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Introduction

The ponds of the New Forest are as much a part of its
landscape as the heathland, woodland, grassland and
riverine habitats so often used to describe this area of
lowland Britain. In fact ponds are scattered across this
entire landscape, occurring in every vegetation
community and on every type of geology and yet in
spite of this, they are less well studied than other
habitats (Williams et al. 2001, Wood et al. 2003).
Temporary ponds are a particularly important part of
the mosaic of wetlands, containing many rare species
of interest to conservation (Bratton 1990, Bratton
1991, Chatters 1996, Collinson et al. 1995, Tubbs
1997). This review brings together information from
both published and unpublished sources on the
current distribution and status of temporary ponds in
the New Forest and information on some of the
threatened taxa associated with this habitat type.

Temporary ponds in the New Forest

For the purposes of this review, temporary ponds are
defined as bodies of water of man-made or natural
origin, between 1 m2 and 2 ha in area, which usually
hold water for at least four months of the year and/or
which have a fauna capable of withstanding a recurrent
dry phase. This definition is constructed from those
given in the National Pond Survey methodology (Pond
Action 1998), the DETR Lowland Pond Survey
(Williams et al. 1998), the National Pond Survey
(Pond Action 1998), Williams (1997) and Nicolet et al.
(2004). The definition takes into account the small
scale of many of the temporary ponds in the New
Forest and the short hydroperiod that many of them
experience, for example Bolton’s Bench, which still
retains specialist species adapted to a recurrent dry
phase, even though it may only hold water for as little
as one month per year (Ewald pers. obs.).

Temporary ponds are also characterised by the
predictable and recurrent nature of the dry phase
(Williams 1987, 1997, 2006; Williams et al. 2001). In
the New Forest, temporary ponds normally fill in the
autumn any time from the beginning of September to
the end of October. They remain full throughout the
winter, usually peaking in size during the spring and
then drying down again in early summer. They can
therefore be termed temporary autumnal pools
(Wiggins 1973), differentiating them from vernal spring
pools that are primarily filled from snow melt. In
exceptional years (such as 1954, 1977, 1992 and 2007),
they may fill during the summer months, holding water
for a few weeks and then drying once more before the

16 A pooled history of temporary pond research
in the New Forest
Naomi Ewald, Sue Hartley and Alan Stewart

autumn fill (Ewald 2008; Hall 1961; Hampshire and
Isle of Wight Wildlife Trust unpublished). This pattern
of wetting and drying halts wetland succession
(Williams et al. 2001), so that the pond may remain a
feature of the landscape for hundreds or even thousands
of years (Fryer 1966, Gray and Taylor 1988).

Species within temporary ponds are specially
adapted to withstand a recurrent dry phase (Williams
1997, 2006). Wiggins et al. (1980) divided species in
vernal pools into four major types depending on the
strategy used to survive the dry phase and the timing of
their appearance in the pond. The same principles can
be used to define species in autumnal pools in the
New Forest. The first group can be described as year-
round residents of the pond. When the pond first fills,
species that have survived as partly developed cysts or
eggs (e.g. the tadpole shrimp Triops cancriformis (Fox
1949), fairy shrimp Chirocephalus diaphanus (Hall
1953), an ostracod Heterocypris incongruens (Henderson
1990)), as adults buried in the mud (e.g. the mud snail
Omphiscola glabra (Boycott 1936)) or by finding refuge
in damp leaf litter (e.g. water louse Asellus spp.
(Wiggins et al. 1980)) become active and breed.

The second group includes those mobile species
that appear in the pond at some time during the
autumn (e.g. the common darter dragonfly Sympetrum
striolatum and diving beetles Agabus spp.; Wiggins et al.
1980). They will leave the water before the pond dries
down in the summer and spend the dry spell as
winged adults, eggs or larvae, either within or away
from the pond basin. One specialist species of caddis
fly, Glyphotaelius pellucidus, is an active airborne adult
during the spring, laying eggs in a gelatinous mass on
tree leaves above the pond. These are then shed into
the pond in the autumn, where rehydration triggers
hatching (I. Wallace, pers. comm.).

