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Vegetable Caterpillars





        

          Vegetable Caterpillars
        

        

          
By 

J. T. Salmon, Zoology Department, Victoria University College
        

        

Those members of our community who are prone at times to wander and explore in the native bush may have come across objects which when dug up from the forest floor resembled that shown in the accompanying illustration. Such objects are popularly known as ‘Vegetable Caterpillars’; and much argument has ensued amongst learned gentlemen as to whether they are animals or plants. True, at the commencement of its existence the vegetable caterpillar is a free-living animal; but in the course of its life the caterpillar becomes attacked by a species of those lowly forms of plant-life known as fungi; and there can be no doubt that the Vegetable Caterpillar as found is essentially a plant.

        

          

[image: The “vegetable caterpillar,” Cordiceps robertsii J. T. Salmon Photo]
The “vegetable caterpillar,” 
Cordiceps robertsii



J. T. Salmon Photo


        

        
The fungi are a large group of more or less simply organized plant forms characterized by the absence of chlorophyll — the green colouring matter of flowering plants, and by the fact that they reproduce by means of spores. In their mode of life they are either parasitic, depending upon the living tissues of plants and animals for their food, or they may be saprophytic, obtaining their nourishment from decaying organic matter. The edible mushroom is a fungus, so also are toadstools, rusts, smuts, and the moulds that appear on stale bread, jam, and other foods. However, the similarity between such a well-known fungus as the mushroom, and the vegetable caterpillar, at first sight may not be very apparent. Let us examine a mushroom. It consists of three main portions, a root-like structure referred to as the 
mycelium, a stalk, and an upper expanded portion which carries the spores. A spore is not a true seed; but it is capable of germination. This commences by the spore expanding somewhat and putting forth a small tube which soon commences to branch in all directions, forming a network of tubes or 
hyphae collectively referred to as the 
mycelium. The 
mycelium permeates throughout the nutrient matter on which the fungus is growing. Soon a number of 
hyphae fuse and grow upwards to form a stalk which later expands into the characteristic button-shaped head of the mushroom. This expanded portion contains on its lower-gilled



surface the fruiting or spore-bearing area of the plant. Now, to return to the vegetable caterpillar: The larger part filling the caterpillar skin is the mycelium, the long, slender portion is the stalk formed from a number of hyphae, while the upper portion of the stalk is covered with the spore-bearing tissue corresponding to the gills of the mushroom head.

        
There is in New Zealand a group of moths belonging to the genus 
Porina. The caterpillars of these moths live in the soil, feeding upon the roots of grasses and young plants. Sometimes it happens that a spore of a fungus known as 
Cordiceps robertsii settles upon the caterpillar and commences to germinate. The position most favourable for germination appears to be in the head or between the head and second segment of the caterpillar. Delicate hyphae grow into the body of the caterpillar in its subterranean habitat, consuming its nutrient substance and ultimately killing it. The body of the caterpillar becomes completely replaced by the mycelium of the fungus, and only the skin remains; but it keeps its original shape. The fungus then sends up a stalk to a little above the surface of the ground. If examined, the upper portion will be found to be slightly thickened and of a velvety texture. It produces the spores, which are blown off and distributed by the wind, thus affording opportunity for the whole life cycle to be repeated.

        

          

[image: A group of “Vegetable cicadas,” Cordiceps sinclairii J. T. Salmon Photo]
A group of “Vegetable cicadas,” Cordiceps sinclairii



J. T. Salmon Photo


        

        
The caterpillars of the moths 
Porina signata and 
Porina enysii, probably supply the greater proportion of the vegetable caterpillars; but other 
Porina larva no doubt are parasitized by 
Cordiceps robertsii also. A larva of the allied Puriri moth (
H. virescens) has been reported as attacked and converted to a vegetable caterpillar by this fungus.

        


        
There is in New Zealand another species of 
Cordiceps, Cordiceps sinclairii, which attacks the subterranean nymphs of cicadas in much the same way as the 
Porina caterpillars are attacked. In the case of 
sinclairii, however, the stalk, which usually grows out from between the head and first segment, is branched. There may be just a few branches or there may be a large number, in which case the whole structure is not unlike the antlers of a deer. Hyphae may issue from other parts of the insect's body as well as, for instance, from the leg joints or from the edges of the body segments.

        
After fruiting has occurred, the fungus dies; but the original shape of the insect's body has been preserved. In texture it is tough and woody; in fact, it may be snapped across, when it breaks cleanly like the dead twig of a tree.

        
The Vegetable Caterpillar is found throughout New Zealand, being particularly plentiful in the Rotorua District throughout all types of forest. The genus 
Cordiceps is not confined to New Zealand, however, as a large number of specimens are known from many other countries, about 160 in all; but the largest and finest specimens are found in Australia and New Zealand.
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          A Key to the Common Chitons of New Zealand
        

        

          
By 

R. K. Dell, Dominion Museum, Wellington
        

        

          

Linnaeus used the one generic name, 
Chiton for all coat-of-mail shells and though this generic name is now restricted to a West Indian species, ‘chiton’ has now become an almost universally accepted vernacular name for this group of the Mollusca. There is no such unanimity as regards the scientific name for the class, the following names having been applied:— Amphineura, Polyplacophora, Loricata, Crepipoda and Polyplaxiphora with a number of variations in spelling.

          
Sixty-one species and subspecies are recognised from New Zealand and the outlying islands. Chitons are all marine forms, the majority living near or below low water mark. A few species occur between tidemarks, and in New Zealand some of the commonest forms have adapted themselves to this habitat. The usual station is on, or under rocks, a few attaching themselves to algae or living in holes in the holdfasts, and one species in New Zealand is found buried in the sand.

          
The key that follows is an attempt to provide a means of identifying the common New Zealand species. The characters used are in some cases superficial and of little actual significance in systematic work in the group. For this reason the key will not necessarily apply on the generic level to any but New Zealand forms. A number of local groups appear to be very variable, the characters used to differentiate species being very fluid. In these cases it has not been possible to key as far as species or subspecies (e.g. some of the species of 
Notoplax and 
Maorichiton and subspecies of 
Acanthochiton zelandicus). Some species from deep water or shells known only from a few specimens have been omitted as have those not recorded from the three main islands. Suter in the Manual of New Zealand Mollusca gave an account of the chiton fauna but intensive work by Ashby and Mestayer, the results of which were published in the Transactions of the New Zealand Institute made many alterations and additions necessary. In a series of papers published in the Australian Zoologist from 1929 onwards, T. Iredale and A. F. B. Hull provided a monograph of the New Zealand chiton fauna, correcting many errors and evaluating previous work. This account is not always very clear and there are a number of groups which require much more attention before the systematics are thoroughly understood. Since 1930 little systematic work has been carried out on the group in this country.

        

        


        

          

            
The Shell
          

          
The shell consists of eight overlapping plates or valves kept in position by an encircling muscular girdle. The valves overlap so that the posterior edge of the anterior valve projects over the anterior edge of the succeeding valve and so on throughout the length. The valves comprise an anterior valve, six median valves and a posterior or tail valve. Only under exceptional circumstances are there more or less than eight valves, and such an occurrence is usually caused by an injury at an early stage. The valves are often indicated by the letters, i to viii, the anterior valve being numbered, i, and the posterior, viii. Each valve is composed of two layers, the outer layer or tegmentum and an inner layer or articulamentum. The tegmentum may be sculptured in a variety of ways, the actual method being used as a differentiating character. The surface of each median valve is divided for descriptive purposes into five areas, the central area or jugum surrounding the central ridge, two pleural areas and two lateral areas. (Fig. 2.) In one large group of chitons the distinction between the pleural and lateral areas is not well marked. (Fig. 3.) The posterior valve is divided into two areas by the position of the mucro. The tegmentum is perforated by numerous pores of two sizes, megalopores and micropores. The megalopores lead into knobs of refractory tissue called megalaesthetes. In some genera the megalaesthetes function as eyes.

          
The articulamentum is larger than the tegmentum and the marginal portion is covered by the girdle. It projects in front as two sutural Jaminao with a sinus between. (Figs. 2 and 3.) Along the sides of the median valves and around the free edges of the anterior and posterior valves, insertion plates are usually developed. These serve to attach the valves to the girdle. The insertion plates may be cut into teeth by slits. In some genera these teeth are finely cut (or pectinate). (Fig. 4.) The girdle may be clothed with small scales, corneous or hairy processes, spicules or a combination of these. Coloration is somewhat variable in the group though some species appear to have a specific colour pattern which remains constant.

        

        

          

            
Collection and Preservation
          

          
Chitons present some difficulties as regards collection because of their power of adhesion and their usual habit of curling up when removed from the rock. A thin-bladed knife is the best implement for removing the animal from the substratum, care being taken not to damage the girdle. Before the animal has time to curl up it should be pressed tightly against a slip of wood or glass and tied down with tape. The slip may be used for a number of specimens if required. When full, the slip and specimens may be immersed in alcohol to kill the animal. If the animals are to be preserved they may be removed from the slip and stored in alcohol. Otherwise the animal may be removed and the specimen stored dry. Systematic work requires some of the specimens to be disarticulated so that details of the articulamentum may be studied. This may be done by soaking



fresh specimens in water for a few hours when the girdle may be stripped off easily, or by boiling dried specimens.

          
In the key that follows, the letters A, C, F. R., and M. refer to the marine provinces of New Zealand: A, Aupourian, i.e. the northern half of the North Auckland peninsula; C, Cookian, i.e. the remainder of the North Island and the northern two-thirds of the South Island; F, Forsterian, i.e., the southern third of the South Island and Stewart Island; R, Rossian, i.e., the Auckland, Bounty, Antipodes and Campbell Islands; M, Moriorian, i.e., the Chathams group. The size given is the approximate limit of the species in length and is an indication of relative size. The key is of the alternative type; two numbers are given, e.g. 1 (4). If the animal does not fall into category 1, then the number in brackets gives the alternative possibility.

        

        

          
Key to Common Chitons

          

            

              

                
	1 (4)
                
	Valves lacking insertion plates but with small, distinct, triangular sutural laminae, girdle scaly.
                
	
                  
G. Terenochiton
                
              

              

                
	2 (3)
                
	50 radials on anterior valve, maximum length 7 m.m.
                
	(F.) 
T. otagoensis
              

              

                
	3 (2)
                
	Many more than 50 radials on anterior valve, maximum length 14 m.m.
                
	(A.C.) 
T. iniquinatus (Fig. 16)
              

              

                
	4 (1)
                
	Valves with insertion plates.
                
	
              

              

                
	5 (38)
                
	Valves i to vii or i to viii with slits on insertion plates, teeth smooth or but slightly roughened, never finely denticulate.
                
	
              

              

                
	6 (21)
                
	Surface of median valves divided into five areas, central jugum, two pleural areas and two lateral areas. (Fig. 2.)
                
	
              

              

                
	7 (12)
                
	Posterior valves with crescentic series of well developed teeth.
                
	
              

              

                
	8 (9)
                
	Valves porous at the edges. Sutural plates connected across the sinus. Girdle scales of elongate glassy spicules packed latitudinally so that only the ends show. Pleural areas bearing grooves or ridges and distinctly separated.
                
	(C.) 
Icoplax kapitiensis
              

              

                
	
                
	Some specimens from N.Z. have been identified as 
I. puniceus, a South American species. This specific identity is most uncertain. Three other species have been described from N.Z., all from deep water and all poorly known.
                
	
              

              

                
	9 (8)
                
	Valves solid at the edges, girdle covered with flat imbricating scales. Single slits in median valves, more than 8 slits in anterior valve.
                
	
                  
G. Ischnochiton
                
              

              

                
	10 (11)
                
	Up to 45 m.m. in length. Girdle scales faintly striated, with some smooth scales. Posterior valve twice the size of other valves. Colouring very variable. Lives on the underside of stones and moves very rapidly when disturbed. Common.
                
