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CHANGES IN THE FRESHWATER ENVIRONMENTS OF THE AUSTRALIAN 
LUNGFISH, NEOCERATODUS FORSTERI, IN SOUTH-EAST QUEENSLAND, 

AND IMPLICATIONS FOR THE SURVIVAL OF THE SPECIES

KEMP, A.1

This paper assembles evidence collected over several decades to conclude that populations of the 
Australian lungfish in south-east Queensland are not reproducing sufficiently to guarantee survival of 
the species in the region. The environment of the Australian lungfish (Neoceratodus forsteri) has been 
altered over the past 50 years. Biodiversity of plants and animals has been lost. Water impoundments 
without effective fish transfer devices have been built over rivers. Submerged aquatic plants used by 
lungfish as spawning sites and refuges for the young have been significantly reduced in numbers, and 
food animals are absent or much less common. Lungfish used to spawn in a number of habitats in 
rivers and lakes in natural and translocated environments in south-east Queensland, in response to 
increasing photoperiod in spring. Oviposition events were cyclical, rising from low levels to a peak 
in successive years and then falling again. High levels of recruitment have, in the past, followed high 
levels of spawning activity, but recruitment depends on other factors as well. It should be noted that, 
while the sole trigger for spawning is photoperiod, many factors influence recruitment, such as food 
availability, refuges for young fish and the effects of predation, as well as the amount and type of 
food gathered by adult lungfish prior to the spawning season, and whether adults have been able to 
supply the eggs with appropriate nutrients. Spawning, and the survival of young, are now affected 
by environmental degradation, with extensive loss of biodiversity in freshwater environments where 
lungfish live. More to the point, recent attempts to use 14C dating to assess the age structure of lungfish 
populations are flawed and do not support claims that recruitment in lungfish habitats is continuing. 
Data on spawning included in this paper, and recent reports of recruitment success in several habitats, 
indicate that this is not the case.
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INTRODUCTION
This contribution describes environmental conditions, 
plant and animal diversity, food and refuge availa-
bility, and spawning activity in several habitats in 
south-east Queensland over a period of 50 years. The 
Australian lungfish (Neoceratodus forsteri) has sur-
vived many changes to its habitat in the last 50 years, 
through droughts and floods, and significant interfer-
ence from humans, such as intensified droughts and 
floods, habitat loss, building of water impoundments, 
environmental contamination, prohibited fishing activ-
ities, introductions of exotic fish and illegal exports to 
Europe and Asia. The lungfish is now isolated in three 
natural environments in south-east Queensland: the 
Burnett River (Krefft, 1870); the Mary River (Gunther, 
1871); and the Brisbane River (Kemp, 2018; Kemp & 
Huynen, 2014). These are remnants of an extensive 

population of several species common in eastern 
Australian rivers in the Pleistocene (Cavin & Kemp, 
2011). The lungfish of the Pine River catchment may 
have arisen from three translocated fish (O’Connor, 
1897) but may also be natural (Kemp & Huynen, 2014). 
Several translocated populations have survived, in the 
Condamine, Albert and Coomera Rivers (O’Connor, 
1897), and in some man-made reservoirs such as Lake 
Manchester near Brisbane, although lungfish in these 
places are not numerous. The lungfish of Enoggera 
Reservoir, also translocated (O’Connor, 1897), have 
not had a successful recruitment for many years, since 
water hyacinth, on which they laid their eggs and 
amongst which hatchling lungfish could shelter, was 
removed in 1974, and the remaining adults became 
very old (Kemp, 2005, 2011). Spawning sites in the 
Brisbane River were destroyed when Lake Wivenhoe 
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was created in 1984, and more were damaged during 
the drought of 2001–2008 (Kemp, 2019), which was 
followed by severe flooding. 

Spawning occurred in freshwater environments 
in south-east Queensland in most years, in response 
to increasing photoperiod as always (Kemp, 1984). 
However, after the construction of Lake Wivenhoe, 
recruitment was never as regular as the typical annual 
spawn cycle. Further, juvenile lungfish are not often 
found in natural environments (Bancroft, 1912, 1918; 
Illidge, 1893). In recent years both spawning and 
recruitment have failed despite hopeful statements by 
some researchers (Fallon et al., 2019). This may be 
a result of the amount of food available to the adult 
lungfish (Kemp, 2011, 2014, 2017, 2018, 2019), but 
continuing environmental degradation and shelter for 
all stages of the life cycle may also play a part. 

The effects of habitat destruction and reduced 
 numbers of food animals on hatchlings and juve-
niles in large water impoundments in south-east 
Queensland are already catastrophic. Recruitment 
of young fish to the adult lungfish population of 
these reservoirs has ceased in recent years (Kemp, 
2011, 2014. 2017, 2019). Lake Wivenhoe and Lake 
Samsonvale are poor environments for lungfish, with 
fluctuating water  levels, little food for adults or young 
and few refuges. Nowhere is this more valid than in 
Lake Wivenhoe, where large numbers of lungfish 
were trapped when the dam was built. 

Recent research (Fallon et al., 2019) has suggested 
that some young lungfish, about 2–3 years old, are 
present in the Brisbane River and in the Mary and 
Burnett Rivers. In fact, the specimens fall within the 
same range of sizes that have been collected else-
where at other times (Bancroft, 1912, 1918; Espinoza, 
pers. comm.), with two exceptions (Longman, 1928; 
Johnson, pers. comm.), when a number of obviously 
juvenile fish were found. In the recent study, a small 
number of fish around 50 cm in length, and a larger 
number of fish ranging up to a metre in length or 
slightly over, depending on the catchment, were col-
lected (Fallon et al., 2019). The smallest fish used in 
that analysis were around 49.5 cm in length, and none, 
apparently, were younger than two years. However, 
size of a lungfish relates not always to age, but to the 
amount of food available as the fish grew (Kemp, 
1987). The periods when the fish that were collected 
could have been spawned included years when the 
habitats were essentially depauperate, with little 
food available for large benthic-feeding fish (Kemp, 
2014, 2017, 2019), during the years of the drought 

(2002–2008) and later during times of heavy rain, in 
2009–2013, including the massive flooding of 2011. 
Flooding removes food animals, as well as the places 
where food animals live, especially when the flood-
ing is prolonged by continual releases of water from 
reservoirs upstream, as happened after the floods of 
2011. 

