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Abstract 
Moreton Bay is a subtropical bay in south east Queensland that supports important populations 
of seabirds, marine mammals, reptiles and fish. Zooplankton, being small, are often 
overlooked, but are important nutrient cyclers and a critical link between primary producers 
and higher trophic levels. Here we synthesise available information on the zooplankton of
Moreton Bay, from copepods to jellyfish, and describe their important roles in marine food 
webs. Zooplankton research in the Bay has a long history, focusing primarily on taxonomy,
key taxa, seasonality, demersal zooplankton and jellyfish. Copepods dominate the fauna in the 
Bay, accounting for 74% of the permanent members. The temporary members of the
zooplankton comprise early life stages of littoral species of molluscs, decapods, barnacles, 
annelids and fish. The dominant large zooplankton species is the jellyfish Catostylus mosaicus
that swarms periodically, and its large biomass at times contributes significantly to nutrient 
cycling. Compared with immediately offshore, zooplankton in the Bay are more abundant but 
generally smaller in size and contain more meroplankton. In addition, the copepod community 
is more similar to communities of other tropical shallow coastal regions than zooplankton 
immediately offshore. Water quality models for the Bay have provided new insights into the 
variation of zooplankton in time and space that are difficult to investigate using standard 
sampling approaches. We conclude by highlighting key research gaps that need to be filled, 
namely the impact of flood events on zooplankton; the use of zooplankton as indicators of
water quality to complement solely physico-chemical variables; harnessing historical data to 
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assess the degree to which zooplankton communities have changed over recent decades; and 
the validation of the zooplankton components in water quality models. 

Keywords: coastal ecology, subtropical, meroplankton, holoplankton, demersal, copepods, 
jellyfish, chaetognaths, larvaceans, IMOS 

What is zooplankton? 
The word ‘plankton’ is derived from the Greek planktos meaning ‘to drift’, and although most 
zooplankton are motile, none can progress against currents. Most plankton are microscopic, 
but some such as jellyfish may be up to 2m in bell diameter and can weigh up to 200 kg. 
Plankton communities are highly diverse, containing organisms from almost all kingdoms and 
phyla (Fig. 1). Plankton can be separated into the photosynthetic component (phytoplankton) 
and the animals (zooplankton). The permanent members of the zooplankton are known as 
holoplankton, and these include copepods (Subclass Copepoda), chaetognaths (Phylum 
Chaetognatha) and cladocerans (Superorder Cladocera). However, as almost all marine 
species shed their sperm and/or eggs directly into seawater to enhance dispersal, most marine 
animals are planktonic at some stage in their lifecycle. These temporary members of the 
zooplankton are called meroplankton. Like a caterpillar metamorphosing into a butterfly, 
many meroplankton look nothing like the adult form. Meroplankton, including mussel, 
barnacle and fish larvae, are more common in coastal areas where their progenitors live, and 
are generally more abundant at night than during the day because many species spawn then 
and others move up in the water column during the night. 
 
Why is zooplankton important? 
Zooplankton are critical to the functioning of estuarine and coastal food webs because of their 
sheer abundance and vital ecosystem roles. The most prominent zooplankton, the copepods, 
could be the most abundant multicellular animals on Earth, perhaps 1,000 times more 
abundant than insects (1). The high phylogenetic diversity of zooplankton contributes to their 
diverse ecosystem functions. Arguably, the most important role of zooplankton is as the major 
grazer in food webs, providing the principal pathway for energy from primary producers (the 
phytoplankton) to larger consumers such as fish, marine mammals, jellyfish and sea turtles. 
Interestingly, some of the largest animals in the ocean, such as baleen whales, feed solely on 
zooplankton. This is in stark contrast with terrestrial ecosystems, where the largest animals 
are generally herbivores. 

Zooplankton not only support the large, highly visible, and charismatic components of ocean 
food webs, but also the microbial community. Their feeding mechanisms, secretions and 
excretions play an important role in nutrient cycling (2, 3) and support microbial (4, 5) and 
phytoplankton production. Microbes colonise zooplankton faecal pellets and carcasses (3), 
making them rich sources of organic carbon for detrital feeders in the water column and 
benthos. In shallow coastal regions, demersal zooplankton play an important role in 
transferring energy and nutrients between the sea bottom and water column (6), and are also 
food for fish whilst in the water column (7, 8). Zooplankton grazing has the potential to exert 
selective pressure on phytoplankton community dynamics (9–13) that may determine the fate 
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of algal blooms. Understanding the relationship between environmental drivers and 
zooplankton dynamics is an important step in safeguarding the ecological and economic 
resources of coastal regions and their resilience to anthropogenic nutrient enrichment and 
climate change. 

 
Figure 1. Images of mixed zooplankton from Moreton Bay. 1. Lucifer shrimp 2-3. Mysids 4. Juvenile 
mysid 5. Euphausiid, 6. Juvenile euphausiid 7-8. Juvenile decapods 9-10. Hyperiid amphipods 11. 
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resources of coastal regions and their resilience to anthropogenic nutrient enrichment and 
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Cumacean 12. Brachyuran megalopa 13. Brachyuran zoea 14. Anomuran zoea 15. Porcellanid 
(Anomuran) zoea 16-17. Juvenile stomatopods 18-21. Harpacticoid copepods (18. Macrosetella 
gracilis 19. Microsetella 20. Euterpina acutifrons 21. Clytemnestra) 22-24. Calanoid copepod nauplii 
25. Barnacle nauplius 26-27. Cladocerans (Pseudevadne tergestina, Penilia avirostris) 28-30. 
Ostracods 31. Bryozoan larva 32. Brachiopoda larva 33. Bivalve veliger  34-39. Adult copepods (34. 
Temora turbinata 35. Acrocalanus gracilis 36. Parvocalanus crassirostris 37. Oithona 38. Oncaea 
venusta female 39. Oncaea venusta male) 40-42. Chaetognaths 43-45. Oikopleurid appendicularians 
46-50. Polychaetes 51. Salp; Thalia democratica 52. Doliolid; Doliolum nationalis 53-55. 
Siphonophores 56. Siphonophore pneumatophore 57-59. Anthoathecata medusae 60. Narcomedusa; 
Solmundella bitentaculata 61. Leptothecata medusa; Obelia, 62. Anthozoa larva (Cnidaria) 63-64. 
Tornaria larvae (Hemichordata) 65-66. Echinoderm pluteus larvae 67. Echinoderm ophiuroid juvenile 
68. Echinoderm bipinnaria larva 69. Phoronid larva 70-71. Globigerinid foraminiferans 72. Noctiluca 
scintillans (dinoflagellate) 73-74. Polychaete larvae 75. Tomopteris (holoplanktonic polychaete) 76-
77. Appendicularians 78. Oikopleurid appendicularian  79-83. Gastropod molluscs (79-80. Creseis 81-
82. Limacina 83. Desmopterus) 84-85. Echinospira mollusc larvae 86. Atlanta (pterotracheoid 
mollusc) 87. Prosobranch mollusc 

 
History of zooplankton research in Moreton Bay 
Although there has been relatively little zooplankton research in Australia over the past 
century compared with temperate regions in the northern hemisphere (for an example see 
(14)), Moreton Bay has had a surprising number of studies. The first studies were limited in 
area and descriptive. The earliest account of zooplankton research in Moreton Bay is from a 
January 1938 expedition by Laing (15), who undertook six net hauls east of Peel Island. She 
briefly described the plankton composition in broad taxonomic groups and noted a day/night 
difference. This was followed by Munro (16), who studied the general composition of 
zooplankton in Waterloo Bay and the night-time emergence. 

Zooplankton studies published between the 1960s and the late 1990s have been reviewed by 
Greenwood (17). Succeeding zooplankton work by Greenwood in 1999 (18) formed a 
component of the broader Moreton Bay Study initiated by stakeholders to inform improvement 
of water quality for the Bay and its estuaries. While the taxonomic resolution was low, it 
extended the knowledge base for zooplankton abundance, size fractions and night/day 
population differences upstream to the Bremer River, northward to Deception Bay and 
southward to Pelican Banks. 

