,27 e¢.27
SYKES REEF 21 3.1 d,1¢ 8,24 0,43 ¢,14 ¢,i0

ONE TREE ISLAND REEF 46 3.1 2,11 0,28 @a,36 4,24 ¢,87
FA’rFAX I1STANDS REEF 49 3,1 F.82 2,13 p¢,38 2,15 ¢g,15 g,2¢
MASTHEAD ISLAND REEF 24 3,0 ¢.04 0,68 2,21 ¢,295 8,25 @,13
FITZROY REFF 96 3.0 9,22 @,e8 @,25 @,28 ¢,23 3,14
ULLEWELLYN REEF 74 3.4 6,13 4,23 ¢,24 g,15 ¢,24
WISTARI REEF : 29 2,8 .23 #A,43 0,31 @,21 ¢,21 0,24
PCLMAISE RELF 16 2.8 ' 0,13 0,25 0,06 ¢,38 ¢,19

LACY ELLTOTT ISLAND REEF 19 2.8 €,85 8,85 @a,32 e¢,i6 e¢,11 2,32
HERON ISLAND REEF 88 2,7 €.01 ©.,07 ¢,19 @,22 -¢,31 @¢,18 @,p¢
BROONMFIELD KEEF . 25 2.7 ; g2 20 8,98 g,44 g¢,16
LAYQNT REEF . 27 2.6 a.,27 ¢,19 9,26 ¢,19 ¢,3p
BOULT REEF ' 8 2,6 7.82 @,29 2,17 ¢,20 @¢,31 ¢,22

LACY MUSGRAVE ISTAND REEF 85 2,6 Pl @ 18 @,22 g,i8 2,32
NOETH REEF ISLAND REEF 21 2,5 ' a.14 €,33 ¢,43 ¢.1a
HOSKYN ISLANDS REEF : 27 2.3 7,22 8,19 ¢,26 ¢,33
HRECK 1SLAND REEF - ~ 18 2.2 p.lL g, 11 g,e1 ¢, 17
EREKINE ISLAND REEF 24 2.1 A7 2.2t p.2¢ .42




HARD CORAL

REEF |, .« « . . . . . _NOLRECS, _ AVE,SCR, 6 5 4 32 ! g

9 ~ - . g - - .

CRRTGHEORIE FOOD ST GI WLY Y s ory CTD D VLT CLD TGN e IS GO D W R LI D 505 KT TSI 0 T DD smay T TS sor S 0D ST T 058 D e D B gy W7 B 23 T ARG ST 0 s a3 P QOIS SSRTT OB P g e DT s SO o S TR DAL AT RN eI AT TP T T AT ey B O3 O
[T 1 fakel
MASTHEAD TSLAND RrEEF

24 4,13 2,38 0,5¢ 8,13

HORTH WEST ISLAND REEF 33 4,1 f.12 8,36 5,24 0,12 8,29 Z.08
FAIKFAX ISLANDS REEF 4o 4,1 2,30 2,32 e.ch @68 0,08 0,13 0,05
WISTARI REEF 29 4,0 ¢.17 0,38 @¢,e7 ¢.16 ¢,21 0,087

SYKES REEF 21 4.0 .lo @28 0,29 0,14 €,05 0,85 0,
LLEWELLYN REEF 74 4,0 .24 0,28 6,13 e,13 e, 2,04 0.¢7
HILSCH ISLAND REEF Lo 3,8 6,40 ©,20 9,20 @,2¢

TRYQOKN ISLAND REEF . 15 3,8 2,67 @649 gﬂ.;},} g,13 8,20 ¢.e7
BROOMFIELD REEF 25 3.6 .26 0,32 @,12 0,20 €,2¢ €,24 €,04
HOSKYH ISLA”DS RES? 27 3°6 Q,ZZ ‘ztii 8036 @ag7 EEQ’? geig @3@4
ONE TREE ISLAND REEF | 46 3,5 6,28 ¢,35 ¢,13 ¢,11 e,13

HEFON 1SLAND REEF . . 88 3.4 .10 2,16 0,25 0,20 ¢.,i3 ¢,18 0,06
FITZRCY REEF A 96 3,4 2.,19.792,24 9,18 0,16 ¢,16 0,87 ¢,1J
BOULT REEF - 81 3,4 ¢,22 @,11 g,i5 @,17 ¢,15 @¢,i¢ ¢,i@
LACY ELLIOTT ISLAND REEF 19 3.4 e.y6 ©.21 0.6 .l6 2.5 e,2L 0,25
LAMONT REEF 29 3@3 B 6536 @‘ii @,35{7) ‘2,&?7 @wg7 guj’i
LACY MUSGRAVE ISLAND REEF | 85 3,3 £.13 0,24 0,13 @15 ¢.14 €,12 0,89
WRECK ISLAND REEF 13 342 .28 0,17 0,28 g1 2,06 9,1t
NORTH REEF ISLAND REEF | 2 2,9 .14 e,lo 8,48 e.lg 2,19
POLMAISE REEF ' 16 2,7 €.13 ¢,19 g¢,¢5 ¢,13 2,38 €,13
ERSKINE ISLAND REEF 24 2.7 ¢.20 ¢,21 0,04

o
-

5N
[fo]