This contribution demonstrates that spawning 
grounds close to the sites from which the fish used 
by Fallon et al. (2019) were obtained in the Brisbane 
River have had no fresh spawn for years. The habi-
tats described in this contribution, from which data 
have been collected, are: Enoggera Reservoir from 
1971–1973, before spawning sites in this reservoir 
were destroyed; Northbrook in the Brisbane River, 
from 1977–1981, before Lake Wivenhoe was created; 
and Lowood and Fernvale, below the wall of Lake 
Wivenhoe from 1983–2006, before spawning came 
to an end in these two sites, in 2002 and in 2006, 
respectively, during the long drought (2001–2008). 
Conditions of the environment, availability of refuges 
and food, and spawning activity in Lake Wivenhoe in 
2009 and in Lake Samsonvale from 2010–2018 are 
also described. This information reveals the loss of 
biodiversity in the river and in water impoundments 
over the period of the study, and the failure of recruit-
ment in rivers and lakes in south-east Queensland. 
Possible reasons for the problem are discussed in this 
paper, and the implications for the survival of the 
 species considered. 

MATERIALS AND METHODS
Spawning by the Australian lungfish is related to 
increasing photoperiod in spring. In this study, visits 
to spawning sites began before spawning had started 
and continued throughout the season until oviposi-
tion had ceased. Eggs and embryos of the Australian 
lungfish were collected from Enoggera Reservoir, 
an isolated water impoundment in the hills of outer 
Brisbane (1970–1973), and from Northbrook on 
the Brisbane River (1977–1981), now part of Lake 
Wivenhoe, as well as from Lowood (1984–2002) and 
Fernvale (1983–1992 and 2001–2006), both in the 
Brisbane River downstream from Lake Wivenhoe. 
The collections included eggs laid during the drought 
of 2001–2008, in the course of which time spawn-
ing ceased in Fernvale and in Lowood (Kemp, 2019). 
Eggs were also collected from two sites in Lake 
Wivenhoe in 2009, and one site in Lake Samsonvale 
(2010–2018). These two localities are within the large 
water impoundments created over the Brisbane River 
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and the North Pine River, respectively. Positions of 
the different habitats are shown in Figure 1. 

Numbers of eggs at different stages of develop-
ment were assessed and recorded in the laboratory, 
as were numbers of dead eggs. Details of environ-
mental conditions such as submerged aquatic vegeta-
tion, tem perature, and animals living in the habitat, 
some of which are potential food items for lungfish, 
were noted on every visit to the spawning grounds. 
Plants and  animals found in the spawning sites were 
identified using the species lists given in Aston (1973), 
Arthington, et al. (1990) and McKay & Johnson (1990). 
Diets of adult and juvenile lungfish are described in 
detail in previous papers (Kemp 1981, 1987, 1996).

Differentiating Spawning from Recruitment
Oviposition, or spawning, is not the same as recruit-
ment. There is only one trigger for spawning in 
lungfish. The process is initiated by rising photoperiod 

(Kemp, 1984). It has nothing to do with temperature, 
with the availability of submerged water plants or root-
lets, with oxygen levels, with rainfall or water quality, 
with flowing or stagnant water or with the phases of the 
moon. Lungfish begin to spawn in early spring, in cool 
water, and almost always before any significant rain-
falls. Phase of the moon has no influence on the onset 
of spawning or on the production of new eggs during 
the spawning season. Oxygen levels vary little in most 
places where lungfish spawn, as does water quality. 
In a natural river, submerged water plants or rootlets 
line the shallow water along the banks, and in a water 
impoundment, there is usually nothing but detritus and 
filamentous algae, or perhaps ribbonweed and Nitella, 
with or without contaminants such as cattle faeces 
(Kemp, 2011; Roberts et al., 2014). Water may be flow-
ing or stagnant, and the only movement induced in 
the shallows of a reservoir is drift caused by wind. 
Spawning starts and continues in all of these places. 

FIGURE 1. Map showing position of habitats in south-east Queensland: (B) Spawning site at the picnic grounds in 
Lake Samsonvale. (E) Sites in Enoggera Reservoir. (F) Fernvale. (L) Lowood. (LI) Logan’s inlet in Lake Wivenhoe. 
(N) Position of Northbrook, now submerged in Lake Wivenhoe. (P) Paddy’s Gully in Lake Wivenhoe. 



4 Proceedings of The royal socieTy of Queensland

RESULTS
Enoggera Reservoir 
Enoggera Reservoir is a deep lake, created by build-
ing a dam across a valley in the hills of outer Brisbane. 
There is little shallow water around the reservoir, and 
most of the banks are too steep to permit the growth 
of submerged water plants suitable for spawning by 
lungfish. Remnants of the original Enoggera Creek 
flow out of the forest upstream of the reservoir and 
provide an inflow of fresh water in some parts of the 
reservoir. However, much of the water is effectively 
stagnant. Along the wall of the reservoir, some sub-
merged aquatic plants grow in the shallows. Enoggera 
Reservoir never had a natural population of lungfish. 
Those fish that lived in Enoggera Reservoir were 
translocated in 1896 (O’Connor, 1897). Enoggera 
Reservoir and Enoggera Creek are part of the Brisbane 
River catchment, but the creek joins the main river in 
the estuary, where the water is always brackish and 
lungfish cannot survive. 

Plants to be found in Enoggera Reservoir from 
1971–1973 included the floating introduced water 
 hyacinth (Eichhornia crassipes), three species of 
water lilies (Nymphaea flava and Nymphaea capen
sis), both with roots reaching down to the substrate, 
and free-floating Nymphoides indica. Para grass 
(Uro chloa mutica), the mud dock (Rumex bidens) and 
hornwort (Ceratophyllum demersum) were present 
in deeper water. Pondweed (Potamogeton javanicus) 
and water thyme (Hydrilla verticillata) grew along 
the shore in shallow areas. Fragments of H. verticil
lata leaves and filaments from the roots of the water 
hyacinth plants were found in the intestines and 
 faeces of fish from Enoggera (Kemp, 2005). The root 
filaments of this plant would have been ingested as the 
fish, which are suctorial feeders, searched submerged 
hyacinth roots for small animals. This also explains 

the presence of H. verticillata leaves, none of which 
have been affected by digestive processes. 

Animals found in Enoggera Reservoir at the time 
of the study were sparse. They included a planorbid 
snail (Gyraulus meridionalis), a large air-breathing 
snail (Larina strangei), the water bug Lethoceras 
insulanus, dragonfly nymphs and dragonflies and 
two species of crustaceans (Daphnia pulex and Par
atya australiensis). The freshwater sponge (Trocho
spongilla latouchiana) also occurred in Enoggera 
Reservoir. Found in the intestine or faeces of adult 
lungfish from Enoggera Reservoir were snail shells 
from G. meridionalis and fragments of P. australi
ensis shells, as well as root hairs from water hyacinth 
plants and leaves of H. verticillata. Young lungfish fed 
on D. pulex. The air-breathing snail L. strangei is not 
eaten, nor are the water bugs. The latter are voracious 
predators of hatchling lungfish. 

