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Distribution, biomass and production of the freshwater mussel,
Hyridella menziesi (Gray), in Lake Taupo, New Zealand

M. R.IAMES Taupo Research Laboratory, Division of Marine and
v 1984) ' Freshwater Science, DSIR, Taupo, New Zealand

SUMMARY. 1. A study of the distribution, biomass and production of
the freshwater mussel Hyridello menziesi (Grayy was carried out at six
sites 1n Tapuaeharuru Bay, Lake Taupo, New Zealand.

2. H. menziesi is common in the littoral zone, with clean sand and
angle of slope being the most important environmental variabies
measured which are positively associated with musse] density. These
variables are related to the accumulation of fine material which can clog
the filtering mechanism of mussels. The angle of slope may also
influence the movement and supply of food.

3. Density (5.6 m™), biomass (2.8 g dry weight shell free tissue m™?)
and potential production (0.50 g dry weight shell free tissue m™ yr7!) are
high compared to values found for mussels from other oligotrophic
lakes.

4. The ape structure of Hyridella suggests recruitment has declined
recent years, A perjodicity in generations is proposed,

Introduction growth and lower densities which occur with

increased depth are a consequence of lower

A number of environmental factors can influ-
ence the density of freshwater mussels. Sedi-
ment type has been sugpested as a dominant
factor in studies by Harman (19723, Stone e
al. {1982) and Salmon & Green (1983). Orther
pmportant environmental variables suggested
are adequate food supply (Peguegnot, 1961,
Nobes, 1980), water velocity (Walne, 19723,
bed siope (Green, 1980}, presence of fish hosts
for the parasitic stage (Straver er ol, 1981),
presence or absence of a wave ripple zone
{Cvancara, 1570) and degree of sedimentation
{Coon, Eckblad & Trygstad, 1877). In most
studies it has been concluded that the siower
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search Laboratory, Division of Marine and Freshwa.
ter Brience, DISIR. PO Box 415, Taupe, New
Zealand.

temperatures.

The freshwater mussel Hyridelle menziesi
{(Grav) can dominate the macroinvertebrate
biomass in New Zealand lakes yet there have
been no truly guantitative studies made of its
distribution and abundance. There was the
work on its life history by Percival (1931),
observations on growth by Grimmond {1968)
and a study of its energetics by Nobes {1980). #
Macronvertebrates of New Zealand lakes
{(Armstrong, 1935; Fish, 1978; Forsvth, 1978;
Forsyth & MceCallum, 1981, Timms, 1980,
1982, 1983) were not appropriately sampled
for large invertebrates with patchy distriba-
twons like Hyridello and in some studies their
biomass was ignored {Timms, 1982).

Lake Taupo s a large, oligotrophic lake on

the central voleapic platesy of the MNorth
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by White er al. {1980} and Forsyih &
Howard-Willhams (1483}, Benthic  inverte-
brates were recorded from Lake Taupo by
Armstrong {1935}, and a quantitative study of
the benthic fauna was made by Forsyth &
MeCallum {1981).

Mussels were collecied between February and
Ray 1983 at six sites chosen to represent
varied environmental features in Tapuachar-
ure Bay (Fig. 1). These features included
presence of an abrupt increase in slope al a
depth of 2.5m (dropoff), a gradual sloping

shelf down 10 10m, presence of large macro-

phyie beds and exposure 10 the prevailing
; 8
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individual was measored. Mussels from 30m
were coliected by dredging from a boat along 2

: £
combined with density-age data, provided the
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20m transect. Dansity was estimated by poot-
ing all ‘mussels eollected along each belt trans-

potential gross annusl production of the mus-
sel population.

