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Guide to Introduced Wallabies in New Zealand



        

          Guide to Introduced Wallabies in New Zealand
        

        
by 
K. Wodzicki and 
J. E. C. Flux


Animal Ecology Division, Department of Scientific and Industrial Research, Lower Hutt

        

          
Introduction

          

The Kangaroos, wallabies and pademelons form a very uniform group of about 30 species, restricted to Australia and New Guinea. Considerable confusion exists over the current generic names for subdivisions of this group. As we are not concerned with taxonomic relations within the group, we propose for simplicity to use the wide genus 
Macropus Shaw as recommended by Ride (1962), although Calaby's (1966) view that the swamp wallaby is sufficiently distinct to warrant a separate genus (
Wallabia) seems justified.

          
Between 1858 and 1870 about 12 species of marsupial were liberated in New Zealand (Wodzicki, 1950) but only the brushtailed opossum (
Trichosurus vulpecula Kerr) and the wallabies became successfully established. Because of the very inadequate early accounts of which species were introduced and where they came from, there has been much confusion over the species of wallaby actually present in New Zealand. Hutton (1904) lists only the rock wallaby, 
Halmaturus sp., (= 
Petrogale penicillata) and Thomson (1922) apparently considered the wallabies at Waimate and those at Kawau all one species (
Macropus ualabatus = M. bicolor). Wodzicki (1950) increased the total to four species and mentioned a fifth.

          
Wallabies were listed as ‘noxious’ in the Noxious Animals Act, of 1956, and for at least the past twenty years they have been extensively controlled. This situation stressed the need to review



the status and taxonomy of the species present, and led to the rediscovery of 
M. parma, previously considered extremely rare, if not extinct (Wodzicki and Flux, 1967). Recent collections in all areas where wallabies occur in New Zealand indicate that the following six species are present:

          
Red-necked or brush wallaby, 
Macropus rufogrisea (Desmarest) 1817.

          
Black-tailed or swamp wallaby, 
M. bicolor (Desmarest) 1804.

          
Black-striped wallaby, 
M. dorsalis (Gray) 1837.

          
Dama or tammar wallaby, 
M. eugenii (Desmarest) 1817.

          
White-throated or parma wallaby, 
M. parma Waterhouse, 1846.

          
Brush-tailed rock-wallaby, 
Petrogale penicillata (Griffith, Smith and Pidgeon) 1827.

          
Australian guides (Le Souef and Burrell, 1926; Troughton, 1946; Marlow, 1962) are too comprehensive or hard to adapt for use in New Zealand, but the present guide should provide a rapid means of identifying any wallaby found in this country.

        

        

          
Key to Species

          
These brief keys, used in conjunction with Figs. 1 and 2, may be used to distinguish the species found in New Zealand. The characters are amplified in the specific accounts which follow:


Key Based on External Appearance

	Tail bushy; uniform diameter to tip
	
Petrogale penicillata


	Tail tapering
	


	Under surface rufous
	
Macropus bicolor


	Under surface pale, greyish
	


	Dark dorsal and pale hip stripe present
	
M. dorsalis


	Indistinct nuchal stripe, no hip stripe
	


	Shoulder same brownish colour as rest of back
	
M. parma


	Shoulder rufous, distinct from greyish back
	


	Tail and hind foot uniformly coloured
	
M. eugenii


	Tail and hind foot dark towards tip
	
M. rufogrisea




Key Based on Skulls

	First incisor wider than third
	
P. penicillata


	First incisor narrower than third
	


	First tooth or molar row larger than second
	
M. bicolor


	First tooth of molar row shorter than second
	


	Groove on third incisor 2/3 towards rear of tooth
	
M. eugenii


	Groove on third incisor more or less central
	


	Rear edge of third incisor curved
	
M. rufogrisea


	Rear edge of third incisor angular
	


	Third incisor groove posterior to mid line
	
M. parma


	Third incisor groove anterior to mid line
	
M. dorsalis



          


          

            

              

Table 1: 
Average Measurements of Wallabies in New Zealand
              

                
	Species
                
	Sex
                
	Number examined
                
	Average wt. and range (kg)
                
	Measurements in cm. Head and Body
                
	Tail
                
	Hindfoot
                
	Ear
              

              

                
	
                  
M. rufogrisea
                
                
	M
                
	10
                
	13.2 (6.8-22.7)
                
	65
                
	62
                
	22
                
	9.2
              

              

                
	
                
	F
                
	12
                
	10.5 (6.8-13.6)
                
	61
                
	62
                
	20
                
	9.4
              

              

                
	
                  
M. bicolor
                
                
	M
                
	2
                
	12.8 (11.8-13.8)
                
	78
                
	69
                
	23
                
	8.2
              

              

                
	
                
	F
                
	9
                
	10.3 (5.5-14.5)
                
	67
                
	67
                
	20
                
	8.3
              

              

                
	
                  
M. dorsalis
                
                
	M
                
	0
                
	
                
	
                
	
                
	
                
	
              

              

                
	
                
	F
                
	1
                
	12.7
                
	72
                
	68
                
	22
                
	8.5
              

              

                
	
                  
M. eugenii
                
                
	M
                
	10
                
	5.5 (2.9-7.6)
                
	53
                
	42
                
	15
                
	7.2
              

              

                
	
                  
(Rotorua)
                
                
	F
                
	10
                
	4.6 (4.0-5.6)
                
	49
                
	38
                
	14
                
	7.3
              

              

                
	
                  
M. eugenii
                
                
	M
                
	10
                
	3.6 (2.8-5.4)
                
	46
                
	39
                
	14
                
	7.1
              

              

                
	
                  
(Kawau)
                
                
	F
                
	11
                
	3.7 (2.7-4.4)
                
	46
                
	39
                
	13
                
	7.0
              

              

                
	
                  
M. parma
                
                
	M
                
	5
                
	3.8 (3.2-4.5)
                
	49
                
	44
                
	14
                
	6.5
              

              

                
	
                
	F
                
	11
                
	3.1 (2.5-3.9)
                
	44
                
	42
                
	14
                
	6.5
              

              

                
	
                  
P. penicillata
                
                
	M
                
	7
                
	4.8 (3.0-5.8)
                
	53
                
	47
                
	14
                
	6.1
              

              

                
	
                
	F
                
	6
                
	4.3 (2.8-5.6)
                
	52
                
	47
                
	14
                
	6.0
              

            

          

        

        

          
Skull Characters

          
Skull size is a poor key character because adult wallabies continue to grow for several years. The species in New Zealand, however, fall into two reasonably clear size groups: those with skulls of basal length normally in the range of 80-100 mm (
M. parma, M. eugenii, P. penicillata), and larger wallabies with skulls of 100-120 mm basal length (
M. dorsalis, M. bicolor, M. rufogrisea). Within each group the names have been arranged in order of increasing average size, but there is a wide overlap between them.

          
The following characters, most of which are indicated by arrows in Fig 2, are not necessarily unique to the species, but are of value in comparisons. Species likely to be confused are given in brackets.

          

M. parma (M. eugenii, M. dorsalis): Groove of third incisor central and rear portion of tooth points backwards; edge of premaxilla in contact with nasals approximately twice as long as narrowest width below; posterior edges of nasals meet perpendicularly to the centre line; lachrymal and orbitosphenoid meet, or only narrowly separated by maxilla-frontal contact; molars larger than in 
eugenii.

          

M. eugenii (M. parma): Groove of third incisor one third from rear of tooth; front edge of premaxilla convex in side view; nasals widely flared from halfway back, but shape rather variable; parietal ridges do not meet as sagittal crest, and normally remain 5-10 mm. apart; wide zygomatic shelf; zygomatic arch more vertical than in 
parma.

          

P. penicillata: First upper incisor wider than third (not clear in Fig. 2 due to plane of drawing); nasals narrowest in middle and



appear ill-fitting with a wide crack down each side; posterior nasal sutures irregularly tongued: depth of muzzle in side view increases towards the front.

          

M. dorsalis (M. parma): Groove of third incisor towards front half of tooth; posterior edge of nasals indented at midline; nasal narrower than in 
parma despite larger skull size; two shallow longitudinal grooves on first upper incisor.

          

M. bicolor (M. rufogrisea): First tooth of upper molar row larger than second; skull looks flattened due to reduced angle of diastema to molar row; reduced zygomatic process of maxilla; smoothly curved nasals.

          

M. rufogrisea (M. bicolor): Heavy skull; nasals pointed at outer posterior corners; rear edge of third incisor parallels central groove; posterior edges of frontals taper to a point in the midline and do not meet approximately at right angles as in other species.

        

        

          
Accounts of Species

          
Red-necked or brush wallaby, 
M. rufogrisea

          
This species was imported to New Zealand between 1867 and 1870 (Thomson, 1922). One male and two females were liberated on Te Waimate Station about 1874, and these increased to some thousands by 1916 (Studholme, 1954). Their distribution in 1946 is shown in Fig. 3 (inset), slightly modified from Wodzicki (1950). According to the Annual Report of the Rabbit Destruction Council for 1964, wallabies ‘by 1947 had increased to such an alarming extent that some method of control was necessary. From 1947 to 1956 cullers employed by the Wildlife Branch of the Department of Internal Affairs destroyed 68.608. This method of destruction did not even cope with the natural increase of the pest and had the undesirable effect of spreading the animals over a more extensive area’. Following the Noxious Animals Act of 1956 responsibility for wallaby control passed to Forest Service, until the Rabbits Amendment Act of 1959 gave Rabbit Boards power to destroy wallabies, and a special Wallaby Destruction Committee was established at Waimate. Extensive aerial poisoning (Elgie, 1961), followed up by Forest Service shooting, reduced the estimated initial population of 500,000-1,000,000 wallabies on 1,886,000 acres to 3,000-4,000 by 1965, and 2,000 wallabies were killed in 1966 (Annual Reports of the Rabbit Destruction Council, 1964-66). The remaining small pockets of wallabies, from information kindly supplied by the Secretary of the Wallaby Destruction Committee (Fig. 3, inset), appear widely spread; but total numbers are now far lower than in 1946.