Until 1974, when the water hyacinth was destroyed 
by herbicides, lungfish spawned every summer in 
Enoggera Reservoir, always using the trailing roots 
of the water hyacinth as sites for the deposition of 
eggs. Spawning sites in this water impoundment 
produced only small numbers of eggs (Table 1) 
and the season was relatively short, beginning in 
August or September and lasting for about six weeks. 
Temperatures were moderate, ranging from 18°C 
early in the season to 23°C later. In most collections, 
new eggs were found, although eggs of about a week 
old pre dominated, and later in the season only late-
stage embryos were collected. This site was unusual 
in that several hatchlings, two in 1971 and three in 
1973, were found among the water hyacinth root-
lets. Numbers of eggs and embryos reached a peak 
in 1972. Mortalities of eggs on collection, expressed 
as a percentage of the total number of eggs found, 
ranged from 12–23%. 

TABLE 1. Numbers of lungfish eggs collected from Enoggera Reservoir from 1971–1973. Stages are: 1, cleavage to 2 days 
old; 2, blastulae, +3–4 days old; 3, neurulae, +2–3 days old; 4, older neurulae, +4–6 days old; 5, prehatch, +7 days old; 
6, perihatch, +10 days old. Columns of numbers refer to stages at collection, not to eggs dying at those stages. The last 
column refers to deaths as a percentage of the total number of eggs collected. 

Year Total Live Dead 1 2 3 4 5 6 %

1971 295 226 69 98 34 27 37  11 19 23%

1972 414 358 56 43 67 55 77 100 16 14%

1973 173 153 20 21 29 45 38  10 10 12%

In 1971, 2 hatchlings were found among hyacinth rootlets; and in 1973, 3 hatchlings, in addition to eggs and embryos 
collected. 
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Lungfish in Enoggera Reservoir carried out a co-
ordinated courtship ritual, involving two fish swim-
ming rapidly at the surface of the water and progressing 
to the deposition of eggs, one by one, with the fish 
 entwined and in contact with the water hyacinth roots, 
usually within a few inches of the water surface, but 
occasio nally deeper (Kemp, 1984). Lungfish used  water 
hyacinth in several places, two near the creek where 
water flowed slowly past the hyacinth roots and one 
further away with stagnant water. The hyacinth pro-
vided secure hiding places for young hatchling lung-
fish and these were used as habitats by juveniles as well 
(Longman, 1928). During the spawning season, adult 
lungfish were often seen rising to the surface of the 
 water to breathe. 

River Localities
Spawning and recruitment were prolific in many 
places in the Brisbane River before and after Lake 
Wivenhoe was created, until biodiversity in the river 
declined during the drought of 2001–2008. Lungfish 
spawned every year in the upper Brisbane River above 
the weir at Mount Crosby and this activity continued 
for many years. Sites where spawn could be found 
readily were the river at Northbrook, before Lake 
Wivenhoe was built, and at Lowood and Fernvale 
after the lake was completed.

The river at Northbrook (Figure 1) was a rich 
environ ment, with clean, flowing water and many 
 species of submerged or floating aquatic plants, includ-
ing ribbonweed (Vallisneria spiralis), water thyme 
(H. verticillata), three species of pondweed (Potamo
geton crispus, P. javanicus and P. Perfoliatus), water 
hyacinth (E. crassipes), a species of stonewort (Nitella), 
filamentous algae (mostly Rhizoclonium), the hornwort 
(C. demersum) and the water milfoil (Myrio phyllum 
aquaticum). The water primrose (Lud wigia peploides), 
the mud dock (R. bidens) and the invasive introduced 
grass U. mutica were also present but not in large num-
bers, as were water lilies (N. flava, N. capensis and 
N. indica). River bottlebrush (Callistemon viminalis), 
growing along the shores, extended long, filamentous 
roots into the water, as did some isolated plants of 
Lomandra longifolia growing below the trees. Further 
upstream, the river flowed over a shallow bay contain-
ing many plants of V. spiralis. To one side of this area 
was a pool with dense banks of H. verticillata, and 
on the other side river bottle brush trees shaded water 
containing a few plants of E. crassipes. Infestations of 
ferny Azolla (Azolla pinnata) occurred occasionally. 
Deep, clear water flowed past all three sites. Many eggs 

were found attached to the V. spiralis plants, and on the 
water hyacinth. Eggs were often laid on the C. viminalis 
and L. longifolia rootlets, but none on the water thyme. 

Insects included dragonflies and the water bug 
L. insulanus. The shrimp P. australiensis and prawns 
(Macrobrachium australiense), as well as a common 
water snail (Thiara balonnensis), the basket clam 
(Corbicula australis) and G. australiensis (the ram’s 
horn snail) were present in large numbers and provided 
food for adult lungfish (Kemp, 1987). Scales of small 
fish such as hardyheads and gudgeons were occasion-
ally found in the faeces and stomach contents of adults. 
Rotifers, tubificid worms and chironomid larvae, as 
well as small crustaceae such as D. pulex, were pres-
ent among the submerged macroflora, and would have 
been eaten by hatchling lungfish. Young lungfish raised 
in the laboratory eat tubificid worms, chironomid 
 larvae and small crustaceae (Kemp, 1981). Mayfly and 
dragonfly larvae and a freshwater sponge (Spongilla 
alba) were also to be found at Northbrook. The com-
mon freshwater catfish (Tandanus tandanus), a large 
freshwater mussel (Cucumerunio novaehollandiae) 
and the live-bearing snail L. strangei occurred in this 
part of the river. These species of molluscs were not 
eaten by lungfish. The freshwater leech Limnobdella 
australis also occurred at Northbrook. This part of the 
river had enormous numbers of potential food items for 
adults and young lungfish, as well as a range of spawn-
ing sites that also provided refuges for young fish. 

Water temperatures ranged from 16°C early in the 
season, in August, to 24°C in December. Water plants 
were not encrusted with short filamentous algae, and 
the environment was clean. Lungfish spawned from 
August to December at Northbrook, using beds of 
V. spiralis in full sun, or the trailing submerged 
roots of C. viminalis and L. longifolia in partial or 
full shade. Occasionally, some eggs were found on 
water hyacinth rootlets, in partial shade, but not in 
stands of water thyme. Other plants were not used for 
spawning. Northbrook sites were productive for five 
years between 1977 and 1981, before Lake Wivenhoe 
was filled, and many eggs of all stages were col-
lected (Table 2). Mortality of eggs and embryos from 
Northbrook, expressed as a percentage of total eggs 
found, was always 10% or below when they were col-
lected and assessed in the laboratory (Table 2). Most 
of the eggs were young, and laid within the few days 
prior to collection. Some late-stage embryos were col-
lected, but no hatchlings, as hiding places within the 
submerged water plants were plentiful. Adult lungfish 
were never seen at Northbrook. 
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TABLE 2. Numbers of lungfish eggs collected from Northbrook sites in the Brisbane River from 1977–1981* (stages and 
percentages of deaths as in Table 1). 

