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SUMMARY

The aims of this study were to investigate the medium-term effects of sediment run-off caused
by the construction of a coastal road through rainforested catchments in late 1984 on the coral
communities of the Cape Tribulation fringing reefs. In the absence of any pre-construction
baseline we relied on surveys of two similar control locations, north and south of the potential
impact location adjacent to the new road catchment, to determine the significance of any
changes that occurred. The southern control was adjacent to the long-established portion of the
road south of Cape Tribulation and the northern control adjacent to a small undisturbed
catchment. A preliminary three-year study had suggested that the road construction had no
effect of the fringing reefs of this region (Ayling and Ayling 1991). It was also hoped that this
longer-term study would shed some light on the nature of on-going changes in the benthic
communities of fringing reefs in the Great Barrier Reef region.

During the preliminary study we had decided to confine the surveys to the explanate
Montipora/clumping Acropora assemblage that was dominant between 2—4 metres below
Australian Height Datum (AHD). In shallower water Sargassum algae dominated, while in
deeper water a suite of more massive corals such as Galaxea and Hydnophora was present, but
this deeper depth strata was not represented at many of the sites and was not included in the
regular surveys.

Four sites were established in each of the three locations, and five permanent 20 metre intersect
line transects set up to survey coral communities at each site in 1985. These transects were
resurveyed between October and December each year from 1985 to 1988 (Ayling and Ayling
1991), and from 1994 to 1997 (this report).

During the previous survey coral cover at all three locations decreased from an initial high of
around 50% cover, due to a small cyclonic episode in April 1986, and a widespread coral-
bleaching episode in February 1987. Both these disturbances caused consistent reductions
across all three locations. No disturbances occurred in 1988 and coral cover increased by 33%
back to the initial levels in all locations.

Surveys were also made using five random 20 metre line intersect transects at five sites where
silt run-off from the road was observed to enter the reef community. These sites were all on
narrow rocky reefs that supported a less-abundant coral community that was not dominated by
Montipora/Acropora corals. Changes at these sites were generally similar to those recorded in
the permanent transect sites.

Although there was at least one major disturbance in the six years between the 1988 survey and
the first new survey in 1994 (cyclone Joy in 1990), coral cover either remained stable or
increased over this period. There were other disturbances during the three years of this new
study, including a major flood episode in March 1996, but coral cover either remained stable
(location 1 and 3) or increased (location 2). Coral cover at the direct run-off sites also either
remained stable or increased during this period. Coral cover in the potential impact location 2
has increased by 45% since 1985, a larger increase than in either control. This suggests that
there has been no longer-term degradation of fringing reefs in this location that may have
resulted from silt run-off from the new road.

This study suggests that these fringing reefs are healthy, supporting a rich growth of a wide
variety of coral species, and able to cope with acute disturbances such as cyclones, floods and
coral-bleaching episodes with only short-term disruption.

Although there have been no consistent increases in Sargassum cover during the 12 years
covered by these projects, there was a suggestion that turf algae had increased in the permanent
transects over the past three years.




We suggest that permanent monitoring sites be established and maintained on a variety of
fringing reefs to look at long-term changes in coral communities that may be due to man-
induced changes to the coastal environment in an attempt to test the widely held perception that
many fringing reefs are either degraded or suffering chronic siltation stress.




INTRODUCTION

The Cape Tribulation region in the North Queensland Wet Tropics (approximately 16°S) is
characterised by steep, rainforest-covered hills falling directly to the sea from over 1000
metres. Rainfall is high, averaging almost 4000 millimetres per year, with annual totals of
more than 6000 millimetres not unusual. Most rainfall occurs between January and April and
during this period 24-hour falls sometimes exceed 500 millimetres. This region supports an
extensive system of coastal fringing reefs fronting over 60% of the coastlme between the
Daintree and Bloomfield Rivers.

Between April and October south-east trade winds blow onshore, resuspending the shallow
shelf sediments and holding a wide band of turbid water against the coast. Water visibility in
these prevailing conditions ranges from less than 50 centimetres to about two metres. During
the remainder of the year extended calm periods may occur and during these calm spells water
visibility usually ranges between two and six metres.