2,28 2,1



SCFT CORAL

REEF . s . NQLRECS, ~ AVE,SCR, 6 .5 4 3y 2 1 e
MASTHEAD ISLAND RrEEF 24 3.1 2,08 8,33 €,29 £,17 L 13
WILsCH ISLAND REEF ig 2.9 G,1¢ ea&@ 2,38
ERSKINE ISLAND REEF 24 2.3 0,28 2,20 9,17 ¢.28 €,33 2.1
NORTH WEST ISLAND REEF 33 2.2 2,09 ¢,iz ¢,18 @,l5 2,36 €,€9
TRYQN ISLARD REEF 15 2,1 8,27 @,12 6,13 2,13 ¢,53
SYKES REEF 21 1,9 6,19 @¢,62 2,18 @,1¢
WRECK ISLAND REEF 18 1,9 0,06 .33 2,22 2,22 ¢,47
WISTARI REEF 29 1,8 8.27 0,24 £,34 ¢.12 ¢,24
BRCOMFTELD REEF 25 1,8 6,84 u,lé6 9,84 8,32 2,228 2,24
NCRTH REEF ISLAND REEF : 21 1,7 0,14 @,i4 @,¢5 4,62 @,85
ONE TREE ISLAND REEF ; 46 1,4 2,02 3,15 €,24- ¢,33 .9,26
LLEWELLYN REEF : 71 1.4 2,23 @a,13 9,06 ¢,i8 ¢,23 0,38
POLMAISE REEF 16 , 1,3 ¢,06 6,06 €.,19 @¢,44 ¢,25%
LYONT REEF 27 . L. . B.04 @,19 2,48 2,30
FITZRQY RuFF ‘ 9 1,0 2.1 ©,02 @,82 6,85 ¢.15 @,27 @©.448
thnﬁgx ISLANDS REEF . 4g 1.0 . .02 e,t3 g.15 ¢,27 9,4
HERON ISLAND REEF 88 e B,98 2,18 2,34 2,40
LADY MUSGRAVE ISLANDfREEF 8% .9 g,81 2,07 .13 2,34 ¢,45
LaCY ELLIQTT ISLanD REEF | 19 LT : ¢,8%5 2,114 9;32 2,53
RCULT REEF T . 81 . 6 p,21 8,82 9,84 ¢,05 €,25 @,63
HOSKYN ISLANDS REEF , 27 , 6 n.e4 0,27 @,3@ 2,59




CEAD CORAL

REEF o . NOLRECS,  AVE,SCR, & . .5 4 3 2 b e

[ACY PUSGRAVE ISLAND REEF 85 .9 o f4 0.11 e.12 e.2t #,.53
FITZROY REEF 95 . 8 ¢.¢1 ¢.,14 @¢,28 2,23 ¢,54
LLEWELLYN REEF 74 o7 g,06 ©,03 @,13 2,15 ¢,83
BOULT REEF 81 .6 g.e2 8,84 g,11 8,17 0,65
HERON ISLANR REEF 88 .5 6,23 9,02 .27 ©,13 @,75
PCLMAISE REEF 16 , 5 ‘ g, 19 ¢,t3 ¢,69
MALSTHEAD ISLAND REEF 24 .5 a.84 0,04 g,21 g,71
ERSKINE ISLAND REEF 24 5 p,04 €,84 €,25 2,83
HCEXKYN ISLANDS REEF 27 05 8,87 ¢.,87 @e.,i5 ¢,74
FAIRFAX ISLANDS REEF dp 5 ¢,e8 @¢,38 ¢,5%
WRECK ISLAND REEF : 18 o 4 g,11 . 2,86 §,83
WISTARI REEF : 29 o3 , 2,23 ¢,28 ¢,89
ONE TREE ISLAND REEF 46 . 03 ¢,02 @¢,27 @.,e7 @,85
WILSON ISLAND REEF . g . o3 .18 @,1¢ 6,8y
LADY ELLIOTT I1SLAND REEF 19 # .3 e,y ¢,11 2,78
HOKTE wEST ISLAND REEF 3y o ? .3 ¢,13 @¢,82
SYKES REEF 24 o 1 g,14 9,88
NOFTH REEF ISLAND REFF 21 2,8 ¢,25 9,95
TKYQN TSLaAND REEF , .15 2.0 1,63
BROOMFIELD REEF . 25 2,0 1,20
AMONT REEF ’ 27 ¢.9