Year Total Live Dead 1 2 3 4 5 6 %

1977  147  132 15 102  18   6   6  0  0 10%

1978 1080 1031 49 160 406 289  68 76 32  5%

1979  742  687 55 181 172  88 132 86 28  7%

1980  498  477 21 118  71 111 124 47  6  4%

1981  381  362 19  94  54  77 101 36  0  5%

* No hatchlings.

Clearing of the river banks in preparation for the 
building of Lake Wivenhoe began in 1981, and the 
water impoundment was finished in 1984. Filling of 
the lake removed a productive and valuable environ-
ment, not only for lungfish but for many other animals 
and plants. After the Northbrook site was flooded by 
the waters of Lake Wivenhoe in 1984 (Figure 1), most 
of the vegetation and animal life that supported a popu-
lation of adult and hatchling lungfish previously found 
in the river in this region disappeared. Lungfish were 
trapped in the Lake. The Northbrook region, includ-
ing the archaeological site of Platypus Rockshelter, 
where lungfish bones dating from 3500 years BP were 
found (Kemp & Huynen, 2014), is now completely 
submerged. Within a year of its completion, the shores 
of Lake Wivenhoe were colonised by massive amounts 
of filamentous algae. 

A major spawning site on the Brisbane River, until 
1998, about 5 km downstream of the walls of Lake 
Wivenhoe, was near the town of Lowood (Figure 1). 
A sewage outlet from the town emptied into the river 
about 50 metres above the preferred spawning areas. 
On one side of the river was a picnic area with  public 
access, with isolated C. viminalis trees and a few 
submerged water plants such as filamentous algae 
and hornwort, as well as Pistia stratoides, the intro-
duced water lettuce. Duckweed (Lemna sp.) and ferny 
Azolla were occasionally present. Water hyacinth was 
found at Lowood but was not common. On this side 
of the river, lungfish deposited their eggs on the root-
lets of bottlebrush trees and later among masses of 
Lyngbya in the shallows. This site was in full sun. On 
the other bank, the river was fringed with established 
C. viminalis trees, trailing long rootlets into the water, 
up to 70 cm deep, in shade for most of the day. These 
roots were interspersed with plants of L. longifolia, 
and these also had submerged roots. In Lowood, the 
major site for spawn on the far side of the river, below 
cattle fields, was the rootlets of C. viminalis. Rootlets 

of L. longifolia were also used occasionally. No hatch-
lings were found in Lowood, but adult lungfish could 
be seen among the C. viminalis rootlets. In other parts 
of the river downstream, where the banks were in full 
sun, slimy algae encrusted the submerged rootlets, 
and lungfish did not spawn on these sites. This algal 
infestation was absent at Lowood; the rootlets were 
clean and bathed in flowing water. 

Wherever the water was shallow or the weed cover 
and tree roots were prolific, snails (T. balonnensis) 
and basket clams (C. australis) were common and 
formed a major component of the adult diet (Kemp, 
1987). Since adult lungfish are suctorial feeders, 
masses of sand and filamentous algae were present 
in the intestine and faeces, but the algae were not 
digested, and the major food source came from the 
soft tissues of small molluscs, which feed on the algae. 
Shells are not digested. Occasionally, the adults ate 
prawns and shrimps, as well as small fish. D. pulex, 
tubificid worms, chironomid larvae and rotifers were 
also present in the same places, and these would have 
provided food for hatchling and juvenile lungfish. The 
young fish are active carnivores (Kemp, 1981, 1987). 
Food animals such as T. balonnensis and C. aust ralis 
were reduced significantly early in the drought, as 
were shrimps and prawns. Potential food for hatch-
ling and juvenile lungfish also disappeared at the 
same time.

Lake Wivenhoe was completed several years before 
the collections began at Lowood in 1983, and the river 
below the reservoir was not significantly altered until 
the long drought of 2001–2008 (Figure 2A). Before 
1992, few changes were apparent, despite heavy winter 
rains in 1988. In 1993, deterioration of the river banks 
became more obvious and filamentous algae such as 
Rhizoclonium were replaced by masses of Lyngbya 
in shallow, slow-flowing areas, reaching a peak by 
2000 after winter floods in 1999. Proliferation of 
weed plants such as U. mutica and E. crassipes began. 
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Gastropods and basket clams gradually disappeared 
and most of the food required by adult lungfish was no 
longer available.

In recent years, changes to the Lowood site have 
been fundamental. Towards the end of the drought, 
enormous quantities of Para Grass (U. mutica) 
infested both sides of the river, eventually obliterating 
the character of the river (Figure 2B). This infestation 
was carried away during the floods of 2011, and larger 
trees on the river bank were also destroyed, as were 
submerged plants and water hyacinth (Figure 2C). 
C. viminalis trees have survived, with trailing root-
lets, but the topography of the Lowood site has been 
altered. Deep pools have been filled in. Water around 
the Callistemon rootlets is shallower, the rootlets are 
shorter, and L. longifolia plants have gone. Submerged 
aquatic plants are still absent, as are Rhizoclonium 
and Cladophora. The river is significantly altered 
(Figure 2D) and has not yet recovered its former 
structure. Lungfish are not known to have spawned in 
the Lowood site since 2002. 

Numbers of eggs collected from Lowood over the 

period of the study, from 1983 to 2002, varied (Table 3). 
Spawning in this site began in late August or early 
September, when water temperatures were around 
18°C, and lasted until November or even December in 
warmer water, up to 25°C. Collecting in this site began 
in 1983, when numbers of eggs found were moderate, 
reaching a peak in 1984, falling to low levels in 1987 
and 1988 and absent altogether in 1989. Mortalities 
of eggs on collection, expressed as a percentage of 
total eggs found from 1983–1986, was low (Table 3). 
In subsequent years, as conditions in the river began 
to deteriorate, mortalities were usually higher. A major 
peak of spawning was recorded in 1993–1994, most 
probably the last large burst of potential recruitment 
of lungfish in this part of the river; and much smaller 
peaks in 1998 and in 2001, when environmental quality 
had declined significantly in Lowood. Spawning failed 
for one year in 1999 and ceased entirely in 2002 during 
the drought. Spawning seasons of 1989 and 1999 with 
no eggs found often followed high winter rainfall, caus-
ing flooding which removed most of the submerged 
water plants from parts of the sites. However, the 

FIGURE 2. Changes in the Brisbane River at Lowood over the period of the study: (A) The river in 1982. (B) The same part 
of the river in 2007, near the end of the drought. (C) The Lowood site immediately after the flood of 2011. (D) The Lowood 
site in 2017. The only constant in this environment is the sewage outlet behind the trees in the distance. 
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Callistemon rootlets on which the lungfish laid most of 
their eggs were still present. Absence of spawning may 
have been due to a reduction in food supplies over the 
months before spawning should have begun. 