	(A.C.F.M.) 
I. maorianus


              

              
              

                
	11 (10)
                
	Up to 20 m.m. in length. Girdle scales deeply grooved. In size, outline and colour very close to 
Terenochiton iniquinatus which may be distinguished externally by having longitudinal striations on the intermediate valves.
                
	(F.R.) 
I. circumvallatus
              

              

                
	12 (7)
                
	Posterior valve with a median tail sinus but no slits. Girdle hairy or bare or with scales. Anterior valve with 8 slits.
                
	F. 
Plaxiphoridae
              

              

                
	13 (14)
                
	Girdle covering of minute triangular scales. A few scattered hairs may be present. External sculpture of very fine wrinkles, radials obsolete. 17 m.m. (C.)
                
	
                  
Vaferochiton murdochi
                
              

              

                
	14 (13)
                
	Girdle bare or bearing corneous processes.
                
	
              

              

                
	15 (16)
                
	No external sculpture, shell large and glossy, girdle very wide and fleshy beset with long hairs. Rocky shores on exposed rocks. 87 m.m. (A.C.F.) Fig. 6.
                
	
                  
Guildingia obtecta
                
              

              

                
	16 (15)
                
	Exterior markedly sculptured.
                
	
              

              

                
	17 (18)
                
	Mucro of posterior valve upturned. Girdle with prominent sutural tufts. Shell surface heavily sculptured. Lives in hollows in the holdfasts of 
Durvillea. 15 m.m. (C.F.)
                
	
                  
Frembleya egregia
                
              

              

                
	18 (17)
                
	Mucro normal, terminal. External sculpture of nodulous radials and wavy lines.
                
	
              

              

                
	19 (20)
                
	Sutural laminae continuous. 45 m.m. (A.C.M.)
                
	
                  
Diaphoroplax biramosa
                
              

              

                
	20 (19)
                
	Sutural laminae separate. 40 m.m. (A.C.F.)
                
	
Maorichiton spp.
              

              

                
	
                
	Five species have been named but only two, 
caelatus and 
metonomazus are recognized from the mainland. The distinctions are not very clear, as sculpture and shape are very variable in the genus, and no attempt is made to key the species further.
                
	
              

              

                
	21 (6)
                
	Surface of intermediate valves divided into 3 areas, a narrow dorsal, central area and two latero-pleural areas. (Fig. 3.)
                
	
              

              

                
	22 (23)
                
	Girdle scales of glassy spicules as in 
Icoplax. Sculpture entirely, minutely granulose forming a matt surface. Lateral areas slightly raised and scarcely distinguished. (A.C.F.) 22 m.m.
                
	
                  
Paricoplax crocina
                
              

              

                
	23 (22)
                
	Girdle naked with pores bearing tufts of bristles. Valves usually encroached on by the girdle. F.
                
	
                  
Cryptoconchidae
                
              

              

                
	24 (31)
                
	Anterior valve without radiating ribs.
                
	
              

              

                
	25 (26)
                
	Shell large (up to 60 m.m.), almost covered by the thick, fleshy girdle. Uncovered portion of valves practically linear. (A.C.F.M.)
                
	
Cryptoconchus porosus (Figs. 12 and 13)
              

              

                
	26 (25)
                
	Shell of medium size (up to 30 m.m.). Girdle leathery, set with large, prominent bunches of tall glassy spicules at the sutures.
                
	G. 
Acanthochiton
              

              

                
	27 (28)
                
	Dorsal area smooth. 30 m.m. (A.C.F.)
                
	
                  
A. zelandicus
                
              

              

                
	
                
	Three subspecies have been named but the characters used appear very variable.
                
	


              

              
              

                
	28 (27)
                
	Dorsal area longitudinally grooved.
                
	
              

              

                
	29 (30)
                
	Posterior valve small, tegmentum almost as long as broad. (A.)
                
	
                  
A. brookesi
                
              

              

                
	30 (29)
                
	Posterior valve large, tegmentum much broader than long. 18 m.m. (C.)
                
	
                  
A. thileniusi
                
              

              

                
	31 (24)
                
	Anterior valve with 5 radiating ribs.
                
	
              

              

                
	32 (37)
                
	Girdle leathery, naked except for pore tufts. Insertion plates of posterior valve large.
                
	G. 
Notoplax
              

              

                
	33 (34)
                
	Shell surface smooth and shining. Apparently lives buried in sand. 30 m.m. (A.C.)
                
	
                  
N. cuneata
                
              

              

                
	34 (33)
                
	Latero-pleural surfaces sculptured with raised flat-topped grains.
                
	
              

              

                
	35 (36)
                
	Dorsal area coloured bright purple. Girdle encroaching over about half of each valve. 60 m.m. (A.C.F.M.)
                
	
N. violaceus (Fig. 11)
              

              

                
	36 (35)
                
	Dorsal area same colour as rest of shell. Five other species of 
Notoplax have been named from N.Z. The distinguishing characters are not well marked and the shells appear to vary geographically and bathymetrically. These species are not further diagnosed here.
                
	
Notoplax spp.
              

              

                
	37 (32)
                
	Girdle thick, fleshy, beset with microscopic white spicules, with sutural tufts of larger spicules. Insertion plate of posterior valve short and multi-slit. 17 m.m. (A.C.F.)
                
	
                  
Craspedochiton rubiginosus
                
              

              

                
	38 (5)
                
	All valves, or valves i to vii possessing insertion plates cut into teeth by slits. Teeth sharply sculptured or ‘pectinated’ outside by fine vertical grooves.
              

            

          

          


          

            

[image: Plate 1 (The figures are not drawn to scale) Fig. 1 Composite diagram of a chiton showing the parts of the shell and types of ornament. Fig. 2 Median valve of Ischnochiton (after Suter). Fig. 3 Median valve of Acanthochiton (after Suter). Fig. 4 Exterior view of anterior, median and posterior valves to show main features. Fig. 5 Interior view of anterior, median and posterior valves to show main features. Fig. 6 Anterior and posterior valves of Guildingia obtecta (after Iredale and Hull). Fig. 7 Lateral view of anterior valve of Aulacochiton haurakiensis. Abbreviations: A. articulamentum; AV. anterior valve; CP. corneous processes; IP. insertion plates; J. jugum; LA. lateral area; M. mucro; PA. pleural area; PL. pleuro-lateral area; PV. posterior valve; S. spicules; SC. scales; SI. sinus; SL. sutural lamina; T. teeth; TE. tegmentum.]

Plate 1


(The figures are not drawn to scale)


Fig. 1 Composite diagram of a chiton showing the parts of the shell and types of ornament.


Fig. 2 Median valve of 
Ischnochiton (after Suter).


Fig. 3 Median valve of 
Acanthochiton (after Suter).


Fig. 4 Exterior view of anterior, median and posterior valves to show main features.


Fig. 5 Interior view of anterior, median and posterior valves to show main features.


Fig. 6 Anterior and posterior valves of 
Guildingia obtecta (after Iredale and Hull).


Fig. 7 Lateral view of anterior valve of 
Aulacochiton haurakiensis.



Abbreviations: A. articulamentum; AV. anterior valve; CP. corneous processes; IP. insertion plates; J. jugum; LA. lateral area; M. mucro; PA. pleural area; PL. pleuro-lateral area; PV. posterior valve; S. spicules; SC. scales; SI. sinus; SL. sutural lamina; T. teeth; TE. tegmentum.


          

          


          

            

              

                
	39 (42)
                
	Girdle leathery, beset with hair-like corneous processes.
                
	
              

              

                
	40 (41)
                
	Valves appearing smooth to the naked eye, but under a lens sculptured all over with minute diamond-shaped scales. Shell large (up to 123 m.m.). Brown in colour though often covered with encrusting organisms when adult. Girdle brown, corneous processes very obvious. Low tide on rocks among algae. (A.C.F.)
                
	
Eudoxochiton nobilis (Figs. 14 and 15)
              

              

                
	41 (40)
                
	Valves with well marked radials on lateral areas. Shell of medium size (up to 30 m.m.). Broad concentric bands of green on all valves. Girdle appears velvety due to the presence of small hairs. Eyes present on anterior valve and in a line on each lateral area. The surface is almost always clean and polished. (A.C.F.M.)
                
	
                  
Onithochiton neglectus
                
              

              

                
	42 (39)
                
	Girdle scaly.
                
	
              

              

                
	43 (44)
                
	Lateral outline of anterior valve concave (Fig. 7). Anterior valve with 14 radial ribs bearing small nodules near the girdle. Central area of first median valve sculptured with V-shaped radial ribs. In the following valves, the longitudinal ribbing continues across the jugal tract. A yellow strip across the centre of valves iii to viii, surrounded on each side by a triangular red patch which occupies most of the pleural areas. Lateral areas and anterior valve orange. A rare shell, usually taken in deep water. Previously known as 
Lorica haurakiensis. [B. C. Cotton (
Rec. S. Austr.Mus., vol. 6, p. 437, 1941) noted that 
Lorica had been used by Bronn in 1848 for a genus of Crustacea and is therefore not available for chitons. The name accepted is 
Aulacochiton Shuttleworth 1853, genotype 
Chiton volvox Reeve 1847.] 50 m.m. (A.C.F.)
                
	
                  
Aulacochiton haurakiensis
                
              

              

                
	44 (43)
                
	Lateral outline of anterior valve convex or straight.
                
	
              

              

                
	45 (48)
                
	Central areas with longitudinal riblets, extending down side of ridge.
                
	
              

            

          

          


          

            

[image: Plate 2 Fig. 8 Median valve of Anthochiton aereus. Fig. 9 Median valve of Anthochiton suteri (after Iredale and Hull). Fig. 10 Median valve of Sypharochiton pelliserpentis. Fig. 11 Median valve of Notoplax violaceus. Fig. 12 Dorsal view of Cryptoconchus porosus. Fig. 13 Dorsal view of anterior, median and posterior valves of Cryptoconchus porosus. Fig. 14 Shell of Eudoxochiton nobilis. Fig. 15 Under side of anterior and median valves of Eudoxochiton nobilis. Fig. 16 Median valve of Terenochiton iniquinatus (after Suter).]

Plate 2


Fig. 8 Median valve of 
Anthochiton aereus.


Fig. 9 Median valve of 
Anthochiton suteri (after Iredale and Hull).


Fig. 10 Median valve of 
Sypharochiton pelliserpentis.


Fig. 11 Median valve of 
Notoplax violaceus.


Fig. 12 Dorsal view of 
Cryptoconchus porosus.


Fig. 13 Dorsal view of anterior, median and posterior valves of 
Cryptoconchus porosus.


Fig. 14 Shell of 
Eudoxochiton nobilis.


Fig. 15 Under side of anterior and median valves of 
Eudoxochiton nobilis.


Fig. 16 Median valve of 
Terenochiton iniquinatus (after Suter).


          

          


          

            

              

                
	46 (47)
                
	Anterior and posterior valve with fine raised radials. Central areas and sides of ridges sculptured with very fine, raised longitudinal ridges. Lateral area with 9-12 fine raised radials. The shell appears almost smooth to the naked eye. 37 m.m. (A.C.F.) Very common.
                
	
                  
Amaurochiton glauca
                
              

              

                
	47 (46)
                
	Central areas with longitudinal riblets. Sides and ridges of central area both sculptured with nodulose longitudinal ridges. Lateral areas with 3-4 rows of distinct tubercles. Common on rocky coasts about half tide mark. Valves often eroded. 30 m.m. (A.C.F.M.)
                
	
Sypharochiton pelliserpentis (Fig. 10)
              

              

                
	48 (45)
                
	Central areas smooth.
                
	
              

              

                
	49 (52)
                
	Both central area and sides of ridge smooth.
                
