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Abstract Annual production and life cycle of five dominant species of Chironomidae ( Chirono-
mus plumosus , Cryptochironomus sp. , Tokunagayusurika akamusi, Procladius sp., Clinotanypus sp.)
were studied with samples collected monthly from April, 1996 to March, 1997 in Houhu Lake at four sta-

tions. Based on instar-frequency data, C. plumosus was univoltine, while the other four were bivoltine.
1

Production rates in grams wet weight m™>a”™" calculated by the size-frequency method were C. plumosus ,
2.170; Cryptochironomus sp., 0.602; T. akamusi, 3.160; Procladius sp., 0.964; Clinotanypus
sp., 0.390. Their P/B ratios were 3.9, 4.9, 4.4, 5.3 and 6.6, respectively.
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INTRODUCTION

Although description of life history and estimation of animal production have a long
history (Lindegaard, 1989), few studies on the production rate of benthic macroinverte-
brates were carried out in Chinese waters (Liang, 1984). With fishery development and
aquatic environment deteriorating in the country, researches in this field are of increasing
urgency, since secondary production indicates the growth capacity of a particular popula-
tion or community of organism. The above studies are essential for determination of poten-
tial fishery capacity, and for the formulation of fishery strategy in the waters. Moreover,
production is a major parameter of the energy budget. It, together with metabolism, con-
stitutes most of the currency of energy flow in a population or a community (Sameoto,
1972; Benson et al., 1980).

The present study deals with estimates of secondary production and P/B ratios of five
predominant chironomids in an algal lake, Houhu Lake, to evaluate the ecological function
of the Chironomidae and the potential fishery production capacity contributed by aquatic

insects in the water.

MATERIALS AND METHODS

Sampling
Samples were collected from four stations at a transect in the middle region of the
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Lake from April, 1996 to March, 1997 (Fig. 1). From each station one sample was col-
lected monthly with a modified Petersen grab (1/16 m*), and sieved in a 167 um mesh
net. Chironomid larvae were sorted manually in a white porcelain dish, and preserved in
10% formalin.
Life cycle

The developmental stages of chironomid
larvae were determined by the dimensions of
their head capsules according to Yablonskaya
(1947). Larval head width was measured
dorsally with an ocular micrometer. Instars
were differentiated by discrete size-classes of
head width, from which the number of instars

was determined. Data on monthly instar-

frequency and changes in density were Fig.1 The Houhu Lake, sampling sites are marked
analyzed to derive the annual generations of with darkened circles

each species ( Lindegaard and Johnsson,

1987; Lindegaard and Mortenson, 1988; Lindegaard and Maehl, 1992).

Biomass and production

Wet biomass of a species was determined by weighing 20 — 200 individuals per instar
depending on their sizes. Annual production rates were calculated with the size-frequency
method ( Hynes and Coleman, 1968; Hamilton, 1969; Benke et al., 1984; Soluk,
1985; Prat and Rieradevall, 1995) based on the following equation:

P=i"b2 (W W) (N = Noy)

Here we used the number of generation (b) instead of 365/CPI and ignored the cor-
rection factor Pe/P, disregarding of which actually produced little error (Menzie, 1980).
Following the suggestion of Benke and Wallace (1980), the negative production values for
the smallest size class were excluded from the calculation. For the other instars, negative
production values were added algebraically to the total production.

RESULTS

Life cycle

Chironomus plumosus In this study, Chironomus plumosus completed one gener-
ation in a year. Adults mainly emerged and spawned from April to July. Hatching began in
August and lasted for several months. Almost all larvae overwintered during the third or
fourth instar. Emergence began as early as next April again (Fig. 2a).

Cryptochironomus sp. This species has two generations per year, one from late
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summer to winter and the other from the middle of winter to the next summer, resulting in
an overlap between the two generations in summer (Fig. 2b).