          
A second liberation of this species took place about 1948 (Mr. R. Kean, pers. comm., 1966) at the head of Quartz Creek, on Mount





[image: Fig. 1: The six species of wallaby found in New Zealand. Adult males tend to be more brightly coloured than females or juveniles, and there may be considerable individual variation in colour, specially in M. bicolor.]

Fig. 1: The six species of wallaby found in New Zealand. Adult males tend to be more brightly coloured than females or juveniles, and there may be considerable individual variation in colour, specially in 
M. bicolor.





Burke Station, between Lakes Hawea and Wanaka. In 1964 about 50 wallabies were seen on a small area on the northwest face of Mount Maude, and the Forks Rabbit Board is attempting to exterminate the colony (Mr. P. T. Brick, pers. comm., 1966).

          
The red-necked wallaby is one of the larger species found in New Zealand (Table 1) and adult males may reach over 25 kg. It inhabits tussock covered country with scrubby gulleys at 1,000-2,000ft. It is readily distinguished from other species by its clear yellowish-rufous neck and shoulders, long pale grey or fawn fur over most of the body, and black-tipped hind feet and tail (Fig. 1). As it is the only species recorded in the South Island, and does not occur in the North Island, no confusion is possible if the locality is known.

          
Black-tailed or swamp wallaby, 
M. bicolor

          
Thomson's (1922) records of the introduction of this species clearly refer to 
M. rufogrisea, and it can only be presumed that Sir George Grey was responsible for its liberation on Kawau Island, the only place in New Zealand where it occurs, about 1870.

          
The black-tailed wallaby, known on Kawau as the ‘wallaroo,’ is easily distinguished from other species on the island by its large size, rich dark colours and tapering dark tail (Fig. 1). One of the males included in Table 1 was a three-year-old captive animal in good condition which weighed 11.8 kg. Le Souef (1929-31) considered that two skins from Kawau belonged to ‘the sub-species 
apicalis type’ and mentioned that the fur was ‘longer and softer with the overlay of black hairs on the back more marked’ than in Australian skins.

          
This species occurs over most of Kawau in damp or scrubby areas, but is not abundant compared with 
M. eugenii and 
M. parma. Of 59 wallabies seen alive in the southern and central parts of the island by the senior author in May 1966, 49 were 
M. eugenii or 
M. parma, 6 were 
Petrogale penicillata and only 4 were 
M. bicolor. Similarly, of 118 skulls collected in September 1966, 73 were of 
M. eugenii, 40 
M. parma, 2 
Petrogale penicillata and 3 
M. bicolor. The faeces tend to be more oblong than in other species of wallaby.

          
Black-striped wallaby, 
M. dorsalis

          
This species was presumably liberated on Kawau Island by Sir George Grey about 1870. Le Souef (1929-31) described the fur of two skins from Kawau as darker and thicker than in Australian specimens, but Dr. W. D. L. Ride (pers. comm., 1958) considered the skins may have been mis-identified. Certainly the specimen in the Auckland Museum (Mamm 47.1) recorded as 
dorsalis collected on Kawau in 1940 seems mis-identified. The six skulls at Auckland have been re-examined and found to comprise two specimens of 
M. parma, two 
M. eugenii, one 
M. bicolor and one 
P. penicillata,





[image: Fig. 2: Lateral view of anterior part of skulls, and dorsal view of nasal bones. Useful identification characters are indicated by arrows. For details see text.]

Fig. 2: Lateral view of anterior part of skulls, and dorsal view of nasal bones. Useful identification characters are indicated by arrows. For details see text.





but no 
dorsalis. Mr 
E. G. Turbott (
in litt., 1947) stated that one skull ‘appears to be a hybrid between 
Wallabia dorsalis and 
Thylogale eugenii, or more probably a local modification of 
T. eugenii’ and this description would fit 
parma reasonably well.

          
People living on Kawau do not recognise a description of 
M. dorsalis, and no skulls were found among 118 collected on a recent visit in September 1966. The only convincing record is of a female with joey poisoned in 1954, identified by Mr. R. Kean, New Zealand Forest Service. Although the skin and skull of this speciment have been lost, and only a photograph remains, the measurements kindly provided by Mr. Kean (Table 1) clearly lie outside the range of 
M. parma, and there is no other species on Kawau with which 
dorsalis could be confused.

          
The black-striped wallaby is now very rare, if not extinct, on Kawau, and does not occur elsewhere in New Zealand. Consequently the colour plate (Fig. 1) is based on Australian descriptions. Ride (1957) suggests that 
dorsalis in Australia may show geographical variation in coat colour, from pale sandy forms in the north to darker russet brown forms in the south. He also mentions that the pale hip stripe may be faint or absent in dark animals, and this is the colour form one might expect to have developed on Kawau. No hip stripe is shown in Mr Kean's photograph, but there is a prominent dark stripe from the nose to the eye.

          
Dama or tammar wallaby, 
M. eugenii

          
The dama wallaby is found on Kawau Island, where it was presumably introduced by Sir George Grey about 1870, and also on the mainland in the Rotorua area. The origin of the mainland wallabies is obscure. According to Forest Service and Wildlife Branch of the Department of Internal Affairs, they were liberated by the late Mr. H. R. Benn at the southern end of Lake Okareka about 1912, although Mr. W. Pakes of Rotorua, a close friend of Mr Benn, tells us that he never heard of any wallabies being liberated by Mr. Benn. At any rate, by 1930 dama wallabies were well established and provided good shooting (Mr. R. W. S. Cavanagh, pers. comm., 1966). Their range has apparently increased between 1946 and 1966 (Fig. 3, inset) from information kindly supplied by Mr. H. Vipond of Forest Service, and Mr. A. H. Dukeson, Secretary, Pongakawa Rabbit Board, Rotorua.

          
The dama wallabies at Rotorua are larger on average than those on Kawau (Table 1). The largest male (7.6 kg.) and female (5.6 kg.) from Rotorua are considerably heavier than the largest ones from Kawau (5.4 and 4.3 kg. respectively), although the samples are too small to do more than suggest that different sub-species of 
eugenii may have been liberated in the two areas. Males tend to be more brightly coloured with more red on the shoulder than females, but there is no obvious difference in colour





[image: Fig. 3: Distribution of introduced wallabies in New Zealand. The species present in each area are: Kawau — M. bicolor, M. dorsalis, M. eugenii, M. parma and P. penicillata; Rangitoto and Motutapu — P. penicillata; Rotorua — M. eugenii; Waimate and Hawea — M. rufogrisea. Stippled areas in insets show the 1946 and 1966 distribution.]

Fig. 3: Distribution of introduced wallabies in New Zealand. The species present in each area are: Kawau — 
M. bicolor, M. dorsalis, M. eugenii, M. parma and 
P. penicillata; Rangitoto and Motutapu — 
P. penicillata; Rotorua — 
M. eugenii; Waimate and Hawea — 
M. rufogrisea. Stippled areas in insets show the 1946 and 1966 distribution.





between the Rotorua and Kawau wallabies. In the field their main distinguishing features are their small size, silver grey back and reddish shoulder (Fig. 1).

          
Around Rotorua dama wallabies are usually found in patches of native bush or scrub from which they emerge at night to feed on nearby paddocks. They make ‘runs’ in the grass as rabbits do, where they can be snared. On Kawau they are the most numerous species present, especially at the southern end of the island and on the central clearings (71 of 86 skulls found) where the vegetation is more open. They are blamed for damage to newly planted pines on Kawau and as many as 3,000 were shot and poisoned in one year by local landowners. Around Rotorua wallabies are controlled chiefly by the Pongakawa Rabbit Board and the Forest Service and many are shot by farmers.

          
White-throated or parma wallaby, 
M. parma

          
The white-throated wallaby is the eastern representative of the 
eugenii group of small wallabies (Thomas, 1888) and used to be plentiful around Sydney. Troughton (1946) considered that it was probably extinct in Australia and when Ride (1957) reviewed its taxonomy he was able to find only 12 museum specimens in existence. Following a suggestion by Dr. W. D. L. Ride (
in litt., 1958) that 
parma might have been liberated on Kawau, the species has recently been re-discovered there (Wodzicki and Flux, 1967).

          
As the dama and white-throated wallabies are of similar size and general appearance, and both are common on Kawau, their distinguishing features may be listed in detail. 
M. eugenii is known locally as the ‘silver grey’ wallaby to distinguish it from 
M. parma which is called the ‘small brown,’ and this colour difference is the best guide for rapid identification in the field. The reddish shoulder, shorter rat-like tail, and wider, more diffuse pale cheek stripe of 
eugenii are also useful in separating it from parma (Fig. 1). Most of the 
parma we observed in the field had a relatively long dark tail with a white or cream coloured tip which was far more conspicuous in live animals than in shot specimens or skins. In the hand, 
parma may be recognised by a small yellow spot at the notch of the ear, and the shape of the third incisor (Fig. 2).