	
              

              

                
	50 (51)
                
	Lateral areas with radiate, nodulose ribs. Girdle barred with broad black bands: interspaces brown nearest shell, blue on free margin of girdle. Common on intertidal rocks. 28 m.m. (A.C.F.)
                
	
                  
S. sinclairi
                
              

              

                
	51 (50)
                
	Lateral areas without radiate ribs. 9 m.m. (F.)
                
	
                  
S. torri
                
              

              

                
	52 (49)
                
	Central area with a smooth band or triangle on ridge of each valve. Sides of ridges sculptured with prominent longitudinal ribs with comparatively deep grooves between.
                
	G. 
Anthochiton
              

              

                
	
                
	Six species have been recorded but there is still some confusion as regards distinguishing characters. The six species are keyed below but difficulty will be encountered in identifying all specimens, especially young ones, and reference must then be made to Iredale and Hull. The two commonest species are 
A. aereus and 
A. canaliculatus.
                
	
              

              

                
	53 (58)
                
	Anterior valve with ribs nearly smooth.
                
	
              

              

                
	54 (57)
                
	Longitudinal ridges extend right across the pleural area (Fig. 9).
                
	
              

              

                
	55 (56)
                
	Few ridges (6-8 on each side) on pleural areas. 13 m.m.
                
	
Lyttelton. A. suteri (Fig. 9)
              

              

                
	56 (55)
                
	Many ridges on pleural areas (c. 16 on each side, becoming more slender towards centre). Usual colour pinkish-red with a dark streak on each side of central area. Common in oyster debris from Foveaux Strait. 15 m.m. (A.C.F.)
                
	
                  
A. canaliculatus
                
              

              

                
	57 (54)
                
	Few longitudinal ridges, the upper ones not extending across the pleural areas. Colour usually green with varying quantities of yellow. Quite common on the shores of Cook Strait. 39 m.m. (A.C.F.R.)
                
	
A. aereus (Fig. 8)
              

              

                
	58 (53)
                
	Anterior valve with nodulous rays or with the ribs cut into lozenges.
                
	
              

              

                
	59 (62)
                
	Anterior valve with rounded nodulous rays.
                
	
              

              

                
	60 (61)
                
	Anterior valve with 8 radial ribs. Pleural areas with few ridges (5-6). Known only from one specimen, possibly a young shell from Rangitoto Id. 14 m.m.
                
	
                  
A. clavata
                
              

              

                
	61 (60)
                
	Anterior valve with 17-24 nodulous radials, pleural areas with 20-25 furrows on each side. Recorded only from the vicinity of Dunedin. 34 m.m.
                
	
                  
A. huttoni
                
              

              

                
	62 (59)
                
	Anterior valve with ribs cut into squarish lozenges. Otherwise close to 
canaliculatus in sculpture. 18 m.m. (A.C.F.)
                
	
                  
A. stangeri
                
              

            

          

        

      








Victoria University of Wellington Library




Tuatara: Volume 4, Issue 1, July 1951

The Collection and Preservation of Insects





        

          The Collection and Preservation of Insects
        

        

          
By 

T. E. Woodward, Zoology Department, Auckland University College
        

        

          

            
Netting, Sweeping and Beating
          

          

An insect net has a more or less circular frame from which the net-bag itself depends and to one end of which is affixed a handle, usually detachable. For swift-flying insects such as dragon-flies, and the larger Lepidoptera, Hymenoptera and Diptera, the net should be of strong muslin or mosquito netting, about 18 in. in diameter across the frame and about 30 in. in depth, and with a long handle. For sweeping smaller and less strongly-flying insects from vegetation — grasses, sedges, bushes and creepers — a net made of more durable material is needed, and this need not be so wide or deep, nor the handle so long. For such work I have found very satisfactory a net 12 in. in diameter and 18 in. deep, made of white flour-bag cloth shaped and sewn together and atteached to a frame made of a metal rod about 3/16 in. in diameter bent to a circle and with the two free ends bent out to form a short handle (fig. 1). If desired, this can be fitted into the end of a wooden or even a metal tube handle. A net of this kind stands up to much rough use and can easily be mended if frayed or torn. It is particularly useful for insects like Hemiptera (bugs, leaf-hoppers), small beetles and weevils, and, among other Arthropods, bush- and grass-frequenting spiders, all of which are often caught in surprising numbers with a few sweeps. Instead of sweeping, the net may be held under the bush or tree, which is beaten with a stick. Such a net is well suited too for catching aquatic insects. Good hauls of water-bugs (Notonectids and Corixids) and water-beetles can be made by dragging it through the water or along the bottom of shallow pools. The tiny Veliids (
Microvelia) can be scooped in large numbers with one edge of the net, and rapidly picked up with an aspirator (
p. 15) as they run on to the drier parts of the net. If necessary, the inlet tube can be dried from time to time by pushing in a twisted cotton-wool plug. A mesh net has the advantage, particularly for large and active fliers, that the capture may be seen without opening the net, and secured by working a tube or killing-bottle down to it, but for rough sweeping in the capture of smaller and less active forms, the second type is extremely useful. Many small beetles ‘feign death’ and most bugs and plant-hoppers will walk up the net for some distance before attempting to fly or hop. If the net is gradually opened out from the top down and perhaps shaken down occasionally, these can be captured with an aspirator as they walk up.

          


          

            

[image: ]
          

          


          
Nets of both kinds, especially if used for sweeping, should be attached to the frame by a fold of strong material, such as calico, to protect the edge of the net from wear. The net itself is cone-shaped, with the narrower closed end broadly rounded, and should hang freely without any constriction below the frame, and be deep enough so that when closed by twisting the handle at the completion of each sweep, there is sufficient overlap to imprison the insects. The frame may be of wood, metal rod, or spring steel (which can be looped to fold up the net into a very small compass) — the last material, however, tends eventually to snap; and it may be in one piece or of two or more pieces socketed, hinged, or screwed together so as to be disassembled or folded up. The handle may be screwed on or may be tubular at its end to fit around the end of the frame (e.g., a length of bamboo can be used in this way).

          
Many types of apparatus have been devised for catching specimens beaten from trees or bushes. One such consists of strong cloth sewn on to a wooden framework which can be folded up and when opened forms a rectangular tray, about 4 ft. by 2½ ft., sloping down gradually to the centre. A tarpaulin spread closely under the vegetation to be beaten will catch twigs and leaves shaken into the centre and concentrate the capture. An umbrella is a convenient and light instrument for catching beaten specimens.

          
Where possible, observations should be made and recorded of behaviour and biology. Once an insect has been located by sweeping, its host-plant should be searched for and an attempt made to observe feeding, and the part attacked (e.g., stem, leaf, seed-head) noted.

        

        

          

            
The Aspirator ‘Suck-Gun’
          

          

This consists of a tube or bottle with two holes bored in its cork (preferably rubber, to be quite airtight) for the insertion of two glass tubes as shown in fig. 2. Each tube is fitted with a length of rubber tubing to give range and flexibility; around the inner end of the suction tube is tied a small piece of fine gauze or muslin to prevent the entry of insects. The end of the inlet tube, which may be widened by splaying in a gas flame, is brought down close to the insect, which is sucked into the container by drawing air by the mouth through the suction tube. After a sufficiently large capture, the insects can be tapped to the bottom and an ordinary cork quickly fitted, the cork with tubes being put into a new container. The free end of the inlet tube is kept blocked between captures by a small cork, twig, or twisted plug of cotton-wool. Insects straying into this tube can be drawn back into the container by closing the inlet tube with a finger, then sucking on the aspirating tube and at the same time removing the finger. Such an aspirator is very useful for catching small insects in numbers from vegetation, the ground, or the sweeping net. Spring-tails (Collembola) and Thysanura should be quickly transferred to 95% alcohol.

        

        

          

            
Light Traps
          

          

The attraction of many insects to light can be utilized in their capture, e.g., a sheet of white material with a bright light behind it can be set up



at dusk near the edge of the bush and the insects netted. A permanent light trap can be made having a bright source of light (electric bulb or fuel lamp) surrounded by sheets of glass forming an outer slope leading the insects to the light and an inner slope leading them into the killing-bottle, as shown in fig. 3. The plates of glass are supported by wooden triangles and the whole supported on a platform and covered by a roof. Details of construction of such a trap are given by Williams (1924, 1948), who recommends tetra-chlor-ethane in preference to potassium cyanide as a killing agent. A layer of Plaster of Paris is allowed to set on the bottom of the bottle and about a teaspoonful of the liquid poured on before use. The body of the jar should be as wide as possible; layers of crumpled paper help to separate the insects and minimize damage.

        

        

          

            
Miscellaneous Methods of Capture
          

          

Many beetles and their larvae inhabit timber, both rotting and sound, and flat-bugs (Aradids), beetles, cockroaches, etc. are to be found beneath loose bark. Turning over logs and stones reveals ground-beetles (Carabids), Staphylinids, earwigs, ants, etc. Leaf-mould is often rich in small beetles and bugs and Collembola. These can be caught by spreading out the debris on a tarpaulin or sheets of newspaper and collecting with a ‘suck-gun’, or by using a Berlese funnel (fig. 4). The heat, light, and drying out caused by the globe in the top of the funnel drive the insects down, to drop eventually into a tube of 95% alcohol. Under dry conditions, heating may not be necessary; if the layer of mould is thin, desiccation and positive geotropism will cause the insects to drop through the gauze. Salmon (1946) describes a convenient type of portable extraction apparatus for use in the field. The organic debris in large leaf-bases, such as those of nikau, usually reveals a variety of small beetles (Anthribids, Cryptophagids, Staphylinids, weevils, etc.), Collembola, and Anthocorids. Flower-heads house thrips and small beetles and attract numerous Diptera and Hymenoptera. On the surface of flood-water and in the debris stranded by floods are often found insects brought down from higher regions. Tufts of sedges, grasses and rushes in swampy areas shelter concentrations of insects after flooding. The bases of such tufts should be examined in any case, Hemiptera in particular being commonly found there. More or less open sandy or clay areas should be searched for tiger-beetles and Hymenoptera, which in warm weather dart about actively in search of prey, usually close to the ground. Piles of sea-weed and the sand beneath should be examined for beetles (Staphylinids, Histerids, 
Chaerodes), kelp-flies, and the littoral earwig (
Anisolabis).

        

        

          

            
Killing Insects
          

          

Killing agents commonly used include ether, ethyl acetate, amyl acetate, chloroform, and potassium or sodium cyanide. The first four are used in very small quantities — a single drop on the cork of a tube or on a wad of cotton-wool, and may conveniently be carried in the field in a tightly



glass-stoppered drop-bottle. With small or delicate insects, like leaf-hoppers, leaf-bugs (Mirids), small flies, Psocoptera, care must be taken to avoid wetting. Exposure of the tubes to sunlight should be avoided as leading to evaporation and subsequent condensation of the killing agent and of water on the sides, to which the insects will stick, with probable damage to wings and other appendages. Such small insects are best either kept alive, with not too many together in a tube, and killed in the laboratory, or transferred soon after killing to dry containers between layers of cotton-wool or soft paper. Chloroform has the disadvantage of making many insects rigid and brittle. Insects killed with amyl acetate remain relaxed, and duplicates of heavily chitinised types, such as the larger beetles, may be kept stored almost indefinitely between cotton-wool impregnated with this agent. Small and soft-bodied insects, however, are liable to disintegrate with prolonged exposure. Potassium cyanide is used in a killing-bottle — a wide-mouthed, tightly stoppered jar with lumps of cyanide in the bottom covered with Plaster of Paris. Contact of the insects with this base is prevented by layers of filter-paper, while the addition of crumpled paper will serve to separate the specimens before death. Lepidoptera should preferably be killed in a separate jar. Cyanide has the disadvantages of being highly poisonous (the jar should be conspicuously labelled so in red) and of affecting the colours of many insects; the writer has long abandoned its use in favour of other killing agents. Young leaves of the bay laurel, usually grown as hedges, can be chopped up and used in a killing-bottle. The leaves emit hydrogen cyanide (the strong ‘bitter almond’ smell of which is apparent on crushing), and although comparatively slow-acting, have the advantages of lacking the danger of KCN and of keeping the insects relaxed. These must not, however, be left in long enough to develop mould. Larger Lepidoptera may be quickly killed or paralysed by squeezing the thorax; this prevents rubbing off of scales by movement against the container.

