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heavily grazed gorse (Ulex gallii). At the sampling positions,

emergent and marginal stream vegetation consisted mainly of

Juncus sp. and Eleocharis palustris whilst submerged stream

vegetation consisted mainly of Hypericum elodes, Potamogeton

polygonifolius, Eleogiton fluitans, and Sphagnum spp.

(including S. auriculum).

Given the small dimensions of the habitat and heterogeneous

nature of macrophyte fauna in the Glan-yr-afon stream, pilot

sampling with artificial substrates (cf Bennett & Mill, 1993;

Johannsson, 1978) and mechanical devices (cf Benke, 1970;

Benke & Bemke, 1975; Wissinger, 1988b) was unsuccessful.

Hand-netting of submerged vegetation was adopted as the sam-

pling method since this yielded the full range of larval instars

with minimum damage to the habitat. A standard net sweep was

defined as the sweeping of a fine mesh (1mm mesh) pond net

(25 cm by 25 cm) at a depth of 12.5 cm (half depth of net) up

stream for a distance of 1m. A sample consisted of three such

sweeps over the same 1m stretch. The contents of the net were

sorted in the field until all damselfly larvae had been removed

(approximately 30 minutes). Each larva was placed in a 30 ml

tube with stream water and a perch and transported in a cool box

to the laboratory. In the laboratory, head width, hind tibia length

and wing bud length were measured under a binocular dis-

secting microscope using an eye-piece graticule calibrated with

a slide micrometer. Larvae were returned to the stream positions

within 5 days of collection.

On each sampling occasion, four samples were taken at posi-

tions 2 and 3 whilst two samples were taken at position 1. From

October 1999 to September 2000, sampling was carried out at

intervals ranging from 28 days to 53 days (mean interval 39.7 ±

2.3 days). A shorter interval between samples was used during

summer because larval growth was expected to take place more

quickly at higher water temperatures.

Larvae of Pyrrhosoma nymphula were found in low numbers

at the sampling positions but could be separated from C. mercu-

riale using the keys of Gardner & MacNeill (1950), Carchini

(1983) and Corbet (1955). In order to interpret life history and

age structure of populations, it is necessary to assign individuals

to instars or age categories using size or form characteristics

(Baker, 1986). For clarity, ‘instar’ is used here to denote the

interval between two successive ecdyses rather than “stadium”

since the use of the former is more widespread. The use of X-Y

plots of two body measurements (rather than size-frequency his-

tograms of one body dimension) produces clusters of points cor-

responding to instars, and has allowed their separation in several

species of odonate (Banks, 1985; Edmonson & Windberg, 1971;

Pickup & Thompson, 1984; Thompson, 1978b). For C. mercu-

riale, 3-dimensional X-Y-Z plots (of head width, tibia length

and wing bud length) and all combinations of X-Y plots were

used to check that clusters of individuals were consistent

between body measurements. This process was carried out sepa-

rately for males and females and for each month. Six instar

groups (A-F) could be separated that were consistent between

sexes, across months and across body dimensions. Group A cor-

responds to instars 2–6, B corresponds to instars 7–8, C corre-

sponds to instars 9–10 whilst D, E and F corresponded to the

antepenultimate, penultimate, and final instars respectively (see

Corbet, 1955). For P. nymphula, such plots allowed separation

of all 12 instars after the prolarva.

Since netting does not provide quantitative estimates of popu-

lation levels (Downing, 1984), growth in the larval population

was inferred from changes in the proportions of individuals in

each instar group between consecutive months. For C. mercu-

riale, chi-squared tests were used to test for significant differ-

ences in these proportions between consecutive months (instars

A and B were omitted since they were not detected consistently

in samples), to determine when, in the year, growth of larvae

occurred.

RESULTS

In ten monthly samples, 1195 larvae of C. mercuriale

and 129 larvae of P. nymphula were collected. The per-

centage of P. nymphula ranged from 4–18% of a sample.

The mean body dimensions of each instar group of C.

mercuriale are shown in Table 1 and dimensions of each

instar of P. nymphula are shown in Table 2.

Voltinism in C. mercuriale

Since eggs hatch without diapause (Corbet, 1955), the

bimodal length-percentage histograms indicate that two

years were required for larval development (i.e. semi-

voltine development) in C. mercuriale. (Fig. 1. shows the

head width-percentage histogram for October). Each peak

corresponds to a year group.

