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EXECUTIVE SUMMARY

A network of long-term seagrass monitoring sites has been established at various port locations
throughout Queensland to assist Fisheries Queensland and port managers in planning and
management to ensure port activities are having a minimal impact on the marine environment and fish
habitats, such as seagrass habitats. Seagrass habitats provide important ecological functions in the
coastal zone including provision of primary productivity in the marine environment and nursery habitat
for key fisheries species. The wide distribution of seagrasses in Queensland, and their capacity to show
measurable responses to changes in water quality make them ideal candidates for monitoring the
health of the marine environments.

This report details the results of the October 2010 monitoring program in the Port of Karumba.
Seagrass meadows in the Port of Karumba were found in 2010 to be in a healthy and productive
state with dugong feeding trails seen in 57% of the sites that had seagrass. Although meadow area
declined in 2010, the meadow remains spatially expansive and dense, with biomass and area
values above the 17 year averages.

The variability in biomass and distribution seen in the Karumba monitoring meadow throughout 17
years of monitoring have been linked to river flow, air temperature and long-term tidal exposure cycles
(Rasheed and Unsworth 2011). Above-ground biomass had a positive correlation with river flow,
while air temperature was a negative correlate with biomass. Meadow area was observed to have
a positive correlation with the number of hours of daylight tidal exposure (Rasheed and Unsworth
2011).

Results of the 2010 survey indicate that the marine environment of the port was in a healthy
condition and that anthropogenic activities including dredging and other port and urban activities
are unlikely to have had a significant impact on seagrasses in Karumba over the previous 12
months. Although currently in a healthy and robust state, natural conditions have the capacity to
reduce seagrass resilience, to the point where they may become vulnerable to impacts such as
dredging. This monitoring program provides the tools to assess the vulnerability of seagrass and
take appropriate actions if required.
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INTRODUCTION

Maintenance dredging of the Karumba port entrance and the Norman River channel is required to
allow the passage of ships associated with the Century Mine Export Facility (Lead and Zinc) and
for live cattle export. Dredging has the potential to pose a high level of environmental risk to the
marine habitats of the area, particularly to seagrass meadows (Erftemeijer and Lewis 2006). The
Far North Queensland Ports Corporation Limited (FNQPCL), trading as Ports North (PN) is
responsible for dredging in the port and for managing and monitoring Karumba’s port environment.

The importance of seagrasses as structural components of coastal and marine ecosystems is well
recognised. Seagrasses support fisheries production and provide a range of other critically
important and economically valuable ecosystem services such as coastal protection, nutrient
cycling and patrticle trapping (Costanza et al. 1997; Hemminga & Duarte 2000). With globally
developing carbon markets, the role that seagrasses play in sequestering carbon is also becoming
more widely recognised (Kennedy & Bjork 2009). Seagrass habitats are also known to show
measurable response to changes in water quality making seagrass meadows ideal sentinels of
environmental change (Dennison et al. 1993; Orth et al. 2006).

PN recognises seagrass meadows as an important component of Karumba’s marine ecology and
have continued the long-term seagrass monitoring program initially established by Ports
Corporation Queensland (PCQ) in 1994, who managed the port until 2008. The long-term
monitoring program was established to ensure the protection of seagrass meadows in the Port of
Karumba and to assess the marine environmental health of the port. The use of a coastal seagrass
monitoring program such as the one at the Port of Karumba is important for assessing the impacts
of the port, allowing stakeholders and regulators to clearly understand the causes of any change in
the marine environment. This allows for the separation of natural from anthropogenic influences.
Long-term monitoring also provides evidence for a much more statistically powerful separation of
these factors.

The initial six year (1994-2000) seagrass monitoring program was commissioned by PCQ as part
of a wider range of environmental studies to assess and monitor the impacts of dredging and other
port developments (Rasheed et al. 2001). Following this, a long-term seagrass monitoring (LTSM)
strategy for the Port of Karumba was developed and is conducted by the Marine Ecology Group
(MEG) through the Department of Employment, Economic Development and Innovation (DEEDI).