Sediment samples were taken at rost

Water ect. A representative number of animals stations with an  Ekmang grab  19x1%cm
Chl. a (twenty) from each station were used for shell (0.036 m®}. Sampies were dried, weighed and
(g 1) free tissue dry weight (DW) determination combusted at 500°C for percentage loss on
: o (oven dried at 70°C for 72 ). Power curves far ignition and sieved to obtaln size fractions
-25.6) {0.60-0.86) lengih-iry weight relationship were calculated {mud <63 um, fine sand 63-699 s, coarse
: 0.63 for each station. Total end average mussel sand 699-2000 pm, gravel 2-37 mm, pebbles
SRRy (0.54-4.69) biomass for the bay was estimated from area of <1Zmm). Abundance of vegetation was esti.
i 4.99 depth intervals and station biomasses. mated as percentage cover, slope was caley-
254 {0.52-2.51) Grimmond (1968) and McCuaig & Green lated using a depth sounder and bathymetric
b 0.79 ¥ (1983} have shown the validity of using winter charts, and chlorophyll ¢ concentrations of
=3 (0.62-1.00) growth interruption lines in the periostracum water above the mussel bed were measured
2 1.22 and prismatic layer as indications of annual fluorometrically {Golterman, 1969). Site vari.
16.7) €0.52-1.83) growth, Twenty specimens from 2, § and 10m ables are given in Table 1.
3 0 ?(‘}8;1&0 %) at each site were aged using this technigue. Arc-sine transformations were performed on
3.6 kot Rt
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Calculations of production follow Magnin &
Stanczykowska (1971). Age—dry weight rela-
tionships established the rate of growth, which
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sediment type data and a log,, transformation
on depth data.
Pearson’s product moment correlations were
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calculated for all combmations of measure-
ments of sfanding orop, perceniage loss on
ignition of sediment. sediment type, chioro- sheliered bay) exciuded mussels, but low den-
phyll o of water, slope and depih. A multiple  sities oecurred in flocculent mud af depths of
regression of mussel density with environmen- 16, 15 and 20 m

tal vartables was aiso performed. Correlation  coefficients between  environ-
mental parameters  measured  are given in ;
Table 3. As cxpected. high correlations (P
<0601} were found between some sediment
characteristics: for instance, mud and percen-
tage loss on ignition (r=+0.802). coarse sand
and percentage loss on ignition {r=—0.761},
coarse sand and log depth {r=—0.783}. mud
and logyy depth (r= 40649 and mud and
course sand (r=-—0.76%). Significam correla-
trons {P<0.05) were found between density of
mussels and coarse sand {r:+( 514y and be- ;

bm heiow a large Lagerosiphon bed. The
W% weed cover at 2-5m at Site 6 {a

Fegulty

M. omenziesi 15 common in the littoral zone of
Tapuachurure Bay and occurs {o a depth of
30 m {Sites 4 and 5, Table 23, Except at Site 6,
maximam density occurred at about Sm and
resched 67.4m™ at Site 1. Mussels were most
common where there was an abrupt increuse in
slope from 2.5 10 below 5m (Sites | and 3) and
were least common on gentle slopes (Sites 4

tween density and slape (r= {481} Although :
and 3). At Site 2 maximum density ccourred a not significant at 93% L., density decreased
i
TABLE 3. Pearson’s product momen! correlations {7} between Qizmdmg cmp of mussels and environmental .
measured. n=24, A log | transformation was performed on depih and are sipe on the pereentsge :
composiiion of the sediment. ;
Standing % Loss I
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N N . i
108, Depth igniton Mud sand sand Crra*v‘ci P hbles  Slope !
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A mu\itip;e Ircgréssion equation of musse]
density with the two maost important predictor
variabies coarse sand and slope was

ya—B.86+0.358X,+1.04X,

where y ts mussel density, X, is the arc sine of
the percentage of coarse sand and X, is slope
{coefficient of determination, R*=0.49). A
stepwise multiple regression analysis showed
that all parameters measured accounted for
74% of the variation in maussel density with
coarse sand contributing 26.4% and slope
22.7%.