The third group of species arrives in the spring (e.g.
the palmate newt Lissotriton helveticus (Buckley 2001),
the mayfly Cloeon dipterum and true fly species (Wiggins
et al. 1980)), taking advantage of the warm, nutrient-
rich waters found in temporary ponds to complete their
development rapidly before the pond dries out. Like the
previous group these spring recruits are mobile, but do
not require permanent water to survive the dry spell,
spending the summer and winter as eggs, larvae or
adults, within or away from the pond basin.

The final group is a tranche of mostly predatory
species, which take advantage of the fish-free water to
breed, rear young and feed (e.g. greater water boatman
Notonecta spp., whirligig beetles Gyrinus spp. and
diving beetles Acilius spp. (Wiggins et al. 1980)). These
species are not adapted to withstand a recurrent dry
phase and will return to more permanent waters when
the pond dries out.
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There are an estimated 570 ponds within the New
Forest SSSI boundary (Ewald 2008). Over 75% of these
are temporary, putting the New Forest well above the
national average of 40% of ponds in the wider
countryside being temporary (Biggs et al. 2005, Nicolet
et al. 2004). This is despite extensive drainage in the
New Forest during the 1920s (Tubbs 1986). Pond
creation has been via natural and man-made processes,
including digging for minerals (clays, sands and
gravels), stock ponds, floodplain ponds, oxbow lakes,
uprooted trees, depressions created by grazing animals
and those created during war and forestry operations.
Over 170 species of macro-invertebrate have been
recoded from temporary ponds in the New Forest to
date (Ewald 2008, McAbendroth 2004, Nicolet 2002),
with one in three ponds surveyed containing one or
more Red Data Book species (Ewald 2008). Again this
is higher than the national average (one in four)
determined by Nicolet et al. (2004).

The temporary ponds across the New Forest vary
considerably in terms of environmental variables.
Khalaf and MacDonald (1975) found marked variation
between five temporary ponds, over a period of 24
months, in terms of water volume, pH, conductivity
and dissolved oxygen levels. A survey (2004) of 72
New Forest temporary ponds (Ewald 2008) also found

extremes, between the maximum and minimum values
for a range of environmental variables (examples of
which are given in Table 43). Despite this variation, it
is possible to identify groups of ponds that have
similar environmental conditions and therefore
contain similar macro-invertebrate and floral
assemblages, which may be helpful for developing
conservation strategies.

Classification of temporary ponds

Attempts have been made to classify temporary ponds
in the New Forest into general types. Sanderson (2001)
made a provisional classification based on wetland
plants and their corresponding NVC communities
(Table 44).

Ewald (2008) classified 72 New Forest ponds into
11 types according to their macro-invertebrate
composition using TWINSPAN. This procedure split
ponds into subgroups based on the abundance of
species on a semi-quantative scale. Indicator species
identified at each division can help in the description
of the pond group. Thus, ponds in Group 4 contained
fairy shrimp Chirocephalus diaphanus (a characteristic
temporary pond species; Bratton 1991), those in
groups 2 and 3 a New Forest specialist water beetle
Graptodytes flavipes (Friday 1988) and those in group 9
and 10 Omphiscola glabra, a snail capable of
withstanding desiccation that is rare elsewhere in the
UK (Bratton 1991).

Shade, turbidity, pH and the amount of poaching
explained 23.4% of the variation in the macro-
invertebrate community composition of ponds
(constrained ordination; F = 1.636, P = 0.002) (Ewald
2008). Ponds on the base rich clays of the Headon
beds had the highest species richness and diversity,
compared to the base poor clays and sands found
elsewhere in the Forest. The grazed lawns and heaths
also had high species richness and diversity. One of the
reasons for this diversity, compared to other grassland

Table 43
Variation in environmental variables between New Forest
temporary ponds

Variable Examples of pond locations

Pond depth Min 6 cm Temporary pools near Rush Bush
Max 100 cm Bignell Wood

Pond area Min 12 m2 Ponds along the B3078 road
Max 1,500 m2 Fletchers Green

pH Min 3.6 Pools within valley mires
Max 7.8 Gorley

Conductivity Min 19 µS Pools near Star Pole Pond
Max 465 µS Spur Lake Lawn

Table 44
Floral assemblages of New Forest temporary ponds (Sanderson 2001).