This report presents the results of the seagrass monitoring survey conducted in October 2010. The
objectives of the program were to:

1. Map the distribution of the monitoring meadow on Alligator Bank between the Norman and

Bynoe Rivers;

Monitor the seagrass species composition and abundance within the monitoring meadow;

3. Assess changes in seagrass meadows and compare results with previous monitoring
surveys and other monitoring programs established throughout the state;

4. Incorporate changes suggested by industry peers into current monitoring protocols for
effective future long-term monitoring.

N

Results of the seagrass monitoring program are used by PN to help identify possible detrimental
effects of port operations and developments (e.g. dredging) on seagrasses and assist in
formulating management measures for the port. They provide a direct indicator of the health of the
marine environment of the port. The seagrass monitoring program at the Port of Karumba also
forms part of Fisheries Queensland’s network of long-term monitoring sites for important fish
habitats and contributes to a Queensland statewide assessment of seagrasses.

Port of Karumba Long-term Seagrass Monitoring — October 2010 2



METHODS

Surveys of the Port of Karumba seagrass monitoring area were conducted on the 30" and 31°
October 2010.

In 2009, data from the Karumba long-term monitoring program was submitted for academic
publication (at the journal Marine Ecology Progress Series) resulting in extensive peer-review by
globally recognised seagrass experts. This is the first such occasion that the Karumba monitoring
program has undergone such thorough academic review. A key recommendation of the peer
review process was to remove the separation of the “core” and “fringing” meadows, merging them
as one. It was agreed in 2009 that future monitoring at Karumba follow this recommendation.

In this report we have amalgamated all the data from 1994 to 2010 into one monitoring meadow
and conducted a complete re-analysis of the data, removing any concerns about the relative
interactions between the two meadows. A complete background site description and detailed
methodology of the monitoring program are presented in the report “Port of Karumba Seagrass
Monitoring Baseline Surveys” (Rasheed et al. 1996) and the detailed report of 2001 (Rasheed et
al. 2001).

The boundary of the seagrass meadow was mapped from aerial (helicopter) surveys conducted at
low tide when the seagrass meadows were exposed. Waypoints (i.e. sites) were recorded around
the edge of the meadow using a global positioning system (GPS) and were digitised on to a
Geographic Information System (GIS) basemap. The GIS basemap was constructed from a
1:25000 vertical aerial photograph rectified and projected to Geodetic Datum of Australia (GDA 94)
coordinates.

Seagrass meadow characteristics were collected at seagrass habitat characterisation sites
scattered randomly within the meadow. The number of sites placed in the meadow was based on a
power analysis conducted in 2009 using data collected in 2008 (Unsworth et al. 2009), this was a
revision of an earlier analysis conducted in 2001 (Rasheed et al. 2001). Seagrass habitat
characteristics including seagrass species composition, above-ground biomass, percent algae
cover, sediment type and GPS fixes - were recorded at each sampling site from a helicopter
hovering within a metre of the ground when meadows were exposed at low tide.

Above-ground seagrass biomass was determined at each of the sampling sites using a modified
“visual estimates of biomass” technique as described by (Mellors 1991). This modified
methodology has been utilised in surveys throughout Queensland and published in peer reviewed
literature (Rasheed et al. 2008; Rasheed & Unsworth 2011). Briefly, an observer ranks above-
ground seagrass biomass within three random placements of a 0.25m? quadrat at each site.
Measurements are later calibrated for each observer to biomass from quadrats harvested and
dried in the lab to determine mean above-ground biomass in g DW m™ at each site. The relative
proportion of each seagrass species within each survey quadrat was also recorded.

Sampling of the seagrass seed bank (i.e. seeds stored in the sediments) and other seagrass
reproductive features was also undertaken for the monitoring meadow. A Van Veen sediment grab
(0.0625m™) was used to collect samples at sites randomly scattered throughout the meadow. The
collected sediment/seed samples were sorted by passing the sample through a 1mm sieve. Any
seagrass seeds in the 1mm fraction were identified and counted for each site. The 1mm mesh size
on the sieve was small enough to retain seeds of Halodule uninervis and fruits of Halophila ovalis.
Seeds of Halophila ovalis were not measured because their small size allows them to pass through
the sieve mesh.
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Habitat mapping and Geographic Information System
Spatial data from the field surveys were incorporated into the FNQPCL/DEEDI Karumba
Geographic Information System (GIS). Three GIS layers were created:

Site information - site data containing above ground biomass (for each species), sediment type,
time, GPS fixes (¥1.5m) and sampling technique.