There has been relatively little work in Moreton Bay in the 21st century. Greenwood (19) 
investigated the demersal zooplankton of the Brisbane River estuary and found that dredging 
led to a significant decline in zooplankton abundance, but had little impact on composition or 
distribution. In a study of the bacterioplankton using molecular techniques, Hewson and 
Fuhrman (20) found that some bacterioplankton taxa were restricted to distinct environments, 
whereas others had a ubiquitous distribution from the Brisbane River to the outer Bay. 
Recently, Uribe-Palomino et al. (21) described a new, tiny (2 mm) jellyfish species of the 
genus Merlicertissa whose holotype was collected in the Bay. 
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Dominant taxa 
Copepods 
As in most subtropical water bodies (22), copepods numerically dominate the fauna in the 
Bay, accounting for 74% of the holoplankton and 50% of the total zooplankton (23). The 
copepod community is always dominated by calanoids (average 76% of total copepods). 
Approximately half of the 68 calanoid species recorded by Greenwood (24) were found in 
fewer than 5% of the samples, with just 11 species present in 50% or more of the samples. 
These 11 species were also numerically important components of the zooplankton. Greenwood 
(24) found that the most frequently captured calanoid copepods in Moreton Bay, listed in 
descending order were, Pseudodiaptomus mertoni, Tortanus barbatus, Temora turbinata, 
Acartia pacifica, Bestiolina similis, Acartia tranteri, Parvocalanus crassirostris, Acrocalanus 
gibber, Centropages furcatus, Pseudodiaptomus colefaxi, and Calanopia australica. 

Interestingly, two species in each of two genera were in the top 11 species, raising the question 
of how they coexist despite competing for shared resources. For example, the dominant 
calanoid copepod species, A. tranteri, an estuarine species endemic to Australia, and the more 
cosmopolitan, estuarine-coastal A. pacifica, are from the same genus. It is thought they are 
able to coexist because of seasonal and spatial niche separation (25). A. tranteri was typically 
dominant in colder temperature waters (14–21°C) and lower salinities between 30–36.5‰, 
whereas A. pacifica was dominant above 22°C and from 34–36.5‰. The same study similarly 
concluded P. colefaxi was more of a generalist, with broader temperature and salinity 
preferences, than its specialist congenitor P. mertoni (25). 

Greenwood (23) found cyclopoid copepods typically constituted one-fifth of the total copepod 
fauna when collected using a 195µm mesh net. However, these characteristically smaller 
copepod species were sometimes dominant during the Task Plankton Trophodynamics Study 
(18), which used finer mesh nets. Thwin’s (26) time series work recorded 34 species of 
cyclopoids, with 10 of these in <2% of the samples. The three small species Oithona 
brevicornis, Oithona nana and Coryceaus andrewsi were the most frequent constituents of the 
cyclopoid fauna. 

Globally, a mere 0.5% of described harpacticoid species permanently inhabit the pelagic realm 
(27). Unsurprisingly, harpacticoids constitute the smallest fraction of the copepod fauna in 
Moreton Bay, averaging just 2.7% and 1.4% of the copepod and total zooplankton abundances, 
respectively (23). Neritic and oceanic species such as Euterpina acutifrons, Microsetella spp., 
Macrosetella gracilis, Goniopsyllus rostrata (originally identified as Clytemnestra rostrata in 
(28)) and Metis holothuriae (probably benthic and associated with seagrass) have been 
collected in the Bay. Interestingly, M. gracilis uses the colonial cyanobacterium 
Trichodesmium both as a food source (29) and buoyant substrate for juvenile development 
(30). Trichodesmium is a major contributor to primary productivity in oligotrophic tropical 
and subtropical oceans (31), and periodically forms dense surface slicks in the Bay (32). M. 
gracilis may thus be an important trophic link between Trichodesmium and higher trophic 
levels in the more oligotrophic areas of the Bay, such as towards the eastern barrier islands. 



338

  Chapter 5 - Habitats, Biodiversity and Ecosystem Function 

Moreton Bay Quandamooka & Catchment: Past, present, and future
 

Cumacean 12. Brachyuran megalopa 13. Brachyuran zoea 14. Anomuran zoea 15. Porcellanid 
(Anomuran) zoea 16-17. Juvenile stomatopods 18-21. Harpacticoid copepods (18. Macrosetella 
gracilis 19. Microsetella 20. Euterpina acutifrons 21. Clytemnestra) 22-24. Calanoid copepod nauplii 
25. Barnacle nauplius 26-27. Cladocerans (Pseudevadne tergestina, Penilia avirostris) 28-30. 
Ostracods 31. Bryozoan larva 32. Brachiopoda larva 33. Bivalve veliger  34-39. Adult copepods (34. 
Temora turbinata 35. Acrocalanus gracilis 36. Parvocalanus crassirostris 37. Oithona 38. Oncaea 
venusta female 39. Oncaea venusta male) 40-42. Chaetognaths 43-45. Oikopleurid appendicularians 
46-50. Polychaetes 51. Salp; Thalia democratica 52. Doliolid; Doliolum nationalis 53-55. 
Siphonophores 56. Siphonophore pneumatophore 57-59. Anthoathecata medusae 60. Narcomedusa; 
Solmundella bitentaculata 61. Leptothecata medusa; Obelia, 62. Anthozoa larva (Cnidaria) 63-64. 
Tornaria larvae (Hemichordata) 65-66. Echinoderm pluteus larvae 67. Echinoderm ophiuroid juvenile 
68. Echinoderm bipinnaria larva 69. Phoronid larva 70-71. Globigerinid foraminiferans 72. Noctiluca 
scintillans (dinoflagellate) 73-74. Polychaete larvae 75. Tomopteris (holoplanktonic polychaete) 76-
77. Appendicularians 78. Oikopleurid appendicularian  79-83. Gastropod molluscs (79-80. Creseis 81-
82. Limacina 83. Desmopterus) 84-85. Echinospira mollusc larvae 86. Atlanta (pterotracheoid 
mollusc) 87. Prosobranch mollusc 

 
History of zooplankton research in Moreton Bay 
Although there has been relatively little zooplankton research in Australia over the past 
century compared with temperate regions in the northern hemisphere (for an example see 
(14)), Moreton Bay has had a surprising number of studies. The first studies were limited in 
area and descriptive. The earliest account of zooplankton research in Moreton Bay is from a 
January 1938 expedition by Laing (15), who undertook six net hauls east of Peel Island. She 
briefly described the plankton composition in broad taxonomic groups and noted a day/night 
difference. This was followed by Munro (16), who studied the general composition of 
zooplankton in Waterloo Bay and the night-time emergence. 

Zooplankton studies published between the 1960s and the late 1990s have been reviewed by 
Greenwood (17). Succeeding zooplankton work by Greenwood in 1999 (18) formed a 
component of the broader Moreton Bay Study initiated by stakeholders to inform improvement 
of water quality for the Bay and its estuaries. While the taxonomic resolution was low, it 
extended the knowledge base for zooplankton abundance, size fractions and night/day 
population differences upstream to the Bremer River, northward to Deception Bay and 
southward to Pelican Banks. 

There has been relatively little work in Moreton Bay in the 21st century. Greenwood (19) 
investigated the demersal zooplankton of the Brisbane River estuary and found that dredging 
led to a significant decline in zooplankton abundance, but had little impact on composition or 
distribution. In a study of the bacterioplankton using molecular techniques, Hewson and 
Fuhrman (20) found that some bacterioplankton taxa were restricted to distinct environments, 
whereas others had a ubiquitous distribution from the Brisbane River to the outer Bay. 
Recently, Uribe-Palomino et al. (21) described a new, tiny (2 mm) jellyfish species of the 
genus Merlicertissa whose holotype was collected in the Bay. 
 