In 1996, lungfish ignored the C. viminalis rootlets 
and eggs were found only amongst masses of Lyngbya 
in the shallows, in reduced numbers. These eggs were 
exposed to strong sunlight during the day. It is hardly 
surprising that egg mortalities reached a peak of 35% 
during this season. Some embryos from Lowood were 
approaching the stage of hatching, but no hatchlings 
were collected here, possibly because hiding places 
amongst the submerged roots of the C. viminalis trees 
were so readily available. Most collections of eggs in 
Lowood consisted of young stages, newly laid or up 
to a few days old, with smaller numbers of late-stage 
embryos, particularly late in the season. 

Spawning ceased in the Lowood localities in 2002, 
when plant and animal life in the area were signifi-
cantly reduced. Although C. viminalis rootlets were 
present on one side of the river, all the areas were 
infested by overgrowths of U. mutica and snails and 

clams were scarce. The major flood of 2011 removed 
the para grass, but also damaged the structure of the 
river and the vegetation, as well as the submerged 
rootlets along the banks. Spawning in this site has not 
recovered.

Fernvale, about 5 km below the Lowood area 
(Figure 1), was used for collections in some years, 
but there were never as many eggs available here 
as at the Lowood site. The river at Fernvale has a 
 channel of deep, fast-flowing water midstream, filled 
with long-leaved plants of V. spiralis. Adult lungfish 
could occasionally be seen moving amongst these 
plants. On one side, the river flowed over a wide, 
shallow area below C. viminalis trees, with patches 
of V.  spiralis plants in places. On the opposite 
side of the river was a site with deeper water, also 
below C. viminalis trees, interspersed by occasional 
willows (Salix   babylonica). The shallow area was 
adjacent to a  public picnic area and the opposite side 
was below fields used for horticulture. Water tem  pera-
tures at Fernvale were moderate, ranging from 20°C  
to 24°C. 

TABLE 3. Numbers of lungfish eggs collected from Lowood in the Brisbane River from 1983–2002* (stages and percentages 
of deaths as in Table 1).

Year Total Living Dead 1 2 3 4 5 6 %

1983  649  621  28  106 248  23 201 31 12  4%

1984 1073 1049  24  201 310 253 212 43 30  2%

1985  536  521  15   31 201 194  51 33 11  3%

1986  320  303  17   28 135  61  35 44  0  5%

1987  192  173  19  129  16   4  20  4  0 11%

1988  152  131  21   52  31  29  13  6  0 14%

1990  335  250  85  135  69   8  28 10  0 25%

1991  111   73  38   50  17   4   1  0  1 34%

1992  620  523  97  307 111  86  14  0  5 16%

1993 1373 1286  87  603 391 266  19  6  1  6%

1994 1741 1399 342 1053  75  97 155 12  7 20%

1995  566  455 111  117 263  39  23  9  4 20%

1996  267  173  94   88  59  20   4  2  0 35%

1997  234  183  51   91  35  32  23  1  1 22%

1998  393  286 107  124  85  59  15  3  0 27%

2000  120   99  21   40  36   5   8  9  1 17%

2001  182  112  70   32  63   6   7  1  3 38%

2002   62  41  21    5  27   7   2  0  0 34%

* 1989, 1999, 2003 and later, no spawning. No hatchlings found.
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Collections in Fernvale, downstream of the Lowood 
site, presented a profile similar to those at Lowood, with 
varying numbers and levels of embryos dead on col-
lection, compared with the total number of eggs found 
(Table 4). Mortalities were high late in the drought 
years as spawning began to fail (Table 4). Spawning 
at Fernvale, seriously affected in 2004 and 2005, con-
tinued for longer than it did in Lowood during the years 
of the drought, before ceasing in 2006. The last eggs 
found in Fernvale came from a shallow area covered 
by water hyacinth, but they were loose on the substrate. 
In some years, no eggs at all were found in Fernvale, a 
site which was frequently affected by human  activity, 
such as by people camping on the river bank or the 
building of a large bridge over the major spawning site 
in the V. spiralis beds. Analysis of the eggs collected 
in Fernvale during the years of the drought has shown 
that, although some of these eggs survived to hatch and 
to become juveniles, the changes in skin differentiation 
and in skin sense organs, so obvious in hatchlings from 
reservoir environments, had already begun in hatch-
lings from Fernvale (Kemp, 2019).

Until 1999 in Fernvale, snails and basket clams 
were common in the shallow areas and in the deeper 

water along the shore, among the C. viminalis root-
lets. During the drought, environmental flows were 
not maintained and the shallows had no water. Food 
animals for adult lungfish gradually became scarce, 
and this may account for the changes in develop-
ing hatchlings already apparent during the drought 
(Kemp, 2019). As in the spawning sites at Lowood, 
vegetation and animal life to be found at Fernvale 
were considerably reduced after 2002. 

Lake Wivenhoe and Lake Samsonvale
The lake environments, where many lungfish in the 
Brisbane and Pine River catchments now live (Fig ure 1), 
have few food animals for a large benthic-feeding fish 
like the lungfish. Weed plants such as Rhizoclonium 
proliferate and any animals found are frequently rep-
resented by a single specimen in a whole season. Water 
levels fluctuate, especially in spring, and refuge plants 
and food animals cannot be established along the 
shores. Food is limited for all age groups. Spawning 
sites and refuges for young are deficient at best and 
usually absent. Eggs in this lake are never attached to 
V. spiralis, the only water plant present, but instead laid 
loose on the substrate, usually in stagnant water.

TABLE 4. Numbers of lungfish eggs collected from Fernvale in the Brisbane River from 1983–1992*, and later from 
2001–2006* (stages and percentages of deaths as in Table 1). 