Seagrass meadow biomass and community types - area data for seagrass meadows with
summary information on meadow characteristics. Seagrass community types were determined
according to species composition from nomenclature developed for seagrass meadows of the
Queensland region (Table 1). Abundance categories (light, moderate, dense) were assigned to
community types according to above ground biomass of the dominant species (Table 2).

Seagrass landscape category — area data showing the seagrass landscape category determined
for each meadow

Isolated seagrass patches

The majority of area within the meadows
consisted of unvegetated sediment interspersed
with isolated patches of seagrass

Adggregated seagrass patches

Meadows are comprised of numerous seagrass
patches but still feature substantial gaps of
unvegetated sediment within the meadow
boundaries

Continuous seagrass cover

The majority of area within the meadows
comprised of continuous seagrass cover
interspersed with a few gaps of unvegetated
sediment.

Table 1. Nomenclature for community types in the Port of Karumba.

Community type Species composition
Species A Species A is 90-100% of composition
Species A with Species B Species A is 60-90% of composition
Species A with Species B/Species C Species A is 50% of composition
Species A/Species B Species A is 40-60% of composition

Port of Karumba Long-term Seagrass Monitoring — October 2010 4



Table 2. Density categories and mean above ground biomass ranges for each species used in
determining seagrass community density in the Port of Karumba.

Mean above ground biomass (g DW m?)
Density
Halodule uninervis . .
Halophila ovalis
(narrow)
Light <1 <1
Moderate 1-4 1-5
Dense >4 >5

The seagrass meadow was assigned a mapping precision estimate (in meters) based on mapping
methodology utilised for that meadow (Table 3). Mapping precision was assumed to be £5m for the
monitoring meadow due to the error associated with the GPS fixes for survey sites. The mapping
precision estimate was used to calculate a range of meadow area for the monitoring meadow and
was expressed as a meadow reliability estimate (R) in hectares. Additional sources of mapping
error associated with digitising and rectifying aerial photographs onto base maps were embedded
within the meadow reliability estimates.

Table 3. Mapping precision and methodology for seagrass meadows.

:)\c:f:)ipslir;% Mapping methodology
All meadow boundaries mapped in detail by GPS using aerial
helicopter survey;
+5m Intertidal meadows completely exposed or visible at low tide;
Relatively high density of mapping and survey sites;
Recent aerial photography aided in mapping.
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RESULTS

Seagrass species distribution and abundance

1,283 + 14.5 ha of seagrass habitat was mapped in the Alligator Bank monitoring meadow in
October 2010 (Map 1, Figure 1B). 102 habitat characterisation sites were randomly sampled within
the seagrass meadow, 92% of which contained seagrass. Two species of seagrass were found
within the Alligator Banks monitoring meadow:

Family Cymodoceaceae
Halodule uninervis (Forsk.) Aschers. in Boissier

Family Hydrocharitaceae
Halophila ovalis (R. Br.) Hook.f.

(A) . (B)

Plate 1. Seagrass species found in Karumba: (A) Halodule uninervis (narrow leaf form); (B)
Halophila ovalis.

Halodule uninervis (narrow leaf form) was the dominant species in the monitoring meadow while
low levels of Halophila ovalis was also found (Figure 2).

The above-ground biomass of seagrass in the meadow was classified as dense (Table 2) and
contained areas within the meadow that had isolated patches, aggregated patches and a
continuous cover of seagrass. The monitoring meadow had a mean biomass of 7.74+0.75
g DW m™ (Figure 1A).

Seed sampling was conducted at 15 sites on Alligator Bank (Map 2). Halodule uninervis seeds and
pieces of seed pericarp (outer casing of seeds) were found scattered throughout the meadow (Map
2). Mean Halodule uninervis seed density for the meadow was 23.47 + 6.4 seeds m? and the
density of pericarp pieces was 57.1 + 9.5 pieces m™. Halophila ovalis fruits were also found
throughout the meadow with mean fruit density of 21.7 + 10.8 fruits m™? (Figure 3).