  

339

Zooplankton of Moreton Bay

Moreton Bay Quandamooka & Catchment: Past, present, and future
 

Dominant taxa 
Copepods 
As in most subtropical water bodies (22), copepods numerically dominate the fauna in the 
Bay, accounting for 74% of the holoplankton and 50% of the total zooplankton (23). The 
copepod community is always dominated by calanoids (average 76% of total copepods). 
Approximately half of the 68 calanoid species recorded by Greenwood (24) were found in 
fewer than 5% of the samples, with just 11 species present in 50% or more of the samples. 
These 11 species were also numerically important components of the zooplankton. Greenwood 
(24) found that the most frequently captured calanoid copepods in Moreton Bay, listed in 
descending order were, Pseudodiaptomus mertoni, Tortanus barbatus, Temora turbinata, 
Acartia pacifica, Bestiolina similis, Acartia tranteri, Parvocalanus crassirostris, Acrocalanus 
gibber, Centropages furcatus, Pseudodiaptomus colefaxi, and Calanopia australica. 

Interestingly, two species in each of two genera were in the top 11 species, raising the question 
of how they coexist despite competing for shared resources. For example, the dominant 
calanoid copepod species, A. tranteri, an estuarine species endemic to Australia, and the more 
cosmopolitan, estuarine-coastal A. pacifica, are from the same genus. It is thought they are 
able to coexist because of seasonal and spatial niche separation (25). A. tranteri was typically 
dominant in colder temperature waters (14–21°C) and lower salinities between 30–36.5‰, 
whereas A. pacifica was dominant above 22°C and from 34–36.5‰. The same study similarly 
concluded P. colefaxi was more of a generalist, with broader temperature and salinity 
preferences, than its specialist congenitor P. mertoni (25). 

Greenwood (23) found cyclopoid copepods typically constituted one-fifth of the total copepod 
fauna when collected using a 195µm mesh net. However, these characteristically smaller 
copepod species were sometimes dominant during the Task Plankton Trophodynamics Study 
(18), which used finer mesh nets. Thwin’s (26) time series work recorded 34 species of 
cyclopoids, with 10 of these in <2% of the samples. The three small species Oithona 
brevicornis, Oithona nana and Coryceaus andrewsi were the most frequent constituents of the 
cyclopoid fauna. 

Globally, a mere 0.5% of described harpacticoid species permanently inhabit the pelagic realm 
(27). Unsurprisingly, harpacticoids constitute the smallest fraction of the copepod fauna in 
Moreton Bay, averaging just 2.7% and 1.4% of the copepod and total zooplankton abundances, 
respectively (23). Neritic and oceanic species such as Euterpina acutifrons, Microsetella spp., 
Macrosetella gracilis, Goniopsyllus rostrata (originally identified as Clytemnestra rostrata in 
(28)) and Metis holothuriae (probably benthic and associated with seagrass) have been 
collected in the Bay. Interestingly, M. gracilis uses the colonial cyanobacterium 
Trichodesmium both as a food source (29) and buoyant substrate for juvenile development 
(30). Trichodesmium is a major contributor to primary productivity in oligotrophic tropical 
and subtropical oceans (31), and periodically forms dense surface slicks in the Bay (32). M. 
gracilis may thus be an important trophic link between Trichodesmium and higher trophic 
levels in the more oligotrophic areas of the Bay, such as towards the eastern barrier islands. 



340

  Chapter 5 - Habitats, Biodiversity and Ecosystem Function 

Moreton Bay Quandamooka & Catchment: Past, present, and future
 

Other zooplankton 
Greenwood (23) found that the most numerous holoplanktonic groups, in order of numerical 
importance, were the appendicularians, cladocerans, chaetognaths and cnidarians. 
Appendicularians (larvaceans, (tunicates)) occasionally represented 60% of the non-copepod 
zooplankton. The Moreton Bay population was dominated by Oikopluera longicauda, with 
Oikopluera doica also common and Fritillaria pellucida rare (23). While often outnumbered 
by copepods, growth rates for larvaceans typically surpass those of copepods at the same 
temperature (33, 34). Larvaceans are one of the few metazoans to efficiently feed on the 
picoplankton (0.2–2 µm-sized particles), which are filtered from the water column using a 
mucous feeding structure known as a ‘house’ (35). Their filtration rates are high, and once they 
are clogged with phytoplankton, bacteria, ciliates, detritus and faecal pellets, houses are shed 
and replaced. New houses are secreted regularly; Sato et al. (36) observed house renewal rates 
from 2–40 per day for ten species from Tokyo Bay, Japan. O. longicauda produces and discards 
up to 24 per day and the carbon content of particle-loaded, discarded houses corresponds to 
18% of somatic carbon (36). Given their abundances and ubiquity, larvaceans are thus an 
important source of secondary production in the coastal and oceanic systems they inhabit. In 
addition, larvacean houses are colonised by bacteria and flocculate with other organic detritus, 
forming marine snow (37). The subsequent breakdown of discarded houses not only makes 
organic matter available for remineralisation by the microbial community (37), but these 
macroscopic aggregates provide food for copepods (38) otherwise unable to consume 
picoplankton-sized particles due to the limitations of their feeding structures (39). Discarded 
houses thus represent an important link between the microbial and classical food webs. 

To date, four of the world’s eight known marine cladocera species have been recorded in 
Moreton Bay (23, 28). Cladocerans are important links in the microbial loop because they are 
capable of feeding on organisms ranging from <2 µm (flagellates) up to 100 µm (diatoms, 
dinoflagellates and ciliates) (40–42) and in turn are preyed on by higher trophic consumers 
such as chaetognaths (43) and planktivorous fish (44) in classical food webs. Owing to their 
short developmental times and unique ability among the planktonic crustaceans to reproduce 
asexually (by parthenogenesis), cladoceran populations can respond rapidly to favourable 
environmental conditions and reach high densities (42). Moreton Bay’s cladoceran population 
is typical of other neritic subtropical waters, with the dominance and almost constant presence 
of Penilia avirostrus, one of the more abundant and geographically widespread species (45). 
Highest observed densities were 635 m-3 but annual average was one-tenth of that maximum 
at 64 m-3 (23). As a group, the cladocerans averaged 3.8% of the total zooplankton (23). Other 
species captured in the Bay were Pseudevadne tergestina, Evadne nordmanni and Pleopis 
polyphemoides. 

Chaetognaths are known as arrow worms and are raptorial carnivores. They are found across 
most marine habitats including estuaries, bays, and open oceans from polar to equatorial 
waters (46). They are ambush predators, and prey include copepods and cladocerans (47). 
Globally they are often reported in abundances second only to copepods in the 
mesozooplankton (48, 49), and indeed they are among the dominant taxa in Moreton Bay. 
This group formed 3.4% and 5% of the total zooplankton and holoplankton, respectively, in a 
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study in years 1963–1966, with notable species being the cosmopolitan Flaccisagitta enflata 
and Indo-Pacific-distributed Aidanosagitta neglecta (23).  

The meroplankton in Moreton Bay are largely composed of early life stages of littoral species. 
In Greenwood’s (23) collections, the most numerous meroplankton were the larvae of 
molluscs, decapods, barnacles and annelids. Only the copepods outnumbered molluscan 
veliger larvae, whose abundances averaged 23% of the total zooplankton. Gastropod veligers, 
found throughout the year, were more numerous than bivalve veligers. The decapod 
component was diverse and dominated by brachyuran zoeae, but included penaeid larvae and 
Lucifer and porcellanid crab zoeae. Barnacle (cirripede) nauplii and cyprids averaged 38 
individuals m–3 and were present year-round. However, nauplii were much more common than 
cyprids, which are a more mature, briefer and non-feeding developmental stage. Many of the 
planktonic annelids, which were present in all months were spionid and polynoid polychaete 
larvae. Other, less common, polychaetes included the Terebellidae and the holoplanktonic 
Tomopteris sp. 