Year Total Live Dead 1 2 3 4 5 6 %

1983  15  12  3  10  2  0  0  0 0 20%

1984 333 317 16 152 87 41 15 22 0  5%

1985 240 236  4 138 40 38 14  4 2  2%

1986 134 127  7  17 29 61 11  9 0  5%

1987  39  33  6  20 13  0  0  0 0 15%

1988  42  34  8   0  0 14  9 11 0 19%

1990  45  39  6  23 13  1  1  1 0 13%

1991  77  55 22  25 23  5  2  0 0 28%

1992  45  42  3   0 25  3 12  0 2  7%

2001  71  55 16  29 15  9  0  1 1 22%

2002 169 131 38  49 34 21  4 23 0 22%

2003 147 133 14  54 21 15 23 14 6 10%

2004 269 229 40 131 61 12 25  0 0 15%

2005  69  48 21  19 18  5  6  0 0 30%

2006  25  14 11   3  6  3  2  0 0 44%

* 1989, no spawning; 1993–2000, collections from Fernvale discontinued; 2007, spawning ceased. Records of the percentage of dead eggs in Kemp 
(2019) were calculated as a percentage of living eggs, not of the total number of eggs. No hatchlings found.
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Lake Wivenhoe (Figure 1) was completed and filled 
in 1984. The lake was intended to protect the city of 
Brisbane from flooding and to provide water. It takes 
up a large part of the length of the Brisbane River, 
leaving only about 50 km of unaltered river between 
the walls of Lake Wivenhoe and Mount Crosby Weir 
near Brisbane.

The shallows of Lake Wivenhoe, where lungfish 
spawned in 2009, provided a poor environment. 
Available spawning sites consisted of dead grass and 
masses of filamentous algae, interspersed with faeces, 
the result of cattle being permitted to graze on the 
shores of the reservoir. Dead leaves and other detritus 
covered the substrate. Eggs were shed loose into the 
water which was usually stagnant, although the shal-
lows where the lungfish spawned may sometimes be 
subject to currents induced by wind. The eggs drifted 
around in these currents and some were caught in 
clumps of faeces and algae or in and around stands of 
dead grass. Others were washed into warm, shallow 
water by the wind currents close to the shore, where 
they died rapidly from exposure to the sun. Any water 
hyacinth present had short roots and was ignored as 
a spawning site, although it could provide shelter 
for eggs if close to the shore (Kemp, 2014). Larvae 
of the water bug L. insulanus were numerous and 
voracious, attacking and eating many newly hatched 
lungfish. The egg cases in one site (Logan’s Inlet) 
were weak and allowed some young fish to hatch too 
soon, before they had any protection from predators 
(Kemp, 2011). Surviving hatchlings may have found 
shelter among the detritus on the substrate, but they 
did not develop ciliated cells in the skin and electro-
receptors and mechanoreceptors in the skin were 
deficient in structure, so that the young fish were 
unable to sense food in the environment (Kemp, 
2011, 2014). Observations of hatchlings raised from 
eggs collected in Lake Wivenhoe confirmed that 
they could not sense food, even if any were available 
in the lake. In the lab ora tory, they were surrounded 
by live worms, which are usually eaten voraciously, 
but they ignored them (Kemp, 2011). After the yolk 
 supply was used up, the hatchlings died, including the 
single hatchling found among the detritus. None of 
these factors were addressed in a recent publication 
on the spawning of 2009 in Lake Wivenhoe (Roberts 
et al., 2014). 

Spawning was prolific in Logan’s Inlet in 2009 
(Figure 1), but the eggs were not particularly healthy, 
with many dying before they hatched and many more 
hatching too soon. Young derived from the later 

spawning in Paddy’s Gully (Figure 1) were healthier 
and survived for longer, but were still unable to feed 
because their sense organs were not functional (Kemp, 
2014). None of the eggs from Paddy’s Gully hatched 
too soon. Skin ciliation was defective in both environ-
ments. The massive spawning in Lake Wivenhoe in 
2009 (Roberts et al., 2014) was not repeated in 2010, 
when only a few eggs were found. Nearly half of the 
eggs collected from Logan’s Inlet were already dead, 
although mortalities on collection were lower in 
Paddy’s Gully (Table 5). 

Lake Samsonvale was built over the North Pine 
River in 1977, to be used as a water supply for parts of 
Brisbane. The lake is surrounded by dry sclerophyll 
forest, regrowth of trees on abandoned farmlands. 
There are no cattle in the catchment and no agricul-
ture or horticulture around the lake, although these 
activities were carried on in the past. Water tempera-
tures during the spawning season ranged from 18°C 
to 22°C. Superficially, the spawning site in Lake 
Samsonvale looks clean and pristine, but below the 
surface of the water, the lake is depauperate. The only 
plants present in the critical shallow shore environ-
ments are V. spiralis and Nitella, and the only animals 
are a few P. australiensis and occasional snails and 
small fish. 

The spawning environment in Lake Samsonvale is 
unstable (Figure 1), with continual fluctuations in the 
water level depending on water usage and rare spring 
rainfalls. Eggs are laid loose on the sandy or gravel 
substrate among the few plants, with no protection, 
and often washed ashore during even a mild storm. 
This action may include masses of eggs, which die 
rapidly of dehydration or exposure to the sun. 

Spawning in Lake Samsonvale began in late 
August and continued until October. Numbers of 
eggs varied, and were usually low, except for the 
large numbers found in 2010 and in 2012 (Table 5). 
After the flood of 2011 no lungfish are known to have 
spawned in that year, and no eggs were laid in 2017. 
In 2012, a few hatchlings were found among the water 
plants, lying on the substrate with no protection. As 
in Lake Wivenhoe, hatchlings failed to feed because 
sense organs were defective. Ciliation in the skin was 
poor as well and the hatchlings could not keep the 
skin surface clean. Most of the eggs collected from 
Lake Samsonvale and reared in the laboratory died 
for the same reasons as the hatchlings from Lake 
Wivenhoe. Older-stage embryos and hatchlings that 
were collected from the lake and not subjected to 
rearing in the laboratory also died. 



11Changes in the freshwater environments of the australian lungfish, Neoceratodus 
forsteri, in south-east Queensland, and impliCations for the survival of the speCies

TABLE 5. Numbers of lungfish eggs collected in Lake Wivenhoe and Lake Samsonvale from 2009 to 2018 (stages and 
percentages of deaths as in Table 1).

Year Total Live Dead 1 2 3 4 5 6 %

2009*  494  260  234 158  28   5  46 18   5 47%

2009†  233  147   86 140   0   0   7  0   0 36%

2010 1294  952  342 868  15  67   2  0   0 26%

2012 3153 1412 1741 471 533 146 100 49 113 55%

2013  506  344  162 272  61  10   1  0   0 32%

2014  564  263  301 229  22  12   0  0   0 53%

2015  282  224   58 146  27  20  16 13   2 20%

2016  515  231  284 157  31  11  24  1   7 55%

2018   45   35   10  35   0   0   0  0   0 22%

* 2009, Logan’s Inlet, in Lake Wivenhoe, one hatchling found. 
† 2009, Paddy’s Gully, in Lake Wivenhoe, no hatchlings found. All later collections were from Lake Samsonvale. 2011, 2017, no spawning; 2012, 

3 hatchlings; 2018, one female spawning, for one week.