[N
o
(o>
-
[s9]
-
O
o




¥ACRQ ALGAE

REED

Pu
P
pawhy

« - « o e .. . NO,RECS, ~ AVE,SCR, 6. .5 4 3 .2
FOLMAISE REET 16 3.3 2,38 2,43 ¢, 13 8,13 ¢,2%
EREKINE IsLAND RELF 24 1,4 2.04 .84 ¢,88% e, i7 2,38 ¢£,29
NORTH REEF ISLAND REEF 21 {,4 3,25 ¢,lo 0,24 ©€,29 ¢,33
NORTH WEST ISLAND REEF 33 1,2 .23 g,66 g,i8 2,39 @,33
MrSTHEAD ISLAND REEF 24 1,2 . @.¢8 @,28 ‘g,21 ¢,17 @,48
ERCO¥FIZLD REEF 25 14 4,84 0,84 3,24 8,32 ¢,38
TrYON ISLanb REEF 15 .9 8,13 8,13 8,249 2,53
LLEWELLYN REEF T4 . 9 3,03 .ty e,51 ¢,35
HOSKYN ISLANDS REEF 27 N a,24 0,87 6,11 8,19 ¢,59
ONE TREE ISLAND REEF 46 o7 g,22 g,27 ©,46 ¢,46
WRECK ISLanD REEF 18 .7 ¢,76 ©,56 2,39
wILsCl ISLA“D REEF ig @‘7 - @5?@_ {3'3(5
HERON ISLAND REEF 88 . 5 9,93 ¢,lg ¢,32 ¢,55
WISTARI REEF 29 . 6 Ce.23 ¢,52 @,45%
LA¥ONT REEF 27 . . 6 g,04 2,24 €,¢7 ¢,it 2,74
FAIRFAX TSLANDS REEF 4o f = 2,02 ©,82. 8,45 .¢,02 €,22 ¢,65
BOULT REEF 6y .5 a,01 - e 11 ¢,26 9,62
LACY MUSGRAVE ISLAND REEF e8'5 . ¢g,01 @'Ggl . 2,25 @32"8 @'365
LACY ELLIQTT ISLAND REEF 19 .5 Cg, 1 2,16 ©,74
SYKES REEF 21 . 4 2,25 8,29 ¢,67
FITZROY REEF 96 o 1 ¢.cy 2,13 2,86
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TFOREWORD

This paper is Part II of a report to the Great Barrier Reef
Marine Park Authority. It relates the status of a photogrammetric
monitoring programme partly developed during the course of the
project "StudyAfof Development and Refinement of Coral Baseline
and Monitoring Methodélogy”_

The author gratefully acknowledges the support of the Greét
Barrier Reef Marine Park Authority for funding the project from
March 1979 to March 1980. Thaﬁ?smalso to Professor Cyril Burdon-
Jones who provided facilities and support at James Cook University
of North Queensland, and Richard Kenchington, who assisted the

study in numerous ways.




INIRODUCTTON

The Great Barrler Reef Marine Park Authority has a need for two
types of basic biological data. The first is baseline data relating
to the condition of coral communities on particular reefs at a point
in time. The second is time series data to indicate the types and rates
of change which might occur in these communities. The Authority's
'benthos reconnaissance programme' is considered in an accompanying report.
This report deals with a photogrammetric benthos monitoring technique
developed by the author with the support, in the latter stages, of the

Authority. ~ >

Ecological systems composed of mixed populations of organisms have
an inherent propenéity for change. The concepts of ecological equilibrium
and non-equilibrium evolved from the observation that some living
communities maintain a more or ‘less constant species composition through
%

time, and others undergo a succession in which species composition and/or

numerical relationships change through time.

Coral reef ecologists have proposed various equilibrium and non-
equilibrium hypotheses to account for observations of change in reef coral
communities (see Connell, 1978, for a review). Coral reef managers, in
particular the Great Barrier Reef Marine Park Authority, have a practical
interest in the phenomenon of change in reef coral communities; they are
likely, for example, to be called upon to make decisions regarding the
useage of reefs in the light of change which may take place in the
communities due to disturbance by man (through over use, pollution; etc.)
or natural sources (e.g. cyclones, sedimentation). Decisions of this type
will require an understanding of baseline conditions, including natural

rates of change in coral community structure.

Traditional methods for documenting coral community structure usually
involve the use of line transéthf(elg. Loya, 1972; Porter, 1972) or quadrats
(see Scheer, 1978). They provide useful ecological data, but are extremely
demanding of labour and expertise. Time series photography of permanently
marked sites provides a less demanding method for documéhting change in
reef coral communities. Connell (1973) and Pearson (1974) used this approach,
the former as a primary data.source, the latter as an adjunct to detailed
field measurements of colonies. Porter (pers.comm.) has used time series
photography of coral plots to illustrate chdﬁges associated with storm

damage. Laxton (1976) has developed a close range rig for monitoring change




in sewerage polluted benthos. Other workers have used photography in
primary survey of coral communities (e.g. Laxton and Stablum, 1974; Drew,

1977) .

All the above workers have used single camera systems in which an
index of coral cover is derived from the area of the image on the photo-
graph. Scale objects are generally placed in the field of view, and the
photography position standardized as far as possible on each occasion.
Even given identical rélocation of the camera, the single camera method
suffers from two major shortcomings. The first is a scaling problem; the
photographic image of aﬁ object will vary in size depending upon the
object's distance from the camera. This can be a major’source of error
in close range photogrammetry of this type. The second shortcoming is
due to the limits of phdtograph}c resolution; there are frequently
insurrmountable difficultues in S?QQ%sely identifying species from their
photographic image. These problems maywbg circumvented in studies (e.g.
Connell, 1973) where dist%Fces of colgnies from the camera are rather

constant and corals are identified in the field.