          
The white-throated wallaby has been recorded from most parts of Kawau and is more common than the dama on the northern half of the island (25 of 31 skulls found) which is covered with thick scrub (mainly 
Leptospermum ericoides with a little 
L. scoparium). They spend the days in thick scrub, and several were seen feeding in the evenings in gardens of cottages at Vivian Bay on the north coast. Since the area of scrub has increased in recent years (Mr. R. Kean, pers. comm., 1966) it seems likely that 
parma has increased in numbers at the expense of 
M. eugenii; and,



following the extensive control of wallabies (mainly 
eugenii) in the plantations at the south of Kawau, 
parma could become the commonest species on the island.

          
Brush-tailed rock-wallaby, 
Petrogale penicillata

          
Thomson (1922) records that the Auckland Acclimatisation Society received a rock wallaby 
‘Petrogale xanthopus?’ from Sir James Fergusson in 1873, but that there was no later report of it, and that Mr. John Reid liberated small brown rock wallabies on Motutapu. From there they spread across a narrow neck of land to the adjoining Rangitoto Island, and were recorded as numerous by 1912. A second introduction may have been made by Sir George Grey, as the species occurs also on Kawau.

          
This is the most brightly coloured of the wallabies found in New Zealand and its bushy tail readily distinguishes it from all other species (Fig. 1). Le Souef (1929-31) found that two skins from Kawau had darker, more silky fur than Australian specimens, with all markings more contrasted and the buttocks a brighter foxy-red than usual. As the skins tend to fade very rapidly however, one wonders whether the comparison was made with fresh Australian material or not.

          
Rock-wallabies are very agile and can climb as high as 12ft. on sloping trees, but feed mainly on grassy clearings above the cliffs. They appear to be most numerous on Motutapu, where 517 were shot in 1965 by Forest Service for Lands and Survey Department. On Kawau they seem scarce but occur wherever there are cliffs: in May 1966 six were seen in a total of 59 wallabies identified, and in September 1966 none were seen and only two of 118 skulls found were of rock-wallables. Rangitoto is mostly recent scoria, with a fragmentary vegetation (Millener, 1953), so that the rock-wallabies are not restricted to cliffs but occur in small numbers all over the island, congregating only at refuse dumps in search of scraps. Between 1948 and 1950 several hundred were trapped on Rangitoto, mainly for skins.

        

        

          
Discussion

          
Of the 12 species of wallabies introduced into New Zealand almost 100 years ago, six became established, although one of these is now very rare. The two species on the mainland have not spread far from their original points of liberation.

          
With the realisation of the extent of competition for grazing and of damage by introduced mammals, the pendulum of public opinion swung from acclimatisation to extermination. Animals had been introduced without carefully considering the species involved or how they would adapt to or modify their new environment, and extermination attempts were begun in the same unscientific way.



Under the Noxious Animals Act of 1956 ‘Wallabies (family Macropodidae)’ are indiscriminately proscribed; and as recently as 1962 the Rabbit Destruction Council's annual report, writing of Kawau Island, states: ‘It is, however, a pity that a vigorous campaign of destruction is not waged against wallabies wherever they are, in an endeavour to eliminate this pest from the country entirely’. Had this been done the world would have lost the 
parma wallaby, a species of almost as much interest in Australia as the takahe in New Zealand; and this emphasises the need for a more tolerant approach to the introduced animals which have become part of the New Zealand environment.

          
Very little is known about the wallabies in New Zealand, despite the extremely favourable conditions for study here compared with Australia. Even the list of species present may not yet be complete, as there are rumours of a second species in the Rotorua area and of a mainland colony of rock-wallabies in Northland, which we have been unable to verify. It is hoped that this guide will stimula interest in a neglected group.

        

        

          
Summary

          
Six species of wallaby introduced into New Zealand from Australia about 100 years ago have become established. These are the red-necked wallaby (
Macropus rufogrisea) in South Canterbury and near Lake Hawea; the black-tailed (
M. bicolor) and black-striped (
M. dorsalis) wallabies on Kawau Island; the dama wallaby (
M. eugenii) on Kawau and around Rotorua; the white-throated wallaby (
M. parma) on Kawau; and the brush-tailed rock-wallaby (
Petrogale penicillata) on Kawau, Rangitoto and Motutapu Islands. A key is provided for their identification.
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Introduction

          

Despite All That has been Published on the various branches of photography, there appears to be little dealing with the subject as applied to either our own New Zealand forests or those of other countries.

          
In part one of this article, we shall deal first with the broader implications of the subject and, later, with some more specific examples.

          
‘Bush’ photography is less of a technique in itself than a variety of existing individual techniques to be applied as the occasion demands. It is an advantage to have had at least some experience in a number of fields. Architecture with its problems in light and shade, perspective and the frequent necessity for working within a confined space could well be one of these. At all events our ultimate aim should be to produce clear sparkling detail in every picture. It is not always possible to achieve such perfection, but with a little thought and consideration, we may at least avoid some of the major pitfalls. The best place to plan the making of a picture is at the very beginning. If our original camera position has been poorly chosen, no amount of technical skill is likely to improve a bad angle of view. Take time to study the scene from every viewpoint—perhaps a few feet to the left or right, higher up or lower down. Many a picture has been ruined by the careless masking of some vitally important feature. Small pieces of ‘bric-a-brac’ can assume the proportions of monsters in front of the lens. Even if some important feature is not completely blotted out this sort of thing can do nothing to enhance what little aesthetic value the picture might finally have.

          
The axiom that a scientific photograph should be a true and faithful representation of the original subject automatically excludes any form of deliberate faking, yet this is no reason to be content with something which is merely a dull and soulless record. ‘Sacrilege,’ cry the purists, ‘It is sinful for man to attempt to improve upon Nature.’ Whether this is true or not it is obvious that the process of tidying up could quickly get out of hand if taken to extremes. Good taste should play its part. It is a curious thing but in the clearing of rubbish and litter from the forest floor the situation is very



quickly reached where it starts to look all ‘wrong’ anyway. At this stage the ecologist may well complain, but with so many of the modern cameras fitted with ‘brilliant’ type viewfinders, it should not be difficult to see exactly how much ‘tidying’ is really necessary.

          
Balance within a picture is important. Essential features should bear a harmonious relationship with one another. If there is one dominant feature, it should sit boldly within the boundaries of the four sides with all irrelevant detail either subdued or trimmed away, leaving no doubt as to what the photographer is trying to show.

          
A number of these problems can fairly be dealt with later on at the printing stage, but, as a parallel to an earlier remark it is best to pay attention to them from the very beginning.

          
The use of ‘Design and Composition’ in scientific photography must occasionally be limited, but they are as desirable in this field as in any other. To those unfamiliar with the terms ‘Design and Composition’ there could be a very real danger of implying a state of artificiality; yet if these are substituted by the word ‘Pattern’, the meaning immediately becomes clear. Pattern, in one form or another, is always present in nature—sometimes obvious, sometimes not.

          
Generally the mere repetition of a certain shape tends to produce its own harmony, so whether we like it or not, even the most ardent ‘copyists’ among us will have unwittingly, or perhaps unwillingly, reproduced the elements of design.

          
By imposing our own personality upon a scene we enable others to see that particular scene through our own eyes, but where scientific photography is concerned, this approach must be kept within bounds. On the other hand, if the photographer is not permitted to interpret nature, may he at least be permitted to assist her.

          
Innumerable books have already been written on the subject of design, and the student should have no difficulty in making a suitable choice.

        

        

          
Notes on Cameras

          

            
There is virtually no limit to the variety of cameras, films, equipment etc., for this type of work, but if we are interested in quality, nothing less than the best will do. It is for the individual to decide whether to use a large format camera, a medium format camera, or a 35 mm. Essentially he will have to choose between large negatives, medium sized negatives, or small, but one thing common to all three, most decidedly will be a good lens. It is useless contemplating serious work with a lens which is incapable of good resolution.

          

          

            

              
35 mm Cameras
            

            
To the average person concerned mainly with producing high quality photographs within a limited range, the 35 mm camera has
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much to recommend it. It is light and easy to carry, convenient for stowing in a pack and easily handled. Owing to its comparatively short focal length standard lens, reasonably good depth of focus is obtained with wide apertures which is a distinct advantage when working under poor lighting conditions. There is a far greater range of colour films for this size than for any other and, of course, it is very economical to run, especially when using the 36 exposure film as against 20. In the event of any uncertainty in exposure, it is comforting to be able to make a series of different exposures of a particular subject and choose the best. The increase in cost is kept to a minimum.

            
There will be a few in the 35 mm brigade who would probably have little use for any other than a standard 50 mm focal length lens, but the great majority will certainly require a shorter focal length of about 35 mm and at least one telephoto lens,

* preferably about the 100 mm to 150 mm range. These days the popular one is 135 mm.

            
On the debit side, by far the greatest disadvantage of small cameras such as the 35 mm is the increased difficulty in maintaining quality especially in the larger sized prints, be they black and white or colour; although to be fair, we must concede that unsharp colour prints are slightly less distracting than are unsharp black and white. It is also inconvenient with any roll film (‘paper backed’ roll film in particular) to give each negative individual development and it is very frustrating to have to waste the greater part of a film for the sake of one or two exposures which may be required urgently. With 35 mm film it is possible to cut off lengths of film and develop them separately if necessary.