The shell lengthitissue dry weight rela-
tionship for all stations was best described by
the power curve DW=1.13 L*7xi0?°,
r=(373, #=360. The power curves used in
biomass estimates for each station were al
significant at 95% C.L. Biomass showed a
similay trend to density with matimum biomass
of 34.9 g DW m™ (Site 1, 5m) and an average
of 2.8 g DW m™ for the bay (20 m). Changes
in shell length with age (annulus number) are
shown in Fig, 2. Rapid shell growth occurred
in the first few years and then gradually
dectined. The ages of mussels ranged from 1 to
13 years (Fig. 3) with 7-year-oids forming the
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major veas class. Few juveniles (less than 2
ye;ars} were collected. Ape structure did not
ﬁ{ffer significantly between stations but tave-
niles were restricted o areas of clean sand.
F’Eﬁer? was 4 wrend towards decreasing shell
engith  with  increasi i == {3 44
L0001, asing  depth  {r=0(.99,

Production and P/B ratio for stations where
age was measured averaged .50 g DW !
and 0.18 respectively.  Estimates of 1otal
biomass and production for Tapuaeharury
Bay are 14.000 kg DW and 3000 kg Dw yr
respectively.

Discussion

The density of mussels in Tapuaeharury Bay
appears f¢ be influenced by a muomber of
physical and biological factors, with coarse
sand and slope being the most importani.
Although steep slopes are inhabited by fow
mussels, results of this study suggest that
slopes in the range measured may allow a
continuous movement of food from shallower
depth while remaining free of fine sediment
and accumulation of organic matter. Other
studies have found pesitive correlations of
mussel density with coarse sand content {Sal-
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FI{5. 30 Age strecture for the mussel popuistion from all sites sampled in Tapusehsture Bay, Lake Taupo

mon & Green, 1983) Stone er af.. 1982) but menziest in areas of Elodea cancdensis ?\f'ivhx I

pegative correlations with increased  slope at 2 depth of 2m in the Waikato River, New :

(Green. 1980Y In shallow regions of the bay Lealand, This i probably  the most smhic

wave action, as imdicated by sand ripples on region in rivers, but in lakes the accumulation

the hottom, inhibils seitlement by young mus- of sift and organic matter in macrophyte beds
The wave affected repion extends down 1o causes substrate conditions (o occur there

a greater depth i Lake Taupo {2m) than in stnilar 1o those at depths greater than 30 m.

mast lakes because some areas have a2 wind The density, biomass and production of

fetel greater than H0km (Howard-Williams &  Hyridells in Lake Taups are compared with

Vincernt. 1983 Such conditions were claimed mussels i other freshwaters in Table 4, The

1o be unsuitable for mugsels by Cvancars values in this study are high compared to other

{1970). and Forsyvth & MeCallum (19785 com- oligotrophic systems in the porthern hemi-

mented on the lack of mussels in this zone. In sphere such as Mirror Lake . but low compared

Eake Taupo thus region abo tends to have to more productive lakes in New Zealand such :

larger, more robust individuals, This wave as Lake Rotorua. Comparisons with other

ripple zone forms the vpper depth limit for  New Zealind lakes (Forsyth, 1978; Timms,

high mussel density with the lower depth himit 1980, 1982, 1983) cannat be made hecause so

being mfluenced by an tncrease in flocculent few mussels were collected where Fkiman i

mud and accumulation of orpanic material. No grabs were used. Invertebrates with paichy :

mussels were found below 30m where floccu-  distribution like 5. menziess require more :

lent mud up to 30om deep may clog their ilensive Samy ding methods, The high popula-

filtering mechanisms (Johnson. 1971 Walne, non density in entrophic Lake Rotoru:

W72 The top of li}c: metalimnion in Lake 1978} compared with Lake Taupo is consisient ;
Teupo 15 at Mim and below this the wmpera- with the idea that there ¢ an increase i filier i
ture does aof exceed 12.57°C unul March (un- feeders a¢ jakes become il)Crcra}%;;Iw_g}}-‘ eutrophic
published data}. when the parasitic larval stage  (Forsyth, 1978, Strayer er al.. 1981} Highl ‘E
has probably left the host fish and is most eutropine small lakes, however, tend o have %
vulnerable o low temperatures. The decrease  no mussels due to microstratification of oNYgen
in shell length with increased depth mav be the  at the bofiom {Forsyth, 1978} This study
result of ﬂocnulem mud and lower tempera-  highlights the importance of physical and
tures slowing metabolic rates. The influence of  bologicsl imerariions in determin ning mussel