Pond
Group Community NVC Equivalent

1 Eleocharis multicaulis-Molinia caerulea community Covered by the M30: Hydrocotylo-baldellion of seasonally-
inundated habitats

2 Apium inundatum-Eleogiton fluitans-Pilularia M30 above, but where less acidic; OV35: Lythrum portula-
globulifera community Ranunculus flammula, and where some water movement exists;

M29 Hypericum elodes- Potamogeton polygonifolius soakaway

3 Agrostis stolonifera-Alopecurus geniculatus- Near neutral pH in neutral lawns (MG6b), or in depressions in
Persicaria spp. community parched acid grassland (U1), comparable to OV31: Rorippa

palustris- Gnaphalium uliginosa community, with variation through
to, OV30: Bidens tripartita-Persicaria hydropiper

4 Glyceria fluitans community S22: Glyceria fluitans Water Margin Vegetation

5 Pool edge assemblages: a number of specialist –
species in a zone with Juncus bufonius, including
the nationally scarce species Illecebrum verticillatum,
and Cicendia filiformis, often in association with
Radiola linoides and Anagallis minima
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Table 45
Provisional classification of temporary ponds in the New Forest based on macro-invertebrate composition (Ewald 2008).

Shade/ Area/
Pond Habitat / Conductivity/ Depth/

Group Geology pH Turbidity Isolation Hydroperiod Grazing Characteristic species

1 Grassland Neutral Open habitat. Very small Very short, Heavily Lowest species diversity. Ponds in this
habitats High due to surface area, less than grazed but group may contain Chirocephalus
on gravels. nutrient input very shallow. 5 months of not heavily diaphanus, but the occurrence of this

from dung. Isolated. the year. poached. species in any one year will be variable

2 Heathland Low Open habitat. Relatively large Relatively short – Higher invertebrate diversity than
sites on and often in a hydroperiod. group 1. Hydroporus gyllenhalii, a
clays. complex with species tolerant of low pH1. Graptodytes

other ponds. flavipes, a New Forest specialist water
beetle2. Agabus nebulosus, a species
tolerant of temporary pond conditions3.
Limnephilus auricula, a widespread and
common caddis of temporary pools4.

3 Heathland Low Open habitat. Small in area – Lightly Sanderson’s type 1 floral assemblage.
sites on Low in and isolated. grazed. Macro-invertebrate species diversity is
sands. conductivity. low with a similar assemblage to pond

type 2; Hydroporus gyllenhalii and
Graptodytes flavipes still present, but
joined by few other species, and only
those which are mobile e.g. Sigara
nigrolineata5.

4 Pre- – Open habitat. Relatively large Moderate, Heavily Sanderson’s type 2 floral assemblage.
dominantly but not very neither very grazed but Highest macro-invertebrate species
grassland deep. long nor very not heavily diversity; characterised by temporary
but some short. poached. pond species when the pond first fills,
heathland e.g. Chirocephalus diaphanus and in
overlaying suitable years Triops cancriformis6.
base-poor Colonised by more mobile species as
clays, sands the hydroperiod continues into the
and gravels. spring e.g. Hesperocorixa sahlbergi5.

5 Heathland Near Open habitat. Largest Relatively long Heavily Relatively low macro-invertebrate
and neutral Turbid surface area. hydroperiod. grazed and species diversity. Species present
grassland, poached. require a long hydroperiod e.g. Cloeon
overlaying dipterum7, Planorbis leucostoma8 and
a mixture Sigara striolatum5.
of base-rich
clays and
gravels.

6 Grasslands Neutral Open habitat. – Very Heavily A subset of the type 3 ponds identified
on gravels ephemeral. grazed but by Sanderson. They have the potential
and sands They may not not heavily to contain important temporary pond

hold water poached. species e.g. Chirocephalus diaphanus
every year. and Triops cancriformis9, but due to the

brevity of the hydroperiod coinciding
with suitable conditions for these
species, they are often overlooked.

and heathland sites, is the input of nutrients to these
ponds from dung (as highlighted by Bratton (1990),
Chatters (1996) and Tubbs (1997)).