Cnidarians are a diverse and widespread group of largely colonial invertebrates that includes 
many captivating forms such as corals, sea fans, sea anemones and the floating Portuguese 
man o’war, (aka blue bottle). All cnidarians possess nematocysts, the specialised stinging 
organelles feared by bathers. Some cnidarians have only a sessile polyp stage (e.g. corals), 
others have only a pelagic medusa stage (e.g. some true jellyfish species), but many cnidarians 
have alternation of generations, switching between the asexual polyp and the sexual pelagic 
medusa stage. Gelatinous, planktonic cnidarians include the siphonophores (Class: Hydrozoa), 
box jellyfish (Class: Cubozoa) and true jellyfish (Class: Scyphozoa).  

The cnidarian community from Moreton Bay has been characterised in seven studies, a 
number of which are unpublished theses or reports, and most are taxonomic accounts (16, 23, 
50-54). Gelatinous animals are notoriously difficult to sample effectively; they are often too 
large for most sampling gear, or so small and delicate that they disintegrate upon capture, and 
their mucus has a tendency to clog net mesh and compromise entire samples.  

About 58 species of cnidarians have been recorded in Moreton Bay, 52 of which are reported 
and reviewed by Gershwin et al. (54) from collections and literature, including descriptions 
for seven new species and new distribution records. It is remarkable that such an extensive 
appraisal of Cnidaria exists for the Bay, although this taxon list does not include the species 
Diphyes subtiloides and genera Corymorpha sp. (as Steenstrupia sp.), Sarsia sp., Melicertissa 
sp. (as Melicertiasa sp.), Mitrocomidae sp. (as Cosmetira sp.), Lensia sp. found by Munro 
(16). Gorman (52) sampled cnidarians and ctenophores from seven stations in the Bay and, 
using a wider net than Greenwood (23), described a more abundant and more diverse 
community dominated by hydrozoans, with many fewer scyphozoans. The hydrozoans 
Octophialucium medium and Aequorea australis were most abundant by one to two orders of 
magnitude (52). Interestingly, neither of these species was recorded in Payne’s (50) five 
common species for the Bay, highlighting the patchiness in space and time of the planktonic 
cnidarians. 
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Other zooplankton 
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large for most sampling gear, or so small and delicate that they disintegrate upon capture, and 
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appraisal of Cnidaria exists for the Bay, although this taxon list does not include the species 
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sp. (as Melicertiasa sp.), Mitrocomidae sp. (as Cosmetira sp.), Lensia sp. found by Munro 
(16). Gorman (52) sampled cnidarians and ctenophores from seven stations in the Bay and, 
using a wider net than Greenwood (23), described a more abundant and more diverse 
community dominated by hydrozoans, with many fewer scyphozoans. The hydrozoans 
Octophialucium medium and Aequorea australis were most abundant by one to two orders of 
magnitude (52). Interestingly, neither of these species was recorded in Payne’s (50) five 
common species for the Bay, highlighting the patchiness in space and time of the planktonic 
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Siphonophores and other hydrozoans have been found year-round within the Bay and average 
combined densities have reached 43m–3 (23). By contrast, the larger Catostylus and Cyanea 
scyphozoans are observed sporadically, with Catostylus occasionally forming dense swarms 
(23, 52). Thus, while they represent only a minority of the planktonic fauna by number, 
cnidarians can attain significant biomass in the Bay. Other notable taxa include the hydrozoans 
Physalia physalis (bluebottle) and Velella velella (by-the-wind-sailor), both cosmopolitan, 
buoyant, bright blue, and conspicuous when blown onto beaches. There is currently little 
known about the micro-medusae (mature form < ~5 mm bell diameter) from this region.  

Seasonality 
Moreton Bay is a subtropical embayment and thus is likely to have a dampened seasonal cycle 
compared with higher latitudes. Thwin (26), for example, observed that cyclopoid copepods 
formed three main assemblages: (i) estuarine species, (ii) inshore species present at all times, 
and (iii) seasonal offshore intruders. In other words, the primary division of these groups was 
based on estuarine and non-estuarine species, with temperature only secondarily driving a 
division into cold and warm water groups.  

Greenwood (23) found that total zooplankton, total copepods, holoplankton, and 
meroplankton did not show typical seasonal patterns, with all having multiple peaks 
throughout the year (Fig. 2). Many taxa, however, exhibit strong seasonal patterns. 
Meroplankton such as bivalve, gastropod, decapod, polychaete and echinoderm larvae 
contributed most to total zooplankton abundances in summer (23), and Tafe (55) found 
cumacean species richness was lowest in winter and highest in summer. There is strong 
evidence for seasonality in copepod species richness, with more oceanic copepods during late 
summer to winter, which leads to a peak of copepod species richness in winter (24). This is 
probably due to the annual intrusion of oceanic water that delivers oceanic species and 
increases species richness in Moreton Bay (24) (Fig. 3). Other oceanic species of chaetognaths, 
larvaceans, and salps have been recorded in the Bay during this period; for example, the 
chaetognath Flaccisagitta enflata exhibits a positive correlation with salinity, suggesting 
oceanic water intrusion (23).  

Peak abundances of the cladoceran Penilia avirostrus were found in cooler months (23), in 
contrast to other subtropical bays where the species typically peaks in warmer months (55–
57). We have no indication of what drives this difference, although Penilia populations in 
tropical Kingston Harbour, Jamaica, are not generally food limited (45). Rose et al.  (45) could 
find no seasonal patterns and no correlation of abundances with chlorophyll concentrations, 
nor indeed with any measured physical variables within the Harbour. They surmised this 
neritic population may instead be regulated by predation, which may likewise be the case in 
Moreton Bay. 

The most robust dataset on jellyfish abundance in Moreton Bay has been collected by the 
Queensland Government’s Ecosystem Health Monitoring Program, which has recorded the 
presence or absence of C. mosaicus each month since 2002 at >100 sites in Moreton Bay. 
Within years, C. mosaicus exhibits strong seasonality, with juvenile medusae recruiting during 
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spring and summer and populations declining in autumn, although medusae may occasionally 
be encountered during winter (Fig. 4) (56). Limited data exist for other species of jellyfish in 
Moreton Bay.  

       
     Figure 2. Seasonality of (A) Holoplankton and meroplankton, and (B) Zooplankton and 
     copepods (from (23)). 

 

Figure 3. Seasonality in (A) Copepod species richness, and (B) Occurrence of oceanic indicator         
species (based on data from (24)) 

 
Despite limited evidence of strong repeated seasonal cycles, most studies have only been 
conducted over a single year. Further studies are needed to confirm the degree of seasonality, 
and whether multiple peaks are indeed consistent each year or simply indicative of a 
subtropical environment with periodic and ephemeral productivity pulses. Subtropical 
estuaries often have more pronounced spatial variation in community structure of subtropical 
zooplankton across salinity and water quality gradients than seasonal differences (57). Many 
studies have grouped taxa together, which can hide seasonality if there are different peaks and 
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troughs in various taxa, so species-level analyses might prove more informative. No work has 
investigated the association between the summer rainy season and the elevated freshwater 
inputs and nutrient loads at that time. 
 

        Figure 4. Intra-annual variation in mean odds (±SE) of encountering Catostylus 
        mosaicus in Moreton Bay (Data provided by Ecosystem Health Monitoring 
        Program; from Joensen (56)) 
 
Demersal zooplankton 
Estuaries, bays and coastal waters the world over contain resident zooplankton that dwell in, 
on or just above the seafloor during the day and emerge into the water column at night. This 
demersal fauna has received considerable attention in Moreton Bay, and numerous studies 
have shown pronounced diel changes in the composition of its zooplankton. Jacoby and 
Greenwood (58) used emergence traps, re-entry traps and surface tows to study vertical 
migration patterns in the zooplankton. While they found differences in taxa and abundances 
captured using different nets and across seasons, they observed a general pattern of emergence 
at night using surface tows (Fig. 5). A total of 17 of the 23 taxa investigated showed night-
time emergence, with the larger zooplankton taxa, especially crustaceans, exhibiting nocturnal 
emergence (58). Mysids, a shrimp-like crustacean, showed the strongest emergent signal at 
night. Laing (15) and Munro (16) similarly collected mysids more frequently in night-time 
hauls and in higher abundances than those taken in daylight. Copepods of the genus 
Pseudodiaptomus are well known to be demersal (59, 60), with varying degrees of affinity to 
the substratum (58). Pseudodiaptomus colefaxi is a species of calanoid copepod dominant in 
the Bay whose abundances are higher in surface waters at night. Its congener, P. mertoni, was 
found throughout the water column during the day but in greater numbers at night. More 
mature developmental stages of Pseudodiaptomus spp. had demersal habits similar to those of 
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adults. Emergence was observed in other copepods including harpacticoids, Oithona and 
Acartia spp., as well as mollusc larvae (e.g. bivalve and gastropod veligers). 