There was considerable controversy during 1984 over the decision to construct a coast road
through rainforest from Cape Tribulation to the Bloomfield River in this region (Craik and
Dutton 1987). This unsealed road was completed in late 1984 and subsequent observations
during the 1985 wet season showed that there was heavy local run-off of silt into coastal waters
from the road (Bonham 1985). There was concern that this silt run-off could cause permanent
damage to the fringing reef communities in the area. As a result the Great Barrier Reef Marine
Park Authority initiated a multidisciplinary study in the area during 1985 to look at the effects
of silt run-off on the fringing reefs of the region. This study included sections on reef structure
and development (Partain and Hopley 1989), the sedimentary framework of the reefs (Johnson
and Carter 1987), sedimentation rates (Hopley et al. 1990), hydrology (Parnell 1989) and coral
settlement and recruitment (Fisk and Harriott 1989). As part of this study we conducted a
monitoring program on the Cape Tribulation fringing reefs between 1985 and 1988 to look at
the potential effect of silt run-off from road construction on coral populations (Ayling and
Ayling 1991).

In view of the absence of any pre-impact data from the area, the main problem we faced was
how to resolve the question of whether any damage detected was actually the result of silt run-
off from the newly constructed road. As the road was constructed in late 1984 there had been a
full wet season of run-off before this study started. It was decided that the Cape Tribulation
coast could be divided into three locations, two of which could be used as controls for the third
in relation to this problem (figure 1).

Location 1. Coastline from Noah Creek north past Cape Tribulation, adjacent to the long-
established section of the road that runs from the Daintree River to two kilometres north of
Cape Tribulation (control 1).

Location 2. Coastline from two kilometres north of Cape Tribulation to Cowie Point where the
newly constructed road runs adjacent to the coast and where silt laden run-off from the road
was observed during the 1985 wet season (impact site).

Location 3. Coastline from Cowie Point to just south of the Bloomfield River where the new
road is diverted inland and direct run-off is unaffected by any road construction (control 2).

There are potential problems with this approach. It could be argued that silt run-off into the
impact site may also be affecting the immediately adjacent control areas. Such potential impact
on the so-called controls is made less likely by the blocking action of Cowie Point between
locations 2 and 3, and of Emmagen Point and Cape Tribulation between locations 1 and 2, but
is still a possibility given the relatively small distances between major silt run-off points in the
impact location and the nearest control sites (figure 1). This could be solved by the choice of
more remote control sites, but it was decided that fringing reefs from further afield would not




be strictly comparable with the Cape Tribulation impact site. To the south the nearest reefs are
between Yule Point and the Daintree River mouth some 30-50 kilometres from the impact site.
These reefs are somewhat similar to the Cape Tribulation impact sites (Ayling and Ayling
1995a) but are likely to suffer confounding impact from the extensive coastal development in
the area, and from the adjacent large river catchments of the Daintree, Mossman and Mowbray
Rivers. To the north the nearest appropriate potential control reefs are off the Cedar Bay coast.
These reefs are wider, deeper and more extensive than those of the Cape Tribulation region and
were considered not comparable with the impact location sites (Ayling and Ayling 1995a).
Regular surveys of these remote northern reefs would also have posed logistic and cost
problems. After discussions with the Great Barrier Reef Marine Park Authority it was decided
to use the adjacent controls and that the risk of potential control impact was not serious.

Fringing reefs in the Cape Tribulation area occur in two main situations: along steep rocky
shores and on coastal sediment bodies such as river mouth bars and beach shoals (Johnson and
Carter 1987). The reefs developed on sediment banks are wider and more extensive than those
on rocky shores in the region, and generally extended to the sand at a depth of 4-6 metres
below AHD. The reef flat on all these fringing reefs is approximately 0.8 metres higher than
modem coral growth. This raised flat was formed during the late post-glacial period around
6000 years BP when sea levels were about one metre higher than they are at present (Johnson
and Carter 1987). Preliminary surveys on these fringing reefs suggested that they were rich and
diverse. Veron (1987) reported 141 species in 50 genera, and this study recorded three species
not previously reported from the Great Barrier Reef. We found that many of the reefs
supported hard coral cover approaching 50% (Ayling and Ayling 1985).