The object of the current study was to develop a methodology capable
of documenting and quantifying change in a great diversity of reef -
habitats, including weather and lee slopes at various depths, and reef
top habitats. The photographic method provides a means by which a large
number of permanently marked sites can be periodically monitored. A
stereoscopic camera system is used which, by its geometry, provides a
means of estimating the distance of each colony from the camera (and
hence, its scale). Its superior image resolution, allows an acceptable
level of taxonomic resolution to be achieved by stereoscopic viewing of
the photographs. Other shallow water diver-operated systems have been

reported by Lundidlv, 1976 and TFryer et al. 1979).
METHODS

The camera system

The camera system consists of two Nikonos IIT cameras mounted side
by side on a frame with their optical axes parellel to each other (see
Figure 1). FEach camera has a National PE326 electronic flash in a

housing mounted beneath it. The cameras are triggered within about .1




b)

c)

FIGURE 1
Upper part of stereophotogggphy apparatus. Cameras are
bolted to base plate and aligned parallel with each other.
They are triggered by a synchronizing bar; each fires its
own flash.
Diagram of side view of apparatus showing distance rod

and extension in place.

Detail of spirit levels and name plate (plan view).




base plate

flashes

distance rod

see detail

detail
™

name plate




FIGURE 2

Part of line transect AlTl at John Brewer Reef. Photographs

are centered on 3, 4, 5, 6 and 7 meter marks of line transects.

-

left - - October, 1976 .
middle -~ April, 1979 -
right - January, »1980







second of each other using 2 mechanical synchronlzing bar.

A distance rod holder is a permanent part of the frame. Three Iinter-
changeable distance rods may be used, giving a camera to subject range of

from 0.5 to 2 meters (plus depth of fileld).

A projection from the distance rod extends into the field of view.
It carries two small spirit levels and a name plate; all appear in the
photograph. The system is designed to take near vertical photographs,
and at 1.9 meters (thé standard distance used in the current study)
there is approximately 80Z overlap of the stereopairs. The field of view
at 1.9 m is approximately 1.2 x 1.8 m (28 mm lens) and 0.8 x 1.2 m (35 mm
lens) . Black and white (125 ASA) and colour print film (100 ASA and 400
ASA) have been used successfully.
Tield procedures

"

-

AN

Photographs are taken at 1 meter intervals along a 10 meter tape
laid between two steel pegs driven pefﬁanéntly into the reef (see Figure
2). The distal projectiongis oriented along the tape, and the optical
axis made near vertical by centering the bubble in each spirit level.
A photographic sample set consists of the eleven stereopairs required to
photograph the line from 0-10 meters inclusive. MHowever, in this report
the characteristics of the‘method are demonstrated by examining one
section of one line taken on three different occasions. This is the 4
meter mark of Pearson and Garrett's transect AITI (unpublished data) at
John Brewer Reef, near Townsville. Dates of photography were October

1976, April 1979 and January 1980.

An invaludble characteristic of the method is that it is not essential
to place the distance rod in an identical position on each occasion, since
differences in position may be. accounted for in the interpretation stage.
However, it dis desirable to plaéé it as close as possible to the same
position on each occasion, and to this end, a waterproof copy of the

previous series of photographs is used as a guide.

Interpretation and measurement

Photographs are developed to the edge of the negative margin so that
the principal point of each may be established by joining diagonals.
Photographs are set up, viewed and parallax measurements taken in accord-

ance with routine procedures (Tewinkle, 1965). Sokkisha Mirror Stereo=




scope M27 and Parallax Bar Pl were used in the current study.

The aims of the interpretation arve twofold:-
1) recording of qualitative change from prior states, such as loss
of colonies, establishment of new colonies, coral damage, etc.
ii) Determination of the scale of each colony on the photograph,
which, as mentioned above, depends on the distance from the
camera focal plane. Once a scaling factor has been established,
linear and area measurements from the print may be converted to

estimates of in situ measurements.

- The mean of four measurements of parallax is determined for each
colony plus the top of the spirit level. If a number of assumptions
are made (see below), the height of a colony relative to the spirit

level may be calculated using the simple parallax equation:

L

Ah =  H X -é£~g- o , (Tewinkle, 1965, p.23)

By

Hi, the estimated distance from the focal plane to colony i is:

- H x Ap,
Hy = H'<b+ap)

where

Ah is the height difference between the spirit level
and the coral,

Ap is the mean parallax difference between the spirit
level and the coral,

b is the photographic base (Z.e. the average distance
between each principal point and its conjugate) and

H is rhe distance from the focal plane to the top of

the spirit level.

The scaling factor by which print measurements are multiplied to estimate

i1 s1tu measurements ig:-—
SF = Hi/(f x r x Sp)
where

S¥ is the scéling factor,
is the focal length of'the lens used,
r is the refractive index of water,

Sp is the plotographic enlargement factor, determinced by
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microscopic measurement of the print and negative
images of the name plate, and dividing the former

length by the latter.

The above computations  are based on the following assumptions:

i) lenses are identical and optically flat,

ii) lens focal length equals nominal focal length,
1ii) optical axes of-photos are vertical and parallel,
1v) measurement of pardllax is precise,

V) photocnlargement'is precisely calculated,

vi) the distance H is accurately known.