These analyses confirmed that ponds with a similar
set of environmental variables shared a similar macro-
invertebrate community. The composition of the
wetland plant community from these 72 ponds was
analysed using the same classification procedure. A
greater number of distinct pond types could be
identified using invertebrate, rather than the floral
communities, suggesting that macro-invertebrates are
responding to more subtle differences in environmental
conditions between ponds (Pond Conservation and

Environment Agency 2002). Therefore, whilst
macrophytes may enable a coarse classification of
temporary pond habitats, macro-invertebrate
community composition offers a more detailed
description upon which to base management
decisions.

The National Pond Survey methodology and the
Predictive Score for Multimetrics (PSYM) developed by
Ponds Conservation, provide a standardised detailed
methodology upon which to assess both the flora and
macro-invertebrate composition of temporary pond
communities. However, a provisional classification,
such as given in Table 45, may provide enough
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information upon which to base management
strategies and as a tool to prioritise ponds for future
survey.

Species research

Other than a handful of studies already mentioned,
little investigation has been made of temporary pond
communities in the New Forest; most work has
concentrated on individual species. The following
section reviews research on two flagship species, the
tadpole shrimp Triops cancriformis and the fairy shrimp
Chirocephalus diaphanus, associated with temporary
ponds in the New Forest.

Triops cancriformis (tadpole shrimp)
Triops cancriformis is the best known temporary pond
species in the UK, often described as one of the true
‘living fossils’ (Futuyma 1990 in Zierold et al. 2007) as
it appears to be morphologically unchanged since the

Devonian Period (Tasch 1963). It is a rare species in
Britain and classed as RDB endangered (Bratton 1991).
It has been recorded from a single site in the UK, in the
New Forest, since 1935 (Ewald 2001, 2008; Fox 1949,
Hampshire and Isle of Wight Wildlife Trust
unpublished, Hobson and Omer-Cooper 1935), but
records as early as 1816 may refer to this site (Leach
1816 unpublished, records kept by Hampshire and Isle
of Wight Wildlife Trust). Other sites in the UK appear
to have lost their populations, probably as a result of
cessation in grazing (Maitland 1995), and one in
Scotland that was lost to the sea (Balfour-Browne
1909). However, T. cancriformis has since been
rediscovered in the same locality in Scotland by a site
ranger, whilst he was conducting a Natterjack toad
survey (BBC 2004). This highlights the fact that
populations may not develop in a pond for several
years, waiting for ideal conditions, and that
populations at low densities can easily be overlooked.

Laboratory studies have identified that this species
requires a hatching temperature of between 15oC and

Table 45 ... continued

Shade/ Area/
Pond Habitat / Conductivity/ Depth/

Group Geology pH Turbidity Isolation Hydroperiod Grazing Characteristic species

7 Woodland – Least shaded Isolated. Very long Not heavily High invertebrate diversity. Species
ponds on wooded sites. hydroperiod. poached. that require a long period of
base-poor Low con- inundation are able to colonise, e.g.
clays and ductivity. Planorbis leucostoma8, Cloeon dipterum7

sands Low turbidity. and Limnephilus centralis4.

8 Woodland Low Shaded. Deep Long – Sanderson’s type 5 floral assemblage.
sites on Turbid. hydroperiod. Macro-invertebrate diversity relatively
base-poor high. Characterised by species tolerant
clays and of low pH; Hydroporus gyllenhalii1 and
sands Limnephilus vittatus4.

9 Woodland Near At least 50% Within a Relatively short Poached. Sanderson’s type 2 floral assemblage.
ponds on a neutral open water. complex of hydroperiod. Species invertebrate richness relatively
mixture of other ponds. low, but heterogeneity of habitat
base-rich Convoluted allows shade and open water species
clays and shallow to co-exist. Omphiscola glabra,
sands margins. Lymnaea truncatula8, Anacaena

globulosus1, Glyphotaelius pellucidus4

and Hirudo medicinalis10.

10 Woodland Low Shaded. – – – Ponds would share a similar macro-
ponds on a Turbid. invertebrate community to ponds in
mixture of Group 9 and presumably at one point
base-rich did so, but the surrounding habitat has
clays and been planted with conifers. Species
sands richness is less and no species were

identified as characteristic of this
habitat type. Ponds in this group have
the potential for restoration.