Port of Karumba Long-term Seagrass Monitoring — October 2010 6



Map 1. Seagrass monitoring meadows and location of seagrass habitat characterisation sites in the Port of Karumba, October 2010.
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Figure 1. Mean (A) above ground biomass (g DW m™) of monitoring meadow (+ SE) and (B)
meadow area (x Reliability) for each October seagrass survey of Karumba (1994 to
2010). Red dotted line is the 17 year average values (1994 to 2010).
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Map 2. Density of Halodule uninervis seeds, broken pericarp pieces and Halophila ovalis fruits on
Alligator Bank in the Port of Karumba, October 2010.
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Figure 2. Percent composition of above ground biomass for seagrass species within the
monitoring meadow in from 1994 to 2010.

Comparison with previous monitoring surveys

The Karumba seagrass monitoring meadow has been variable in distribution and biomass between
monitoring surveys for the last 17 years. Seagrass biomass in the meadow has been significantly
different between years and has ranged from 0.87 + 0.1 g DW m™ in 2002 to a peak in 2006 of
13.62 + 1.10 g DW m™ (Figure 1A, Rasheed and Unsworth 2011).

For the last three years (2008-2010) meadow density has remained relatively high in Karumba and
has been well above the 17 year average of 6.12 + 0.75 g DW m™ (Figure 1A). The mean biomass
of seagrass recorded in 2010 (7.74 + 0.75 g DW m?) was the 4™ highest value recorded since
commencement of monitoring (Figure 1A). Halodule uninervis has been the dominant species in
the meadow throughout the life of the monitoring program and contributes on average 88% of the
species composition of the meadow (Figure 2).

The total distribution of the meadow on Alligator Bank had a declining trend from 1994 to 1999
when meadow area reached a minimum (Figure 1A). Meadow area since 1999 has generally
increased reaching a peak distribution of 1,649 + 30.5 ha in 2007 (Figure 1A). Meadow area
remained well above the 17 year average (1,267 + 19 ha) in 2008 and 2009 then declined by 18%
in 2010 to 1,283 + 14.5 ha. This decrease in 2010 reflects the contraction of the meadow at the
Bynoe River end and contraction in the centre of the meadow where the bulk of the “Core” and
“Fringing” meadows met. Despite this decrease in area in 2010, values still remain well within the
ranges previously recorded for meadow area.

The reproductive capacity of the meadow (measured by seed and flower/fruit density) in 2010
remained broadly within the range of previous years assessments (Figure 3A & B). Changes in the
mean density of seeds (although variable) between years is difficult to assess, as within year
variability is very high, however mean seed density has decreased for the last two years (2009 &
2010) from the peak reached in 2008 (54.4 seeds m), but remains higher than the low levels
recorded in 2004 (Figure 3A). Fruits of Halophila ovalis was at their lowest occurrence in 2010
(21.7 m™) compared to all previous years but again have high within year error (Figure 3B).
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Map 3. Changes in the Port of Karumba seagrass monitoring meadows October 2003 to October 2010
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Port of Karumba climate analysis

Total rainfall in Normanton in the 12 months leading up to the 2009 and 2010 surveys was well
above average (Figure 4). Rainfall was also above average in August and September 2010; three
and one months prior to the 2010 survey (Figure 5). The flow of the Norman River in 2010
(4,317,659.9 ML) was the third highest recorded since monitoring began in 1994 (Figure 6). Most
of the catchment and river flow occurred between January and April 2010 with no flow values
recorded from May to October 2010 (Figure 6 inset). The flow values for 2009 and 2010 coincide
with the extensive flooding that occurred within the region during those years (Figure 7). The high
rainfall and river flow levels seen in 2009 and 2010 has followed 7 years of records that were
mostly below average.