We found a marked depth stratification in the benthic communities on these fringing reefs
(Ayling and Ayling 1991). There was a narrow band of dense Sargassum spp. in an
approximately metre deep band immediately below low tide level. Below this the cover of
Sargassum decreased rapidly, while the cover of hard corals increased. From 2—4 metres depth
was a stratum dominated by Acropora spp. and Montipora spp. In deeper water these two
groups decreased rapidly in abundance while a number of massive and large explanate coral
species became more common. These deep-water corals included the following species and
genera: Pachyseris speciosa, Podabacia crustacea, Goniopora, Alveopora, Platygyra,
Hydnophora exesa, Galaxea, Merulina ampliata, Lobophyllia, Symphyllia, Echinopora,
Echinophyllia, Oxypora, Mycedium elephantotus, Pectinia lactuca and a number of faviid
species.

The rocky shore reefs were generally shallow, and only included the Sargassum band and
sometimes a narrow section of coral-dominated reef community. The wider, sediment bank
reefs all had a well-developed Acropora/Montipora band but only a few of them extended deep
enough to have a significant deep-water coral stratum (Ayling and Ayling 1991).

The basic monitoring design we used to detect change that may have been caused by sediment
run-off was based on sites of five permanently marked 20 metre line intersect transects set up
in the Acropora/Montipora community. We established four sites in each of the three locations
described above, and surveyed them annually between 1985 and 1988. Mean coral cover in
1985 was almost 50%, and there were no differences between the three locations and no
evidence of hard coral death that may have been caused by silt run-off during the previous wet
season. Coral cover decreased in all locations during a small cyclonic episode in early 1986
and decreased again in 1987 due to a moderate bleaching event. Over the next 12 months, in

the absence of disturbance, coral cover increased in all locations back to the level recorded in
1985.

During a flight over the Cape Tribulation area in the 1985 wet season observations were made
of the points where most sediment run-off from the road actually entered the marine system,
either through creeks or down gullies. These points are marked on the map in figure 1. None of
these five run-off points impinged on the major fringing reef areas but rather occurred along




the rocky shore sections of the coast where the reefs were narrow and fell abruptly to the inner
shelf sediments at a depth of only a few metres. The depth stratum that was surveyed at the
other 12 sites was not present at these shallow sites. To see if silt impinging directly on the
reefs had any affect on benthic communities we surveyed five haphazard 20 metre line
transects in the deepest part of each of these sites (sites 13—17) at the same times that the
permanent transect surveys were carried out. Coral cover at these run-off sites averaged around
25% (range <5-40%), and changed in a similar pattern to the permanent sites during the 1985-
1988 project (Ayling and Ayling 1991).

Although the sedimentation study suggested that sedimentation rates were much higher on the
fringing reefs in the new road impact location (Hopley et al. 1990), there was no evidence from
our study that this had affected the benthic communities on these reefs compared to the control
reefs. :

There was some concern that any effect of increased sedimentation rates may not have been
evident over the relatively short period of our study (Hopley et al. 1990), and the Great Barrier
Reef Marine Park Authority decided to continue the Cape Tribulation benthic community
surveys with a three-year project starting in 1994. The decision to continue this project was
also influenced by concern that fringing reefs were under stress due to deteriorating inshore
water quality and likely to suffer degradation.

The main question we sought to answer with this project extension was whether there was any
medium-term degradation of the Cape Tribulation fringing reefs that may have been due either
to continuing silt run-off from the road, or to ongoing chronic changes in near-shore water
quality.
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METHODS
Benthic Transects

At the start of the original project, five haphazardly positioned, permanent 20 metre line
transects had been marked at each of the major sites (sites 1-12, figure 1), with reinforcing rod
stakes every five metres. The transects were set up in a straight line so that missing stakes
could be accurately replaced by measuring from remaining stakes. To survey coral cover a
fiberglass tape was stretched tightly between the stakes and the intersection of this tape with
each coral colony beneath it was recorded in centimetres (Ayling and Ayling 1991). Such
intersect transects have been widely used to estimate the cover of benthic organisms (Loya
1976; Mapstone et al. 1989). At the time of the first re-survey for this extended project it was
necessary to locate and re-establish the permanent transects using new marker stakes as the old
markers had been in position for nine years and had suffered some deterioration. Underwater
visibility during the first new survey in late 1994 was very good (between 5-10 metres) and the
12 sites of permanent 20 metre transects set up in 1985 were all relocated successfully. Of the
25 stakes marking the five transects at each site, between 10 and 22 were relocated enabling
the re-marking of the transects to be as close as possible to the original transects. The survey
techniques used to survey benthic organisms along the transects were the same as those used
during the previous project.