All of these assumptions are violated to a greater or lesser degree
in the present study (as they. are in most field studies using photo-
S
grammetry). They may be counteracted by introducing extra control points
into the field of view, using optically more suitable equipment, and
adding a series of correction terms to the basic equations. (However,
these correction terms require a more sophisticated and time-consuming

interpretation than used here).

All of these options may be considered for future studies requiring
precise data. TFor the present purposes a simple, empirical validation
of the method using photographs of objects of known size was considered
adequate. FEcological data is notoriously imprecise, and an estimate of
known errors of the system is sufficient to allow a reasonable use of

the cover estimates obtained.
RESULTS

Theoretical considerations.of .known errors

A number of computations were made so that the effect of some of

the known error sources could be quantified.

a) Nominal focal lengrh not equal to actual focal length

If a lens nominally stated to have a focal length of 35 mm is in
fact 2 mm smaller or larger than this figure, errors of =5.47 and
+6.8% in length estimates occur. Actual deviations from the nominal

focal length would presumably be much less than 2 mm.




Housebrick validation experimental setups.

top - Bricks 1.1 to 1.3 m from cameras
middle - Bricks 1.9 to 2.2 m from cameras

bottom - Bricks 1.6 to 1.8 m from cameras

i

e

i
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Estimated Distance Estimated Actual Estimated/Actual

from focal point _Length Length x 1007
(am) (m) (i) (%)
1134 84.5 77 - 109.7
1146 118.7 112 105.9
1320 192.0 191 100.5
1327 306.6 - 291 105.4
1577 .108.8 112 97.1
1582 72.8 77 94.6
1705 186.4 191 97.6
1721 ' 88.1 89 99.0
1762 281.3 291 96.7
1758 186.1 191 97.4
1805 : 71.7 77 » 93.1
1842 224.5 232 96.8
1940 89.1 89 100.1
1949 184.7 191 96.7
1964 ' 274.0 291 942
2034 185.6° 191 97.2
2193 223.0 - v232 96.1
2209 75.3 77 97.8

Table 1 Estimates of houscebrick dimensions at distances shown.’

Maximum error of estimate was 17 mm at 1964 mm.
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b) Optical axcs not perfectly vertical

In a tilrted photograpli, the scale of any point is a function of

tilt and distance from isccenter (see Tewinkle, 1965, p.27). Points

. . . o
on the print margin have the grecatest ervor. A tilt of 5 was calculated

ki

to cause an error in the liunear scaling factor of -47% to +27; a tilt of
o bl

0 : . . . .
107 causes an error of -7 to +4%. The actual tilt occurring in the field

has not been quantified, but the use of the spirit levels is intended to

[

minimise tilt.

c) Imprecise measurement of parallax

[N—

Trials by the author with the parallax bar indicated that an i
inconsistancy of up to 0.1 mm was present. The consequences of this

amount of error vary according to the distance of the object from the

camera. Objects 1 m from the camera have an error in linear scale of
about 4% caused by a 0.1 mm error in parallax measurement. This figure
declines to 0.6%Z at 2 m and bec;mesmnegligible by 3 m. However, at
distances closer than 1 m from the camera, the error increases exponent- b
- ially such that at 0.5 m it is 10% and at 0.25 m it is 20%. Tortunately,

objects this close to the cameras are out of focus using the presert

B
¥

system.

Empirical validation of the system

The photogrammetric accuracy of the system was tested using photo-

- graphs of objects of known dimensions. Building bricks of two sizes

were photographed in various configurations on the lagoon floor of John
Brewer Reef. 1In order to simplify the test situation, the upper surfaces
of the bricks were kept horizontal. Three test configurations are
indicated in Figures 3a to 3c. A range of camera to subject distance

of 1.1 m to 2.2 m was encompassed by the three configurations.

A photogrammetric estimate of the length and width of each brick's

upper surface was made. The print dimensions were measured to 0.1 mm
using a "Peak Scale Lupe 10X"; parallax measurements were made using

a mirror stereoscope and parallax bar. The distance from the focal

| RO

plane to each upper corner of cach brick was calculated using the simple

parallax equation (see Methods) and the scale of each side then computed.

The estimated edge length is then simply the product of print length and

o scaling factor.

i
it . P .
lstimated and actual lengths are compared in Table L. 'he greatest

N
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FIGURE 4

Four meter mark of transect ALTL at John Brewer Reef. Growth
of individual colonies may readily’he observed (see Figure 5
for identification of colonies). Resolution is markedly

improved in stereopairs. °

top -  October 1976
middle -~ April 1979

bottom - January

N.B. These photcgraphs have been cropped. SP1l was in fact

fully included in stercoprints.