Tokunagayusurika akamusi T.
akamusi completes two generations in a [
year, one from middle spring to middle MFDDDDD D ” H:H &
autumn; the other from middle winter to - I_I I—“ H 1'
next spring (Fig. 2c).
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Figure 3 shows the abundance of the
¢ . Fig.2 Instar-frequency distributions on each sample date

for the dominant chironomids in Houhu Lake. In-
I\ . star designated as II through IV. Width of each
m ) n AuguSt’ 1996, and peaked (152 bar represents percentage of total animal found in
ind/m?) in November. The species densi- the instar

ty in winter was higher than that in sum- &- Ch.plumosus; b. Cryptochironomus sp.; c. T. aka-
must; d. Clinotanypus sp.; e. Procladius sp.

five dominant species of chironomids.
plumosus abundance minimized (12 ind/

mer. Procladius sp. abundance peaked in
June, 1996 (mainly due to the overlapping of the two generations in summer) and de-
creased to minimum in December, 1996. T. akamusi showed a peak in February, 1997,
a much lower one in September, 1996, and decreased to minimum (only 4 ind/m?) in
April, 1996, composed of the remaining prepupated larvae of the fourth instar. The densi-
ties of Clinotanypus sp. showed a major peak in October, 1996, and a minor one in Feb-
ruary, 1997. Compared with the former species, it had lower densities throughout the
year; this might be due to the fact that the species is a predator. Cryptochironomus sp.
was found to exhibit much lower abundance over the investigated period. Its density was no
higher than 50 ind/m’ and zero during sampling in August, 1996.



No.2 ANNUAL PRODUCTION OF CHIRONOMIDAE SPECIES 115

5 |
4.5
—+— T. akamust
350 4+ _a Clinotanypus sp. /
— T ak . ~3 5L Crvptochironomus sp. /
300} | aramust - —— Chironomus plumosus /
—a— Clinotanypus sp. = | . |
~ 4 w3 —x Procladius sp. /
NE 250+ —a— Cryptochironomus sp. / - ‘
3 —— Chironomus plumosus | \ § 2.5
E 200 —%— Procladius sp. / \ é 2
£ 150 2
g 1.5
o 100y 1
50 0.5
0 : ; \ . A
04 x
A M J A S OND ] F M e ST
Months Months
Fig.3 Population dynamics of the five dominant Fig.4 Dynamics of standing crops of the five
chironomids in Houhu Lake dominant chironomids in Houhu Lake

The biomass of the five species comprised 95% of that of the chironomid community
in Houhu Lake. C. plumosus biomass was large in spring, largest (1.836 g/m’ wet wt)
in June, 1996, although its maximum density occurred in November, 1996. The change of
biomass of Procladius sp. showed the same pattern as that of C. plumosus : the maximum
occurred in May, 1996, the minimum in December, 1996. Different from the preceding
two species, the T'. akamusi biomass obviously increased in winter, with maximum (4.
705 g/m2 wet wi) in February, 1996, but minimized (0.081 g/m2 wet wt) in October,
1996. The biomasses of the remaining two species were also apparently large in winter,

smaller in summer, generally much smaller than those of the other three species during the
investigation period (Fig. 4).

Table | Production rate (in wet weight) of C. plumosus in Houbu Lake
calculated with size-frequency method

Size class No. /uf Mean Wt St::loixkng No. Wt at loss Wit loss Production
(Instar) 0.1 (mg) (g/m?) loss/m’ (mg/m?) (g/m®) (gm®)
I / / / / / / 0

I 21 0.231 0.0049 3.7 0.752 0.0028 0.0110
1 17.3 2.450 0.0425 2.6 9.274 0.024 0.0989
v 14.7 35.106 0.5149 14.7 35.106 0.5149 2.0596

Standing stock = 0.5622 Total production = 2. 1695
P/B=3.9

Production and P/B ratios

As shown in Tables 1 and 2, the annual production in grams wet weight m~2a~!of
C. plumosus was 2.170; T. akamusi, 3.160; Procladius sp. 0.964; Cryptochiron-
omus sp., 0.602 and Clinotanypus sp., 0.390. The turnover ratios (P/B) for the five
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species were 3.9, 4.4, 5.3, 4.9 and 6.6, respectively. Thus, T. akamusi and C.
plumosus contribute large shares of the chironomid production in Houhu Lake.