Jacoby and Greenwood (58) found substratum type to be an important factor governing 
emergence patterns of demersal plankton. Moreton Bay has diverse subtidal habitats including 
coral, seagrass beds, and sandy, muddy and rocky bottoms. Substratum type determined how 
many and which taxa emerged, with 41 of the 43 demersal taxa studied emerging in greater 
numbers from more structurally complex coral and seagrass than from the more uniform coral 
rubble and mud habitats. Further, for most taxa, they recorded emergence in densities about 
10 times greater than for taxa from their Heron Island lagoon study (61). This has important 
ramifications for zooplankton productivity and links to higher trophic levels, particularly given 
recent studies documenting increases in terrestrially derived mud content and mud distribution 

across Moreton Bay (62, 
63). 

Emergence of demersal 
zooplankton is also 
common in the lower 
reaches of rivers entering 
Moreton Bay. Larger 
zooplankton such as the 
sergestid shrimp Acetes 
sibogae, present throughout 
the Bay but primarily 
concentrated in the lower 
reaches of its tributaries, 
spends daylight hours at or 
near the sediment–water 
interface and migrates into 
the water column at night on 

flood tides (64). Greenwood et al. (19) sampled the near-bottom zooplankton populations in 
the Brisbane River during a study on the impacts of gravel extraction, and 33 of 90 taxa 
captured during daytime tows were generally considered to be demersal. Common demersal 
zooplankton included the copepods Gladioferens pectinatus, Pseudodiaptomus spp., Stephos 
morii and Brianola, and isopods, amphipods, mysids, tanaids, numerous decapods, and 
planktonic stages of fish. 

There are numerous drivers of emergence in demersal zooplankton. Many demersal 
zooplankton emerge in the water column at night to feed on phytoplankton, holoplankton or 
other emergent zooplankton. During the day, demersal zooplankton tend to return to the 
substrate to hide from visual predators. Nocturnal migrators tend to be relatively large, with 
highly discernible swimming movements, rendering them vulnerable to predation by visual 
predators such as planktivorous fish (7, 65). Emergence from the seafloor can also have the 
benefit of population maintenance in a region. For example, the sergestid shrimp Acetes 

Figure 5. Night-time emergence of zooplankton 
captured in surface tows. (Adapted from (58)). 
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inputs and nutrient loads at that time. 
 

        Figure 4. Intra-annual variation in mean odds (±SE) of encountering Catostylus 
        mosaicus in Moreton Bay (Data provided by Ecosystem Health Monitoring 
        Program; from Joensen (56)) 
 
Demersal zooplankton 
Estuaries, bays and coastal waters the world over contain resident zooplankton that dwell in, 
on or just above the seafloor during the day and emerge into the water column at night. This 
demersal fauna has received considerable attention in Moreton Bay, and numerous studies 
have shown pronounced diel changes in the composition of its zooplankton. Jacoby and 
Greenwood (58) used emergence traps, re-entry traps and surface tows to study vertical 
migration patterns in the zooplankton. While they found differences in taxa and abundances 
captured using different nets and across seasons, they observed a general pattern of emergence 
at night using surface tows (Fig. 5). A total of 17 of the 23 taxa investigated showed night-
time emergence, with the larger zooplankton taxa, especially crustaceans, exhibiting nocturnal 
emergence (58). Mysids, a shrimp-like crustacean, showed the strongest emergent signal at 
night. Laing (15) and Munro (16) similarly collected mysids more frequently in night-time 
hauls and in higher abundances than those taken in daylight. Copepods of the genus 
Pseudodiaptomus are well known to be demersal (59, 60), with varying degrees of affinity to 
the substratum (58). Pseudodiaptomus colefaxi is a species of calanoid copepod dominant in 
the Bay whose abundances are higher in surface waters at night. Its congener, P. mertoni, was 
found throughout the water column during the day but in greater numbers at night. More 
mature developmental stages of Pseudodiaptomus spp. had demersal habits similar to those of 

M
ea

n 
O

dd
s 

(p
re

se
nc

e/
ab

se
nc

e) 0.60

0.50

0.40

0.30

0.20

0.10

0.00

Month

Dec
Nov

Oct
Sep

Aug
JulJunMay

Apr
Mar

Feb
Jan

Error Bars: +/- 1 SE

Page 1

345

Zooplankton of Moreton Bay

Moreton Bay Quandamooka & Catchment: Past, present, and future
 

adults. Emergence was observed in other copepods including harpacticoids, Oithona and 
Acartia spp., as well as mollusc larvae (e.g. bivalve and gastropod veligers). 

Jacoby and Greenwood (58) found substratum type to be an important factor governing 
emergence patterns of demersal plankton. Moreton Bay has diverse subtidal habitats including 
coral, seagrass beds, and sandy, muddy and rocky bottoms. Substratum type determined how 
many and which taxa emerged, with 41 of the 43 demersal taxa studied emerging in greater 
numbers from more structurally complex coral and seagrass than from the more uniform coral 
rubble and mud habitats. Further, for most taxa, they recorded emergence in densities about 
10 times greater than for taxa from their Heron Island lagoon study (61). This has important 
ramifications for zooplankton productivity and links to higher trophic levels, particularly given 
recent studies documenting increases in terrestrially derived mud content and mud distribution 
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the Bay but primarily 
concentrated in the lower 
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Figure 5. Night-time emergence of zooplankton 
captured in surface tows. (Adapted from (58)). 
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sibogae times its emergence at night to the flood tide to maintain its position in the estuary 
(64). Some benthic crustaceans emerge at the same time to increase the likelihood of finding 
a mate (66). Smaller zooplankton or transparent larval forms are less subject to visual 
predation and often show weaker emergence or vertical migration. Emergence into the water 
column also has the benefit of facilitating passive transport to exploit new feeding regions. 

Regardless of its cues and adaptive significance, this cyclic movement of living organisms is 
an important process in bentho-pelagic coupling as it transfers energy from surface waters to 
the substrate and vice versa. Larger crustaceans such as mysids and sergestids, for example, 
are important dietary components of resident juvenile fishes (65). Understanding diel patterns 
in the contribution of such taxa to the planktonic population is necessary for establishing their 
role in trophic pathways. 

Jellyfish ecology 
Jellyfish are common and conspicuous members of Moreton Bay zooplankton assemblages. 
Scyphozoan jellyfish are the most visible and some species form spectacular blooms that 
comprise a substantial proportion of the pelagic biomass. Jellyfish are voracious predators of 
other zooplankton, including other jellyfish species (67) and act as hosts for numerous species 
of fish and invertebrates (67, 68) and so have an important role in the ecology of Moreton Bay. 
They are also likely to influence nutrient dynamics within the Bay, particularly when large 
blooms of jellyfish collapse suddenly and decompose on the sea floor. Moreover, due to their 
sheer numbers, they can sometimes impart substantial socio-economic effects. For example, 
in 2005, the aircraft carrier USS Ronald Reagan departed the Port of Brisbane earlier than 
scheduled when the blue blubber (Catostylus mosaicus), Moreton Bay’s most abundant large 
jellyfish, interfered with the cooling intakes of the ship. 