11 Woodland Low Heavily – – – Few wetland plant species, clumps of
sites on shaded. Sphagnum spp. in the drawdown zone.
gravels They are species poor, but the species
and clays. present are tolerant of anaerobic

conditions, for example Trichostegia
minor4 or low pH e.g. Hydroporus
gyllenhalii 1

–  Environmental variable is not useful in the categorisation of this pond type.
1 Friday (1988); 2 Bratton (1990); 3 Balfour-Browne (1950); 4 Wallace et al. (1990); 5 Savage (1989); 6 Williams (1987); 7 Elliott et al. (1988);
8 Macan (1977); 9 Hall (1976); 10 Ausden and Dawes (2000).
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20oC (Hempel-Zawitkowska 1967). Field studies in the
New Forest supported these results. In 1999, the pond
where Triops cancriformis occurs in the New Forest first
filled in mid-September. Temperatures were between
the required hatching temperatures and T. cancriformis
were present in the pond a few weeks later. The
following year the pond filled later in the year (by
10 October), by which time the temperature was below
the minimum required for hatching and T. cancriformis
did not appear that year (Ewald 2001).

It is not understood why this species is apparently
restricted to a single site in the New Forest when other
seemingly suitable ponds are located nearby.
Translocations, funded by WWF, were undertaken in
1975 to two new sites in the New Forest (Hall 1976),
one of which appears to have been successful (Hall
1977). However, no adults have been seen laying eggs
in this pond (which has a very short hydroperiod) so
its viability as a population is unknown (Ewald, pers.
obs.).

Chirocephalus diaphanus (fairy shrimp)
The second archetypal temporary pond species for
which research work exists is the fairy shrimp
Chirocephalus diaphanus. It is listed as RDB vulnerable
(Bratton 1991) and is known from 72 10-km squares
nationally (Bratton and Fryer 1990). In the New Forest
it has been recorded from seven 10-km squares and is
present in 10 to 15 ponds each year depending on
weather conditions (Ewald 2008). The national
breeding programme population was established with
stock from a New Forest pond (P. Wisniewski, pers.
comm.).

The species is confined to temporary ponds
because it is apparently defenceless against predators
(Bratton and Fryer 1990) and has the potential to
reach maturity within three weeks (Hall 1953). Studies
have looked at different aspects of their environment
and the life history traits of C. diaphanus, many of
which have been based on the New Forest populations
(Ewald 2008, Hall 1953, 1959a,b,c, 1961, Khalaf and
Hall 1975, Lake 1969, Taylor 1965). In summary,
C. diaphanus is tolerant of a wide range of temperatures
(5°C–26°C, Nourisson 1964) and has been known to
survive at temperatures above 30°C (Mura 1991) and
at low temperatures (e.g. Hall (1961) observed the
species under ice), although their survival and
reproductive ability is affected at these extremes (Lake
1969). Water depth has also been identified as a
significant factor limiting egg hatching (Hall 1959c).
However, the impact of predation on this species has
not been investigated, until now (Ewald 2008).

Protection and conservation status

Temporary ponds in the New Forest fall short of the
Habitats Directive definition of Mediterranean
temporary ponds (European Commission 1992),
although the statement for the New Forest SAC
acknowledges that they support elements of the floral
assemblage associated with that habitat (JNCC 2008).

In fact, Macabendroth (2004) has found that the New
Forest ponds contain slightly fewer invertebrate species
than the Mediterranean temporary ponds (as defined
in the SAC) on the Lizard Peninsula, but that the New
Forest ponds show greater heterogeneity. Several sites
within the New Forest are included within the
‘Oligotrophic to mesotrophic standing waters with
vegetation of the Littorelletea uniflorae and/or of the
Isoëto-Nanojuncetea’ definition (European Commission
1992), although this is only a small percentage of the
total number of ponds (Ewald, pers. obs.).