          

          

            
Medium Format Cameras (2¼″ × 2¼″, 2¾″ × 2¼″, 3¼″ × 2¼″)

            
Medium sized camera enthusiasts are today far better catered for than in the past. Over the last few years, as with 35 mm




* At this point a word concerning telephoto and long focus lenses might not be out of place. Confusion often arises as to what is meant by these two expressions. As a rule telephoto lenses are those in which the internal components have been constructed in such a way as to reduce their overall length, thus often making them considerably shorter, lighter and less bulky than their plain long focus counterpart. For this reason a telephoto lens is invariably used for long distance work even though a long focus lens gives a better overall image. A telephoto lens gives a good sharp image dead centre of the negative with progressive loss of quality towards the corners, whereas a long focus lens reproduces a flat field diagonally from corner to corner. The long focus lens is inconvenient in the field, but comes into its own in 35 mm macrophotography where we are dealing with image-subject proportions of around one to one, by enabling us to work at convenient distances from the subject. Those of us who have ever tried to illuminate a small specimen when using a standard lens on a 35 mm camera will appreciate the above remark.




cameras, many new names have emerged and most of the best are of Japanese origin — among then the Bronica (single lens reflex) and the Yashica (twin lens reflex). At one time the Rolleiflex and the Rolleicord virtually had the field to themselves but now the scene has changed and the choice is considerably wider.

            
The chief advantages of this size camera are the combination of relative lightness and compactness, coupled with the ability to produce a larger negative than the 35 mm. A further desirable feature found in the Hasselblad, the Bronica and recently the new single lens Rolleiflex is that all have detachable roll film magazines.

          

          

            
Large Format Cameras (4″ × 5″ upwards)

            
The larger format cameras are usually expensive to buy and expensive to run which puts them out of the strictly amateur range, but, as this article is intended for the more advanced worker as well, it will be in order to dwell on a few details concerning the Linhof Technika and such others as possess the same or similar camera movements.

            
The writer is fortunate indeed in that his Linhof and accessories are all provided for him and all that is expected of him is that he produce good pictures. The once popular 1/4 plate camera seems to have almost totally disappeared from the market leaving the 4″ × 5″ to take over. The two great drawbacks of the 4″ × 5″ are considerable increase in weight and running cost, both of which are more than offset by a vastly superior all round performance.

            
In this country large format cameras today are usually such well-known makes as the 4″ × 5″ Linhof Technika. A few of the older popular makes such as the ½ plate Thornton-Pickard will still be in use in some of the photographic studios as copying cameras, or even as enlarger bodies, but there is such a small number used in the field that for the purpose of this article they may safely be ignored. The Technika although a vast improvement on its predecessor the Field Camera, is basically rather slow and ponderous, but, for most bush work, that is no great disadvantage. It will need a good heavy tripod with legs that will sit firmly on the ground.

            
Another popular modern technical camera, is what is known as the ‘Monorail’ (e.g. Linhof Karden-Color). This is built on the principle of the optical bench. The whole camera unit is mounted on a single rail and although more versatile than the Linhof Technika, it is unfortunately suitable for only static subjects. Although it is ideal for many subjects, including bush work, it lacks the manoeuvreability of such makes as the Linhof Technika. Obviously, for the amateur, one would have to have an enormous amount of this kind of work to do to make the purchase of the



Monorail worth while. It was this fact alone which decided the writer in favour of the Technika.

          

        

        

          
Notes on Black and White Films and Developers

          

            
The writer has at one time or another tried almost every trick in an attempt to reconcile high film speed with fine definition, with only limited success. We find ourselves in a position from which there appears to be no escape. Films are broadly divided into three main classes — slow, medium and fast. Those with the slowest speed have the finest grain and those with the fastest speed have the coarsest grain. So, on the one hand, we have the slow fine grain films giving the finest acutance (edge definition) but with considerable contrast, and, on the other, we have the fast films, with the coarse grain, giving us the speed and the reduced contrast we so much desire, but with an appreciable reduction in acutance. Vainly we search for a means to give us the necessary combination of speed, tone and detail. In desperation we turn to experimenting with developers. We read all the available literature on fine grain developers. We are impressed by all the advertisements proclaiming new and improved formulae for high speed, fine grain developers. We try them all and still the answer eludes us till, in the end, we appear to finish up exactly where we started. Sadder, but so much wiser, we come to understand that normal fine grain developers reduce grain and definition at the same time, and fine grain high speed developers do, in fact, increase the speed, but still leave a lot to be desired as regards fine grain. Many ultra fine grain developers offer little or no advantage with most types of high speed materials over ordinary fine grain developers with medium speed materials. Not only do most fine grain developers lower the effective emulsion speed of films but also most of them lower the effective speed of the faster films more than they do the slow. Something else which emerges from all this is that for average work too low contrast, in any sensitized materials is a disadvantage, but for our purposes it must be accepted as the only way to combat extreme contrast in the original scene.

            
It is next to impossible to offer definite advice as to what specific films or developer to use but the writer is currently using Agfa Record 4″ × 5″ with Rodinal 1-100 with surprisingly good results. Sooner or later one has to make up one's mind what combination to use and, in this instance, high speed film was chosen in conjunction with a soft working developer. Without too much stress on advertising, the comparatively high resolution which all Agfa films give, is a considerable help in offsetting the difficulties engendered by using a soft working developer.

            
One excellent way of overcoming excessive contrast is by selective printing, which means allowing for only the tonal range which is of



interest to us, whether it be high, low or medium tones. This is comparatively simple to do: when assisted by selective shading and selective development with a swab of cottonwool soaked in warm developer on the thin poorly exposed areas of the print, the results should be even better.

            
Another good method of extending detail in the print is by the application of Farmer's Reducer on the clogged up highlights of the negative and very careful application of Farmer's Reducer to the darker shadows of the print. It should be noted that too strong or too prolonged use of this mixture will result in a discolouration of the print which is totally unacceptable. Fortunately, if a block is to be made of such a print, this discolouration will probably have little effect on the published image.

            
Water bath development of negatives and/or prints can be useful. This method allows the developer, in both cases, to build up the detail in less heavily exposed areas, while at the same time, suppressing the development of the more heavily exposed. Briefly, the negative or print is developed for a short period and then left without agitation in plain water so that the heavily exposed areas soon exhaust the developer with which they have become impregnated, while the action still continues in the lightly exposed areas. The plain water does nothing more than prevent uncontrolled ‘blotchiness’ in development. The one danger here is the risk of staining the negative, or, more disastrously, the print.

            
A more difficult technique, which could conceivably be used, is that of Tone Separation Negatives. As this is comparatively complicated, it does not lie within the scope of this article. In effect, it consists of making two negatives from the original negative to be printed in exact register and one after the other. One of these is intended for printing the highlights, and the other for the shadows, leaving the tones in between to sort things out for themselves. This they apparently do without over much difficulty.

            
A very popular technique, and slightly similar to the above, is that of masking. A weak soft positive transparency is made from the original negative and printed in accurate register with it. When enlarged together as a unit, one will tend to cancel out the other, thus having the desired effect of reducing the contrast.

            
A word of warning — the last two methods take quite an appreciable amount of care during registration, thus reducing their value for subjects containly much fussy detail.

          

          

            
Fill in Flash

            
Fill in flash has long been used as a simple and practical means of infusing quality in the shadows and is even better for colour than for black and white providing the area to be covered is not too large. In actual fact, when we come to cover really large areas,



even multiple flash seems totally inadequate. On the other hand, unless we are deliberately reversing the situation over a small area we must remember to keep it purely as a fill in, and at no time must it appear to take charge. Once this happens, all feeling of sincerity is lost and we begin to be accused of faking. For publication the ideal light source ratio will be 4:1 for black and white and 2:1 for colour. Normal viewing of prints whether black and white or colour does however allow more.

          

          

            
Exposure

            
All exposures must be as brief as possible, not only to arrest movement caused by the wind, but also to assist the acutance of the film. ‘Correct’ exposure is difficult to define but for our purpose it is based on the amount of detail just visible in the useful shadows and any greater exposure will achieve nothing more than to provide additional unwanted silver image directly affecting acutance. As with Agfa films, so it is with Agfa paper. Its ability to render detail is undisputable. One mitigating factor, which must not be overlooked is that if the final print does appear flat, we may rest assured that generally it will appear considerably sharper if and when it is reproduced for publication. This does not hold for newspaper work in which the coarse screen demands a print of considerable contrast. Under these conditions, the finer detail will not be reproduced anyway.

          

        

        

          
Forest Photography

          

            
For convenience the subject of ‘Bush Photography’ is divided into the following sub-headings:

            


	(1)
	
                General views of canopy.
              


	(2)
	
                General views of interior.
              


	(3)
	
                ‘Close ups’ and semi ‘Close ups’ of individual features of interior.
              


	(4)
	
                A special case involving the use of a telephoto lens.
              


          

          

            
General Views of Canopy

            
The above heading implies a panorama over a wide area showing as much detail as possible of each individual tree in relation to its neighbour. One is not bound to use a certain type of camera for any particular aspect of bush photography, but in order to produce a print large enough to show sufficient detail it is an advantage to use a larger format camera. Other requirements will be a good high quality precision lens of normal focal length or wide angle.

            
As these photographs should be taken at infinity and in bright sunlight it will not be necessary to stop down too far to obtain depth of focus; therefore a comparatively slow film of medium



contrast may be used. A tripod should be used wherever possible. Many photographers still do not appreciate the amount of shake in a hand held camera. It can be irksome carrying a large solid tripod in the bush, but results will always pay handsomely, especially where considerable enlargement is required from the negative. For black and white photographs there is no substitute for good bright clear sunshine at an angle of about 90° to the axis of the lens and in the morning for preference. (Usually morning light from about 9.00 a.m. till just before midday possesses a sparkling quality which is not present during the remainder of the day.) For colour, this general rule could be modified to include slight high white cloud. Colour films have much less latitude than have black and white and so anything that will compress the tonal range in this particular case without blurring the precious outline, will be an advantage.