Inter-annual variation 
Populations of jellyfish typically exhibit strong inter- and intra-annual variability in 
abundance. Data from the Queensland Government’s Ecosystem Health Monitoring Program 
hints that populations of C. mosaicus, like many other species of jellyfish (69), exhibit distinct 
cycles of abundance, with jellyfish being very abundant for several years, followed by years 
when jellyfish are scarce or absent (Fig. 6) (56). Until data tracking multiple complete cycles 
are available, cyclic behaviour of C. mosaicus populations in Moreton Bay cannot be 
confirmed.      

Trophic interactions 
Jellyfish are voracious predators of zooplankton and, when abundant, can influence the 
dynamics of zooplankton and phytoplankton communities (70, 71). As jellyfish swim 
continuously, they capture prey throughout the day and night and thus also consume nocturnal 
emergent taxa (67). In Moreton Bay, C. mosaicus captures about 50% of the zooplankton taxa 
that are present in the water column (67). Gastropod and bivalve veligers, copepods, 
brachyuran crab zoeae and amphipods are the most common species captured by C. mosaicus 
in the Bay, whilst ostracods and barnacle nauplii either evade capture or are rejected by the 
jellyfish (67). 
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Until recently, jellyfish 
were considered to be 
trophic ‘dead ends’ as they 
were thought to be 
consumed by just a few 
species that specialise on 
feeding on them (such as 
leatherback turtles and 
sunfish). The diversity of 
animals that prey on 
jellyfish, however, is 
likely to have been grossly 
underestimated since 
jellyfish tissue 
decomposes rapidly in the  
guts of predators and is 
difficult to identify using 
traditional gut content 

techniques. Emerging technologies, such as using cnidarian-specific mtDNA assays (72) is 
revealing that a much greater diversity of animals prey upon jellyfish than once thought and 
this is also likely to be the case in Moreton Bay. Having healthy populations of jellyfish may 
thus be important in sustaining populations of a diverse range of species, including the 
numerous species of sea turtle that inhabit Moreton Bay.  

Commensal relationships 
A diversity of organisms associate with jellyfish in Moreton Bay, including dinoflagellates 
(zooxanthellae; 73), fish (68), copepods (74), and anemones and isopods (75). The relationship 
between jellyfish and the animals they host varies and includes parasitism, whereby the 
associates may feed on or deposit their eggs and larvae within the tissues of the host jellyfish, 
thus harming it (e.g. Brown et al. (75)); commensalism, whereby one partner may benefit from 
the association but the other partner is unharmed (such as the fish Trachurus novaezelandiae 
that appears to shelter under the umbrella of C. mosaicus but not harm it (76)); and symbiosis 
sensu stricto, in which both partners benefit (such as the dinoflagellates that associate with 
Cassiopea sp.). Jellyfish, therefore, are likely to have a major role in supporting pelagic 
biodiversity within Moreton Bay. Indeed, the diversity of organisms that associate with 
jellyfish in the Bay is likely to be much greater than stated here, since in other regions of 
Australia, C. mosaicus associates with anemones and isopods (75), and intermediate stages of 
digenean (Class: Trematoda) parasites (77).  

Influence in nutrient cycling 
Due to their ‘boom and bust’ population dynamics, and their sheer abundances, jellyfish have 
a major role in biogeochemical cycling (78). As populations of jellyfish grow, they assimilate 
carbon and nutrients from their prey, and excrete nitrogenous wastes and dissolved organic 
carbon into the water column. Blooms of jellyfish thus represent significant repositories of 

Figure 6. Inter-annual variation in mean odds (±SE) of 
encountering Catostylus mosaicus in Moreton Bay. (Data 
provided by Ecosystem Health Monitoring Program; from 
Joensen (56)). 
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carbon and nutrients that are 
subsequently released when the 
populations collapse during autumn. 
Senescent jellyfish rapidly sink to 
the sea floor and may be consumed 
by benthic scavengers such as fish, 
or be remineralised by bacteria (79). 
In Moreton Bay, jellyfish carcasses 
are more likely to be scavenged than 
remineralised, since potential 
scavengers are abundant. Winds and 
tidal currents often strand large 
numbers of jellyfish on the beaches 
of Moreton Bay (Fig. 7). These 
stranding events are likely to provide 
important, although episodic, 
trophic and nutrient subsidies to the 
sandy shore environments, where in 
situ levels of productivity are 
typically low. 

Zooxanthellate jellyfish influence 
nutrient cycling differently than 
non-zooxanthellate species since the 
nitrogenous wastes and carbon 
dioxide excreted by the host jellyfish 
are almost entirely used by their 

symbionts and thus recycled internally within the holobiont (80). Moreover, zooxanthellate 
jellyfish can assimilate dissolved inorganic nitrogen and phosphorus from the water column 
(81).  

How do zooplankton differ inside and outside Moreton Bay? 
Zooplankton in coastal bays are often substantially different from neighbouring oceanic 
regions. The zooplankton community in Moreton Bay exhibit lower biomass, higher 
abundances and lower species richness than at an oceanic site outside the Bay according to 
data from the Integrated Marine Observing System (IMOS) National Reference Station off 
North Stradbroke Island (Fig. 8A–C). This is typical of zooplankton communities in coastal 
waters at lower latitudes, which generally exhibit higher abundances and lower species 
richness in more eutrophic, inshore waters than in more oligotrophic offshore waters (57, 82, 
83). Copepods in Moreton Bay are smaller than in oceanic waters (Fig. 8D), which explains 
the lower biomass yet higher abundance in Moreton Bay relative to the oceanic site; eutrophic 
bays commonly have smaller zooplankton (84, 85). Both the total abundance of meroplankton 
and the ratio of meroplankton to holoplankton are higher in the Bay than outside, as expected 

Figure 7. Large numbers of Catostylus mosaicus 
stranded on the beach at Deception Bay in February 
2017. (Image courtesy of Charlotte Lawson) 
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given more larvae of littoral forms (e.g. molluscs, barnacles, prawns) (Fig. 8E, F).

 
Figure 8. Comparison of zooplankton from inside Moreton Bay (Peel Island) and outside at the 
IMOS NSI (North Stradbroke Island) National Reference Station: (A) Zooplankton biomass, (B) 
Copepod abundance, (C) Copepod richness (number of species), (D) Mean copepod size, (E) 
Meroplankton abundance, and (F) The ratio of no. of species of meroplankton:total no. of species in 
a sample. 

How does Moreton Bay 
compare with other areas in 
Australia? 
The IMOS network of National 
Reference Stations (NRSs) provides 
an ideal dataset for comparing 
Moreton Bay zooplankton with the 
fauna of other areas around 
Australia. We analysed copepod 
abundance and species composition 
from samples from Peel Island in 
Moreton Bay, collected with a 100 
µm mesh net that was used 
throughout the IMOS NRS network, 
with data from various IMOS 
stations around Australia (12 
samples from Peel Island in 2009 
and 388 samples from the NRS sites 
2010–16). The first two Principal 
Components Analysis (PCA) axes 
accounted for 14% and 7% of the 
variance in species composition, 

Figure 9. Principal components analysis of Moreton Bay 
zooplankton (from Peel Island and labelled PEI) with 
other data from the IMOS National Reference Stations: 
DAR = Darwin Harbour, NIN = Ningaloo, YON = 
Yongala, NSI = North Stradbroke Island, PHB = Port 
Hacking Station B, ROT = Rottnest Island, ESP = 
Esperance, KAI = Kangaroo Island, MAI = Maria Island. 
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respectively (Fig. 9). There was strong differentiation in the copepod assemblages among 
stations. Copepod communities on the right-hand side of the PCA are from temperate regions 
and those on the middle and left side are from subtropical and tropical regions. Interestingly, 
Moreton Bay (Peel Island) communities are distinct from those of neighbouring North 
Stradbroke Island, and are most similar to Darwin Harbour communities, followed by SS 
Yongala off Townsville. Based on an index of species indicator value (86) calculated for sites 
and combined pairs of sites, species characteristic of Peel Island and Darwin Harbour (as a 
pair) included the copepods Parvocalanus crassirostris, Oithona attenuata, Oithona simplex 
and Euterpina acutifrons. Species characteristic of Peel Island, Darwin Harbour and Yongala 
(as a group) were P. crassirostris and O. simplex. These three sites are situated close to land 
prone to extreme and rapid fluctuations in freshwater run-off, and hence tend to be inhabited 
by species adapted to variability in temperature and/or salinity. P. crassirostris, for example, 
is a well-known euryhaline and eurythermal marine copepod (57, 87–90). Species that set the 
two south east Queensland sites apart included P. crassirostris, Oithona brevicornis and 
Oithona australis at Peel Island versus Oncaea venusta, Clausocalanus furcatus and Oithona 
plumifera at North Stradbroke Island. The North Stradbroke Island IMOS station, being 
situated outside the Bay, is more likely to experience variability associated with coastal 
upwelling and oceanic intrusions than freshwater flows and thus the copepods tend to be from 
mixed coastal and oceanic communities. C. furcatus, for example, is typically associated with 
warm, nutrient-poor oceanic waters (91). 