Despite the lack of Annex 1 status, the importance
of the temporary ponds has been acknowledged in the
New Forest SAC management plan (Wright and
Westerhoff 2001), which highlights the conservation
importance of both the plant and animal species that
they support. The citation for the New Forest SSSI also
includes temporary ponds as a reason for notification
because of the nationally important assemblages of
rare and scarce invertebrates (Natural England 1996).
In addition the Hampshire Biodiversity Action Plan
(Hampshire Biodiversity Partnership 1998) requires an
individual habitat action plan to be written because of
the importance of ephemeral pools and their
conservation value in maintaining the county’s
biodiversity. However, few documented management
prescriptions exist for these ponds, and it is worth
considering here some of their requirements and the
key threats that they currently face.

Habitat management

In most cases, the management prescription for
temporary ponds will be non-intervention (Biggs et al.
2001), the ideal being numerous ponds across a range
of environmental conditions. The New Forest is unique
in the UK because it provides this pond heterogeneity
within a mosaic of habitats. Data collected on
Coleoptera occurring within the New Forest marl pits
(number of sites surveyed =14, total beetle species
= 87) showed that pond complexes contained the
highest number of species. Isolated marl pit ponds
contained an average of 18 beetle species, whilst those
within a complex of ponds, as for example at
Crockford Bridge, had on average of 26 species per
pond (Ewald 2008).

As already mentioned, continuity of grazing is
important for the temporary ponds on the New Forest
lawns. It ensures that at least 25–75% of the habitat
will remain open at the end of the summer (Wright
and Westerhoff 2001). It also provides both areas of
bare, poached mud, important for specialist plant and
animal species (Chatters 1996), and a supply of dung,
whose nutrients form the basis of the temporary pond
food chain (Kuller and Gasith 1996, Tubbs 1997,
Williams 1987).

Grazing is also important for other temporary
ponds, including the base-rich marl sites. Bidessus
unistriatus is one of the rarest beetles in Britain,
currently known from only three sites, one of which is
in the New Forest (Foster 2006). The shallow, neutral
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poached pools on the edge of this pond are thought to
be important for its survival. In fact it was lost from a
second site in the New Forest because the site became
very heavily overgrown with scrub (Foster 2006). A
survey (2007) for Coleoptera in New Forest marl pits,
showed that sites which had been cleared of scrub for a
number of years (greater than 5), or those which
appeared to have always maintained at least one pond
that was open within a complex of ponds, had the
greatest number of beetle species. Within one complex,
ponds that were open contained 20% more species
than those that were shaded (Ewald 2008).

It is important, though, to consider heterogeneity
within individual ponds and not just between sites.
One temporary pond in the New Forest is a site for
both Hirudo medicinalis (medicinal leech) and
Omphiscola glabra (the mud snail). As this is one of
only six ponds in the New Forest known to hold H.
medicinalis (Reeves 1998), a species that requires high
temperatures (Ausden and Dawes 2000), the decision
was made to clear willow scrub from half of the pond
(M. Noble, pers. comm.). Two years later, the number
of juvenile leech in the pond had doubled and
continues to be high (Ewald, pers. obs.). However, the
pond is also a site for Omphiscola glabra, which in
many of the New Forest sites appears to prefer ponds
with a layer of leaf litter sediment (M. Willing, pers.
comm.; Ewald 2008). This species is also rare in the
UK, with a scattering of sites in the New Forest. Thus,
the fact that the site remains partly shaded provides
heterogeneity, benefiting both species.

Invasive species: New Zealand pigmyweed
Crassula helmsii

Invasion by alien species is recognised as a significant
global threat to the diversity of native flora and fauna
(Glowka et al. 1994, Hobbs and Huenneke 1992,
Vitousek et al. 1997). The threat is also recognised in
the UK, at both national (Clement and Foster 1994,
DEFRA 2003, Williamson 1999) and local scales
(Hampshire Biodiversity Partnership 1998, Wright and
Westerhoff 2001). One such invasive alien weed, New
Zealand pigmyweed Crassula helmsii has been
identified as a major threat to UK freshwaters (Dawson
and Warman 1987, Huckle 2007, Leach and Dawson
1999). It is a perennial plant with both aquatic and
terrestrial growth forms and is tolerant of a wide range
of environmental conditions (Leach and Newman
2000). It was first recorded as ‘naturalised’ in a pond in
Essex in 1956 (Dawson and Warman 1987) and in the
New Forest in 1976 (Crutchley and Wicks 2001).

