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Abstract  

Almost 130 museum specimens and dorsal photographs of the Forest 

Ringlet butterfly (Dodonidia helmsii, Butler 1884) are examined. 

Measured variations in butterfly size, abdomen dimensions and wing 

markings are evaluated to assess which, if any, of these attributes may aid 

identification of male and female of the species. Abdomen dimensions are 

found to be the most reliable discriminator, with females having a mean 

abdomen length: width (L:W) ratio of 3.54+/-0.59, whilst males have a 

mean L:W ratio of 8.10+/-1.39. There was no overlap between the sexes. 

Measured wingspans ranged from 39.77-57.56mm and forewing lengths 

from 22-30mm. Whilst most females are larger, being >47mm wingspan 

and >25mm forewing length, there is considerable overlap between the 

sexes, so size alone is considered unreliable for gender recognition, at least 

for samples across a wide geographic area. Dodonidia helmsii forewing 

markings show subtle but distinct differences between the sexes based on 

the extent and connectivity of yellow-orange bands. Used in conjunction 

with the abdomen L:W ratio, the pattern of forewing markings is 

considered a highly reliable way of confirming the sex of individuals. This 

improved confidence in gender recognition will greatly aid our observation 

and understanding of gender-related behavioural differences and 

ecological knowledge of the species. 
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Introduction 

The Forest Ringlet butterfly (Dodonidia helmsii, Butler 1884) is endemic 

to Aotearoa New Zealand and is classified as “Threatened – Nationally 

Vulnerable” (Hoare et al., 2026). A detailed report by Barker & Smerdon 

(2024) presented new research findings and provided an overview of all 

previous work on the species. Even so, one aspect that remains poorly 

documented in the literature is characterisation of differences, if any, in 

markings and morphology of male and female of the species. Defining 

such differences, if they exist, could be important for understanding gender 

specific behavioural traits, reliable definition of male and female flight 

periods, and population dynamics at individual sites. The present study, 

based on first-hand observation of museum specimens and photographs 

aims to determine those features that are most reliable for the correct 

identification of male and female of the species.   

Early descriptions and illustrations 

The holotype of D. helmsii, a male (Fig.1a), was first described by Fereday 

(1882) based on a specimen collected by Mr R. Helms in the Paparoa 

Ranges in 1881. The Fereday (1882) description gives a full account of 

wing markings, venation and other features, but fails to define the genus, 

and consequently his naming of the species was invalid. It was Butler 

(1884a, b), therefore, who by assigning the species to a new genus, 

Dodonidia, is recognised as the person who first named the species. Whilst 

Butler (1884a) provides an underside view of the wing markings in an 

illustration depicting the species in typical resting position with wings 

closed (Fig.1b), the Fereday (1882) paper has no illustration.   

The first illustration of the Forest Ringlet showing a dorsal view is the 

beautiful watercolour painting by A.P. Buller (1893), now held at the New 

Zealand National Library (Fig.2). Although this wonderful depiction of the 

Forest Ringlet does not specify the gender of the two individuals 

illustrated, the short plump abdomen and connectivity of orange areas on 

both forewing and hindwing upper sides are features typical of females of 

the species, as the present study will explore further.  An illustration 

(Fig.3) by Marshall (1895), although not of the same quality as Buller 

(1893) is perhaps the first example to illustrate the distinctive wing 
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markings and abdomen of the male Forest Ringlet, although not actually 

stated as such. The first illustrations depicting and identifying male and 

female D. helmsii (Fig.4) are those of Hudson (1898) and Hudson (1928). 

In terms of description of variations in markings and size of D. helmsii, 

Hudson (1898) and reiterated in Hudson (1928), states that: This insect 

appears to vary a little in the extent of the yellowish-orange colouring of 

the upper side. It also varies in size, specimens from the North Island 

[principally from Silverstream] being slightly larger than those from the 

South Island [principally from Dun Mtn.]. Hudson does not, however, 

attribute any of the variations in size or markings to differences between 

male and female. 

 

 

  

Figure 1: a) Type specimen of Dodonidia helmsii (male) held in collections of 

Canterbury Museum, New Zealand (CMNZ); ref: CMNZ 2007.212.216. 