            
For this type of work the writer has used to good effect Ilford FP3 and Ilford Pan F both developed in Ilford Hyfin. They provide a subtle balance between good full tonal range on the one hand, and clear cut definition on the other. The writer has also found that whereas all the Agfa films appear to have much higher resolution and give good definition they tend to fall short on tonal range. Similarly, slow or medium speed colour films are to be preferred to fast. So far, for 35 mm work Kodachrome II and Agfacolor transparencies (except for a tendency towards a slight brassiness in the latter) have proved superior, but it must be emphasised that for best results there still should be plenty of sunshine.

            
The use of filters is strongly recommended. For black and white occasional use of a U.V. might assist in cutting the distant haze, but for average work a × 2 yellow or a light green or mid green are sufficient. Orange or red should never be used at all where detail in foliage is required. Polarizing filters are slightly more tricky, and no really hard and fast rule can be laid down. On the one hand, while they may be useful in cutting haze, the elimination of specular reflections, mostly from leaves, is not always an advantage. Unfortunately, the latter effect, under certain lighting conditions, has a tendency to destroy the outline of the individual trees and we may find ourselves undoing a lot of the effect we have been striving to achieve.

            
At all times a colourless U.V. filter may be attached to or incorporated in a lens

* and forgotten about, in the knowledge that even if it cannot do any good, it at least cannot do any harm. There are, however, also deeper and stronger U.V. filters which




* This does not take into account that, whereas earlier lenses were either ‘uncoated’ or ‘blue coated’, the more recent Japanese ones are ‘yellow coated’ thus often reducing the necessity for using U.V. filters at all.
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should always be used with caution. Some, such as a Kodak-IA (pale pink). and Lifa C.R. 1.5 (light straw colour), are intended for use with standard colour films when the overall blue cast is excessive — such as at midday in summer with a clear blue sky, or in open shade under a clear blue sky, or even on a cloudy day with minimum sunshine. It should be borne in mined that film



(particularly colour film) is inclined to register ultra violet light more readily than does the eye. Polarizing filters, under the right conditions, have the very desirable and practical effect, in colour films, of enriching the colour by the process of minimizing reflections. Again unfortunately, as in black and white, the latter effect may have a tendency to destroy the outline of the individual trees.

            
For black and white aerial work, at altitudes low enough to record any detail in the canopy, it is necessary to use a faster film such as Ilford H.P.3 or its equivalent

* particularly if one wishes to use a green filter. This in turn will probably necessitate the use of a harder grade of paper in printing to obtain comparable contrast. For colour, on the other hand, by using a larger lens aperture (owing to faster shutter speed) on a 35 mm camera, it will be possible to just scrape by with Kodochrome II. A factor which must be considered with aerial work, as indeed with many other kinds of photography, is that when a lens is used at either its minimum or maximum aperture, performance falls off very considerably consequently in this case it is unwise to consider the use of an aperture greater than one stop below maximum.

            
In the manufacture of any lens, it is possible to have only one aperture of maximum efficiency. In a standard lens with a range of from f22 to f5.6 or f4.5 this would appear to be in the vicinity of f8 or f11.

          

          

            
General Views of Interior

            
We will probably find the heading ‘General Views of Interior’ comprises a greater variety of work than any of the other three and also a considerable amount of what applies to this group applies to at least two of the others.

            
Before attempting any discussion on any particular films at this stage it will be necessary to appreciate the lighting conditions most commonly encountered in the bush. Contrast will be the key word and all our efforts must be directed at compressing the tonal range without too much loss of sharpness in the final print. By using a soft film, soft developer and by printing on soft paper, it is not very difficult to make a print which will probably be very reminiscent of a soft, flat, fuzzy out-of-focus portrait.

            
Unfortunately, the situation demands a much more subtle approach than that. We aim to produce a high quality scientific photograph with full tonal range from near white to near black, with pinpoint definition throughout the critical areas. This is not so easily done.

            
Ideal lighting conditions could scarcely be more different from




* The writer has many times used Ilford F.P.3 film with Microphen developer in an attempt to increase the speed, but the final results have been less successful than when using H.P.3 with I.D.11.




those of the first group. Bright sunshine is definitely a disadvantage either for colour or black and white — in fact the more cloud, without being too heavily overcast, the better. Even under the latter conditions the wide range of tonal contrast is difficult to cope with but with bright sunshine it becomes impossible. Most films and transparencies are capable of rendering a tonal range of approximately 100:1, which is substantially below the maximum range found in nature. The transition from film to print leads to a further reduction in tonal range. Glossy bromide prints can only accommodate a range of approximately 60:1, and matt prints approximately 20:1.

            
Although most of us are aware how great a range of tone the eye can actually perceive, it still comes as a surprise how difficult it is to induce detail into the shadow and highlight portions of the final print. In fact, it is often a bitter disappointment especially as the original scene really did look so attractive in the viewfinder or on the ground glass screen. It is in this category that the problem of reducing contrast looms largest and it is often necessary to utilise many of the methods described under the heading ‘Notes on films and developers’.

            
Filters recommended in this group will be yellow or light green or mid green for black and white and pale pink or straw for such films as Kodochrome II (Daylight). Kodachrome X, with its faster speed, is designed for work under difficult conditions and although it requires less use of U.V. filters and generally less pampering for comparable results, it lacks good definition and produces a decided yellow veiling of the highlights. Kodachrome II should really not be used for exposures slower than ⅕ second without the assistance of compensating filters whereas, with Kodachrome X, it is possible to go to ½ second without compensating filters. Intelligent use of these filters could be regarded as taking one out of the amateur into the professional category. Most of us are aware that ultra violet light possesses a higher frequency than does any of the visible colours of the spectrum and so, on passing through cloud, the warmer colours tend to become filtered out, leaving the ultra violet to pass on virtually unchecked. As standard colour films are designed for use in balanced daylight, this is the very reason why any adjustment is necessary for their use in dull weather. One more factor which must be taken into account is that the light in the bush will have an overall tendency towards green. This will produce a corresponding colour cast in the film and will be fairly persistent no matter what colour film is used.

            
A whole series of CC filters are available primarily for the correction of colour casts in colour printing from colour negatives, and these filters are ideal for this purpose as well. The filters are available locally in 2 × 2in and 3 × 3in gelatine sheets and are
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Fig. 3: (Left). Interior (large area within forest). 4″ × 5″ Agfa Isopan Record cut film. Developed in Rodinal 1 - 100. X2 yellow filter. Printed on Agfa Portriga with considerable holding back in large shadow areas. Pronounced reduction on lower half of print. Heavily overcast sky. Negative exposed under ideal lighting conditions for this type of work.—cf. right-hand photograph.


(Right). Interior (large area at forest edge). 4″ × 5″ Ilford H.P.3 cut film. Developed I.D.11. (overexposed and underdeveloped). Printed on Agfa Portriga with considerable holding back in large shadow areas and prolonged local printing in distance and middle distance. All larger shadow areas relieved with local reduction. Slight diffusion by high white cloud. Negative exposed under difficult lighting conditions resulting in contrast between heavy shadow in foreground and brilliant harsh lighting in distance. During the process of reduction of foreground shadows some local highlights have become bleached out. In order to prevent attention being distracted too much fom the main subject, it was found necessary to stipple these areas in again with the assistance of black photographic dye.





extremely cheap. The expensive form is of optical glass and is available on indent only. However, in photographing forest interiors irrespective of the density required to remove the colour cast Magenta is the only one which should concern us.

            
The following table contains a complete list of all the Kodak CC filters available with a corresponding exposure increase in stops.

            

              

                

                  

Kodak Cc Filters — Exposure increase in stops
                
                

                  
	
                    
Yellow
                  
                  
	
                    
Magenta
                  
                  
	
                    
Cyan
                  
                  
	
                    
Red
                  
                  
	
                    
Green
                  
                  
	
                    
Blue
                  
                

                

                  
	CC05Y _
                  
	CC05M ⅓
                  
	CC05C ⅓
                  
	CC05R ⅓
                  
	CC05G ⅓
                  
	CC05B ⅓
                

                

                  
	CC10Y ⅓
                  
	CC10M ⅓
                  
	CC10C ⅓
                  
	CC10R ⅓
                  
	CC10G ⅓
                  
	CC10B ⅓
                

                

                  
	CC20Y ⅓
                  
	CCC20M ⅓
                  
	CC20C ⅓
                  
	CC20R ⅓
                  
	CC20G ⅓
                  
	CC20B ⅔
                

                

                  
	CC30Y ⅓
                  
	CC30M ⅔
                  
	CC30C ⅔
                  
	CC30R ⅔
                  
	CC30G ⅔
                  
	CC30B ⅔
                

                

                  
	CC40Y ⅓
                  
	CC40M ⅔
                  
	CC40C ⅔
                  
	CC40R ⅔
                  
	CC40G ⅔
                  
	CC40B 1
                

                

                  
	CC50Y ⅔
                  
	CC50M ⅔
                  
	CC50C 1
                  
	CC50R 1
                  
	CC50G 1
                  
	CC50B 1 ⅓
                

              

            

            
In addition to removing colour casts CC filters may be used to counteract effects of storage, processing conditions and reciprocity failure.