In a survey by Hampshire and Isle of Wight
Wildlife Trust (HWT) in 1999, it was found that 39%
of water bodies surveyed within or adjacent to the New
Forest SAC contained Crassula helmsii (Crutchley and
Wicks 2001). A fourfold increase in its distribution was
recorded in 10 years, from 21 sites in 1990 to 76 sites
in 1999 (Crutchley and Wicks 2001). It is easily spread
as tiny fragments of stem and in some circumstances it
forms extremely dense stands of vegetation (Stone

2002), which can lead to severe oxygen depletion
(Newman 2004).

Despite concerns, few experiments have been
conducted to investigate what impact Crassula helmsii
has on native flora and fauna. There are anecdotal
accounts of its impact on notable flora in the New
Forest (Crutchley and Wicks 2001). At Hatchet Pond
Triangle in 1986, C. helmsii was recorded along with
pillwort Pilularia globulifera, but the latter had
disappeared by the 1999 survey. Both Hampshire-
purslane Ludwigia palustris and slender marsh-bedstraw
Galium constrictum were recorded from Hill Top Pond
in 1976, but by 1986 C. helmsii was abundant and
only L. palustris remained. By 1999, only C. helmsii was
present (Crutchley and Wicks 2001). Langdon et al.
(2004) have shown that C. helmsii can suppress the
germination of native plants by up to 83%; however,
there is no significant loss of plant species. They also
found that the developmental stage of great crested
newts Triturus cristatus at hatching was unaffected
whether eggs were laid on C. helmsii or on another
plant. Whilst smooth newt Lissotriton vulgaris eggs were
at a later developmental stage on hatching when they
were laid on C. helmsii, this may have had no effect on
overall population numbers.

In a supplementary study, Crassula helmsii had no
significant effect on macro-invertebrate species
richness, species diversity or community composition
when comparing four ponds with and four ponds
without heavy infestations (>75% cover). However,
there was a significant increase in the diversity of
molluscs in ponds with C. helmsii, possibly because of
the greater surface area provided by C. helmsii from
which they could graze algae. There was no significant
decline or increase in any other taxonomic group
between the ponds. It is worth noting that it was
difficult to find enough ponds with which to perform a
comparative study. This was because, although the
number of ponds with C. helmsii has increased since
the HWT survey, presumably spreading outward from
areas of infestation by the action of grazing ponies, the
density of C. helmsii at many sites had declined, kept in
check it would seem by the grazing animals (Ewald
2008).

In the light of these results, more investigation is
needed on the impact of Crassula helmsii on the
conservation value of temporary ponds in the New
Forest SAC and on how grazing may suppress C.
helmsii (Dawson and Warman 1987).

What effect will climate change have on New
Forest temporary ponds?

In the UK, human-induced climate change is likely to
result in increases in average annual temperature, with
greatest warming in summer and autumn. The onset of
temperature rise in spring is expected to be one to
three weeks earlier and the onset of winter temperature
declines one to three weeks later (Hulme et al. 2002).
Annual rainfall may decrease, but seasonal differences
are likely to lead to less rainfall in the summer months
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and a greater risk of storm events in the winter (Fowler
et al. 2005; Hulme et al. 2002). Cloud cover and
relative humidity are expected to decrease, with a
corresponding increase in solar radiation (Hulme et al.
2002). The New Forest falls within the UK South East
region, where average daily temperatures are expected
to increase by between 3°C and 5°C by 2080. Summer
precipitation is predicted to decrease by 15–60% and
winter precipitation to increase by 15–30% (Hulme
et al. 2002).

Temporary ponds have a delicately balanced
hydrological regime and may therefore be under
increased threat from climate change (Bailey-Watts et
al. 2000, Graham 1997). Temporary ponds are subject
to predictable changes on a seasonal and annual basis,
i.e. in any one year, there will be a dry phase, followed
by an autumnal through to spring wet phase. Species
within temporary ponds are adapted to respond to
these changes (Wiggins et al. 1980, Williams 1997,
Williams 2006). However, in some years temperatures
may be below or above the physiological tolerances of
species normally found within temporary pools, or
there may be no rainfall at times when these
temperatures persist. In these unsuitable years, species
may not be reproductively successful but they have bet-
hedging strategies to allow them to recover and
replenish the population in the next suitable year
(Cohen 1966). Climate change is likely to increase
both within- and between-year variation in
precipitation and temperature and hence alter the
hydrological regimes permanently beyond the
tolerances of specialist species and perhaps beyond the
abilities of species to recover (Williams and Biggs
1998).