          
Insects from different localities or plant hosts should be kept separate and relevant observations kept in a note-book under numbers corresponding to those on the containers. On prolonged field trips the material should be transferred (at least once a day) to dry containers, preferably non-glass (cardboard or wood), between paper or cotton-wool, unless there are facilities for pinning-up in the field. Labelled match-boxes will hold large numbers of small insects; if there is danger of crushing, as in a pack, they can be stored in solid receptacles such as tins. A pack to accommodate collecting gear can easily be devised to meet individual requirements. General considerations are separate compartments for jars and tubes, to minimise breakage, and for full and empty tubes. It is an advantage to have a range of tubes of different sizes. Tubes in which many pharmaceutical and dental products are packed are useful.

          
Small and soft-bodied insects like Collembola, Thysanura, thrips, nymphs and larvae are killed and stored in 95% alcohol. Methylated spirits is not satisfactory, causing brittleness and eventual disintegration.

          


          
The life-history and biology of comparatively few of our insects have been fully worked out, and there is plenty of scope here both for field observations and for rearing in the laboratory or insectary, and for the breeding out of parasites from such live material.

        

        

          

            
Mounting and Setting
          

          

Medium and large sized insects are mounted directly on pins. Entomological pins (anti-corrosive, of small diameter, and with round heads) are made in a range of sizes varying in length and thickness. The insect is best pinned while still relaxed. If it has hardened, it is placed in a tin or jar over a layer of damp felt, cotton-wool, or clean sand (with thymol or carbolic acid added) until relaxed. The insects are separated from the damp layer by card or a perforated zinc platform. The legs are extended and the pin inserted from above, through the middle thoracic segment (mesonotum) in most insects, through the anterior third of the right wing-case in beetles, and through the scutellum (thoracic shield) in Heteroptera. The insect should be mounted at about one-third of the distance from the top of the pin.

          
A setting board consists of a wooden base, some 14 in. long and 2 in. to 5 in. wide, covered with a layer of cork and this with two thicker cork layers leaving a groove ¼ in. to ½ in. wide between them, and the whole upper surface covered with white paper (fig. 5). The body of the insect lies in the groove and the legs are extended and held in place with pins or points (fig. 6). The wings are pulled into position with a fine needle or camel-hair brush and fastened down with card strips and points. The posterior margins of the fore wings should be at right angles to the body (fig. 7). The wings of beetles are not usually extended, nor are those of bugs, except that with the latter the wings of one side may be extended in some of the specimens of each species. Temporary labels should be added at the side, with details of date and place of capture, etc. The mounted insects are stored in a dry and well ventilated cupboard for 1-3 months, until completely set and hardened into position. The surplus pins and triangles are then removed and a small card label affixed below the insect, with date and locality of capture, name or initials of collector, host-plant, etc., written with a fine nib in Indian ink.

          
For insects too small to be mounted in this way, double mounting is resorted to. (1) The specimen is mounted on a micro-pin which is then stuck into a small strip of polyporus mounted on a larger pin, with the label affixed beneath (fig. 8). A number of specimens of the same species can be mounted on the one length of polyporus. These strips and the micro-pins (in a range of sizes) are obtainable from English dealers. (2) Alternatively, the insect may be stuck on its side to the apex of a small white card triangle by a drop of gum-arabic. The triangle and label are mounted as before on a pin (fig. 9). The older method, particularly for beetles, is to glue the insect to a card rectangle with the legs extended in position. Rows of such specimens can certainly add to the neatness of a



collection, but the method has the disadvantage of obscuring ventral structures often used in classification, so that, if the initial identification is uncertain or needs revision later, the insects will have to be soaked off the cards and remounted. To a certain extent this can be overcome by mounting some specimens of each species on their backs. Double mounting has the advantage of exposing all aspects of every specimen to ready observation.

          

Genitalia and other mounts: The male genitalia are important features for specific identification in many groups. In such cases they should be dissected out and mounted. With larger beetles, the method described by Britton (1940, p. 473) can be used: ‘The male genitalia are perhaps most easily removed from dry pinned specimens by breaking the abdomen off by downward pressure at its apex. The abdomen is then placed in boiling water for a short time until the tissues are softened. An opening is made between the soft tergites of the upper side with a pair of needles, and the aedeagus removed through this. The aedeagus is then cleaned and mounted on a card attached to the pin, while the abdomen is gummed back in its place.’

          
With some insects the genitalia will need depigmenting by boiling for one to a few minutes in 10% KOH or NaOH solution. An easy clearing method, whether preceded or not by this treatment, is to place for a few minutes first in glacial acetic acid and then in clove oil, finally mounting in Canada balsam, either on a slide beneath a coverslip, the slides being labelled and stored, or, with larger genitalia, between two celluloid strips, which can be affixed directly on the pin beneath the specimen.

          
Small, delicate insects such as Collembola must be mounted whole on slides, after depigmenting, if necessary, by immersion in KOH or lactic acid. Into a gum arabic-chloral hydrate medium, such as that given by Womersley (1939, p. 291), they can be mounted directly or from water, acetic acid, or lactic acid. Salmon (1949) gives a detailed account of improved mounting methods for such small insects, including the use of media containing polyvinyl alcohol.

        

        

          

            
Storage and Preservation
          

          

Pinned specimens are best kept in specially made insect store-boxes or cabinets. The latter consist of a series of box trays, lined at the bottom with paper-covered cork and having removable glass lids. The former are hinged along one side, with both the lid and bottom section cork-lined and deep enough for insects to be pinned into both without the pins of one half damaging the specimens in the other. Failing either of these, or for temporary storage, cigar boxes or cardboard boxes can be used, lined with cork or other substance (such as pinex, cork linoleum) which will hold pins securely.

          
Before pinning in the insects, each box should be painted inside with a mixture to prevent ingress of insect pests (psocids, museum beetles, etc.), and allowed to dry in the closed position. Such a mixture is a saturated



solution of camphor, naphthalene, or para- di- chloro-benzene in 1 part chloroform, 1 part colourless (medicinal) creosote, and 6 parts benzene (benzol). In addition, there can be pinned in one corner a small box of naphthalene or camphor, with thymol or carbolic acid added to prevent mould, and the contents held in place with cotton-wool. Many store-boxes have a small compartment for this purpose cut into one of the sides. If pests do gain entry, the box should be isolated and fumigated with carbon bisulphide. Insects infected with mould must be isolated and painted with an alcoholic solution of mercuric chloride. (Note that this substance is poisonous.)

          
When transferring pinned specimens, to prevent the pins from bending or springing they should be gripped below the insect with a pair of stout mounting forceps, with the ends broad, serrated, and bent out at an angle.

          
Each box or tray is to contain members of one group (order, family, subfamily, etc., depending on the size of the collection). The inside of the box is divided into a series of vertical rows and in each row the insects are arranged in species in transverse rows. A label with the name of the genus is affixed above the specimens and one bearing the species name beneath (in each case with the author's name), as in fig. 10. These labels are affixed by points — short headless pins — which can be made cheaply by snipping the heads of short, non-entomological pins.

          
A duplicate collection in 95% alcohol is useful. Small insects can be kept in tiny tubes of alcohol which are themselves immersed in larger containers of alcohol. This prevents drying out and obviates refilling. Larger insects, if required for subsequent dissection, may be kept in a form-alcohol solution such as Pampel's Fluid (95% alcohol, 15 parts; formalin, 6; glacial acetic, 4; and distilled water, 30 parts), or treated with Carls' Fixative (Tillyard, p. 488). Duplicates of dried material can be stored between cotton-wool or paper in labelled boxes well supplied with naphthalene, and these classified and packed into larger boxes. Insects such as dragon-flies and Lepidoptera can be stored in envelopes or folded paper triangles, large numbers of which will fit into one box.

          
For further details of collecting and preserving methods, the student is referred to the authors listed below and to the Auckland War Memorial Museum Educational Leaflets: Nos. 2 and 3.
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Insects, Expeditions, and Dr. Johnston

        
‘Hawkesworth's compilation of the voyages to the South Sea being mentioned:— 
Johnson: ‘Sir, if you talk of it as a subject of commerce, it will be gainful; if as a book that is to increase human knowledge, I believe that there will not be much of that. Hawkesworth can tell only what the voyagers have told him; and they have found very little, only one new animal, I think.’ 
Boswell: ‘But many insects, Sir.’ 
Johnson: ‘Why, Sir, as to insects, Ray reckons of British insects twenty thousand species. They might have staid at home and discovered enough in that way.’

        
— 
The Life of Dr. Johnson, Boswell
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          The Role of Earthworms in New Zealand Soil
        

        

          
By 

K. E. Lee, Soil Burcau, D.S.I.R., Wellington
        

        

          

The study of the role of earthworms in New Zealand soils is a subject which has received little attention from biologists. The great number of earthworms frequently found in the soil is sufficient to indicate that their activities must have a marked influence on the soil in which they live. However, in New Zealand there has been a great lack of exploratory work in many groups of invertebrate animals and earthworms are among these groups. It is essential, before any useful work on the ecology of an animal group can be done, to determine the exact nature of that group; in other words to classify and describe the species present. So a study of earthworms in New Zealand soils falls into two distinct parts:—

          


	(1)
	
              Classification of the fauna.
            


	(2)
	
              Ecological observations in the field and experiments to investigate the activities of earthworms in the soil and the effect of their activities on the soil.
            


        

        

          

            
Classification of Fauna
          

          

The Introduced Species form a small group of nine species belonging to four genera of the family Lumbricidae. The group is of European origin and must have entered the country in soil brought in on the roots of plants, and in the soil commonly used as ships' ballast in the early days of New Zealand's colonisation. Although the group is small it is of great importance, since the earthworm fauna of pasture and cultivated lands consists entirely of these few species.

          

The Endemic Species make up a very large group, including more than 120 species, belonging to 23 genera of the family Megascolecidae.

        

        

          

            
Origin
          

          
The origin of the endemic earthworm fauna of New Zealand has been the subject of much discussion in the past and raises some very interesting zoo-geographical problems. The species comprising the endemic fauna fall into three sub-families of the family Megascolecidae; the 
Acanthodrilinae, which occur also in South America, Australia, South Africa and the subantarctic islands as the dominant element of the fauna, and sporadically in other parts of the world; the 
Megascolecinae, which appear to have originated in the Indo-Malayan region and occur also in Australia and the Pacific Islands; and the 
Octochaetinae, which occur only in India,



Madagascar and New Zealand. The dispersal of earthworm groups is complicated by their inability to survive immersion in sea water for more than a few minutes and their consequent dependence upon continuous land bridges as a means of dispersal. The distribution of the sub-family Acanthodrilinae was taken by two biologists, Benham and Beddard, as evidence of the former connection of New Zealand and the Southern continents to an antarctic continent, at some time when the antarctic continent was subject to a temperate climate. Another biologist, Michaelsen, claimed that it was more likely that the Acanthodrilinae had formerly been more widespread in northern regions and had spread southwards into the southern continents. More recently evolved earthworm groups, also evolved in the north and spreading southward, would finally have eliminated the Acanthodrilinae in all but the most southern continents, where they now find refuge. In New Zealand it has been found that the Acanthodrilinae occur throughout the country, as the dominant element of the fauna in the South Island and the southern regions of the North Island, and as a minor element of the fauna in the northern regions of the North Island. The more recently evolved sub-family Megascolecinae forms the dominant element of the fauna in the northern regions of the North Island and is virtually non-existent south of a line running approximately through Opotiki, Taupo and out to the west coast at Awakino. It seems from the present distribution of these two groups that there must have been two distinct invasions of earthworms into the New Zealand region — the first an invasion of Acanthodrilines and the second, probably a very long time later, an invasion of Megascolecines. It seems obvious that the latter group must have come from the north since they occur only in the north of the North Island, and so far as the former group is concerned there is no reasonable evidence that it did not come from the same direction. The fact that the Megascolecinae have already reduced the Acanthodrilinae to a minor element of the fauna in the north of the North Island indicates that, given sufficient time, they could destroy all trace of the latter group, and probably have done so, in the Indo-Malayan region from which they apparently came. I would say that the Megascolecinae have arrived in New Zealand during Tertiary times and that their present area of distribution within the North Island was determined by the following two factors:—

          


	(i)
	
              The distribution of land between the two main islands, with the sea at times during during the Tertiary covering much of the central North Island, would have prevented the Megascolecinae from penetrating into the southern regions of New Zealand.
            