Photographed 01.05.2026. (Image courtesy of Johnathon (Johno) Ridden 

(CMNZ)). b) The first published illustration of Dodonidia helmsii, by Butler 

(1884a). 

 

 

a) b) 
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The next published account to give a detailed description of the species is 

that of Gibbs (1980), who says (pg.78) that: Local variations in size are 

noticeable in this species, but its colouration and markings are more 

constant than our other satyrines. He goes on to say (pg.79), that: Both 

sexes are alike and may be distinguished only by the shape of the abdomen 

which is long and slender in the male and shorter and stout in the female. 

Smerdon & Barker (2024) also state that abdomen shape is a reliable 

feature to distinguish male from female and were the first to suggest that 

forewing upperside markings may also aid gender recognition (see 

Smerdon & Barker, 2024, Fig.15). 

 

 

 

Figure 2: Watercolour painting of Dodonidia helmsii adopted from A.P. Buller 

(1893). The short plump abdomen and connectivity of orange areas on the wings of 

the example illustrating dorsal view are typical of a female. (Image © New Zealand 

National Library. Buller, Arthur Percival, 1866-1910. Buller, Arthur Percival, 1866-1910: 

Dodonidia helmsii, 1893. Buller, Arthur Percival 1866-1910: New Zealand Lepidoptera. 

[1893]. Ref: E-088-q-012. Alexander Turnbull Library, Wellington, New Zealand. 

/records/23224737).  
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Figure 3: Dorsal view of Dodonidia helmsii. The thin elongate abdomen combined 

with depiction of the upper forewing innermost (orange) lensoid patch separated 

from large outermost (orange) band is typical of a male. (Illustration adopted from 

Marshall 1895). 

 

 

  

Figure 4: Dodonidia helmsii illustrations. a) described as a male showing a long 

thin abdomen (Hudson 1898, Pl.XI, Fig.14). b) defined as a female (showing a short 

plump abdomen (Hudson 1928, Pl.IV, Fig.16). 

 

 

a) b) 
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Methods 

The present study considers variations in butterfly size, abdomen dimensions 

and upperside wing markings (forewing and hindwing) to evaluate the extent 

to which these attributes may aid identification of male and female D. helmsii. 

It is based on examination of 97 museum specimens (72 measured), and a 

further 32 dorsal view photographs. 

Results 

Abdomen length (L) and width (W) 

As stated by Gibbs (1980) for male D.helmsii, the abdomen is proportionately 

longer and thinner, and in females it is shorter and plump (Fig.4). Figure 5 

summarises the data from all D. helmsii museum specimens measured to date 

(n=62), based on abdomen length and maximum abdomen width. There are 

two distinct groupings, the upper (red dots) with generally shorter and wider 

abdomens are females, and the lower grouping (blue dots) with longer and 

narrower abdomens are males. It can be noticed that there are many more male 

than female specimens in museum collections. This was also noted by Gibbs 

(1980), who gave a male:female ratio of 1.7:1. The present study found the 

m:f museum specimen ratio to be even higher, at 1.85:1, whilst in photos of 

wild individuals the m:f ratio is 0.78:1 (ie more females photographed). This 

probably indicates that females are more easily accessible for dorsal view 

photographs at low level as they spend more time lower down egg-laying on 

Gahnia spp. and resting on lower-level vegetation, whereas males spend more 

time higher up. The reason for almost twice as many males than females in 

museum specimens may be due to collectors obtaining their specimens early 

in the season to obtain fresh individuals, at a time when proportionately more 

males would be on the wing.  

Based on Fig.5 and the discussion above, there are clear differences in L:W 

ratios. This is helpful as a ratio is dimensionless so that even for specimens 

and images without a scale-bar it is possible to define male and female of the 

species. A plot of D. helmsii abdomen ratios (Fig.6), including additional data 

from photographs of live (and museum) specimens without scale, shows two 

distinct groupings, with females (red) showing the smaller abdomen L:W ratio 

associated with short plump abdomens, and males (blue) showing larger L:W 

ratios associated with long thin abdomens. There is no overlap in the data, 

with mean L:W ratios of 3.54 +/- 0.59 for females and 8.10 +/- 1.39 for males. 