Copepod species diversity in Moreton Bay is very high compared with Australian tropical and 
temperate bays such as Darwin Harbour and Port Phillip Bay respectively, while mean 
abundances in Darwin Harbour substantially outnumber those in more southern sites (57, 88, 
89, 92). 

Modelling zooplankton 
The South East Queensland Regional Water Quality Management Strategy was prepared by 
the Healthy Waterways Partnership in 2001 to address concerns about declining water quality. 
The Strategy identified a need for a model to determine management and remediation 
strategies for water quality in the Bay system. A Receiving Water Quality Model (RWQM) 
(93) related the transport and fate, including uptake in plankton, of nutrient sources (nitrogen 
and phosphorus) in the water and sediment. This model is used as a predictive tool to assess 
environmental and economic impacts of different management scenarios. The RWQM has 
two size-based groups of zooplankton. The first is ‘small zooplankton’, which represents 
microzooplankton <200 μm in size such as heterotrophic flagellates, tintinnids, ciliates, 
rotifers, small copepod nauplii and polychaete larvae. They are mobile, feed on small 
phytoplankton and have rapid turnover rates. The other group is ‘large zooplankton’, which 
represents mesozooplankton such as copepods and small fish larvae. They are mobile, and 
feed on large phytoplankton, microphytobenthos and dinoflagellates. ‘Large zooplankton’ 
have a slower growth rate than small zooplankton, which results in a lag between enhanced 
primary and secondary production. For both zooplankton groups, grazing success depends on 
the food encounter rate, which in turn is related to zooplankton swimming speed, food size 
and density. Excretion and inefficient feeding return dissolved and particulate material to the 
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water column. Zooplankton mortality and predation by higher consumers, such as fish, are not 
simulated within a nutrient-phytoplankton-zooplankton-detritus model structure and so are 
represented using a closure term. 

Although the RWQM has had little zooplankton validation to date, it provides insight into the 
temporal and spatial variation of zooplankton that has not previously been available. There 
were several notable features (Figs. 10, 11). There is higher biomass of ‘large zooplankton’ 
than ‘small zooplankton’. There is also higher biomass of both ‘large zooplankton’ and ‘small 
zooplankton’ in the western compared with the eastern Bay, a consequence of the east–west 
gradient in chlorophyll levels from eutrophic conditions in the west to oligotrophic conditions 
in the east. Generally, there is higher zooplankton biomass in spring and summer than in 
autumn and winter, as wet season flows during spring/summer are important sources of 
nutrients that stimulate algal blooms. Finally, the seasonal and spatial changes are more 
marked in the ‘large zooplankton’ than in the ‘small zooplankton’. Many of the model’s 
findings remain to be validated through fieldwork, but it has provided insight into spatial and 
temporal variation of the zooplankton community overall. 

 

Figure 10. A transect (black line) of sites across central Moreton Bay where 
zooplankton biomass was predicted using the Receiving Water Quality Model (see Fig. 
11). Black circles represent Ecosystem Health Monitoring Program sites. 

 
Key recommendations for research priorities 
While the primary focus of zooplankton research in Moreton Bay has been documenting the 
fauna (e.g. 26, 94-98), and in some cases recording species new to science (e.g. 99), earlier 
studies have examined the compositional change in zooplankton across the estuarine axis of 
Moreton Bay (23, 24, 100), and the contribution of emergent demersal forms to the plankton 
(58). However, there remain several key knowledge gaps that need to be filled. First, there has 
been no work investigating the seasonality of zooplankton associated with the wet season in 
south east Queensland (November to April) that elevates freshwater inputs and nutrient loads. 
The RWQM suggests that there should be higher zooplankton biomass in spring/summer 
associated with increased rainfall, but this has not been tested in the field as almost all studies 
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rotifers, small copepod nauplii and polychaete larvae. They are mobile, feed on small 
phytoplankton and have rapid turnover rates. The other group is ‘large zooplankton’, which 
represents mesozooplankton such as copepods and small fish larvae. They are mobile, and 
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the food encounter rate, which in turn is related to zooplankton swimming speed, food size 
and density. Excretion and inefficient feeding return dissolved and particulate material to the 
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water column. Zooplankton mortality and predation by higher consumers, such as fish, are not 
simulated within a nutrient-phytoplankton-zooplankton-detritus model structure and so are 
represented using a closure term. 

Although the RWQM has had little zooplankton validation to date, it provides insight into the 
temporal and spatial variation of zooplankton that has not previously been available. There 
were several notable features (Figs. 10, 11). There is higher biomass of ‘large zooplankton’ 
than ‘small zooplankton’. There is also higher biomass of both ‘large zooplankton’ and ‘small 
zooplankton’ in the western compared with the eastern Bay, a consequence of the east–west 
gradient in chlorophyll levels from eutrophic conditions in the west to oligotrophic conditions 
in the east. Generally, there is higher zooplankton biomass in spring and summer than in 
autumn and winter, as wet season flows during spring/summer are important sources of 
nutrients that stimulate algal blooms. Finally, the seasonal and spatial changes are more 
marked in the ‘large zooplankton’ than in the ‘small zooplankton’. Many of the model’s 
findings remain to be validated through fieldwork, but it has provided insight into spatial and 
temporal variation of the zooplankton community overall. 

 

Figure 10. A transect (black line) of sites across central Moreton Bay where 
zooplankton biomass was predicted using the Receiving Water Quality Model (see Fig. 
11). Black circles represent Ecosystem Health Monitoring Program sites. 

 
Key recommendations for research priorities 
While the primary focus of zooplankton research in Moreton Bay has been documenting the 
fauna (e.g. 26, 94-98), and in some cases recording species new to science (e.g. 99), earlier 
studies have examined the compositional change in zooplankton across the estuarine axis of 
Moreton Bay (23, 24, 100), and the contribution of emergent demersal forms to the plankton 
(58). However, there remain several key knowledge gaps that need to be filled. First, there has 
been no work investigating the seasonality of zooplankton associated with the wet season in 
south east Queensland (November to April) that elevates freshwater inputs and nutrient loads. 
The RWQM suggests that there should be higher zooplankton biomass in spring/summer 
associated with increased rainfall, but this has not been tested in the field as almost all studies 
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have been shorter than a year and none have traced the evolution of zooplankton biomass and 
community following a flood event. 

     A. Small zooplankton (<200 µm)             B. Large zooplankton (>200 µm) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 11. Seasonal biomass estimates of the A. ‘small’ (<200 µm) and B. ‘large’ (>200 µm)      
zooplankton size fractions along the  transect (see Fig. 10) from Brisbane River mouth in western 
Moreton Bay extending to Rous Channel in the eastern reaches of the Bay, as predicted by the 
uncalibrated RWQM3 for the period July 2007 to April 2008. Zooplankton biomass is expressed in 
mg N m-3. 