	(ii)
	
              The volcanic activity in the central North Island and Taranaki districts probably destroyed all forms of soil animal life in the area over which the great ash showers fell during the Pliocene. When the North and South Islands had acquired approximately their present form there would still have remained an area, uninhabited by earthworms and unfavourable for their activities, separating the



Megascolecinae in the north from the Acanthodrilinae in the south. The ‘ash shower’ country is still largely uninhabited by endemic earthworms. Those few that are found have penetrated into the the region from the surrounding unaffected country and belong to species known from outside the ‘ash shower’ country.
            


        

        

          

            
Ecological Considerations
          

          
Ever since 
Charles Darwin, in 1881, published ‘The formation of Vegetable Mould through the action of Worms with Observations on their Habits’, biologists have taken a renewed interest in the effect of earthworms on the soil. The first recorded observations in New Zealand were made near Auckland by A. T. Urquhart for several years from 1882 onwards. Unfortunately Urquhart was unable to give reliable identifications of the species responsible for the phenomena he observed, but his observations are worthy of mention. He estimated the earthworm population in pastures near Auckland as about 784,080 per acre (18 per sq. ft.). His estimate is very much higher than Darwin's (26,886 per acre in English pastures) and that of the German biologist von Hensen (53,767 per acre in garden soil and about half that number in cornfields), but the species found by Urquhart were much smaller than those found by Darwin and von Hensen. (Urquhart states that in pasture lands there were approximately 612 Ib. of earthworms per acre in comparison with von Hensen's figure of 356 Ib. per acre in garden soil). On a section at Manakau, Urquhart placed stones on the surface of the ground and in one case noted that after eight years a stone 6½ in. x 3½ in. x 3¼ in. was embedded to a depth of an inch by the castings of earthworms and by its weight breaking in the tunnels of earthworms beneath it. For comparison with the figures given by Urquhart, Evans (1948) records that in a field under arable cultivation for more than 100 years, receiving 14 tons per acre per annum of farmyard manure there were 450 Ib. per acre of earthworms, while in a field with the same yield of crops receiving inorganic fertilisers there were 110 Ib. per acre of earthworms.

          
Consideration of the numbers of earthworms occuring in the soil under varying conditions raises the question of what are the soil conditions most suited to the maintenance of earthworm populations. The essential requirements seem to be as follows:—

          
(i) 
Adequate food supplies. The food of earthworms consists mainly of leaves, seeds and other portions of plants, and organic particles, living or dead, in the soil passed through their intestines. Under normal forest or pasture conditions food supplies are constantly being renewed and shortage cannot be a great problem.

          
(ii) 
Suitable levels of soil moisture. The physiological processes of earthworms are similar to those of fresh water animals and adequate moisture levels are consequently of the utmost importance. In the soils of New Zealand forests moisture levels seem never to fall low enough to



produce any marked effects on earthworm populations, but in the soils of pasture lands, which are in many cases subject to extreme dessication in the summer, earthworms are forced to retreat deep into the subsoil and remain there in a dormant state until the return of more favourable conditions in the topsoil. A special case of the effect of seasonal dessication is seen in saline soils such as are found in the Ahuriri lagoon, where the salinity of the groundwater prevents earthworms from retreating deep into the subsoil. In such cases all the adult earthworms die out during dry periods leaving cocoons in the topsoil to hatch in the autumn rains. The saturation of the soil by very heavy rains markedly affects the earthworm fauna of pasture and croplands. After heavy rains large numbers of dead earthworms may be seen on the soil surface, often in puddles. They are forced to come to the surface by the rapid exhaustion of oxygen in the water filling their burrows, and once at the surface they are rapidly killed by ultra-violet light from the sun's rays.

          
(iii) 
Suitable soil temperatures. Earthworms are unable to survive sudden extreme variations in soil temperature. In this respect, high temperatures are unlikely to cause any great mortality, since marked increases in soil temperature are seasonal rather than diurnal and, as previously stated, earthworms in many parts of New Zealand retreat into the subsoil and go into a state of dormancy during the summer months. However, sudden extremes of cold are very common in the soils of inland districts subject to frosts and many earthworms die in the first frosts of winter. Those that survive the first frosts seem to develop a greater resistance to low temperatures and will survive the winter. The common introduced species of New Zealand seem to possess varying degrees of toleration for low temperatures. This fact probably accounts for the varying proportions of the various species found in some districts of the North Island.

          
(iv) 
Suitable soil texture. This is a soil factor which rarely affects the earthworm fauna but in certain cases it has been noted as important. Frobably the most striking case is demonstrated in soils derived from Taupo ash. In these soils earthworms are usually rare and often absent, except where the land has been in pasture for some years, probably because of the coarse nature of the pumice particles, the low clay fraction of soils derived from pumice and the low content of organic matter in the soil. Where the Taupo ash is well supplied with organic matter and has been covered by even a thin layer of Rotomahana mud earthworms are more abundant. Other cases of low earthworm populations associated with unsuitable physical soil conditions have been noted in Te Kopuru sand and in Taumata clay loam (a very compact soil) in North Auckland.

          
(v) 
Suitable pH conditions. In some cases where the soil pH is very low no earthworms are found, e.g. Otonga peaty loam (deep phase), a soil with a pH of 3.6. The common introduced species seem to be able to



thrive in soils of pH ranging from 4 to 8 and have rarely to deal with soils of a pH outside that range in New Zealand.

          
Within very wide limits the influence of soil conditions on earthworms is relatively slight. Earthworms seem to possess to a very high degree the ability to adapt themselves to their immediate environment. In contrast to this the effect of the activities of earthworms on soil conditions is of great importance. The burrows of earthworms admit of soil aeration, materially aid drainage, facilitate the downward movement of roots and produce a certain amount of melanisation (‘worm mottling’) through topsoil and humus being washed downward into deserted burrows. The phenomenal improvement in hill country pastures claimed by two farmers in Taranaki to have been due to the castings of a ‘unique’ species of ‘casting worm’ is probably due almost entirely to the effect of common introduced earthworm species on the structure of soils in which they were not previously present.

          
The value of the castings of earthworms, especially in pasture soils, has been the subject of much work and discussion. Casting, in combination with other earthworm activities, plays an important part in the melanisation of the soil and the build-up of humified layers. An experiment carried out by von Hensen many years ago will serve to illustrate this point. Von Hensen took a vessel 18 in. in diameter, filled it with sand and put a layer of leaves on the top. He then introduced two earthworms into the vessel. Leaves were soon dragged down into the sand to a depth of up to six inches and after six weeks there was 0.4 in. of humus formed in an even layer over the surface of the sand. The amount of soil cast by earthworms at the surface in pasture lands has been estimated many times. Darwin (1881) gives a figure of 7.56-18.12 tons per acre per year, giving a total depth of one inch in 10 years. Evans (1948) states that in a 300-year-old pasture 25 tons per acre per year is cast by earthworms at the soil surface. In forest soils the presence of earthworms accelerates the formation of mull, since by dragging leaves from the surface into their burrows they deepen the zone of humification.

          
The general suitability to earthworms of overall environmental conditions in New Zealand has permitted specialisation of endemic species so as to take advantage of a great variety of soil conditions. They are found in the soils of forests, scrubland, mountain tops and plains and in many other ecological niches including swamps, rotten logs and under the bark of trees at heights of up to 100 feet above the ground. Certain species are confined entirely to the topsoil while others are confined to the subsoil. The great specialisation of most species to suit well defined environmental conditions makes their destruction inevitable as soon as their environment is changed by the conversion of virgin lands into pasture. The only species which survive such changes are those that live in the subsoil and are only slightly affected by a change to pasture conditions and a few, apparently little specialised species, that seem able to adapt themselves to the change



in their environment and then to maintain themselves in the face of strong competition from introduced species. When native vegetation is removed and pasture is planted the first introduced earthworm species to appear in the soil is usually 
Octolasium cyaneum, a large sluggish species which spreads fairly rapidly and becomes dominant, sometimes with a few survivors of the endemic fauna as minor elements of the fauna. 
O. cyaneum is followed fairly rapidly by smaller and more active species of the genera 
Lumbricus and 
Allolobophora. The common introduced species appear to have a digestive system capable of coping with a wide variety of plant residues, but find their optimum conditions in pasture soils. By their great rate of reproduction, immense activity and consequent heavy drain on the food supplies the common species of 
Lumbricus and 
Allolobophora soon gain undisputed possession of the soils of pasture lands. It is an interesting fact that when pasture land reverts into scrub or forest the whole process is reversed and 
Octolasium cyaneum, or sometimes an endemic species, again becomes dominant.
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Orchids are queer plants. They have a fascination entirely out of proportion to their size, usefulness or beauty. To the botanist this fascination is largely due to their amazing powers of adapting themselves to their environment and pollinating agents. I suppose the 
Orchidaceae are the largest family of flowering plants in the world — upwards of 20,500 species having been recorded. In spite of their infinite variety they are singularly rare plants and outside of the tropics, comparatively insignificant.

          
The Australian element in the New Zealand flora is more pronounced in the 
Orchidaceae than in any other group of our flowering plants. Of the 22 genera, 19 occur in Australia and 2 more are derived from Australian forms. Of the 80 odd species, 34, almost half, are common Australian plants. When we come to study the distribution patterns in the flora three trends stand out clearly —

          
(i) 
The south-to-north trend. The available evidence leads us to believe that a continental area, existing during Cretaceous times, extended considerably to the south of the present position of New Zealand and also threw a northward arm to Tasmania. From this palæozelanic continent (which is not to be confused with Antarctica) came 
Thelymitra and 
Pterostylis.

          
(ii) 
The overland trend. This began in Asia and came by way of Malaya, Java, New Guinea, New Caledonia and Lord Howe Island and brought us the truly Asiatic genera 
Corybas, Gastrodia, Spiranthes, Microtis, Dendrobium, Bulbophyllum, Sarcochilus. (
Earina, originating in New Caledonia, probably came by this route also.)

          
(iii) There is a distinctly powerful, probably windborne, west-to-east trend, which still brings East African orchids to Western Australia, Eastern Australian orchids to New Caledonia and New Zealand, and from thence to the Chathams and Polynesia. This gave us the Australia-originating genera 
Caladenia, Lyperanthus, Chiloglottis, Townsonia, Adenochilus, Acianthus, Orthoceras, Prasophyllum, Caleana and 
Calochilus, and in



addition odd Australian species of genera which normally arrived by other routes, viz 
Pterostylis, Corybas, Gastrodia, Microtis and 
Thelymitra.

          
(iv) And lastly of course the tendency to local differentiation which produced 
Petalochilus from 
Caladenia, and 
Aporostylis from a combination of 
Caladenia and 
Chiloglottis, and which led and is still leading, to the endemic forms in the larger genera.