Table 2 Mean densities, mean biomasses, annual production rates (in wet weight)
and P/B ratios of the other four dominant chironomids in Houhu Lake

Ins Mean Mean Annual
tar Annual
Taxon number biomass production P/B
I i i1} v (No/a2) (g/a?) (g/n)
Cryptochi 4. 4
ryplocronomus 7 2 17.7 0.1220 0.602 4.9
. (0.4145) (3.4357)  (11.8367)
Procladius 8.3 27.3 43
79.0 0.1825 0.964 5.3
sp. (0.163) (0.913) (3.623)
Cli 16 21.3 )
motanypus / 5.3 2.6 0.0592 0.390 6.6
. (0.3837) (1.7376) (3.0155)
10.3 13.7 41
T. akamusi / 75.0 0.7141 3.160 4.4
' (1.582) (5.029) (14.11)
DISCUSSION
Life cycle

Few life cycle data of chironomid were available for calculating production in China
(Wang et al., 1977). The life cycle information in the present work was deduced from
the size-frequency distribution and also based on Lindegaard and Maehl (1992). Com-
pared with the materials in literature, our results should be reasonable. The annual gener-
ations of Procladius sp., Clinotanypus sp., Cryptochironomus sp. were identical to those
obtained by Wang et al. (1977) in Donghu Lake despite some time deviation. The life cy-
cle of the remaining two was not reported in China previously.

Production and P/B ratio

Secondary production estimation of chironomids in standing waters has a long history,
so some data are available for comparison. Generally, the annual production rates of the
five dominant chironomids were fairly low. The low rates probably resulted from intensive
predation pressure exerted by the large fish population in our waters. However, the values
were close to the lower range of published data (Table 3). According to Waters (1977),
the turnover ratios of univoltine and bivoltine species are frequently 4 — 7, so, the calcu-
lated P/B ratios in the present study are within the range. Wolfram (1996) reported P/B
ratios of T'. punctipennis from 2.35 to 5.13, to which our results are similar. Wilda
(1984) found very high ratios for chironomids in Lake Norman; perhaps because species
there completed more generations in a year.

Sampling error

For young larvae with head-width less than 167pum (mesh size) or those retaining pe-

lagic habit, ineffective sampling might occur to a certain extent. However, sampling error
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is thought to have little effect on the production estimation. Kirmerle and Anderson
(1971) reported that the loss of early instars of Glyptotendipes barbipes (Staeger) through
a 0.195 mm mesh bucket caused an underestimate of production by less than 20% . Mait-
land et al. (1972) reported an even lower underestimate for Stictochironomus , only 2.7 %
of the annual production.

Table 3 Biomass (mg dry wt m™?) , production (mg dry wt m™2a"')and P/B ratios for the same spe-
cies or genera reported in literature. The values of biomass and production of Houhu Lake was
multiplied by a ratio of dry-wet weight, 0.2

Species B P P/B Authority Locality
Chironomus plumosus 4300 24000 5.58 Iwakuma et al. Kasumgatura
Ch. plumosu 2983 9250 3.10 Grigelis Vorstijarve
Ch. plumosus 8530 8970 1.05 Plante and Downing Federsee
Ch . plumosus 6100 5650 0.91 Lindegaard and Jonsson Hjaback Fjord
Ch. plumosus 184 536 2.92 Prat and Rieradevall Banyoles (7m)
Ch. plumosus 90 260 2.89 Prat and Rieradevall Banyoles (13m)
Ch. plumosus 548 3508 6.4 Potter and Leamer A reservoir of South Wales
Ch. plumosus 112.4 433.9 3.9 The authors Houhu Lake
Cryptochironomus sp. 4.4 120.4 4.9 The authors Houhu Lake
T. akamusi 142.8 631.9 4.4 The authors Houhu Lake
Procladius . sp. 36.5 192.8 5.3 The authors Houhu Lake
Clinotanypus sp. 11.8 77.9 6.6 The authors Houhu Lake
Tanytarsus inopertus 174.9 909.5 5.2 Potter and Leamner A reservoir of South Wales
T holochlorus 235 1549 6.6 Potter and Learner A reservoir of South Wales
T. Lugens 316 2399 7.6 Potter and Learner A reservoir of South Wales
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