Factors Affecting Oviposition and Recruitment
There are well-known cycles of spawning, good 
years with numbers of eggs rising to a peak, fol-
lowed by years when smaller numbers are produced, 
and sometimes with no eggs laid at all for a year, as 
in the Brisbane River in 1989 and 1999, or in Lake 
Samsonvale in 2011 and 2017. High levels of recruit-
ment have, in the past, followed high levels of spawning 
activity. Lack of spawning may coincide with the 
occurrence of a flood in late summer or in winter, as 
in Lake Samsonvale in 2011, but not every such flood 
is followed by a cessation of spawning. The prolific 
spawning events recorded in Lake Wivenhoe in 2009 
(Roberts et al., 2014) were followed by  little spawn-
ing in 2010 (Kemp, 2014). Fluctuations in spawn ing in 
the river and in water impoundments may actually be 
independent of environmental conditions; and reasons 
are not apparent.

Many additional factors influence recruitment, 
such as food availability, refuges for young fish, and 
the effects of predation on eggs and hatchlings. The 
amount and type of food gathered by adult lungfish 
prior to the spawning season influence the growth and 
survival of young lungfish (Kemp, 2011, 2014, 2017, 
2019). If the adults have not been able to gather suffi-
cient suitable food, such as snails and clams, they may 
have not been able to supply the eggs with appropriate 
nutrients for development (Kemp, 2019).

Recruitment of young fish to the adult population 
is not as reliable or as frequent as oviposition, and 
l ittle information about the numbers of young lung-
fish in a natural habitat is available. In the  present 

study, two young fish were recovered from water 
hyacinth rootlets in Enoggera Reservoir in 1971 and 
three in 1973, all recently hatched. A single hatchling 
of stage 48 was found among the muck and detri-
tus in Lake Wivenhoe in 2009 (Kemp, 2011). Three 
newly hatched lungfish were collected from Lake 
Samsonvale in 2012, lying exposed on the gravel sub-
strate among the water plants. 

Recruitment in the Past
A single hatchling, 2.5 cm long, was found among 
water plants in the Burnett River, close to spawn-
ing sites, during early research into lungfish (Semon, 
1898). Juvenile lungfish, 3.1 cm to 30 cm, are not 
often recorded from a natural environment, although 
subadult fish, over 30 cm long, are not uncommon 
(Illidge, 1893; Bancroft, 1912, 1918). Bancroft made 
intensive efforts to find juveniles and subadult fish 
in the Burnett River, using nets, lime and dynamite, 
after years with good spawning events, and collected 
no juveniles and few subadult fish. Among many 
 sporadic records of a single juvenile or a subadult 
fish every few years, Longman recorded a number 
of juveniles from Enoggera Reservoir and later a few 
isolated juveniles, also from Enoggera Reservoir, in 
the following years (Longman, 1928). These young 
fish were found among the roots of water hyacinth 
plants that had been exposed on the bank by clear-
ing efforts. Some small lungfish have occasionally 
been found at Mount Crosby pumping station on the 
Brisbane River, trapped in the water filters (Grigg, 
1965). A large number of juveniles were collected 
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from the Brisbane and Mary Rivers in 1981 and 1982 
(Kemp, 1987). None of these records are a result of 
a deliberate effort to find juvenile lungfish, but were 
incidental to other research projects or, in one case, 
to an attempt to clear water hyacinth from Enoggera 
Reservoir (Longman, 1928). 

DISCUSSION
The Australian lungfish is under threat from many 
aspects of human activity, notably from conversion of 
large areas of their natural riverine environments into 
reservoirs for water conservation where con ditions 
are not ideal for adults or for eggs, embryos and 
hatchling lungfish (Kemp, 2011, 2014, 2017, 2019), but 
also from the effects of climate change on the river 
environments. Two large reservoirs block parts of the 
Burnett River, numerous barriers, natural and man-
made, affect the length of the Mary River, large parts 
of the freshwater reaches of the Brisbane River catch-
ment have been turned into water impoundments 
(Figure 1) with no fishways to allow for movements 
of fish, and even the small North Pine River has half 
its length covered by Lake Samsonvale. All of these 
water impoundments are suboptimal environments 
for lungfish, and the remaining parts of the rivers 
have lost diversity as well. The numbers of plants and 
animals in the habitats have declined in recent years, 
especially those of use to lungfish. The freshwater 
environment for lungfish in south-east Queensland 
has been effectively destroyed, with serious con-
sequences for the last remnants of the extant lungfish.

Recruitment has failed in recent years, despite 
frequent episodes of oviposition. Eggs and embryos col-
lected in the years up to 1998 from Enoggera Reservoir, 
Northbrook, Fernvale and Lowood were mostly normal, 
with good rates of survival and develop ment. Many 
reached juvenile stages old enough to be recruited into 
the adult population (Kemp 1999, 2011, 2014, 2017). 
Although Enoggera Reservoir was not a particularly 
salubrious environment, many lungfish lived there and 
spawned every spring, at least while they had access to 
the trailing roots of water hyacinth plants where they 
could lay their eggs and where young lungfish could 
hide. Recruitment in Enoggera failed completely when 
the water hyacinth was cleared, and the adult lungfish in 
the reservoir became very old (Kemp, 2005).

The environments in river localities were rich, with 
many plants and animals, in the times before Lake 
Wivenhoe was built, and in the years immediately 
after, before the drought of 2001–2008 and the severe 
flooding that followed the drought. Northbrook was 

submerged when Lake Wivenhoe was completed, but 
spawning continued in the remnants of the river, at 
least for a few years. Conditions in the Brisbane River 
began to deteriorate in 2000 and spawning ceased in 
Lowood in 2002 and in Fernvale in 2006. Losses of 
eggs were high in both of these areas before spawning 
actually failed. Problems with development of young 
fish originated in Fernvale in eggs laid under drought 
conditions (Kemp, 2019) and before the flooding 
events that began in 2009. Eggs collected from Lake 
Wivenhoe in 2009 and from Lake Samsonvale after 
2010 did not develop sufficiently to be recruited to the 
adult population in these lakes, because of anomalies 
in the skin and skin sense organs (Kemp, 2011, 2014, 
2017). In 2016, despite the survival of a number of 
hatchlings to juvenile stages, all of the young fish 
died, as a result of poor development of the nervous 
system, lungs and intestine (Kemp, 2019).