This, therefore, is undoubtedly a reliable way to distinguish male from female 

D. helmsii. 
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Figure 5: Forest Ringlet (Dodonidia helmsii) abdomen dimensions based on 62 

museum specimens (male = 45, female = 17). 

 

 
Figure 6: Forest Ringlet (Dodonidia helmsii) abdomen L/W ratios, based on 118 

museum specimens and photographs (male = 67, female = 51). 
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Butterfly size (wingspan and forewing length) 

Wingspan and forewing length are traditionally measured for butterflies. 

Of these, forewing length is perhaps the most reliable measurement for 

museum specimens as wingspan can vary slightly according to how the 

specimen is set. Based on measurements of 75 museum specimens or high-

quality images with accompanying scale-bar, wingspans were found to 

vary from 39.77 - 57.56mm, with a mean of 48.13 +/- 4.00mm. Whilst 

Gibbs (1980) reports one specimen from the Waitakere Ranges, Auckland, 

with a wingspan of 64mm, this is exceptional. Those from Ruapehu and 

Wellington averaged 53mm, and those from Dun Mountain, Nelson, just 

44mm, with a minimum of 40mm. Most specimens examined during the 

present study have wingspans in the range 41-56mm, with a maximum 

wingspan of c. 58mm. As expected, Figure 7 shows a strong linear 

relationship between forewing length and wingspan, but this is to be 

expected as they are not independent variables.  

Having established that abdomen L:W ratios present a reliable way of 

distinguishing male and female D. helmsii (see Fig.6), the gender was thus 

defined for each museum specimen. A few specimens had gender defined 

on the specimen labels, and in all such cases this agreed with the definition 

based on abdomen L:W ratio. 

Figure 8 plots the same data as Figure 7, but with male (blue dots) and 

female (red dots) plotted separately to allow an assessment of any 

differences. Whilst all bar two female specimens have wingspans >47mm 

(forewing length >25mm), there is so much overlap between male and 

female specimens that wingspan and forewing length are not going to be a 

reliable means of identifying male and female specimens. Intuitively, one 

might have expected that females would be larger, and whilst this might 

still be the case in specific geographic areas, it is not apparent from the 

presently available data. A greater sample size split according to different 

geographic areas will be required to resolve this. 
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Figure 7: Dodonidia helmsii forewing length versus wingspan of both sexes for 72 

museum specimens. 

 

 
 

Figure 8: The same forewing length versus wingspan plot as Fig.7, but with the 

data set split according to male (blue dots; n=54) and female specimens (red dots; 

n=18). 
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Differences in forewing and hindwing markings 

Having already considered differences in abdomen dimensions, wingspan 

and forewing length as potential ways to distinguish male and female D. 

helmsii specimens, it was concluded that only abdomen dimensions offer a 

reliable approach to distinguishing gender. Let us now consider, whether 

differences in forewing and hindwing markings might offer an additional 

means of confirming male or female specimens.  

Forewing markings 

Barker & Smerdon (2024) have already suggested that certain forewing 

markings may offer an additional way of distinguishing male from female, 

with males typically having the innermost orange band isolated from the 

remaining orange areas of the forewing by a central brown band extending 

from the costa to the very base of the forewing (Fig.9a-c). This is referred 

to as Forewing Type 1 (FW1). In the case of clear-cut females, all orange 

areas are connected, as the brown band terminates well before the base of 

the forewing (Fig.9g-i). This is referred to as Forewing Type 3 (FW3). 

There are a few examples that are less clear-cut and appear somewhere 

between the two end-members (Fig.9 d-f). These are referred to as 

Forewing Type 2 (FW2). 

Hindwing markings 

As well as variations in forewing markings, it has also been recognised 

that the hindwing markings of D. helmsii also show slight variation. 