The annual mean daily maximum temperatures recorded at Normanton between 2008 and 2010
have also been above the 17 year average (Figure 8). This followed below average temperatures
recorded in 2006 and 2007 (Figure 8). Similar to temperature, solar exposure has been above
average since 2007. Higher values of solar exposure occurred mainly in the earlier part of the 12
months leading up to the October 2010 survey, while October also had above average levels of
solar exposure (Figure 10). In contrast, annual daytime tidal exposure has been below the 17 year
average for the last nine years (Figure 11). The Alligator Bank seagrass meadow was exposed for
longer periods from May to September 2010 (Figure 11 inset).
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Figure 7. Annual highest flood peaks on the Norman River since 1974. Graph taken directly from
www.bom.gov.au
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Figure 8. Mean annual daily air temperature (°C) at Normanton Airport (12 month year is Nov —
Oct) (Source: Bureau of Meteorology - Station Number: 029063)
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Figure 9. Mean annual daily global solar exposure (MJ m™) at Normanton Airport (12 month year
is Nov — Oct) (Source: Bureau of Meteorology - Station Number: 029063)
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Figure 10. Mean monthly daily global solar exposure (MJ m™) at Normanton Airport (Source:
Bureau of Meteorology - Station Number: 029063)
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Figure 11. Total annual daytime exposure (hrs)* of seagrass meadows on Alligator Bank, (12
month year is Nov — Oct) (note — data missing between November 2000 and June
2001). Inset: Total monthly tidal exposure November 2009 — October 2010

* Assumes intertidal banks become exposed at a tide height of 0.9m above Lowest Astronomical Tide.
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DISCUSSION

Seagrass Distribution and Abundance

Seagrass meadows in the Port of Karumba were found in 2010 to be in a healthy and productive
state with dugong feeding trails seen in 57% of the sites that had seagrass. Although meadow area
declined in 2010, the meadow remains spatially expansive and dense, with biomass and area
values above the 17 year averages.

Seagrass meadows can be highly dynamic and variable with changes in biomass and distribution
commonly varying up to a factor of four (Mellors et al. 1993, McKenzie 1994, Lanyon and Marsh
1995). The publication produced from 16 years of monitoring in Karumba found that variability in
biomass and distribution within the Alligator Bank monitoring meadow correlated with climate (river
flow and temperature) and long-term tidal exposure cycles (Rasheed and Unsworth 2011). Above-
ground biomass had a positive correlation with river flow, while air temperature was a negative
correlate with biomass. Meadow area was observed to have a positive correlation with the number
of hours of daylight tidal exposure (Rasheed and Unsworth 2011). These outcomes were also able
to be applied to the 2010 results.

2009 and 2010 were years marked by high rainfall and flooding, which resulted in some of the
largest flows of the Norman river during the 17 years of the monitoring program. Despite the heavy
flooding in 2009 and 2010, the seagrasses in Karumba remained in a healthy and above average
condition. These results fit with the positive correlation between biomass and river flow reported in
Rasheed and Unsworth (2011). Although high short-term rainfall and flooding can cause burial,
large freshwater pulses, periods of high turbidity and associated light reduction which can all
negatively affect seagrasses (Campbell et al. 2006; Waycott et al. 2007; Cardoso et al. 2008;
Chartrand et al. 2010), river flows are important in supplying nutrients into coastal seagrass
meadows (Short 1987; Udy et al. 1999). Most of the rainfall and river flow in 2009 and 2010
occurred in the earlier part of the year. It is therefore possible that the flooding may have led to a
short term decline in seagrasses earlier in the year and that they were able to recover by the
November (2009) and October (2010) surveys. No post flood surveys were conducted to confirm
any loss post flooding.

Meadow distribution in Karumba was found to have a positive correlation with the number of hours
of daylight tidal exposure (Rasheed Unsworth 2011). This relationship may explain the decrease in
area of the Halodule uninervis dominated meadow seen in 2010 compared to 2009, where area
reduction coincided with a decrease in tidal exposure (of 75 hours) compared to 2009. The positive
correlation between exposure and area was unexpected given the potential for exposure to result
in thermal stress and desiccation (Bjork et al. 1999; Campbell et al. 2006). This result contrasts
those found for Enhalus acoroides in Weipa, where low daytime tidal exposure in the month prior
to monitoring events was highly correlated with increases in biomass in these meadows (Rasheed
et al. In Prep). The positive correlation in Karumba may relate to low light availability in the marine
environment. Light availability is a primary factor of seagrass physiology and productivity (Ralph et
al. 2007). Seagrasses in Karumba are likely to be growing at or near their photosynthetic
compensation point (Falkowski and Raven 1997; Chartrand et al. 2010) and are reliant on a narrow
window of opportunity around low tide for effective photosynthesis (Pollard and Greenway 1993).
Low amounts of hours of exposure would have substantially reduced the effective window of
opportunity for seagrass growth and the pooling of water at low tide on Alligator Bank may offer
protection to seagrasses from exposure stress.