The freshwater environment for lungfish in south-
east Queensland has been effectively destroyed. 
Dramatic losses of biodiversity in freshwater environ-
ments in south-east Queensland have certainly affected 
the ability of lungfish to survive and  various forms 
of human intervention have had further profound 
effects. Loss of spawning in Enoggera Reservoir fol-
lowed wholesale destruction of water hyacinth plants, 
exacerbated by ageing in the adult population (Kemp, 
2005, 2018). The river environment exemplified by the 
Northbrook reaches was completely destroyed by the 
creation of Lake Wivenhoe. Loss of spawning in the 
river below Lake Wivenhoe, at Lowood and Fernvale, 
has been more gradual, and a result of environmental 
degradation, as well as drought and subsequent floods, 
all reducing food supplies and the numbers of plants 
and animals of use to lungfish. 

The effects of habitat destruction and reduced num-
bers of food animals on hatchlings and juveniles in 
large water impoundments in south-east Queensland 
are already catastrophic. Recruitment of young fish 
to the adult lungfish population of these reservoirs 
has ceased in recent years (Kemp, 2011, 2014, 2017, 
2019). Lake Wivenhoe and Lake Samsonvale are 
poor environments for lungfish, with fluctuating water 
l evels, little food for adults or young, and few refuges. 
Nowhere is this more obvious than in Lake Wivenhoe, 
where large numbers of lungfish were trapped when 
the reservoir was built. The Brisbane River is also 
affected. Spawning grounds in the Brisbane River 
have had no recorded fresh spawn for years, since the 
drought reduced the amount of food available to lung-
fish (Kemp, 2019).
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Research on 14C content of elasmodin in lungfish 
scales has suggested that a number of young lungfish, 
about 2–3 years old, are present in river systems of 
south-east Queensland (Fallon et al., 2019). There are, 
however, problems with this research. The original 
method used to assess the ages of lungfish (James et 
al., 2010) is not valid, for several reasons (Kemp, 2015; 
Kemp et al., 2015). The research does not accurately 
report on the morphology of lungfish scales or the way 
that scales form and grow (Kemp, 2012, 2015; Kemp et 
al., 2015). Scales are permanent and consist of la yers of 
mineralised squamulin on the outer surface and layers 
of elasmodin on the inner surface (Kemp et al., 2015). 
The ages are assessed using the 14C content of the elas-
modin (James et al., 2010; Fallon et al., 2015, 2019), 
a metabolically active, unmineral ised collagen matrix 
which includes large cells on the underside of the scale 
and essentially a soft  tissue laid down in successive 
layers (Kemp et al., 2015). Under the impression that 
the elasmodin was bone, James et al. (2010) sampled 
material from the whole thickness of the elasmo-
din, deriving not an absolute reading but an average, 
because they sampled all of the successive layers. 
The authors found that a peak of activity appeared 
around the edges of the scale in the most recently 
formed t issue (James et al., 2010). This has little to do 
with the absolute age of the fish, and simply reflects 
metabolic activity in the elas modin as more layers are 
produced. Actively secreted collagen contains more of 
the radioactive carbon present in the fish. It does not 
reflect age, or suggest that the scale has stopped grow-
ing. The later modification of the first technique is 
equally invalid, because they are still sampling several 
successive layers of elasmodin in a scale and deriv-
ing average values for each point (Fallon et al., 2019). 
In a living fish, although the layers of elasmodin are 
permanent, the collagen and the cells contained within 
it are subject to continual changes, but the 14C tests all 
ignore the possible effects of metabolic activity within 
the tissue, re cycling elements within the collagen. If 
they had used a small sample from the oldest part of 
the scale, easily determined because the first formed 
structure of the scale, the focus, remains clear even in 
the oldest scales (Kemp, 2012), their results might pos-
sibly be considered useful. However, even if analysis 
of 14C in a metabolically active cellular tissue is valid 
for age determination, the use of several thicknesses of 
elasmodin in samples taken across each lungfish scale 
will give only average readings of sequential 14C con-
tent, not the more reliable absolute values that would 
be obtained if one thickness were used. 

Detailed criticism of the methods and analyses 
of Fallon and his colleagues is beyond the scope of 
the present contribution, and is not in fact impor-
tant, because their method of analysis of the scales 
is not valid. The original paper was based on three 
scales taken from the trunk of a fish found dead on 
the banks of the Burnett River (James et al., 2010), 
using the whole thickness of the elasmodin for 14C 
analysis. Although the scales were all of the same age 
and much the same size, the authors expressed their 
results by using a von Bertalanffy growth function. 
The same formula was applied to the data in the most 
recent paper, but the values found do not appear to 
fit a predicted von Bertalanffy curve at all (Fallon et 
al., 2019). The 14C data from all three rivers are scat-
tered around a slightly curved line (Fallon et al., 2019, 
Figure 9) despite the wide difference in the purported 
ages and sizes of the fish used in the research. There 
must be large differences between fish of 50 cm in 
length and a few years of age, and fish over a metre 
in length and around 70 years old, but this is not 
reflected in the figures shown. 

The authors provide no data on the carbon resi-
dence time of the land surrounding the environments 
from which their samples came (Olley, 2010; Kemp et 
al., 2015), despite sampling 14C from Corbicula aus
tralis, one of the molluscs that lungfish use for food, 
and concluding that the carbon in the molluscs was 
not “old carbon”, so the carbon in the lungfish was not 
“old” either. Analysis of some living molluscs during 
the apparent considerable lifespan of their o ldest fish 
does not provide sufficient data on the carbon residence 
time of the surrounding land, because the molluscs are 
not long-lived. Variation in the carbon residence time 
of all of the land surrounding the collection sites, not 
considered by the authors, would add an unknown 
quantity to any reading of 14C in the lungfish scales 
(Olley, 2010). The work reported by this group purports 
to demonstrate that the riverine habitats of the lungfish 
are in good condition, and that lungfish populations 
are thriving, when this conclusion cannot be supported 
by an examination of the river and by assessment of 
the spawning activities of the lungfish in any of their 
 current habitats, or by the actual recruitment of lung-
fish in the rivers and lakes. The methods used by James 
et al. (2010) and Fallon et al. (2019) to age lungfish 
scales based on 14C present in elasmodin are not valid. 
Early statements of the paucity of juvenile lungfish 
(Illidge, 1893; Bancroft, 1912, 1918) are likely to be 
correct, and the species survives, not because of regu-
lar recruitment, but because the adults are long-lived.
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