        

        

          

            
Classification
          

          
The New Zealand genera belong to 2 tribes of the subfamily 
Monandrae. Garay arranges them thus —

          

            

              

                
	Tribe 
Polychondreae
                
	
                  
subtribe
                
                
	
                  
Pterostylideae
                
                
	
                  
Pterostylis
                
              

              

                
	
                
	
                  
"
                
                
	
                  
Diurideae
                
                
	
                  
Orthoceras
                
              

              

                
	
                
	
                  
"
                
                
	
                  
Thelymitreae
                
                
	
                  
Thelymitra, Calochilus
                
              

              

                
	
                
	
                  
"
                
                
	
                  
Prasophylleae
                
                
	
                  
Prasophyllum, Microtis
                
              

              

                
	
                
	
                  
"
                
                
	
                  
Drakaeae
                
                
	
                  
Chiloglottis, Caleana
                
              

              

                
	
                
	
                  
"
                
                
	
                  
Caladenieae
                
                
	
                  
Caladenia, Petalochilus, Lyperanthus, Adenochilus, Aporostylis
                
              

              

                
	
                
	
                  
"
                
                
	
                  
Aciantheae
                
                
	
                  
Acianthus, Townsonia
                
              

              

                
	
                
	
                  
"
                
                
	
                  
Corybadeae
                
                
	
                  
Corybas
                
              

              

                
	
                
	
                  
"
                
                
	
                  
Gastrodieae
                
                
	
                  
Gastrodia
                
              

              

                
	
                
	
                  
"
                
                
	
                  
Spirantheae
                
                
	
                  
Spiranthes
                
              

              

                
	Tribe 
Kerosphaereae
                
	
                  
subtribe
                
                
	
                  
Dendrobieae
                
                
	
                  
Dendrobium
                
              

              

                
	
                
	
                  
"
                
                
	
                  
Glomereae
                
                
	
                  
Earina
                
              

              

                
	
                
	
                  
"
                
                
	
                  
Bulbophylleae
                
                
	
                  
Bulbophyllum
                
              

              

                
	
                
	
                  
"
                
                
	
                  
Sarcantheae
                
                
	
                  
Sarcochilus
                
              

            

          

        

        

          

            
Key to New Zealand Orchids
          

          

In order to follow the keys it is necessary to have some knowledge of the peculiarities of the orchid flower. It must be stressed that what follows applies only to the subfamily 
Monandrae. Theoretically such a flower consists of 15 segments in 5 whorls of 3. In each whorl 2 of the segments are paired and the third usually different in form or function or both.

          

Whorl (1) — 3 styles, each capped by its stigma, confluent to form a single structure (column) in the centre of the flower. 2 of the stigmas are paired and combine to form the stigmatic plate on the front of the column. The third stigma is modified to form the rostellum and appears at the top of the column.

          
Whorl
 (2) — 3 stamens, 2 of them paired and confluent with the sides of the column to form the column-wings (very prominent in 
Thelymitra, where they supersede the insect-attractive





[image: Left: Diagrammatic section through Pterostylis flower. Right: through column of Thelymitra flower. A — anther; AC — anther connective; C — column; CW — column wings; DS — dorsal sepal; L — labellum; LL — lateral (secondary) lobe of column wing (only partly shown); LS — lateral sepals; ML — midlobe of column wings; P — petal; R — rostellum; S — stigma.]

Left: Diagrammatic section through 
Pterostylis flower. 
Right: through column of 
Thelymitra flower. A — anther; AC — anther connective; C — column; CW — column wings; DS — dorsal sepal; L — labellum; LL — lateral (secondary) lobe of column wing (only partly shown); LS — lateral sepals; ML — midlobe of column wings; P — petal; R — rostellum; S — stigma.


function of the labellum), the third stamen confluent with the front of the column (except in 
Petalochilus calyciformis where it appears as a basal appendage).

          
whorl (3) — 3 stamens, 2 of them paired and confluent with the labellum to form the various labellar calli, the third (the only fertile stamen in the 
Monandrae) confluent (usually, not in 
Thelymitra) with the back of the column and carrying the 2-celled anther, which overtops, and usually rests on the rostellum.

          

Whorl (4) — 3 petals, 2 of them paired, the third (labellum) rarely similar (
Thelymitra, Petalochilus), usually much modified to form an attractive landing-stage for insects.

          

Whorl (5) — 3 sepals, 2 of them paired, the third (dorsal) sometimes similar, usually much enlarged, its main, purpose being to canopy the anther.

        

        


        

          
Key to Genera

          

            

              

                
	1
                
	Epiphytic on trees or rocks, rarely on the ground, roots exposed, stems numerous
                
	— 2
              

              

                
	
                
	Terrestial, with orbicular or oblong tubers or fleshy rhizomes, stems solitary
                
	— 3
              

              

                
	2
                
	Stems succulent, erect, leaves oblong-ovate, flowers several, minute
                
	
                  
Sarcochilus adversus
                
              

              

                
	
                
	Stems woody, drooping, leaves narrow-acute, stiff
                
	— 4
              

              

                
	
                
	Stems creeping, matted, leaves small on prominent pseudobulbs
                
	
                  
Bulbophyllum
                
              

              

                
	4
                
	Flowers small, white, numerous in a terminal raceme
                
	
                  
Earina
                
              

              

                
	
                
	Flowers large, white, solitary or in pairs
                
	
                  
Dendrobium cunninghamii
                
              

              

                
	3
                
	Leaf solitary, attached to the peduncle
                
	— 5
              

              

                
	
                
	Leaf solitary, separate from the peduncle
                
	— 6
              

              

                
	
                
	Leaves more than one
                
	— 7
              

              

                
	
                
	Leaves absent, rhizome fleshy
                
	
                  
Gastrodia
                
              

              

                
	5
                
	Leaf tubular, enclosing the greater part of the stem
                
	— 13
              

              

                
	
                
	Leaf narrow-linear, more or less concave
                
	— 8
              

              

                
	
                
	Leaf oblong, orbicular or cordiform
                
	— 9
              

              

                
	13
                
	Flowers with the dorsal sepal uppermost
                
	
                  
Microtis
                
              

              

                
	
                
	Flowers with the labellum uppermost (inverted)
                
	
                  
Prasophyllum
                
              

              

                
	8
                
	Flowers regular, all the segments more or less alike
                
	
                  
Thelymitra
                
              

              

                
	
                
	Flowers irregular
                
	— 10
              

              

                
	10
                
	Flowers with a large bearded labellum
                
	
                  
Calochilus
                
              

              

                
	
                
	Flowers when open shaped uncannily like a flying duck
                
	
                  
Caleana minor
                
              

              

                
	
                
	Labellum 3-lobed, column not enclosed, column-wings free
                
	
                  
Caladenia
                
              

              

                
	
                
	Labellum petaloid, column enclosed by the fusion of the column wings
                
	
                  
Petalochilus
                
              

              

                
	9
                
	Flowers several on a slender peduncle
                
	
                  
Acianthus
                
              

              

                
	
                
	Flowers solitary, sessile on the leaf
                
	
                  
Corybas
                
              

              

                
	6
                
	Labellum entire, stem bract solitary
                
	
                  
Townsonia viridis
                
              

              

                
	
                
	Labellum 3-lobed, stem bracts two
                
	
                  
Adenochilus gracilis
                
              

              

                
	7
                
	Leaves two
                
	— 11
              

              

                
	
                
	Leaves more than two
                
	— 12
              

              

                
	11
                
	One leaf obviously larger than the other, flowers white
                
	
                  

                    Aporostylis bifolia
                  
                
              

              

                
	
                
	Both leaves the same size, flowers green
                
	
                  
Chiloglottis
                
              

              

                
	12
                
	Leaves in a rosette round the base of the stem, narrow-concave, acuminate, flowers large, dark
                
	
                  
Orthoceras strctum
                
              

              

                
	
                
	Leaves in a rosette round the base of the stem, narrow- to broad-linear, flowers white, arranged spirally in the raceme
                
	
                  
Spiranthes sinensis
                
              

              

                
	
                
	Leaves either in a rosette or scattered up the stem or both, flowers large, green, conspicuously hooded
                
	
                  
Pterostylis
                
              

              

                
	
                
	Leaves linear-acute, scattered up the stem
                
	
                  
Lyperanthus antarcticus
                
              

            

          

        

        


        

          
Key to the Species

          

            

              

                

                  
Pterostylis
                
              
              

                
	1
                
	Labellum filiform-terete, plumose
                
	
                  
barbata
                
              

              

                
	
                
	Labellum laminate, without a basal callus
                
	— 2
              

              

                
	
                
	Labellum laminate, with a basal callus
                
	
                  
irsoniana
                
              

              

                
	2
                
	Labellar appendage entire, flowers several
                
	
                  
mutica
                
              

              

                
	
                
	Labellar appendage pencillate, flowers normally solitary
                
	— 33
              

              

                
	
                
	Labellum acuminate
                
	— 4
              

              

                
	
                
	Labellum linear-oblong
                
	— 5
              

              

                
	4
                
	Leaves in a rosette, flower conspicuously drooping
                
	
                  
nutans
                
              

              

                
	
                
	Rosette only present in the juvenile, mature leaves varying from orbicular-petiolate to bracteate-sessile
                
	— 6
              

              

                
	6
                
	Leaves 2-3, subrosulate, ovate
                
	
                  
venosa
                
              

              

                
	
                
	Leaves numerous, polymorphous
                
	— 7
              

              

                
	7
                
	Lateral sepals with an emarginate central lobe
                
	— 8
              

              

                
	
                
	Lateral sepals with an acute, unlobed sinus
                
	
                  
trullifolia alobula
                
              

              

                
	8
                
	Petiolate leaves with the veining conspicuously embossed
                
	
                  
trullifolia gracilis
                
              

              

                
	
                
	Petiolate leaves with a smooth upper surface
                
	
                  
trullifolia rubella
                
              

              

                
	5
                
	Upper third of labellum symmetrically twisted, entire
                
	— 9
              

              

                
	
                
	Labellum-tip flat, entire or emarginate
                
	— 10
              

              

                
	
                
	Labellum-tip unevenly constricted
                
	— 11
              

              

                
	9
                
	Flower large, leaves subrosulate, more or less ovate
                
	
                  
furcata typica
                
              

              

                
	
                
	Flower small, leaves cauline, linear-lanceolate
                
	
                  
furcata linearis
                
              

              

                
	10
                
	Leaves in a rosette, lateral sepals with an inflexed lobe
                
	
                  
nana
                
              

              

                
	
                
	Leaves strictly cauline, lateral sepals with an acute sinus
                
	— 12
              

              

                
	
                
	Leaves both subrosulate and cauline
                
	— 13
              

              

                
	12
                
	Plant very slender, sepalar caudae very short
                
	
                  
graminea
                
              

              

                
	
                
	Plant robust, sepalar caudae very long
                
	— 14
              

              

                
	14
                
	Dorsal cauda suberect, lateral caudae spreading, erect
                
	
                  
banksii typica
                
              

              

                
	
                
	Dorsal sepal incurved, lateral caudae strongly recurved
                
	
                  
banksii patens
                
              

              

                
	13
                
	Flower large, dorsal sepal filiform-caudate, incurved
                
	
                  
oliveri
                
              

              

                
	
                
	Flower small, dorsal sepal acuminate, horizontal
                
	
                  
areolata
                
              

              

                
	11
                
	Leaves rosulate, stigma globose
                
	
                  
humilis
                
              

              

                
	
                
	Leaves subrosulate, stigma linear
                
	
                  
foliata
                
              

              

                
	
                
	Leaves strictly cauline
                
	— 15
              

              

                
	15
                
	Labellum reddish, lateral sepals caudate, erect
                
	
                  
australis
                
              

              

                
	
                
	Labellum greenish, lateral sepals acuminate
                
	
                  
montana typica
                
              

              

                
	