Principally this is regarding whether the basal extensions of the “V” or 

“Y”-shaped orange area extends all the way to the orange of the termen 

ocellus. Again, there are three possibilities, the first being hindwings 

showing a clear gap between the termen ocellus and the orange “V” or “Y” 

area (Fig.9a,d,g), referred to as Hindwing Type 1 (HW1). The other end of 

the spectrum is hindwings showing a clear connection between the termen 

ocellus and the orange “V” or “Y” area (Fig.9c, f, i). This type is referred 

to as Hindwing Type 3 (HW3). The final hindwing category, referred to as 

Hindwing Type 2 (HW2) lies between HW1 and HW3 and exhibits a weak 

extension of the orange of the main area to the outer orange ring of the 

termen ocellus. This is often seen as a scattering of orange scales within 

the intervening brown area (Fig.9h). 
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Combined forewing and hindwing markings 

Figure 9 illustrates a matrix of nine combinations of forewing-hindwing 

markings for D. helmsii specimens, ranging from Forewing Type 1 – 

Hindwing Type 1 (simplified notation 1-1), to Forewing Type 3 – 

Hindwing Type 3 (simplified notation 3-3).  Having established this 

simplified notation, the forewing-hindwing combinations of each museum 

specimen and photograph were then determined by visual inspection. 

Assigning gender to each individual based on abdomen ratio, a tally of 

male and female wing markings in each of the nine possible types was then 

determined. The findings are summarised in Table 1.  

 

 Table 1: Number of upper side forewing-hindwing marking 

combinations as illustrated in Fig.9. 

 Female Male 

 HW1 HW2 HW3 N HW1 HW2 HW3 N 

FW1 0 3 2 5 40 11 9 60 
FW2 3 6 3 12 6 0 2 8 
FW3 4 9 21 34 0 0 0 0 

N 7 18 26 51 46 11 11 68 

 

Table 1 shows that the 1-1 combination (Fig.9a) only occurs in males, and 

88% of males (60 out of 68) have the FW1 forewing type with the 

innermost lensoid patch of orange enclosed by brown and disconnected 

from the main outer Y-shaped orange band. Eight male specimens (12%) 

had the FW2 type of Forewing pattern, but no male specimens had the 

FW3 type with all orange areas fully connected. 

Two-thirds of female specimens, 34 out of 51 (67%) had FW3 forewing 

type (not seen in males), with twelve (24%) showing the intermediate FW2 

forewing type, and five (10%) showing the FW1 forewing type more 

characteristic of males (although none showing the 1-1 combination). With 

regard to hindwings, 26 of 51 females (51%) showed the HW3 hindwing 

type, compared with just 11 of 68 males (16%) and the combination FW3-

HW3 (ie 3-3) was exclusive to females, being observed in 21 female 

specimens (41%) and not recorded in any male specimens. 



A Barker & S Smerdon                                                                               63 

FW1 

   

FW2 

   

FW3 

   
 HW1 HW2 HW3 

Figure 9: Differences in Dodonidia helmsii forewing and hindwing markings. The top row 

(a-c) is Forewing Type 1 (FW1) (forewing inner orange patch completely enclosed by dark 

brown. Second row (d-f) is Forewing Type 2 (FW2) (narrow connection between forewing 

inner orange patch and outer orange band). Third row (g-i) is Forewing Type 3 (FW3) 

(forewing orange patches completely connected). The first vertical column (a,d,g) in the grid 

is of hindwings with the main orange patch disconnected from the tornus ocellus (HW1). The 

second column (b,e,h) is of hindwings showing a feint connection of the main orange >>> 

a) b) c) 

d) e) f) 

g) h) i) 

1-1 1-2 1-3 

2-1 2-2 2-3 

3-1 3-2 3-3 
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area with the tornus ocellus (HW2). The third column (c,f,i) is of hindwings with the main 

area of orange connected to the orange of the tornus ocellus (HW3). The grid of images shows 

nine possible combinations, from 1-1 top left (only seen in males) to 3-3 lower right (only 

seen in females). With rare exceptions, the FW1 types (top row) are only seen in males and 

FW3 types (bottom row) typify females. Specimen details and credits: (a) NHMUK 

015199772 (Natural History Museum, London, UK) © Trustees of the British Museum 

[Creative Commons License 4.0 (https://creativecommons.org/licenses/by/4.0/ ]; (b) 

AMNZ22732 (Auckland Museum, NZ); (c) A102.357 (Puke Ariki, New Plymouth, NZ); (d) 

CMNZ 207.212.219 (Canterbury Museum, NZ); (e) Andy Barker ref: NZAC 01b (no 

institutional accession number), (New Zealand Arthropod Collection, Landcare Research, 

Auckland, NZ); (f) A102.358 (Puke Ariki, New Plymouth, NZ); (g) iNaturalist record (12 

Feb 2015) © Catherine Beard; (h) NHMUK 015199779 (Natural History Museum, London, 

UK) © Trustees of the British Museum [Creative Commons License 4.0 

(https://creativecommons.org/licenses/by/4.0/ ]; (i) A102.356 (Puke Ariki, New Plymouth, 

NZ). 