            
All films (black and white and colour) are subject to the ‘Law of Reciprocity’ 

* failure when used with long exposure times. The




* 
Reciprocity Law

(Quote: The Focal Encyclopedia of Photography.)

Photographic exposure is the result of allowing light of a certain intensity to act on a sensitive emulsion for a specified time. According to the reciprocity law of photochemistry, so long as the exposure (light intensity × time) remains constant, the response of the emulsion is the same — i.e. if the intensity is doubled and the time halved, the blackening produced on development should be unaffected.

In practice photographic emulsions do not strictly follow this law. The maximum blackening is produced by exposure for a moderate time to a moderate intensity of light. Very low intensities of light with correspondingly long times or very high intensities with very short times produce less effect. The resulting reciprocity failure may show itself with the very short exposure of electronic flash or with very long exposures (e.g. in astronomical photography. In either case more than the calculated exposure (up to three times normal) may be required.




long exposure made necessary by low light intensity must be further increased to compensate for this ‘reciprocity failure’. The same applies to colour film but with an additional exposure increase appropriate for whichever CC filter is used. Photographic text books insist that these suggestions are to be taken as guides only and, for critical work, they should be checked by practical tests.

            

              

                
Reciprocity Failure and CC Table
                

                  
	
                  
	Filter adjustment and exposure increase in stops
                  
	
                  
	
                  
	
                

                

                  
	Film
                  
	
                  
	Exposure time (seconds)
                  
	
                  
	
                

                

                  
	
                  
	
                    
1/10
                  
                  
	1
                  
	10
                  
	100
                

                

                  
	
Kodachrome II Daylight-type
                  
	CCOSR + ⅓
                  
	CCIOR + ⅔
                  
	CC20R + 1 ⅓
                  
	CC25R + 2 ⅓
                

                

                  
	
Kodachrome II 
Prof. Type A
                  
	CC05R + ⅓
                  
	CC10R + ⅔
                  
	CC20R + 1 ⅓
                  
	CC25R + 2
                

                

                  
	
Kodachrome-X Dayllight-type
                  
	NF None
                  
	CC05M + ⅓
                  
	CC05M + ⅔
                  
	CC10R + 1 ⅔
                

                

                  
	
Ektachrome-X Daylight type
                  
	NF None
                  
	CC05Y + ⅔
                  
	CC20Y + 1 ⅓
                  
	CC40Y + 2 ⅔
                

                

                  
	
Ektachrome Daylight (E-3)
                  
	CC10B + ⅓
                  
	CC30B + 1
                  
	CC50B + 2
                  
	CC70B + 3 ½
                

                

                  
	
Ektachrome Type B (E-3)
                  
	NF None
                  
	NF None
                  
	CC05M + ½
                  
	CC10M + 1 ½
                

                

                  
	
High Speed Ektachrome Daylight
                  
	CC10B + ⅓
                  
	CC108 + 1
                  
	CC05G + 1 ⅔
                  
	CCOSM + 2 ⅔
                

                

                  
	
High Speed Ektachrome Type B
                  
	NF None
                  
	CC05G + ⅔
                  
	CC10G + 1 ⅓
                  
	CC05Y + 2
                

                

                  
	
Kodacolor-X
                  
	NF None
                  
	NF None
                  
	NF + 1
                  
	NF + 2
                

                

                  
	NF 
= No Filter.
                  
	
                  
	
                  
	
                  
	
                

                

                  
	The exposure increase, given in lens stops, includes the adjustment required by any filters suggested.
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Abstract

          

A Key is provided for the identification of the New Zealand intertidal balanomorph barnacles, utilizing the characters of the shell parts. Eleven species are recognized from the New Zealand region which is taken to extend from the North Island to the Campbell Islands. The records of distribution of the species are summarized. 
Balanus tintinnabulum tintinnabulum and 
Balanus campbelli are recorded for the first time from the New Zealand mainland.

        

        

          
Introduction

          
The suborder Balanomorpha of the subclass Cirripedia includes all those barnacles commonly known as acorn barnacles which are found attached to hard surfaces immersed in the sea, including the bottoms of ships and other man-made installations. Acorn barnacles are particularly successful on the intertidal rocky shores of temperate latitudes where a few species are among the most ecologically important organisms. On New Zealand shores the suborder is represented by eleven species from four genera, although it is possible that this list is still incomplete. Barnacles are usually regarded as difficult to identify, and this is especially so if too much reliance is put on the external appearance of eroded and encrusted adult shells. In the New Zealand species the characters of the hard shell parts are sufficient to provide the basis of a key for the identification of the balanomorph barnacles. References are given to fuller descriptions of shell and body characters as examination of the appendages is often necessary to confirm identification. The four most common species, 
Elminius modestus, E. plicatus, Chamaesipho columna and 
C. brunnea, have been described in detail by Moore (1944), but other descriptions are scattered throughout monographs and expedition reports, e.g. Darwin (1854), Filhol (1885) and Broch (1922).

          
The shell of the adult acorn barnacle consists of a ring of parietal plates the particular arrangement of which is characteristic of the genera (Fig. la). Each parietal plate consists of a central thickly-constructed triangular part, the paries (plural parities) which is winged on either side (Fig. lb). The wings either overlap or are overlapped by those of the adjacent plates and are termed the alae or





[image: Fig. 1: The arrangement and structure of the shell plates of operculate barnacles. la: The arrangement of the parietal plates in different genera — the names of the plates after Darwin, and as follows: c — carina; c.l.—carinal latera; l — latera; r — rostrum; r.l. — rostral latera; s — scutum; t—tergum. 1b: To show the winged structure of a parietal plate. 1c: Internal structure of a scutum. 1d: Internal structure of a tergum.]

Fig. 1: The arrangement and structure of the shell plates of operculate barnacles.


la: The arrangement of the parietal plates in different genera — the names of the plates after Darwin, and as follows: c — carina; c.l.—carinal latera; l — latera; r — rostrum; r.l. — rostral latera; s — scutum; t—tergum.


1b: To show the winged structure of a parietal plate.


1c: Internal structure of a scutum.


1d: Internal structure of a tergum.


radii respectively. The plates and the calcareous base can be thought of as constructed on the plan of a double lamina which forms the outer and inner surfaces of the shell. The space between the surfaces may be intersected by numerous septa to give porous plates, or filled entirely with shell to give solid plates. The alae are never porous, but all, any or none of the parieties, radii and base may be permeated by pores which run in the direction of growth. The four opercular plates are arranged on either side of the rostral-carinal axis in the orifice of the shell. The two scuta are placed towards the rostrum and articulate with the terga, which are placed towards the carina. The names of the parts of the opercular plates are shown in Figs. 1c and 1d. When the opercular plates are relaxed the membranes lining the aperture between the plates, through which the cirri are protruded, can be seen. These opercular membranes are often brightly coloured in the living specimen, and the pattern of colouration is constant and species characteristic and therefore provides a useful character for identification, (see Southward and Crisp, 1963).

          


          
Barnacles are one of the main fouling organisms of ships and industrial installations in the sea, and at least three of the intertidal species mentioned in this paper 
(Balanus amphitrite, Balanus trigonus and 
Elminius modestus) are frequent fouling species on boats in the north of New Zealand. Much of the study on the biology of barnacles today is directed towards a fuller understanding of the requisites of the various stages of the life-cycle of both fouling and non-fouling species, which will enable more effective research on antifouling methods as well as contributing towards more academic biological knowledge. The identification of what species are present in any area is a necesary first step before further studies of a physiological or an ecological nature are undertaken.

        

        

          
Key

          

            

              

                
	1. Rostrum with radii only; shell composed of 4 or 6 parietal plates in the adult. Family Balanidae
                
	— 2
              

              

                
	1. Rostrum with alae only; parietal plates fused into a ring in the adult. Family Chthamalidae, Genus 
Chamaesipho
                
	11
              

              

                
	2. Shell with 6 parietal plates. Genus 
Balanus
                
	— 3
              

              

                
	2. Shell with 4 parietal plates.
                
	— 9
              

              

                
	3. Radii of parietal plates permeated by pores. Subgenus 
Megabalanus
                
	— 4
              

              

                
	3. Radii of parietal plates not permeated by pores.
                
	— 6
              

              

                
	4. Parieties and radii dark purple and with strong ribs. The radii have distinct striations parallel to the base of the shell. Scutum with a broad and reflected articular ridge. The base of the tergum forms a straight line on both sides of the spur, which is placed at least its own width from the basi-scutal angle. Opercular membranes deep red with a blue or purple spot on either side.
                
	
Balanus tintinnabulum (Fig. 2)
              

              

                
	4. Parieties and radii white or pink; the parieties may or may not be ribbed. Radii are smooth externally. Scutum with a small articular ridge. The base of the tergum slopes on both sides towards a truncate spur placed half its own width from the basi-scutal angle. Opercular membranes not predominantly red.
                
	— 5
              

              

                
	5. Parieties and radii white; parieties with prominent radiating ribs. Opercular membrances yellow with a red internal lining, and with blue towards the rostral angle.
                
	
Balanus campbelli (Fig. 4)
              

              

                
	5. Parieties and radii rose pink, and not longitudinally ribbed, Opercular membranes pale pink.
                
	
Balanus decorus (Fig. 3)
              

              

                
	6. Parieties permeated by pores.
                
	Subgenus 
Balanus
                
	— 7
              

            

          

          


          

            

[image: ]
          

          


          

            

[image: Figs. 2-13: Diagrams of internal aspects of the opercular plates of 2: Balanus tintinnabulum tintinnabulum 3: Balanus decorus 4: Balanus campbelli 5: Balanus vestitus 6: Balanus trigonus 7: Balanus amphitrite variegatus 8: Balanus amphitrite amphitrite 9: Tetraclita purpurascens 10: Elminius plicatus 11: Elminius modestus 12: Chamaesipho brunnea 13: Chamaesipho columna a — scutum; b — tergum; 6c — external aspects of scutum of Balanus trigonus to show rows of pits.]