L
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FIGURE 5

Tracing of Figure 4 éhowing identity of individual colonies.

top - October, 1976
middle - April, 1979
bottom - January, 1980
Abbreviations i
TA - tabulate Acropora
CA - caespitose Acropora
SP - Stylophora pistillata
PD - Poctillopora damicornis
SH - Seriatopora hystrix
p - Porites
H - Hyﬁophore exesa
MA - Merulina ampliata
S - Sarcophyton
X - Xeniidae

¢
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NATE IND NAME DISTANCE LENGTH 1 LENGTH 2 LENGTH 1%2

7461021 310 1 TARULATE ACROFORA 1916, 59, 30, 1755, -
761021 310 2 TARULATE ACROFORA 2297, 178. 133, 23643,
761021 310 3 TARULATE ACROFORA 19236, 105, Q7 10186,
761021 431 1 STYLOFHORA %ISTILLATﬂ 2248, 1392. 113, 15691,
761021 542 1 MERULINA 1586, 141, 104, 144691,
7461021 521 1 HYDRONOPHORA fXESA 17241, 28, 26, 285,
761021, 513 1 FORITES 19213, B?. . A8, 4264 .
761021 513 2 PORITES 1908, 74, 29 2175,
761021 813 1 SARCOFHYTON 1940, 37 37 1405,
761021 410 1 NEEDLE CORAL - SERIATOFOR 1530, A7 41, 1959,
761021 410 2 MEEDLE CORAL ~ SERIANTOFOR 17923, 469 21, 1440,
761021 410 3 NEEDLE CORAL - SERIATOFOR 1926, 30, 22, 664,
761021 410 4 MHEEDLE CORAL -~ .SERIATOFOR 2320, 29, 20, 8844,
761021 815 1 XENIIDAE ) 2691, 104, 41. 4293,
. TOTAL: 82825

790421 310 1 TARULATE ACROFORA &'§, 2014. ‘2259, 143. 32169,
790421 310 2 TABULATE ACROFORA : 1993, 354, 202. 71594,
790421 310 3 TABULATE ACROFORA ~..1804, 348, 275, ?5337.
790421 310 4 TARULATE ACROFORA N 1516, 269, 162, 43508,
790421 542 1 MERULINA 1713, 287, 252, 72328,
790421 350 1 CAESPITOSE 1600, 107, 162, 30311,
790421 431 1 STYLODFHORA FISTILLATA 1767 233, 197, AG974 .,
790421 310 5 TARULATE ACROFORA 2026, 2. 46, 3330,
770421 350 2 CAESPITOSE T 1720, s 35, 5 1219,
790421 460 1 POCILLOPORA DAMICORNIS 1787, 23, 18, 411
790421 460 2 FOCILLOFORA DAMICORNIS 1920, 19, 10. 190,
7790421 813 4 SARCOFHYTON ki 1755, 71 74 5078,
790421 513 1 FORITES - 1220, 117, " 78, @101,
790421 815 1 XENIIDAE 1958, 99, ?9. 9874,

790421 310 & TALULATE ACROFORA 1941, 79 39. 3106,
790421 35 3 ChAESFITOSE 2047, 62, 42, 2588,
TOTAL 426325

B0O0126 310 1 TABULATE ACROFORA 1975, 237 158, 37465,
800124 310 2 TABULATE ACROFORA 2076 471, 221, 104249,
BOO124 310 3 TARULATE ACROFORA © 2020, 377, 3464, 137105,
800126 310° 4 TARULATE ACROFORA T 1977, 395, 369 145908,
800126 542 1 HERULINA 2154, 359, 330. 1184635,
800126 431 1 STYLOFHORA FPISTILLATA 2045, 300, 232 69519,
gO01L28 350 1 CAESFITOSE ’ 2092, 237 237. ‘546257
800126 310 S TARULATE ACROFORA 2246, 150, 105, 15707,
800126 460 1 FOCILLOFORA DAMICORNIS 2285, T 1G22, 107, 16246,
800124 440 2 FOCILLOFORA nnHILUhNIS 2176, 58, 44, 2526,
800124 813 1 SARCOFHYTON 2130, 43, 43. 1015,
800126 350 2 CAESPITOSE 2085, 70, 70, 1833,
8001246 913 1 PORITES 2177 102, 102, 10324,
8001246 8185 1 XENIIDAE ‘2472, L 198, 132, 26080,
goo126 310 & TARULATE ACROPORA 2400, " 160, A8, 7683,

800124 350 3 CAESFITOSE 2306, 92, 62, 54674,
> TOTAL: 760026

Table 2 Estimates of colony dimensions
1979 ¢) January, 1980

a)

Total growth

October, 1976 b) April,
index for each seriecs ‘is

indicated.




[—

L— [ S—

DATE IND NAKE ISTANCE LENGYH 1 LENGTH 2 LENGTH 132 gﬁﬁﬁfﬁﬁAJEF AZE,
- . . : : e 176-150 01179080 . .

761021 310 1 TARULATE ACROTORA 1914, 59, 30, 1735,

790421 310 1 TARULATE ACROFORA 2014, 25, 143, 32169, 116

000126 3101 _TARULATE ACRORORA 1975, 237, 158, 374465, 2035

761021 51073 TARULATE ACKOFORA 3797, 176, 133, 235643,

790421 310 2 TARULATE ACROPORA 1993, 354, 202, 71594, 146

800174 3102 TARULATE ACKOTORA 2078, 971, 201, 104249, 449

761021 310 3 TnLULATE ACRUFOKA 1936, 105, 97. 10186,

790421 310 3 TABULATE ACKOPORA 1804, 340, 275. 95537,

800126 3103 TARULATE_ACROFQRA 2070, 377. 384, 137105, 164 1346

790421 310 4 TARULATE ACKROFORA 1516, 269, 182, 43500,

800127 310 4 TABULATE ACROCORN 1977 395. 349, 145908, 155 o

790424 310 95 TARULATE ALROFOF\R 2026 72. 44, 3330,

800124 310 5 TARULATE - 2045, ‘150, 105, 15707, 472 .