                
	Labellum brownish, lateral sepals caudate, spreading
                
	
                  
montana rubricaulis
                
              

            

          

          

            

              

                

                  
Thelymitra
                
              
              

                
	1
                
	Midlobe absent, lateral lobes primary
                
	— 2
              

              

                
	
                
	Midlobe present, lateral lobes secondary
                
	— 3
              

              

                
	2
                
	Lobes simple, without appendages
                
	— 4
              

              

                
	
                
	Lobes fimbriate
                
	
                  
pulchella
                
              

              

                
	4
                
	Lobes very large, oblong-falcate, fleshy (leaf expanded at the base then abruptly constricted)
                
	
                  
matthewsii
                
              

              

                
	
                
	Lobes acuminate, spirally involute, erect, entire
                
	— 5
              

              

                
	
                
	Lobes acuminate, hardly involute, recumbent, bifid
                
	
                  
venosa cyanea
                
              

            

          

          


          

            

[image: a — Corybas saprophyticus Hh. type specimen; b — seeding peduncle; c — labellum from above; d — column from above; e — column from side; f — column from front; g — column from side with column-wings removed to show anther-connective and anther-cells. The leaf is rudimentary. In (a) it is seen below the labellum, in (b) at the base of the peduncle. Only the upper half of the peduncle shows above the surface, the flower being completely buried. A comparison with its nearest relative, rivularis, (Trans. R.S.N.Z. 76.1947.t61) shows the similarities and differences quite clearly.]
a — 
Corybas saprophyticus Hh. type specimen; b — seeding peduncle; c — labellum from above; d — column from above; e — column from side; f — column from front; g — column from side with column-wings removed to show anther-connective and anther-cells. The leaf is rudimentary. In (a) it is seen below the labellum, in (b) at the base of the peduncle. Only the upper half of the peduncle shows above the surface, the flower being completely buried. A comparison with its nearest relative, 
rivularis, (
Trans. R.S.N.Z. 76.1947.t61) shows the similarities and differences quite clearly.


          

          


          

            

              

                
	5
                
	Lobes shorter than the anther, labellum sepaloid
                
	
                  
venosa cedricsmithii
                
              

              

                
	
                
	Lobes higher than the anther, labellum crenulate and repand
                
	
                  
venosa typica
                
              

              

                
	3
                
	Midlobe crested, secondary lobes without cilia (stem flexuose, leaf terete, flowers creamy-red)
                
	
                  
carnea imberbis
                
              

              

                
	
                
	Midlobe crested, secondary lobes with cilia
                
	- 6
              

              

                
	
                
	Midlobe not crested, secondary lobes usually with cilia
                
	— 7
              

              

                
	6
                
	Crest of tall calli (sepals spotted with brown)
                
	
                  
ixioides typica
                
              

              

                
	
                
	Crest denticulate (sepals not spotted) raceme in bud resembling an ear of wheat
                
	
                  
aemula
                
              

              

                
	7
                
	Midlobe erect, shorter than the anther, secondary cilia white (flowers pink) 
longifolia intermedia
              

              

                
	
                
	Midlobe erect, higher than the anther, secondary cilia yellow
                
	— 8
              

              

                
	
                
	Midlobe cucullate, secondary cilia where present, white
                
	— 9
              

              

                
	8
                
	Midlobe apiculate, dark brown caesia Midlobe emarginate, pinkish-yellow
                
	
                  
pachyphylla
                
              

              

                
	
                
	Midlobe sinuate, black (with small darker tubercles just below the top, sepals spotted with brown)
                
	
                  
decora
                
              

              

                
	9
                
	Midlobe truncate or emarginate
                
	— 10
              

              

                
	
                
	Midlobe deeply bifid, yellow, secondary lobes with cilia
                
	
                  
pauciflora
                
              

              

                
	
                
	Midlobe deeply bifid, green, secondary lobes without cilia
                
	
                  
sanscilia
                
              

              

                
	10
                
	Tip of midlobe faced with yellow or white
                
	— 11
              

              

                
	
                
	Tip of midlobe dark all over
                
	
                  
aristata
                
              

              

                
	11
                
	Secondary cilia very dense, short
                
	
                  
longifolia forsteri
                
              

              

                
	
                
	Secondary cilia rather lax, long
                
	
                  
longifolia stenopetala
                
              

            

          

          

            

              

                

                  
Calochilus
                
              
              

                
	1
                
	Column with a dark callus on either side at the base
                
	— 2
              

              

                
	
                
	Column with no basal calli
                
	
                  
paludosus
                
              

              

                
	2
                
	Basal calli connected with a conspicuous coloured ridge
                
	
                  
robertsoni
                
              

              

                
	
                
	Basal calli connected with a broken line of irregular reddish splashes 
campestris
              

            

          

          

            

              

                

                  
Prasophyllum
                
              
              

                
	1
                
	Labellum sessile, lamina reddish-green
                
	— 2
              

              

                
	
                
	Labellum on a very short rigid claw, lamina broad, white, margins prominently crenulate
                
	
                  
suttonii
                
              

              

                
	
                
	Labellum on a narrow, movable claw
                
	— 3
              

              

                
	2
                
	Margins of labellum flat, callus pale, extending only to the curve
                
	
                  
rogersii
                
              

              

                
	
                
	Margins undulate, callus green, extending almost to the tip
                
	
                  
colensoi
                
              

              

                
	3
                
	Labellum green, mucronate, margins entire, callus of several inconspicuous ridges
                
	
                  
pumilum
                
              

              

                
	
                
	Labellum dark red, acuminate, margins ciliate at the tip, callus with a prominent linear cleft
                
	
                  
nudum
                
              

            

          

          

            

              

                

                  
Microtis
                
              
              

                
	1
                
	Labellum emarginate, with three callosities, two at the base and one atthe tip
                
	
                  
unifolia
                
              

              

                
	2
                
	Labellum entire, with the two basal callosities only
                
	
                  
parviflora
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Prasophyllum nudum


Ngapaenga(Waitomo City)
              


          

          


          

            

              

                

                  
Chiloglottis
                
              
              

                
	1
                
	Plant robust, flower almost sessile
                
	
                  
cornuta
                
              

              

                
	2
                
	Plant very slender, flower on a long peduncle
                
	
                  
formicifera
                
              

            

          

          

            

              

                

                  
Caladenia
                
              
              

                
	1
                
	Labellum with 4 rows of calli
                
	
                  
lyallii
                
              

              

                
	
                
	Labellum with 2 rows of calli
                
	— 2
              

              

                
	2
                
	Midlobe with several marginal calli, flowers white, green or pink
                
	
                  
carnea minor
                
              

              

                
	
                
	Midlobe with only one large marginal callus, flowers pink
                
	
                  
carnea exigua
                
              

              

                
	
                
	Midlobe with no marginal calli, flowers dark glazed mauve
                
	
                  
carnea bartletti
                
              

            

          

          

            

              

                

                  
Petalochilus
                
              
              

                
	1
                
	Column-base with a staminoid appendage
                
	
                  
calyciformis
                
              

              

                
	2
                
	Column-base without a staminoid appendage
                
	
                  
saccatus
                
              

            

          

          

            

              

                

                  
Acianthus
                
              
              

                
	1
                
	Leaf cauline, cordate, labellum ovate-acuminate, concave, Petals much shorter than the sepals
                
	
                  
fornicatus sinclairii
                
              

              

                
	2
                
	Leaf basal, oblong. Labellum linear-oblong, flat. Petals as long as the sepals
                
	
                  
reniformis oblongus
                
              

            

          

          

            

              

                

                  
Corybas
                
              
              

                
	1
                
	Lateral sepals and petals shorter than the labellum, minute or wanting
                
	2
              

              

                
	
                
	Lateral sepals and petals elongated into filiform caudae
                
	— 4
              

              

                
	2
                
	Labellum with 2 conical spurs at the base
                
	
                  
aconitiflorus
                
              

              

                
	
                
	Labellum with 2 rounded auricles at the base
                
	— 3
              

              

                
	3
                
	Calli confined to the median line of the labellum
                
	
                  
unguiculatus
                
              

              

                
	
                
	Calli spreading on either side of the median line
                
	
                  
carsei
                
              

              

                
	4
                
	Labellum fimbriate, distal portion tubular, leaf reddish
                
	
                  
oblongus
                
              

              

                
	
                
	Labellum not fimbriate, distal portion expanded, leaf silvery
                
	— 5
              

              

                
	5
                
	Subterranean, flowers borne beneath the surface, leaf bracteate
                
	
                  
saprophyticus
                
              

              

                
	
                
	Terrestial, flowers borne normally, leaf expanded
                
	- 6
              

              

                
	6
                
	Dorsal sepal filiform-caudate, leaf acuminate
                
	
                  
rivularis
                
              

              

                
	
                
	Dorsal sepal acuminate, leaf mucronate
                
	— 7
              

              

                
	
                
	Dorsal sepal orbicular-concave, emarginate, leaf trilobate
                
	
                  
trilobus
                
              

              

                
	7
                
	Petals hardly a third as long as the lateral sepals, labellum apiculate, obtuse or emarginate, dorsal sepal horizontal or recurved
                
	
                  
macranthus typicus
                
              

              

                
	
                
	Petals as long as or longer than the lateral sepals, labellum with an acuminate lobe, dorsal sepal incurved
                
	
                  
macranthus longipetalus
                
              

            

          

          

            

              

                

                  
Gastrodia
                
              
              

                
	1
                
	Column longer than the labellum
                
	
                  
sesamoides
                
              

              

                
	
                
	Column very much shorter than the labellum
                
	— 2
              

              

                
	2
                
	Column-wings involute, labellum clawed at the base
                
	
                  
cunninghamii
                
              

              

                
	
                
	Column-wings straight, erect, labellum broad at the base
                
	
                  
minor
                
              

            

          

          

            

              

                

                  
Earina
                
              
              

                
	1
                
	Labellum sessile, bifid, without calli
                
	
                  
mucronata
                
              

              

                
	2
                
	Labellum clawed, entire, with basal calli
                
	
                  
autumnalis
                
              

            

          

          

            

              

                

                  
Bulbophyllum
                
              
              

                
	1
                
	Peduncles long, 2-4 flowered, labellum orange
                
	
                  
tuberculatum
                
              

              

                
	2
                
	Peduncles short, flowers solitary, labellum white
                
	
                  
pygmaeum
                
              

            

          

        

        


        

          

            
Glossary
          

          

	
Acuminate — gradually narrowing to a point from a broad base.

	
Apiculate — a blunt apex with a contrasting hair-like continuation.

	
Auricle — a small ear-like opening on either side of the base of the labellum in 
Corybas.

	
Bract — a small leaf terminating each successive internode of the stem, serving to protect the meristem during growth. Different species develop differently. A structure which appears as a minute bract in one species may be a large leaf in another, and vice versa.

	
Callosity — a very small, often vague callus.

	
Callus — a small, often coloured protuberance, variously wart-, club-, hair-, or spindle-shaped, usually on column or labellum and probably designed to attract insects.

	
Cauda — a tail-like elongation of the sepals or petals.

	
Cauline — attached to the stem.

	
Cilia — hair-like processes (particularly in 
Thelymitra) terminating the lobes of the column-wings.

	
Crenulate — margins both indented and sinuate.

	
Cucullate — overhanging, forming a canopy.

	
Emarginate — with a definite notch at the apex.

	
Falcate — scythe-shaped.

	
Laminate — flat and expanded.

	
Mucronate — with a short sharp point.

	
Penicillate — terminating in a tuft of cilia.

	
Pseudobulb — a globular swelling at the base of the leaf in 
Bulbophyllum.

	
Repand — margins sinuate but entire.

	
Rosulate — with the leaves arranged in a flat whorl round the base of the stem.

	
Secondary Cilia — cilia of the secondary lobes of the column wing in 
Thelymitra.