The following organisms or groups of organisms were recorded along each transect:

e all hard corals to species level where possible or to genus or generic structural grouping
otherwise (e.g. the genus Acropora was sub-divided into corymbose plate, staghorn,
bottlebrush and tabulate growth forms);

all soft corals to genus where possible;

all sponges grouped together;

all Sargassum species grouped together; and

other macroalgae and turfing algae grouped together.

During 1985 the line transect surveys were carried out by A.M. Ayling and A L. Ayling, but
during all subsequent surveys all line transect surveys were made by A.M. Ayling. During each
survey we noted the causes of any recent coral death if possible. Fungal disease and Drupella
grazing were the most obvious causes but such incidences were not widespread — no crown-
of-thorns starfish were seen on these reefs at any time.

Random transect surveys at the five run-off sites were also carried out for the first three years
of this extended project. These sites were dropped from the 1997 survey because they were
showing little change and were thought to provide very low power to detect change (Ayling
and Ayling 1997a, b).

The permanent transects were relocated and first resurveyed in October 1994. The surveys
were repeated in November 1995, November 1996 and December 1997.

Analysis

A repeated measures analysis of variance on the raw percentage cover data was used to look at
changes over the four new surveys covered by this project, with a separate analysis carried out
to check on changes that had occurred over all eight surveys made since 1985 (table 1). Kaly et
al. (1994) looked at the different analytical techniques suitable for repeated surveys of
permanent line transect data on fringing reefs and concluded that repeated measures analysis of
raw data was the most powerful and appropriate method. For determining whether siltation
impact had reduced cover at the impact location relative to the two controls, the term of most
interest was the location by time interaction. However, given that we were also interested in
documenting any overall trends that may have been due to more general degradation of the




reef’s, the time term was also of interest. Sphericity tests for homogeneity of the variances were
done for these repeated measures analyses and Greenhouse-Geisser corrections to the degrees
of freedom carried out when the data were non-homogeneous. This corréction results in more
conservative tests of effects involving time. The haphazard transects at the five run-off sites
were analysed using a two factor analysis of variance (table 1). In this analysis the term ‘site’
was deemed to be fixed, rather than random as is usually the case, because we were interested
in changes at those specific run-off sites and all the major run-off sites were included. Time
was random, as each annual survey could have been made at any time during the four-month
summer period. In this analysis, time was the factor of most interest as we were expecting a
general decline in coral cover if sediment run-off was causing coral death.

Table 1. Analysis of variance models used for data analysis

A. Repeated measures analysis of permanent transects

df 1 applies to analysis of the four new surveys between 1994 and 1997
df 2 applies to analysis of all surveys between 1985 and 1997

Source of variation df 1 df 2 Denominator
Between transects:
Location 2 2 Site (location)
Site (location) 9 9 error (t)
Error (transects) 48 48
Within transects:
Time 3 7 error (t x t)
TxL 6 14 Site x time (location)
TxSL) 27 63 error (tx t)
error (transects X time) 144 336
B. Haphazard transects at run-off sites
Factor - Source of variation Fixed/Random df Denominator
A Site F 4 A*B
B Time R 3 Residual
A*B 12 Residual