Figs. 2-13: Diagrams of internal aspects of the opercular plates of


2: 
Balanus tintinnabulum tintinnabulum


3: 
Balanus decorus


4: 
Balanus campbelli


5: 
Balanus vestitus


6: 
Balanus trigonus


7: 
Balanus amphitrite variegatus


8: 
Balanus amphitrite amphitrite


9: 
Tetraclita purpurascens


10: 
Elminius plicatus


11: 
Elminius modestus


12: 
Chamaesipho brunnea


13: 
Chamaesipho columna


a — scutum; b — tergum; 6c — external aspects of scutum of 
Balanus trigonus to show rows of pits.


          

          


          

            

              

                
	6. Parieties not permeated by pores. Subgenus 
Austrobalanus Shell pink but covered with a yellow epidermis. Very small orifice, and radii lacking. Parietal plates may be smooth, or slightly or strongly ribbed longitudinally. Scutum with prominent adductor ridge curved towards the rostral angle, and with well developed crests for the lateral depressor muscle. Terga with wide truncated spur placed at the basiscutal angle.
                
	
Balanus vestitus (Fig. 5)
              

              

                
	7. Parieties and radii pink with prominent white external ribs. Orifice generally triangular with the apex towards the carina, and not sharply toothed. Scutum externally with 1 to 5 longitudinal rows of little pits, sometimes none, and internally with a narrow adductor ridge. Terga with a broad truncated spur situated near the basi-scutal angle.
                
	
Balanus trigonus (Fig. 6)
              

              

                
	7. Parieties and radii variable in colour, but smooth externally. Orifice broad and rhomboidal and sharply toothed. Scutum without pits and with a prominent broad adductor ridge. Tergum with a variable shaped spur situated away from the basi-scutal angle.
                
	— 8
              

              

                
	8. Parieties with narrow, approximate purple stripes, transversely freckled with white. Radii white. Spur of tergum long, narrow and pointed, with the basal margin of the tergum hollowed out on both sides of the spur leaving the crests for the depressor muscles depending below the margin. Shell conical to tubular.
                
	
Balanus amphitrite variegatus (Fig. 7)
              

              

                
	8. Parieties whitish grey with longitudinal purple or violet stripes. Radii white, but flecked with red-brown patches. Spur of tergum comparatively short, broad and truncated; the basal margin of the tergum not hollowed out. Shell a flattened cone.
                
	
Balanus amphitrite amphitrite (Fig. 8)
              

              

                
	9. Parieties permeated by pores. Genus 
Tetraclita. Shell very depressed; parietal plates permeated by numerous rows of pores. Base membranous. Scutum transversely elongated; tergum with an extremely short and rounded spur.
                
	
Tetraclita purpurascens (Fig. 9)
              

              

                
	9. Parieties not permeated by pores. Genus 
Elminius
                
	— 10
              

              

                
	10. Parieties closely plicate internally at base; shell conical to tubular, and often yellow. Tergum with the spur separate from the basi-scutal angle, short and rounded. Basal margin of the tergum not hollowed out. Scutum with adductor ridge and with crests for the rostral depressor muscle.
                
	
Elminius plicatus (Fig. 10)
              

              

                
	10. Parieties smooth internally at base. Shell conical and white. Tergum with spur confluent with the basi-scutal



angle and almost tubular. Basal margin of tergum hollowed out. Scutum without an adductor ridge or crest for the rostral depressor muscle.
                
	
Elminius modestus (Fig 11)
              

              

                
	11. Adult shell conical or depressed and laminate on corrosion. Scutum without an adductor ridge. Body brown.
                
	
Chamaesipho brunnea (Fig. 12)
              

              

                
	11. Adult shell varying from low-conical to columnar, pitted on corrosion. Scutum with an adductor ridge. Body navy-blue
                
	
Chamaesipho columna (Fig 13)
              

            

          

        

        

          
The ecological and geographical distributions of the species

          

Balanus tintinnabulum (Linnaeus) Fig. 2

          
Darwin, 1854. pp. 194-204; pl. 1, figs. a-l; pl. pl. 2, figs, la-lo.

          
Pilsbry, 1916. pp. 54-72; with figs.

          
Eighteen subspecies of this variable species are listed by Darwin and Pilsbry. The species is freely carried about on the bottoms of ships, resulting in widespread dispersion and misleading published records of distribution. 
B. tintinnabulum concinnus was collected from the hull of the ‘Terra Nova’ in the Lyttleton Harbour by Jennings (1917), but this record should not be included in the New Zealand list (
Balanus crenatus must be omitted for the same reason). 
B. tintinnabulum tintinnabulum (communis) is recorded from the Kermadec Islands by Linzey (1942a), and has been found at Goat Island at the entrance to the 
Hauraki Gulf. Specimens have been collected from Cape Karikari by Dr P. R. Bergquist of the University of Auckland. The species is found in North Auckland in low tidal situations of very exposed points of the coast that would be unlikely to dry out because of the constant surge and wave action. Individuals may attain a basal diameter of 65 mm., and such large specimens are usually heavily encrusted with coralline algae, other barnacles 
(Elminius plicatus and 
Tetraclita purpurascens), serpulids and vermetids. The similarity of the habitats of this subspecies on the mainland to those described by Cranwell and Moore (1938) for 
B. tintinnabulum concinnus on the Poor Knights Islands, suggests that we are dealing with the same subspecies.

          

Balanus decorus Darwin Fig. 3

          
Darwin, 1854. pp. 212-213; pl. 2, figs. 6a-6b.

          
Linzey, 1942b. pp. 1-5.

          
This is an endemic species to New Zealand where it is widely distributed (Linzey, 1942b), including the Kermadec Islands, the Chatham Islands and Auckland Islands (Jennings, 1917 and Linzey, 1942a). The species has also been collected from the Campbell Islands by P. M. Johns of Canterbury University. 
Balanus decorus is



characteristically a sublittoral species where it may reach a basal diameter of 40 mm. and a height of 45 mm. 
B. decorus occurs intertidally, however, at low levels usually in habitats protected from desiccation, e.g. under ledges, in crevices or among mussels. The maximum measured basal diameter of an intertidal specimen was 20 mm, and it is suspected that predation and environment stresses limit the age of 
B. decorus in the intertidal environment.

          

Balanus campbelli Filhol Fig. 4

          
Filhol, 1885. pp. 487-488.

          
Broch, 1922. pp. 310-314; figs. 54,55.

          
Linzey, 1942b. pp. 3-5.

          
This species has been recorded in the literature from intertidal rocks of Campbell Island (Filhol, 1885; Gruvel, 1905; and Broch, 1922). Specimens collected from two feet below low water at Perseverance Harbour, Campbell Island by Mr. P. M. Johns agree with the description given by Filhol, although Filhol's specimens were smaller and were collected from intertidal rocks. Specimens collected from low tidal levels at Little Papanui, Otago Peninsula, have similar opercular and shell plates to the Campbell Island specimens of Johns, and agree with the description of 
Balanus campbelli given by Filhol. This is the first record of 
B. campbelli occuring outside Campbell Island. At Little Papanui this species occurs in similar habitats as does 
Balanus decorus, i.e. under low tidal ledges, amongst 
Durvillea holdfasts and on mussels — places that are unlikely to experience much desiccation.

          
The most noticeable feature of this species is the colouration of the opercular membranes as described in the key. It would be of interest to compare the colours of the Little Papanui specimens with those of live specimens from Campbell Island.

          

Balanus trigonus Darwin Fig. 6

          
Darwin, 1854. pp. 223-224; pl. 3, figs. 7a-7f.

          
Pilsbry, 1916. pp. 111; pl. 26, figs. 1-13e.

          

Balanus trigonus is widely distributed in the Pacific and Atlantic Oceans (Pilsbry, 1916), and has been recorded in New Zealand from Auckland (Jennings, 1917 and Skerman, 1959), Kawau Island (Broch, 1922) and occurs abundantly under low tidal stones at Leigh and Whangarei Heads. It could not be found in any likely habitats on the Otago Peninsula. The 
Balanus porcatus of Jennings (1917) has been synonymized with 
B. trigonus by Chilton (1920). It is very likely that the records of 
Balanus porcatus from Campbell Island (Filhol, 1885) and Stewart Island (Hutton, 1879) are wrong identifications, but whether these can be referred to 
B. trigonus is uncertain. Consequently there is some doubt as to the geographical range of 
B. trigonus in New Zealand. At Auckland, it occurs in low tidal habitats that are not subject to too much



desiccation, and is abundant on sublittoral surfaces. It occurs on rock, wood, metal, rubber, mollusc shells and crayfish exoskeletons; and is one of the common forms found on the hulls of boats.

          

Balanus amphitrite Darwin Figs. 7 and 8

          
Darwin, 1854. pp. 240-246; pl. 5, figs. 2a-2o.

          
Pilsbury, 1916. pp. 89-99; figs. 18-24; pl. 19, 20, 24.

          
Harding, 1962. pp. 273-296; with illustrations.