Figures 10 and 11 present for the first time the only known examples of 

museum specimens of D. helmsii where the abdomens have been removed 

and slides made to confirm gender and illustrate genitalia characteristics of 

male (Fig.10) and female (Fig.11).  Notice how the wing pattern of the 

male (Fig.10a) shows the typical 1-1 combination (Fig.9a & Table 1) that 

the present study has shown to be most characteristic of male individuals. 

The Dodonidia hemsii type specimen (Fig.1a), described by Fereday 

(1882) as a male, also shows the Type 1 forewing pattern that is 

characteristic of males.  

In the case of the female specimen with abdomen removed (Fig.11), the 

wing pattern combination is Type 3-2 (bordering on Type 3-3). Forewing 

Type FW3 (Fig.9g-i & Table 1) is typical of females, and the hindwing 

Type HW2 is the second most common hindwing pattern of females, 

indeed, it is bordering on Type HW3, which is the commonest female 

hindwing pattern. The combination Type 3-3 is only seen in females.   
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Figure 10: a) Dodonidia helmsii (male) (NHMUK 015199768); abdomen 

removed to make slide (BMNH 11272); b) lateral view of Dodonidia helmsii 

male genitalia [Slide BMNH 11272, stained] from abdomen of specimen shown 

in a). Images ©Trustees Natural History Museum, London) [Creative Commons 

License 4.0 (https://creativecommons.org/licenses/by/4.0/ ]. Labels added: ae = 

aedeagus, g= gnathos, s= saccus, t= tegumen, u=uncus, v=valva. 
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Figure 11: a) Dorsal view of Dodonidia helmsii (female) (NHMUK 015199775) 

with abdomen removed to make a thin-section slide (ref: BMNH 11273) for 

genitalia examination and gender confirmation; b) lateral view of Dodonidia 

helmsii female genitalia; Slide No. BMNH 11273 (stained with chlorazol black) 

from abdomen of the specimen illustrated in a).  Images ©Trustees Natural 

History Museum, London [Creative Commons License 4.0 

(https://creativecommons.org/licenses/by/4.0/ ].  Labels (added by present 

authors): cb = corpus bursae, db= ductus bursae, o= ovipositor. 
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Conclusions 

Abdomen dimensions offer the most reliable way of determining male and 

female D. helmsii, with the male abdomen being long and thin with mean 

length:width (L/W) ratio of 8.10 +/- 1.39, whilst the female abdomen is 

short and plump with mean L/W ratio of 3.54 +/- 0.59.  There appears to 

be no overlap. 

Wing markings are less distinctive, but as first suggested by Barker & 

Smerdon (2024) forewing markings offer a degree of reliability with males 

almost always (88%) showing type FW1 with an innermost lens of orange 

separated from other areas of orange, and females mostly showing FW3 

(67%) with all orange areas of forewing connected. No males have been 

found with FW3 type, but a few females were found with FW1 type, so 

forewing type alone should not be entirely relied upon. When looking at 

combined forewing-hindwing markings, however, it was only males that 

showed the 1-1 combination (Fig.9a), and only females that showed the 3-

3 combination (Fig.9i). For these individuals, gender determination could 

be made with confidence on markings alone, but abdomen dimensions are 

advocated as the most reliable criteria for D. helmsii gender determination.   

Being able to confidently identify the gender of D. helmsii based on 

abdomen L:W ratio combined with the pattern of wing marking means that 

good dorsal view photographs can now be used to record whether the 

observed individual is male or female. This can be important for 

understanding gender-related behavioural differences and advancing 

ecological knowledge of the species.    
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