RESULTS
Permanent Transects

There had been no significant differences in total coral cover among the three locations during
any of the 1985-1988 surveys. However, at the time of the first new survey in 1994 there were
significant differences among the locations (figure 2, separate analysis of 1994 data), although
these differences were over-ridden by the significant site effect in the repeated measures
analyses. Total coral cover had not changed in location 1, adjacent to the old road, but had
increased significantly in both the other locations. This was primarily due to increases in the
cover of Acropora spp. in location 3, and Montipora spp. in both locations 2 and 3. There were
no changes in coral cover over the three surveys between 1994 and 1996, but a significant
increase (mean of 6.5%) between 1996 and 1997 (figure 2, table 2). This was due mainly to a
32% increase in Acropora spp. cover in location 2 (figure 2), and gave a significant time effect
for both total coral cover and Acropora spp. (table 2) and a significant time x location
interaction for total hard coral. The other major groups of hard corals showed little change over
the course of these studies (figure 2). There had been an increase in the cover of faviids in
location 3 between 1988 and 1994 caused by an increase in the cover of explanate Echinopora
species. This lead to a significant time effect and a significant time x location interaction in the
eight-year analyses (table 3). Following this there was a slight but significant fall in faviid
cover over the time of the new project (table 2). Significant location differences in the cover of
pocilloporids (location 1 high, figure 2) were maintained through all surveys.

Table 2. Repeated measures analysis of variance of permanent transect data: 1994-1997
NS = not significant; * 0.05>p>0.01; ** = 0.01>p>0.001; *** = p<0.001

Family/Group Location Site (L) Time L*T S*T
Total coral NS ok kokok * *x
Pocilloporidae NS ok NS NS NS
Acropora spp. NS Hokk Hokk NS NS
Montipora spp. NS Hokk NS NS NS
Poritidae NS e NS NS NS
Faviidae * NS * NS **
Turbinaria spp. NS kK NS NS NS
Deep water corals NS *okk NS NS NS
Soft corals - NS Hork NS NS NS
Sargassum spp. NS NS *x NS NS
Algal turf NS kksk skskox kskok KoKk

Table 3. Repeated measures analysis of variance of permanent transect data: 1985-1997
NS = not significant; * 0.05>p>0.01; ** = 0.01>p>0.001; *** = p<0.001

Family/Group Location Site (L) Time L*T S*T
Total Coral NS *skok ok ok skoksk Kk
Pocilloporidae * ok *k NS NS
Acropora spp. NS *oxk *okok ** NS
Montipora spp. NS Hokx hokok NS ok
Poritidae NS ok NS NS NS
Faviidae NS NS * ** NS
Turbinaria spp. NS ok NS NS NS
Deep Water Corals NS *okok *k rAx NS
Soft Corals NS khx NS NS NS
Sargassum spp. NS NS * ** NS




Cover of the large brown algae Sargassum spp. was relatively low in the depth stratum where
the permanent transects were located (1-3% cover), and appeared to be somewhat variable
from year to year (figure 2). Although there were no significant location or site differences
(table 2, 3), overall cover was significantly higher in 1987, 1988 and 1997 compared with the
other five surveys. There was no evidence that the cover of Sargassum had increased
consistently over the time of these two projects. We recorded the cover of algal turf during this
new project and although there were no location differences there was a significant increase in
cover over the three years covered by these surveys (table 2). Grand mean cover apparently
increased from 7.5% to over 18% during this time, although most of this increase was evident
in location 1, giving a significant time x location interaction (figure 3).

Species composition of the benthic communities on these fringing reefs had been similar at
most sites during the previous project (table 5, figure 4) with explanate and whorl forming
Montipora spp. dominating with a grand mean cover of almost 25%. A number of species of
corymbose plate and staghorn Acropora spp. were also important with a grand mean cover of
12.5%. These two groups between them accounted for 75-85% of all hard coral cover at most
sites (figure 4). Other groups each accounted for less than 2% cover with the exception of the
deep-water corals, a grouping of over 20 species that covered a mean of 7.4%. These
community patterns were very similar in 1997, except that the cover of Montipora spp. (30%)
and Acropora spp. (19%) had increased in all location 2 and 3 sites, as had the cover of deep-
water corals (figure 4, table 5).

The only exception to this general pattern of species composition was site 5 in location 2 just
north of the Emmagen Creek mouth. This site had lower total coral cover than at any of the
other permanent sites (table 5). At this site Montipora and Acropora spp. each accounted for
less than 2% cover while Turbinaria spp. were dominant with a combined cover of over 11%
(figure 5). The deep-water corals were also important (>11%), as were soft corals with a cover
twice that of any other site (30%). This site was particularly silty and it is possible that the
different composition of the coral community reflects the proximity of Emmagen Creek.