The above average biomass and distribution seen in the Karumba monitoring meadow was
consistent with changes seen in the Port of Weipa and Torres Strait (McCormack et al 2011,
Fisheries Queensland). In contrast, seagrasses on the east coast of Queensland have suffered
widespread losses throughout 2010. Seagrasses in the Torres Strait and the Gulf of Carpentaria
seem to have been less affected by La Nina events that have caused major impacts in the state in
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2010. These conditions have likely contributed to major declines seen on the east coast through
significant flooding and storm events.

Seagrass resilience and ecosystem consequences of change

Reproductive structures of Halophila ovalis and seeds of Halodule uninervis were observed in the
monitoring meadow in 2010. The presence of seeds and reproductive structures indicate that the
meadow has some capacity to remain resilient to future disturbances and climatic variability
(Rasheed 2004; Bell et al. 2008). Although seeds occurred in the sediment, observed densities are
multiple orders of magnitude lower than at other locations in Queensland (McKenzie and Unsworth
2009). Some Halodule uninervis meadows in Queensland have recorded very high seed densities
(commonly average >2000 per m?) (Inglis 2000; McKenzie and Unsworth 2009). In contrast, seed
density was much higher in Karumba than at Abbot Pt where extensive seed sampling was
conducted seasonally for 13 months in a Halodule uninervis dominated meadow. Within the 13
month study reproductive structures were only found on one occasion and seed density was only
1.33 + 0.43 seeds per m® These differences throughout the state emphasise the need to
understand local differences in meadow characteristics to understand resilience and capacity for
recovery.

The results of meadow change seen in 2009 and 2010 are not likely to have resulted in major
change in habitat structure for faunal communities. Changes in seagrass biomass and distribution,
and hence habitat structure do effect its capacity to support fauna (Unsworth et al. 2007), however
seagrass in Karumba remains spatially expansive and dense. Seagrasses at Karumba provide a
food source for dugong utilising the region and a high value as fisheries nursery habitat. There is
evidence that declines in commercial catches of barramundi and grey mackerel in Karumba have
coincided with declines in seagrass abundance in the past (Gribble et al. 2005), but the minor
changes observed in 2009 and 2010 relative to 2008 are unlikely to have resulted in such changes.

Implications for port management and future monitoring

Results of the 2010 survey indicate that the marine environment of the port was in a healthy
condition and that anthropogenic activities including dredging and other port and urban activities
are unlikely to have had a significant impact on seagrasses in Karumba over the previous 12
months. Although currently un-impacted by anthropogenic stress however, the marine environment
of the port continues to be at risk from the shipping activities at the port. Dredging and shipping
activities have commonly been observed in many locations to damage seagrass (Erftemeijer and
Lewis 2006) and natural conditions have the capacity to reduce the resilience of seagrasses to the
point they become vulnerable to impacts they have previously been able to resist.

The use of a seagrass monitoring program in Karumba continues to provide an excellent indicator
of environmental change, enabling natural environmental change to be separated from any
potential anthropogenic impacts. Understanding natural cycles of change in Karumba seagrasses
is also important as natural events have the capacity to reduce the resilience of seagrasses in the
region to current human activities such as port dredging programs. To better understand some of
the changes occurring at the meadow rather than regional level there are some enhancements that
could be applied to the existing monitoring program, for example, deploying and using in situ light
and temperature loggers. Light and temperature are two of the major factors that have been linked
to changes in seagrasses. The use of light and temperature data loggers within monitoring
meadows at other monitoring locations has enabled an evaluation of changes occurring at the
meadow scale (Chartrand et al. 2010). This provides direct information on what conditions
seagrasses are experiencing rather than inferring them from regional climate information. Where
installed, these loggers have shown that meadows of similar species composition and location may
experience different physical conditions and different outcomes in density and distribution over
time (Chartrand et al. 2010).
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