790421 310 & TALULATE 19414 79, 39. 3106,

800126 3104 TAWULATE ACROFORA 2400, 140, A9, 7693, 247

790421 350 1 CAESF1TOSE 14600, 187, 162, 30311,

800126 350 1 CACSPITOSE - C 2092, 237, 237, 56257, 186

790421 HE6 3 CALSFITOSE ; 1736, a5, 35 1379,

800124 350 2 CAESFITOSE 2085, - 70, 70, 4833, 196 .

790421 350 3 CAESFITOSE 2047, &2, 43, 2588,

800126 350 3 CAESFIYOSE 2304, T 62, 5674, 219 .

761021 410 1 HEEDLE COKAL — SERIATOFOR 1530, 47,7 a1, 1959,

741021 410 2 NEEDLE CORAL ~ SERIATOFDR 1793, 69, 21. 1440,

761021 410 3 NEEULE CORAL ~ SERIATOPOR 1926, 30, 22, 664,

261021 410 A4 NEEDLE CORAL - SERIATOROR 2320. 99, 90. gRaa,

761021 3311 STYLOFHORA FISTILLATA 2248, 139. 113, 15691, :

790421 431 1 SYYLOPHORA FISTILLATA 1767. 233, 197. 45974, 151

§00124 431 1 STYLOPHOKA FISTILLATA 20AS. 300. 237, 59519, 443 -

790421 260 1 FOCILLOFURA DAMICORNIS 1787, 23. 18. i1,

800126 460 1 FOCILLOFORA DAMICOKNIS 2085, 157, 107. 16246, 3953

790421 460 2 FOCILLOFCKRA TAMICORNIS 1920, 19, 16 190,

BO0124 450 2 FOCILLOFORA DAMICORNIS 2174, 58, 44, 2526, 1329

761071 513 1 FORITES 1913, g9, ad. 2264,

790421 513 1 PORITES 1920, 117, 74, f108, 113

80QiR6 513 1 FORIYES 2177, 102, 102, 10324, 242

761021 513 2 FORITES 1908, S 74, 29, 2175,

761021 521 1 HYDOMOFHORA EXESH 1941, - 38, 26, 985, o

761021 a7 1 BLRUCTNA 1504 a1, {04, 14691,

790421 542 1 HERULIHA 1713, 207. 252, 72328, 164

BOO126 542 1 MERULINA 2154, 359. 330, 118435, 808

76102 131 SARCOFHYTON 1940, 37, 37, 1405,

790421 013 1 SARCOFHYTUN 1755 S 71 71, 5073,

800174 913 1 SARCOFHYTON 2;30‘ 13, A3 10135, 6 129

781021 015 1 XENILGAE 2461, 104, a1 245930

790421 815 1 XENIIDAE .. 1958, © 99, 99. " 9874, 264

800124 615 1 XCNIIDAE s 2472, 198, 132, 24080, 608

W
Table 3 Table 2 resorted to show growth of individual colonies.

Last two columns
1 % length 2) for October,

April, 1979 to January,

1980.

show increase in growth index (length

1976 to January, 1980, and
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certain, however, as its outline was less clear. The apparent decrease

in size of Sarcophyton was due to the contracted state of the soft

R

coral in the 1980 photograph,

b) Eight month time interval

- A comparison of the data from 1979 and 1980 is also made in Table
3. The prints were qualitatively similar, but significant size changes
were detected. An increase in the dimensions of all hard coral colonies
was detected. The "growth index' (7Z.e. the product of the two
dimensions) increased by between 113 and 3,953% aﬁd only two (

Porites 1 and tabulate Acropora 1) increased by less than 1207 (which

is the suggesté& limit of areal resolution of the system, as determined
by the housebrick validation study reported above). The figure of
3,953% (whlch refers to a POPlZZOpOﬁa colony) over—estimates growth

in this colony, since the orlglnal size was underestimated (the colony

being partly hidden in 1979). - L

<

’c) Total coral cover

Visual inspection of Figure 4 indicates that considerable increase
in" Total coral cover took place during the study. The growth index
(length 1 x length 2) was computed in lieu of an area estimate (Tables
2, 3) since a Sufficientiy sensitive planimeter was not available.

- The total growth index increased from .082 m2 in 1976 to 0.43 m2 in

- ; 1979. (Since the 1976 and 1979 prints cover about 0.8 x 1.2 or .96 m2
. "of reef, the figures represent an increase of from 8% to 40% total coral
cover in 30 months. This order of change could readily be detected by
“the Authority's crude reconnaissance method, if it occurred over a

sufficiently large area — see accompanying report).
‘DISCUSSION

The results presented above suggested that the syftam as currently-
constructed, - operated and interpreted can record qudlltdLLVL and quan-
- . titative change in the macrobenthos of permancently marked plots over

time periods at least as short as eight months.