Second, small zooplankton needs to be sampled more thoroughly. The RWQM suggested that 
small zooplankton are abundant and cosmopolitan in the Bay, yet historical zooplankton 
studies have used a relatively large mesh size of 195 µm and have thus under-sampled 
smaller taxa. Smaller copepods are likely to dominate when finer mesh samples are collected, 
and these species are likely to exert high grazing pressure on the abundance and biomass of 
phytoplankton assemblages than previously thought. In addition, copepods feed not only on 
the classical food chain (i.e. phytoplankton) but also on heterotrophic protists. Estimates of 
zooplankton biomass and abundance will be much higher once the smaller zooplankton 
component is adequately sampled.  

Third, physico-chemical status and phytoplankton biomass are used as ecosystem indicators 
in the current Ecosystem Health Monitoring Program, particularly in response to nutrients, but 
zooplankton have not been considered. Zooplankton could be ideal ecosystem indicators 
because they are ubiquitous and are responsive to environmental change, eutrophication, 
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pollution and climate change. For example, changes in zooplankton community size structure 
have been linked with eutrophication (84, 101).  

Increasing nutrient concentrations can also cause changes in zooplankton biomass (101), 
abundance (85), size spectra (84) and feeding behaviour (88). In response to nutrients, there 
have been pronounced shifts in copepod community structure from dominance of larger to 
smaller species: in mesocosms in Norway (102); in Kingston Harbour, Jamaica (87); in 
Chesapeake Bay, United States (85); and in Tokyo and Osaka bays in Japan (84). Indeed, 
Tokyo and Osaka bays experienced an increase in nutrient loading in the 40 years following 
World War II that resulted in the replacement of large copepods by small ones (84). The lowest 
median body weight of the zooplankton community occurred closest to shore within each bay 
and steadily increased with distance from inshore stations. Median weight for the zooplankton 
community in the comparatively less eutrophic Osaka Bay was one to two orders of magnitude 
higher than for Tokyo Bay. All these patterns are potential candidates for ecosystem indicators 
of nutrient loading focused on zooplankton. Mouillot et al. (103) argue that alternative 
descriptors such as body size, proportions and diversity of various functional groups, and 
productivity of key species, have greater local relevance than taxonomic-based approaches 
such as indicator species, taxon richness and diversity indices. These characteristics could be 
analysed to assess their potential to supplement more traditional abiotic indicators of 
ecological status. 

Fourth, there is opportunity to assess how changes in environmental conditions, particularly 
nutrients over >50 years, could influence the zooplankton community. Most of the historic 
work of Jack Greenwood on zooplankton was based on samples collected in the 1960s and 
there are several publications with data tables. If the challenges associated with accounting for 
different sampling methods can be overcome, such comparative studies can provide unique 
insights into long-term ecosystem change in response to environmental change. 

Last, the RWQM can provide valuable insights into zooplankton dynamics in the Bay, but it 
has had minimal validation of the zooplankton component. In particular, zooplankton biomass 
data— along a nutrient gradient—are critical for model assessment. Currently there are no 
reliable zooplankton biomass estimates, as the few estimates thus far have been taken with 
large mesh sizes that miss much of the zooplankton. Once the RWQM data have been 
validated, they could then provide the spatial and temporal extrapolation needed to understand 
Bay-wide zooplankton dynamics; something not possible to extract from site-specific field 
sampling data. 
 
Note 
We follow World Register of Marine Species, and the classifications contained here are correct 
at the time of publication. 
 
Acknowledgements 
Data were sourced from the Integrated Marine Observing System (IMOS)—a national 
collaborative research infrastructure system supported by the Australian Government. The 



352

  Chapter 5 - Habitats, Biodiversity and Ecosystem Function 

Moreton Bay Quandamooka & Catchment: Past, present, and future
 

have been shorter than a year and none have traced the evolution of zooplankton biomass and 
community following a flood event. 

     A. Small zooplankton (<200 µm)             B. Large zooplankton (>200 µm) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 11. Seasonal biomass estimates of the A. ‘small’ (<200 µm) and B. ‘large’ (>200 µm)      
zooplankton size fractions along the  transect (see Fig. 10) from Brisbane River mouth in western 
Moreton Bay extending to Rous Channel in the eastern reaches of the Bay, as predicted by the 
uncalibrated RWQM3 for the period July 2007 to April 2008. Zooplankton biomass is expressed in 
mg N m-3. 

Second, small zooplankton needs to be sampled more thoroughly. The RWQM suggested that 
small zooplankton are abundant and cosmopolitan in the Bay, yet historical zooplankton 
studies have used a relatively large mesh size of 195 µm and have thus under-sampled 
smaller taxa. Smaller copepods are likely to dominate when finer mesh samples are collected, 
and these species are likely to exert high grazing pressure on the abundance and biomass of 
phytoplankton assemblages than previously thought. In addition, copepods feed not only on 
the classical food chain (i.e. phytoplankton) but also on heterotrophic protists. Estimates of 
zooplankton biomass and abundance will be much higher once the smaller zooplankton 
component is adequately sampled.  

Third, physico-chemical status and phytoplankton biomass are used as ecosystem indicators 
in the current Ecosystem Health Monitoring Program, particularly in response to nutrients, but 
zooplankton have not been considered. Zooplankton could be ideal ecosystem indicators 
because they are ubiquitous and are responsive to environmental change, eutrophication, 

353

Zooplankton of Moreton Bay

Moreton Bay Quandamooka & Catchment: Past, present, and future
 

pollution and climate change. For example, changes in zooplankton community size structure 
have been linked with eutrophication (84, 101).  

Increasing nutrient concentrations can also cause changes in zooplankton biomass (101), 
abundance (85), size spectra (84) and feeding behaviour (88). In response to nutrients, there 
have been pronounced shifts in copepod community structure from dominance of larger to 
smaller species: in mesocosms in Norway (102); in Kingston Harbour, Jamaica (87); in 
Chesapeake Bay, United States (85); and in Tokyo and Osaka bays in Japan (84). Indeed, 
Tokyo and Osaka bays experienced an increase in nutrient loading in the 40 years following 
World War II that resulted in the replacement of large copepods by small ones (84). The lowest 
median body weight of the zooplankton community occurred closest to shore within each bay 
and steadily increased with distance from inshore stations. Median weight for the zooplankton 
community in the comparatively less eutrophic Osaka Bay was one to two orders of magnitude 
higher than for Tokyo Bay. All these patterns are potential candidates for ecosystem indicators 
of nutrient loading focused on zooplankton. Mouillot et al. (103) argue that alternative 
descriptors such as body size, proportions and diversity of various functional groups, and 
productivity of key species, have greater local relevance than taxonomic-based approaches 
such as indicator species, taxon richness and diversity indices. These characteristics could be 
analysed to assess their potential to supplement more traditional abiotic indicators of 
ecological status. 

Fourth, there is opportunity to assess how changes in environmental conditions, particularly 
nutrients over >50 years, could influence the zooplankton community. Most of the historic 
work of Jack Greenwood on zooplankton was based on samples collected in the 1960s and 
there are several publications with data tables. If the challenges associated with accounting for 
different sampling methods can be overcome, such comparative studies can provide unique 
insights into long-term ecosystem change in response to environmental change. 

Last, the RWQM can provide valuable insights into zooplankton dynamics in the Bay, but it 
has had minimal validation of the zooplankton component. In particular, zooplankton biomass 
data— along a nutrient gradient—are critical for model assessment. Currently there are no 
reliable zooplankton biomass estimates, as the few estimates thus far have been taken with 
large mesh sizes that miss much of the zooplankton. Once the RWQM data have been 
validated, they could then provide the spatial and temporal extrapolation needed to understand 
Bay-wide zooplankton dynamics; something not possible to extract from site-specific field 
sampling data. 
 
Note 
We follow World Register of Marine Species, and the classifications contained here are correct 
at the time of publication. 
 
Acknowledgements 
Data were sourced from the Integrated Marine Observing System (IMOS)—a national 
collaborative research infrastructure system supported by the Australian Government. The 



354

  Chapter 5 - Habitats, Biodiversity and Ecosystem Function 

Moreton Bay Quandamooka & Catchment: Past, present, and future
 

Ecosystem Health Monitoring Program, Healthy Land and Water kindly provided jellyfish 
data.  
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