Larval growth period

Fig. 2 shows the percentage of individuals in each

instar group in each month. Three larval cohorts were

present in the samples. Cohort 1 hatched in 1998, was in

instar groups D to F when sampling began in October

1999 and emerged in summer 2000. Cohort 2 hatched in

1999, was in instar groups A to C in October 1999 and

would emerge in summer 2001. Cohort 3 hatched in

summer 2000 (appearing first in June 2000) and would

emerge in 2002.

12

Fig. 1. Percentage of individuals in each head width class in

October (n=109).

3.93 ± 0.052.48 ± 0.023.47 ± 0.0283F

2.09 ± 0.022.16 ± 0.012.99 ± 0.01214E

1.25 ± 0.011.81 ± 0.012.47 ± 0.01273D

0.56 ± 0.021.37 ± 0.011.78 ± 0.01351C

0.13 ± 0.030.96 ± 0.011.18 ± 0.01199B

–0.60 ± 0.010.65 ± 0.0171A

Mean wing bud

length ± s.e.

(mm)

Mean tibia

length ± s.e.

(mm)

Mean head

width ± s.e.

(mm)

nInstar

group

TABLE 1. Mean (± s.e.) head width, hind tibia length and

wingbud length for instar groups of C. mercuriale.



Overall, there was no significant difference in instar

proportions between consecutive months between

November and March (Table 3). A large amount of

growth occurred between March and August, as inferred

from the magnitude of the chi-square value, and some

growth also occurred in October and November. To

locate diapause within each year group, the growth of

each cohort is now examined separately.

Location of diapause in C. mercuriale

Second-year larvae in Cohort 1 overwintered (between

October and March) in instar groups D (antepenultimate

instar), E (penultimate instar) and F (final instar). The

13

Fig. 2a–f. The percentage of individuals in each instar group. Cohort 1 (1998–2000) is represented by closed bars and Cohort 2

(1999–2001) by diagonally-striped bars. 



percentage of individuals in F during this period, ranged

from 0 to 4% of the cohort. The rest of the individuals

were divided equally between instar groups D (mean % =

47.8 ± 4.4) and E (mean % = 49.7± 3.7). Between March

and May, individuals moved rapidly from instar groups D

to E and from E to F, but by the time emergence began in

May, 67% of the population were still in the penultimate

and antepenultimate larval instars, indicating considerable

lack of synchrony in the cohort. By June 86% of the

cohort had moved to the final instar and by July most

individuals had emerged and cohort 1 made up only 7%

of the total larval population.

14

Fig. 2g–j. The percentage of individuals in each instar group. Cohort 1 (1998–2000) is represented by closed bars, Cohort 2

(1999–2001) by diagonally-striped bars and Cohort 3 (2000–2002) by open bars.

5.074.23 ± 0.234.11 ± 0.34213

4.16 ± 0.463.55 ± 0.033.60 ± 0.03412

2.24 ± 0.032.99 ± 0.042.96 ± 0.031711

1.26 ± 0.042.43 ± 0.032.40 ± 0.022710

0.81 ± 0.102.11 ± 0.022.14 ± 0.0359

0.68 ± 0.031.92 ± 0.031.91 ± 0.02168

0.38 ± 0.021.66 ± 0.021.61 ± 0.02157

0.28 ± 0.051.44 ± 0.021.33 ± 0.0436

0.26 ± 0.151.25 ± 0.021.19 ± 0.0365

–0.81 ± 0.020.86 ± 0.1324

–0.54 ± 0.000.53 ± 0.0032

Mean wing bud

length ± s.e.

(mm)

Mean tibia

length ± s.e.

(mm)

Mean head

width ± s.e.

(mm)

nInstar

TABLE 2.  Mean, range and median of head width, hind tibia

length and wingbud length for instars (excluding the prolarva)

for P. nymphula.

< 0.00111.03August versus September

< 0.00118.72July versus August

< 0.00154.67June versus July

< 0.00129.74May versus June

< 0.00120.81March versus May

   0.257  1.29 February versus March

 0.38 0.77January versus February

 0.09 2.87November versus January

   0.002 9.63October versus November

p2Pair of months

TABLE 3. Chi-square tests to compare the distribution of indi-

viduals across instar groups C to F between consecutive pairs

of months (groups E and F were amalgamated and all 2-

statistics were distributed with 1 d.f.).
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