The impact of changing climatic conditions on
pond communities and the sensitivity of temporary
pond species to change was illustrated by field
observations of New Forest temporary ponds, both
within and between years. In year one of an
investigation (2004/2005) in the month when the
pond filled, mean temperatures were 11.3°C, sunshine
hours were 107.0 hours and rainfall was 129.6 mm. In
the second year (2005/2006) temperatures were
higher, 17.1°C, but sunshine hours were similar
(105.6 hours) and rainfall was less, 98.0 mm (Met
Office 2004/2005), affecting when the pond filled: at
the end of September in year 1 and the end of October
in year 2 (Ewald 2008). Temporary ponds in the New
Forest experienced a reduction in water levels between
years one and two, as a result of a reduction in rainfall
and an increase in temperature which increased
evaporation rates (Hulme et al. 2002).

Investigation showed that the communities from
different pond types (Table 45) responded differently
to changes in climatic conditions. Woodland ponds
(groups 7–11) remained stable between years; retaining
the same macro-invertebrate community composition
despite changes in climatic conditions. Ponds in open
habitats (groups 1–6) such as those on the New Forest
lawns, including species such as Chirocephalus
diaphanus, were less stable and changed in community
composition between years. Species diversity in these

ponds was also significantly less in year 2 compared
with year 1. The results would suggest that the open
exposed ponds, which have the highest biodiversity
value, may be most at risk from changes in climate.

Changes in community composition may result
from the environmental tolerance limits of individual
species being exceeded or disruption of the complex
interactions between species. Laboratory experiments
investigated the impacts of temperature on the life
history traits of two species characteristic of the
grassland pools in the New Forest: Chirocephalus
diaphanus and one of its predators, Heterocypris
incongruens. Reared in the absence of the predator,
hatching success and fecundity for C. diaphanus were
greatest at 20°C, followed by 10°C. Despite hatching
early and growing quickly initially, most individuals
were killed by temperatures of 25°C. Therefore,
modest temperature increases beyond those currently
experienced would benefit C. diaphanus, but a marked
increase would have a negative impact on their
performance (Ewald 2008). However, the hatching
success of the predator H. incongruens was greatest at
25°C and rates of predation were significantly higher
at 20°C compared with 10oC. The predator benefited
more from an increase in temperature than the prey,
such that the optimal temperature for C. diaphanus
survival, in the presence of H. incongruens, is only 10°C.
This is at the lower limit of the temperature range
currently experienced by C. diaphanus in the field.

Predicting the impacts of climate change on
invertebrate communities in temporary ponds will
clearly be complex, but the results from this study
suggest that large increases in temperature will have
adverse effects on prey, whilst even small increases in
temperature will be very detrimental where such
changes increase the rate of predation and/or increase
predator growth rates, to a greater extent than those of
the prey.

Management recommendations

The temporary ponds of the New Forest are an
important habitat type, both in terms of the species
they contain and the contribution they make to the
biodiversity of the New Forest. They also provide
important study systems to assess the impact of
environmental change. Although there is no
immediate need for management intervention, a long-
term management plan for these ponds would ensure
that heterogeneity is maintained and that overall
numbers of temporary ponds do not decline further.

There are currently gaps in our knowledge,
particularly with regard to species distributions, of
both rare and common taxa. Even when the
distribution and status of rare species are known, it is
often difficult to determine management prescriptions
because of a lack of knowledge about species
requirements. More work is required to assess the
impact of potential threats, for example invasive alien
species and climate change, in order to implement
effective conservation strategies. Continued survey and
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a programme of monitoring would help to answer these
questions. Although single species surveys are obviously
extremely important, a community level approach will
ultimately provide more useful insights into the
condition and status of temporary pond communities.
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