The results may by critically examined in two frames of reference -
the photogrammetric and the ecologlcal. As an excercise in photogrammetry




per se, the results can not be considered precise; the errors of up

to 17 mm in the house brick validation study are far greater than would
be acceptable in many applications. Tor example, volumetric studies '
of individual coral colony growth {(which could readily be approached
photogrammetrically) would require a more controlled system of photo-
graphy and interpretation (e.g. that of Fryer et al. 1979 or a

modification to the system presented here).

However, as a tool for the study of net change in reef coral
communities, the system appears to have many advantages. Comparisons
with line transect methods (e.g. Loya 1972, Porter 1972) and quadrat

wethods (e.g. Pearson 1974) are appropriate.

In line transect studies, a tape measure (Loya 1972) or a chain
(Porter 1972) usually 10 m or more in length, is laid in a straight line
over the corals to be monitored. An index of cover for individual
species is the sum of the intercepts of the individual colonies on the
tape (in centimeters) or chain (in number of links); the total cover
index is the sum of the population indices. The method has the advantage
that a competent taxonomist may identify to species level some specimens
which could not be so precisely identified from‘a stereopair. In time
series studies, a degree of unquantifiable error is prescnt, since it'is
rarely possible to lie the line in exactly the same place on each
sampling occasion. An assumption must be made that, given a sufficiently
large sample size, these errors will tend to cancel each other out. Those

species which are rare are not satisfactorily monitored by this method.

Pearson (1974) used 1 m2 quadrats along 10 m line transects. Within
his quadrats, he measured directly the greatest diameter only. He is
better able to locate crypéic specimens and obtain an estimate of
establishment and extinction of very small colonies not resolved by the
Ehotographic method. Whereas thé_smallest colony resolved in the current
stereo field trial was 19 mm in diameter, Pearson (1974) recorded colonies

less than 10 mm diamecter.

Line and quadrat methods are most suited to quantification of coverage
of coral in which growth is_predominan&ly horizontal. DPichon (1978) has
reviewed some of the problems involved in estimating cover in corals with
a significant vertical dimensioﬁﬁlity. Photogrammetry has the great
advantage that it may be used to estimate vertical growth in colonies;

(this aspect has not been explored here).
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In terms of field time efficiency, stercophotography compares
very favourably with line and quadrat methods. 1In an area of high
coral cover and diversity, a single operator in shallow water may lay
and census one or two ten meter line transects per dive (personal
estimates — Done 1977). Pearson (1974) can census only 3 1 m2 quadrats
per day. With the current system, a single operator can, during one

dive, lay and photograph two 10 meter lines at 1 meter intervals.

In terms of data processing, the photogrammetric method is the
most time consuming becaﬁSé it requires an interpretation stage before
analysis may begin. The interpretation and measurement of stereo
photos in the current field trial took approximately forty minutes per
pair, including setting up time. At this rate, a photo series at 1
meter intervals along a 10 m line transect requires 7-8 hours of
interpretation before the data analysis stage. However, the data matrix
obtained is considerably greater than for a normal 10 m line transect,
because it refers to a belt transect approximately 1 meter wide (c.f.
the line transect's effective width of 1 - 2 cm). The photographs
themselves contain a great deal of information unavailable to the

practitioners of line transect and quadrat methods. In line transects,

there is usually uncertainty about the identify of individual (especially

smaller) colonies from one monitoring period to the next. (For this
reason the line transect practitioner cannot interest himself with

individual colonies - the photogrammetrist can confidently do so).

The line practitioner cannot always be sure that the absence of a
previously present rare species from his data is truly due to its local
extinction or‘mereiy due to a chance deviation of the line. Such
deviations are inevitable in arcas of water movement, even with line
anchoring pegs as close as 5 .meters apart (personal observations) .

This characteristic limits the use of line transects to estimating

cover of abundant species and total cover, and its use for these purposes

has been very profitable to ecologists.

The quadrat method, especially if supplemented by a near vertical
photograph (as practised by Connell, 1973 and Pearson, 1974) does not

have the same uncertainty associated with individual colonies.

U

e
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CONCLUSTON

Reef ecologists and reef managers-have a common need for information
regarding qualitative change and rates of change. The high field
efficiency of the current applicétion of stereophotogrammetry allows a
great diversity of habitats to be monitored dn a limited field time.

This is an ektremely important consideration on the Great Barrier Reef,
where the majority of reefs are at least tens of miles from a shore |
facility. The ready use of the equipment by competent divers without any
biological knowledge is also important iﬁ this regard. The photogrammetric
approachkrequires an interpretation stage not involved in traditional
methods, but rewards the investigation by providing greater area coverage,
a variety of additional qualitative data, and a permanent record. The
photogrammetrist must accept some loss in taxonomic resolution as a trade
off for these rewards.

The high information and permanent record of the photogrammetric
approach facilitates retrospective analysis and impressive pictorial
demonstration of change (or absence of change) in reefs. The latter
attribute can be of value in communicating with influential parties such
as politicians and can be used as evidence in court (Porter, pers. comm.).

Close range stereophotogrammetry is clearly a tool which could find
an important place in the documentation of change in coral reef (and

other) benthic systems.
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