£ action .md SUTVIVA o larval siage in density. Although uh'vo-*f'vpmc i(fkf;’.ﬂ may be

count for some unproductive interms o '
sence of gl
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TABLE 4. Pensity, biomass and production of frashwy

Drensity ,

@oc ™) Biomass
Habitat
River Thames: 2.1
Budworth Mere e -
Mirror Lake 0.05 .006
Lac St Louis — — 0.7¢ 0.07*
Lac des Deux — 12.8 2.6% 1.7*

Montagnes

Long Lake 54 — —- —
Waikato River ¢ 4.5 — —
Lake Rotorua  — — 27 —
Shell Lake 35 1G5 — —
Lake Taupe 0.8 5.6 2.8 {1.50)
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ter mussels in 3 variety of aguatic habitats

Production
@ DWWyt pig

R Source

037 Neguos. 1966
- Stone ef al., 1982

032 Strayer of al., 1981

C“{)Q Magnin & Stanczykowska, 1971
0.3 Magnin & Stencrykowsiu, j977

— Cvancara, 1972
12.0 Nobes, 1980
. Fish, 1978

— Green, 1980
.18 This study

*Wet weight converted 1o dry weight using factor of 0.1,

zone (2.8 DW m™’) was high compared to
that of other macroinveriebrates in Tapuae-
haruru Bay (035g DW w2 Forsyth &
MeCallum, 1981}, The P/B ratio is comparable
to that found in other studies (Table 4} but.
much lower than that estimated for H. men-
ziesi by Nobes (1980). He used laboratory net
assimilation rates as an indication of possible
production but these rates may have overesti-
mated production due o assumptions made
when applied to natural conditions.

The age structure is also comparable to that
reported for other mussel species (Negus,
1966, Strayer er af,, 1981; Bauer ¢r al., 19803,
The population of H. menziesi in Lake Taupo
is shorter bved than in Lake Waipori, where
Grimmond (1968) recorded ages of up 1o 54
years. Lake Taupo specimens are less heavily
calcified than those from Lake Waipori {N.
Grimmond, pers. comm.) perhaps due to con-
tnuous movement through coarse sand so that
shell erosion may cause earlier maortality and
possible predation by the freshwater crayfish
Paranephrops planifrons White,

A lack of juveniles is a feature reporied in
nearly all mussel population studies, Although
juveniles are often under-represented due to
sampling inadeguacies, the lack of recruitment
kas been attributed in most cases 10 increased
sedimentation (Coon ef ol 1977, pollution
{Green, 1980} or eutrophication (Bauer er al.,
1980). These conclusions have been arrived at
by comparison of population densities with
those obtained in earlier siudies ai the same
localities. There has heen an increase in urban
development near Sites 2 and 2 in Lake

Taupo, but Site 1 is far removed from sumanp
settlement (Fig. 1}. Nevertheless the musse
population has a similar age structure to that as
the other sites. It is unlikely that increased
sedimentation, pollution or eutrophication wili
have caused the decline in recruitment of the
mussel population of Tapuaeharuru Bay over
the fast & years.

Grimmond {1968} found juveniles of H.
menziesi pear the mouths of inflowing rivers
but no such areas exist for recruitment in
Tapuacharuru Bay. Althcugh juveniles are
difficult to Jocate, 1 believe those more than 2
years old (>2cm} were tecovered. It would
appear that the population is not maintaming
itself and may decline, as have some mussel
populations in  the northern hemisphere
(Bauereral | 1980), Asthis canmos be atiributed
to deteriorating water quality in Lake Taupo, it
is possible there is some periodicity in age
structure as a result of breeding characteristics
or chimatic conditions. Consequently., s popula-
tion will decline until conditions for recruitment
mprove. Unforiunately. there are no long-term
records for the age structure of mussel popula-
tions. The reason for lack of juvenile freshwater
musseis, in Lake Taupo and elsewhere, requires
further investigation, particularly in unmodified
habitats, using sampling methods suitable for
smaller individuals.
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