	
Sinus — the variously lobed angle between conjoined lateral sepals.

	
Subrosulate — leaves in a whorl, but more or less erect.

	
Terete — more or less circular in section.


        

        

          

            
Check List
          

          
In the following list I have given the currently valid names of all the New Zealand species, together with the correct citation and the journal in which the name first appeared in that particular combination. An asterisk before a name indicates that the species (but not necessarily the variety in compound species) also occurs in Australia.

          


	1
	
              


Pterostylis R.Br.



	A
	* 
barbata Ldl. 
Swan River App. 1839.53.


	B
	* 
mutica R.Br. 
Prodr. 1810.328.


	C
	* 
nutans R.Br. 
Prodr. 1810.327.


	D
	* 
nana R.Br. 
Prodr. 1810.327.


	E
	
foliata Hook.f. 
Flor.Nov.Zel. 1.1853.249.


	F
	
australis Hook.f. 
Flor.Nov.Zel. 1.1853.248.




	G
	

montana Hh. Trans.R.S.N.Z.
 77.1949.239.



	(i)
	var 
typica Hh. 
Trans.R.S.N.Z. 77.1949.239.


	(ii)
	var 
rubricaulis (Matth.) Hh. 
Trans.R.S.N.Z. 77.1949.240.





	H
	
oliveri Petr. 
Trans.N.Z.Inst. 26.1894.270.


	I
	
areolata Petr. 
Trans.N.Z.Inst. 50.1918.210.


	J
	

banksii R.Br. ex A. Cunn. Bot.Mag.
 1832.t3172.



	(i)
	var 
typica Hh. 
Trans.R.S.N.Z. 77.1949.241.


	(ii)
	var 
patens (Col.) Hh. 
Trans.R.S.N.Z. 75.1945.370.





	K
	
graminea Hook.f. 
Flor.Nov.Zel. 1.1853.248.


	L
	
* 
furcata Ldl. Gen.Et Spec.Orch.
 1840.390.



	(i)
	var 
typica Hh. 
Trans.R.S.N.Z. 77.1949.242.


	(ii)
	var 
linearis Hh. 
Trans.R.S.N.Z. 77.1949.243.





	M
	

trullifolia Hook.f. Flor.Nov.Zel.
 1.1853.249.



	(i)
	var 
rubella (Col.) Hh. 
Trans.R.S.N.Z. 77.1949.244.


	(ii)
	var 
gracilis Cheesmn. 
Trans.R.S.N.Z. 47.1914.46.


	(iii)
	var 
alobula Hh. 
Trans.R.S.N.Z. 77.1949.244.





	N
	
venosa Col. 
Trans.R.S.N.Z. 28.1896.610.


	O
	
irsoniana Hh. 
Trans.R.S.N.Z. 78.1950.104.


	P
	
humilis Rog. 
Trans.R.S.South Austr. 46.1922.151.



            


	2
	
              


Thelymitra J. R. and G. Forst.



	A
	
* 
venosa R.Br. Prodr.
 1810.314.



	(i)
	var 
typica Hh. 
Trans.R.S.N.Z. in print.


	(ii)
	var 
cedricsmithii Hh. 
Trans.R.S.N.Z. in print.


	(iii)
	var 
cyanea (Ldl.) Hh. 
Trans.R.S.N.Z. in print.





	B
	* 
matthewsii Cheesmn. 
Trans.R.S.N.Z. 43.1910.177.


	C
	
pulchella Hook.f. 
Flor.Nov.Zel. 1.1853.244.


	D
	
* 
carnea R.Br. Prodr.
 1810.314.



	(i)
	var 
imberbis (Hook.f.) Rupp & Hh. 
Proc.Linn.Soc. N.S.W. 70.1945.59.





	E
	
* 
ixioides Sw. Vet.Akad.
 21.1800.t3L.



	(i)
	var 
typica Hh. 
Trans.R.S.N.Z. in print.





	F
	
aemula Cheesmn. 
Trans.R.S.N.Z. 51.1919.94.


	G
	
decora Cheesmn. 
Manl.N.Z.Flor. 1.1906.1151.


	H
	
pachyphylla Cheesmn. 
Manl.N.Z.Flor. 1.1906.1151.


	I
	
caesia Petr. 
Trans.R.S.N.Z. 51.1919.107.


	J
	* 
aristata Ldl. 
Gen.Et Spec.Orch. 1840.521.


	K
	
* 
longifolia J.R. & G.Forst. Char.Gen.Plant.
 1776.98.t49.



	(i)
	var 
forsteri (Sw.) Hh. 
Trans.R.S.N.Z. in print.


	(ii)
	var 
stenopetala (Hook.f.) Hh. 
Trans.R.S.N.Z. in print.


	(iii)
	var 
intermedia (Berrg.) Hh. 
Trans.R.S.N.Z. in print.





	L
	* 
pauciflora R.Br. 
Prodr. 1810.314.


	M
	
sanscilia Irwin ex Hh. 
Trans.R.S.N.Z. in print.



            


	3
	
              


Calochilus R.Br.



	A
	* 
campestris R.Br. 
Prodr. 1810.320.


	B
	* 
robertsonii Benth. 
Flor.Austr. 6.1873.315.


	C
	* 
paludosus R.Br. 
Prodr. 1810.320.



            




	4
	
              


Orthoceras R.Br.



	A
	* 
strictum Rc.Br. 
Prodr. 1810.317.



            


	5
	
              


Prasophyllum R.Br.



	A
	* 
rogersii Rupp. 
Proc.Linn.Soc.N.S.W. 52.1928.340.


	B
	
colensoi Hook.f. 
Flor.Nov.Zel. 1.1853.241.


	C
	* 
suttonii Rog.&Rees. 
Proc.R.S.Vict. 25.1921.112.


	D
	
pumilum Hook.f. 
Flor.Nov.Zel. 1.1853.242.


	E
	
nudum Hook.f. 
Flor.Nov.Zel. 1.1853.242.



            


	6
	
              


Microtis R.Br.



	A
	* 
unifolia (Forst.f.) Reichb.f. 
Beitr.Syst.Pfl. 62.


	B
	* 
parviflora R.Br. 
Prodr. 1810.321.



            


	7
	
              


Chiloglottis R.Br.



	A
	* 
cornuta Hook.f. 
Flor.Ant. 1.1844.69.


	B
	* 
formicifera R.D.Fitzg. 
Austr.Orch. 2.1885.2.



            


	8
	
              


Caleana R.Br.



	A
	* 
minor R.Br. 
Prodr. 1810.329.



            


	9
	
              


Caladenia R.Br.



	A
	* 
lyalli Hook.f. 
Flor.Nov.Zel. 1.1853.247.


	B
	
* 
carnea R.Br. Prodr.
 1810.324.



	(i)
	var 
minor (Hook.f.) Hh. 
Trans.R.S.N.Z. 75.1945.368.


	(ii)
	var 
exigua (Cheesmn.) Rupp 
Proc.Linn.Soc.N.S.W. 69.1944.75.


	(iii)
	var 
bartlettii Hh. 
Trans.R.S.N.Z. 77.1949.402.






            


	10
	
              


Petalochilus Rog.



	A
	
calyciformis Rog. 
Journ.Bot. March 1924.66.t571.


	B
	
saccatus Rog. 
Journ.Bot. March 1924.66.t571.



            


	11
	
              


Lyperanthus R.Br.



	A
	
antarcticus Hook.f. 
Flor.Ant. 2.1847.544.



            


	12
	
              


Adenochilus Hook.f.



	A
	
gracilis Hook.f. 
Flor.Nov.Zel. 1.1853.246.t56a.



            


	13
	
              


Aporostylis Rupp & Hh.



	A
	
bifolia (Hook.f.) Rupp & Hh. 
Proc.Linn.Soc.N.S.W. 70.1945.61.



            


	14
	
              


Acianthus R.Br.



	A
	
* 
fornicatus R.Br. Prodr.
 1810.321.



	(i)
	var 
sinclairii (Hook.f.) Hh. 
Trans.R.S.N.Z. 75.1945.369.





	B
	
* 
reniformis (R.Br.) Schltr. Engl.Jahrb.
 39.1906.39.



	(i)
	var 
oblongus (Hook.f.) Rupp & Hh. 
Proc.Linn.Soc. N.S.W. 70.1946.59.






            


	15
	
              


Townsonia Cheesmn.



	A
	* 
viridis (Hook.f.) Schltr. 
Fedde.Repert. 9.1911.249.



            


	16
	
              


Corybas Salisb.



	A
	* 
aconitiflorus Salisb. 
Parad.Lond. 1805.t83.


	B
	* 
unguiculatus (R.Br.) Reichb.f. 
Beitr.Syst.Pfl. 43.


	C
	
carsei (Cheesmn.) Hh. 
Trans.R.S.N.Z. 75.1945.367.




	D
	
oblongus (Hook.f.) Reichb.f. 
Beitr.Syst.Pfl. 67.


	E
	
trilobus (Hook.f.) Reichb.f. 
Beitr.Syst.Pfl. 67.


	F
	

macranthus (Hook.f.) Reichb.f. BEITR.SYST.PFL. 67.



	(i)
	var 
typicus Hh. 
Trans.R.S.N.Z. 76.1947.579.


	(ii)
	var 
longipetalus Hh. 
Trans.R.S.N.Z. 76.1947.580.





	G
	
rivularis (A.Cunn.) Reichb.f. 
Beitr.Syst.Pfl. 67.


	H
	
saprophyticus Hh. 
Trans.R.S.N.Z. in print.



            


	17
	
              


Gastrodia R.Br.



	A
	* 
sesamoides R.Br. 
Prodr. 1810.330.


	B
	
cunninghamii Hook.f. 
Flor.Nov.Zel. 1.1853.251.


	C
	
minor Petr. 
Trans.R.S.N.Z. 25.1893.173.t20.



            


	18
	
              


Spironthes Rich.



	A
	* 
sinensis (Pers.) Ames 
Orch. 2.1908.53.



            


	19
	
              


Dendrobium Sw.



	A
	
cunninghamii Ldl. 
Bot.Reg. sub t1756.



            


	20
	
              


Earina Ldl.



	A
	
mucronata Ldl. 
Bot.Reg. 1958.t1699.


	B
	
autumnalis (Forst.f.) Hook.f. 
Flor.Nov.Zel. 1.1853.239.



            


	21
	
              


Bulbophyllum Thouars



	A
	* 
tuberculatum Col. 
Trans.R.S.N.Z. 16.1884.336.


	B
	
pygmaeum (Smith) Ldl. 
Gen.Et Spec.Orch. 1830.58.



            


	22
	
              


Sarcochilus R.Br.



	A
	
adversus Hook.f. 
Flor.Nov.Zel. 1.1853.241.



            


        

        

          

            
References
          

          
The following list of papers containing revised descriptions and illustrations of the New Zealand orchids will probably be useful.

          
            


Trans.R.S.N.Z. 75.1945.367-370 — 
Corybas, Caladenia, Acianthus, Prasophyllum, Pterostylis.

            

" 76.1946.58-60 — check list of species common to Australia and New Zealand.

            

" 76.1947.289-293 — 
Prasophyllum.

            

" 76.1947.572-573 — 
Acianthus.

            

" 76.1947.574-580 — 
Corybas.

            

" 77.1949.226-249 — 
Aporostylis, Townsonia, Chiloglottis, Lyperanthus, Gastrodia, Pterostylis, Calochilus.

            

" 77.1949.398-402 — 
Petalochilus, Caladenia.

            

" 78.1950.101-105 — 
Dendrobium, Earina, Bulbophyllum, Sarcochilus, Pterostylis.

            

" in print — 
Corybas.

            

" in print — 
Thelymitra, Adenochilus, Caleana, Orthoceras, Microtis, Spiranthes.

          
          
The cover illustration is by E. Mervyn Taylor.
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