Within the locations, site 1 was anomalous at location 1 in that the cover of hard coral
decreased significantly over the 12 years covered by these two studies (table 5). Site 5 was
very different in community composition from all other sites as has already been mentioned,
but also had much lower overall coral cover than the other three sites in location 2 (table 5). As
a result of these few anomalous sites there were significant site differences in most species
groups (table 2, 3). Coral cover increases at some of the sites over the 12 years covered by
these two projects have been quite spectacular, with site 8 in particular recording a 95%
increase in hard coral cover.

Soft corals were not abundant at most sites with mean cover ranging from 5-10%. The
dominant species was an encrusting soft coral at all sites except site 5 when the tufty low
Efflatenaria sp. covered over 25% of the substratum; a far higher soft coral cover than at any
of the other sites. These patterns remained consistent over the course of the study (table 5).

Run-off Sites

The run-off sites, surveyed using random transects in a patchy environment, show more
variation in benthic community structure than the permanent transects (figure 6). There were
consistent significant differences in hard coral cover among the sites (table 4), with very low
coral cover at site 13, high coral cover at site 17 (over 60% in 1996), and similar, intermediate
levels at the other three sites. There were also significant, but inverse, differences in Sargassum
cover among these sites. Two sites were Sargassum dominated, two had moderate Sargassum
cover, while the high coral cover site had very low Sargassum cover. Turf algae covered a
significantly greater area at sites 13~15 than in the other two sites (figure 7).




Pocilloporidae 28 27 1.2 16 32 48 42 19 29 28
Acropora spp. 38 38 21.1 249 132 105 254 307 159 175
Montipora spp. 254 192 193 239 37.4 384 24.0 249 26.5 26.6
Poritidae 08 02 23 22 01 08 01 02 0.8 09
Faviidae 46 1.7 09 19 21 28 05 02 20 16
Turbinaria spp. 0.1 0.1 04 038 0.1 - - 0.2 01 03
Deep Water Corals 20 09 67 55 77 86 16 14 45 4.1
Total Soft Corals 149 106 6.1 55 44 25 1.9 39 6.8 5.6
Total Sponges - 02 - - 0.1 - 04 - 01 01
LOCATION 2 Site 5 Site 6 Site 7 Site 8 Grand Mean
Total Hard Coral 332 402 532 6717 58.6 829 394 768 46.1 66.9
Pocilloporidae 20 16 04 10 1.8 12 25 15 1.7 13
Acropora spp. 20 53 95 157 19.3  29.8 11.2 248 105 189
Montipora spp. 15 45 192 233 30.8 46.1 21.8 458 18.3 299
Poritidae 1.3 28 23 15 0.1 04 03 06 1.0 13
Faviidae 1.9 3.1 37 31 1.3 05 02 04 1.8 18
Turbinaria spp. 11.3 9.1 - 0.9 40 1.1 02 0.1 39 28
Deep Water Corals 114 142 186 249 1.8 41 27 35 8.6 117
Total Soft Corals 29.8 249 35 038 3.1 19 0.1 29 9.1 7.6
Total Sponges 37 22 - - 1.1 03 1.6 04 1.6 07
LOCATION 3 Site 9 Site 10 Site 11 Site 12 Grand Mean
Total Hard Coral 542 64.6 519 763 473 657 591 773 531 71.0
Pocilloporidae 20 214 14 09 1.8 2.1 10 09 1.5 15
Acropora spp. 143 222 9.9 192 12.7 202 75 17.8 11.1 19.8
Montipora spp. 277 302 23.8 319 17.1 257 450 50.0 284 34.5
Poritidae 06 - 1.4 2.1 1.1 1.0 02 03 08 09
Faviidae 43 64 1.8 38 48 35 20 35 32 43
Turbinaria spp. 09 - 1.3 24 02 04 02 - 0.7 0.7
Deep Water Corals 82 9.0 127 19.2 10.6 140 46 82 9.0 126
Total Soft Corals 117 103 89 29 75 3.0 1.6 7.9 929 6.0
Total Sponges - 0.5 - - 02 03 0.1 - 0.1 0.2
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