          
New Zealand records for this mundane and highly variable species are relatively sparse. The nomenclature of the varieties contained in the 
Balanus amphitrite complex is still somewhat uncertain. Recent contributions on this matter have been made by Henry (1959) and Harding (1962). Filhol (1885) records the species from Cook Strait and Dunedin, Darwin (1854) gives New Zealand as the locality for the variety 
variegatus, and Hutton (1879) records this variety from Dunedin. 
B. amphitrite cirratus (which is hardly distinguishable from 
variegatus) is recorded as a fouling barnacle on boats at the port of Auckland by Skerman (1959, 1960). 
B. amphitrite variegatus has been collected off intertidal wooden stacks in the Mahurangi Estuary, where it occurs at low levels and is encaked with layers of mud. The subspecies 
amphitrite (communis) and 
variegatus have been collected from the hull of a pleasure boat that had not ventured outside the 
Hauraki Gulf.

          

Balanus vestitus Darwin Fig. 5

          
Darwin, 1854. pp. 286-288; pl. 8, fig. 3.

          
Gruvel, 1905. pp. 248-249; figs. 277-278.

          
Broch, 1922. pp. 322-333; fig. 61.

          

Balanus vestitus has been recorded from the Auckland Islands (Broch, 1922), Stewart Island (Hutton, 1879), Queen Charlotte Sound (Broch, 1922) and the Bay of Islands (Pilsbry, 1916). It has also been collected from Doubtless Bay, Whangarei Heads, Leigh and the Otago Peninsula. Specimens have been collected from the Auckland Islands by Professor 
G. A. Knox. In the North Auckland Peninsula, 
B. vestitus occurs intertidally under stones at low tide levels. The Doubtless Bay specimens were comparatively large (maximum basal diameter 14mm. and height 17mm.) and were washed up attached to mollusc shells. On the Otago Peninsula, 
B. vestitus was found on intertidal mussels 
(Perna) as well as on low tidal rock surfaces. 
B. vestitus is possibly a predominantly sublittoral species, and as with 
B. decorus and 
B. trigonus extends into the intertidal where environmental stresses are not too severe.

          

Tetraclita purpurascens (Wood) Fig. 9

          
Darwin, 1854. pp. 337-339; pl. 11, figs. 1a-1d.

          
Broch, 1922. pp. 337-339; fig. 71.

          

T. purpurascens is a widely distributed species in New Zealand, recorded from the Auckland Islands (Broch, 1922) and from the



Kermadec Islands (Linzey, 1942a). The species occurs commonly under rocks and stones and in caves on the lower third of the shore, where it may be attached to the rock surface or to shells of molluscs and other barnacles (e.g. 
Balanus tintinnabulum and 
Pollicipes spinosus). It does not appear to occur far below low tide level. The questioned identification of 
Tetraclita porosa (squamosa) from the encrusting fauna of 
Balanus tintinnabulum on the Poor Knights Islands by Cranwell and Moore (1938), probably refers to a specimen of 
T. purpurascens.

          

Elminius plicatus (Gray) Fig. 10

          
Darwin, 1854. pp. 351-352; pl. 12, figs. 2a-2f.

          
Broch, 1922. pp. 341; fig. 74.

          
Moore, 1944. pp. 326-329; pl. 46, fig. C.

          

E. plicatus is common throughout the three main islands, and on the Chatham Islands (Moore, 1944). Professor 
G. A. Knox has collected this species from the Auckland, Snares and Chatham Islands. It appears to be absent from the Campbell Islands (P. M. Johns, pers comm.), and has not been recorded from the Kermadec Islands. 
E. plicatus is characteristically an intertidal barnacle, found on shores receiving some degree of wave exposure, and occurs from high neap tide to low neap tide levels. It reaches greatest abundance and individual size at about mean sea level in localities that receive some protection from direct wave action but which still offer considerable water turbulence.

          

Elminius modestus Darwin Fig 11

          
Darwin, 1854. pp. 350-351; pl. 12, figs, 1a-1e.

          
Broch, 1922. (As 
E. sinnuatus) pp. 342-344; fig. 76.

          
Moore, 1944. pp. 329-333; pl. 46, fig. D.

          

E. modestus is found throughout the North and South Islands, and also in Stewart and Chatham Islands (Moore, 1944). It has not been recorded or collected from the Kermadec Islands, or from the islands to the south of New Zealand. 
E. modestus is found abundantly on wave protected shores of harbours and estuaries, but is an infrequent barnacle on wave exposed coasts. It is fairly versatile in relation to tide level and nature of substrate, surviving well on sublittoral surfaces where it may be the main form on the bottom of ships.

          

Chamaesipho columna (Spengler) Fig. 13

          
Darwin, 1854. pp. 470-472; pl. 19, figs. 3a-3c.

          
Broch, 1922. pp. 308-309; fig. 53.

          
Moore, 1944. pp. 316-320; pl. 46, fig. A.

          
Pope, 1965. pp. 67-70; pl. 1, fig. 5.

          
There is some doubt that the 
C. columna of Australian and New Zealand coasts is the same as that described by Spengler reputedly



from Otaheite (Tahiti). For discussions on this topic see Moore (1944, pp. 316-7) and Pope (1965, pp. 64-7). 
Chamaesipho columna (sensu Darwin and Moore) is found on the temperate shores of Australia and throughout the three main islands of New Zealand. One specimen has been recorded from the Kermadec Islands (Linzey, 1942a). The species is restricted to the intertidal zones of wave exposed shores, and also penetrates to a limited extent into harbours and estuaries.

          

Chamaesipho brunnea Moore Fig. 12

          
Moore, 1944. pp. 320-326; pl. 46, fig. B and pl. 47, fig. 1.

          

C. brunnea (sensu Moore) is restricted to New Zealand and ranges from throughout the North Island to Banks Peninsula and Cape Foulwind on the east and west of the South Island respectively. The species is restricted to wave exposed shores, where it is always the highest barnacle. It reaches its greatest density and abundance on very exposed shores in the north of the North Island, where the upper limit of the intertidal distribution may be several metres above high tide level.
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Introduction

          

During 1963-64 a total of 133 sperm whale stomachs were examined by the author and his assistants at the Tory Channel whaling station. Results obtained showed that a squid of the genus 
Moroteuthis (probably 
ingens Smith) made up 74.8 per cent by weight of the fresh squid species in the stomachs (Gaskin and Cawthorn, in press).

          
Observations made on the Cook Strait whaling grounds in the same period showed sperm whales making feeding dives lasting fifty minutes (Gaskin, 1964). Whaling company records for a sample of 177 sperm whales seen in full daylight show that only 11 of this number were making deep dives and bringing up squid and fish when sighted (Gaskin and Cawthorn, ibid.). Matsushita (1955), considered that sperm whales fed mainly at night. Uda (1959), showed that squid frequently sink into deep water during daylight hours and rise into the surface layers at night.

        

        


        

          
Luminescence in the Squid 
Moroteuthis sp.

          
In October 1964, Mr M. W. Cawthorn, formerly of the Fisheries Laboratory, Wellington made an interesting observation on the squid species mentioned above. A number of fresh squid taken from the stomach of a sperm whale had been left lying on the flensing deck at Tory Channel whaling station. Crossing the deck in darkness Mr Cawthorn noticed that the animals were glowing a bluish white, and that the light was visible for many yards.

          
Examination of this phenomenon could only be carried out briefly by matchlight. Cawthorn was able to determine that the luminescence could not easily be washed from the mantles of the squid, but came away readily on the hands. It was not being produced from specific ‘light organs’ and was not confined to any particular part of the squid mantles. It was not possible to discover if the light was caused by some property of the mucus covering the squid or by unicellular organisms held in suspension.

          
Another pertinent observation was made by Mr 
T. Norton, formerly gunner on the whale chaser 
Orca in the 1963-64 whaling seasons. He informed the author that on several occasions he had observed sperm whales rising towards the bow of the chaser in dark clear water, and that the pale skin around the angle of the jaw showed distinct luminescence.

          
Luminescence not produced from special light organs has been recorded in several groups of deep sea animals, including siphonophores, echinoderms, jellyfish and fish (Günther and Deckert, 1956, p. 162). These authors consider that in the latter case, the light source is a mucus which becomes luminescent on emerging from glands that produce it and then spreads over the skin of the fish. Generalised luminescence of the kind recorded by the present author does not appear to have been recorded previously for squid in available literature.

        

        

          
Discussion

          
The size of squid taken by sperm whales varies considerably, but most are relatively small animals, from two to three feet in length (Clarke, 1956; Gaskin and Cawthorn, in press).

          
Although sperm whales make deep dives lasting fifty minutes or more it seems unlikely that all their food is obtained in this way. Daytime diving may be an indication that food is scarce. Sperm whales examined by the author at the New Zealand whaling station and in the Southern Ocean usually had stomachs full of fresh squid if captured early in the morning.

          
No study of the energy relationships involved in the feeding of sperm whales has been made, but the author has always considered it unlikely that such a large animal as a full-grown male sperm



whale, weighing perhaps 50 tons, could conceivably chase separately every squid eaten. Considerable energy must be expended swimming down to depths of perhaps 500 fathoms, without taking into account actually chasing squid, which are fast-moving animals. The long narrow shape of the lower jaw of the sperm whale does not seem compatible with the capture of fast-moving prey at speeds of several knots. The jaw has little lateral movement.

          
If active feeding is discounted, a plausible method of passive feeding must be suggested. The luminescent mucus described above could easily be transferred to the lining of the sperm whale's mouth and act as a lure to attract more squid. If the mucus collected on or between the mandibular teeth the regular spacings might at a distance give the appearance of a fish or other animal with light organs along its flanks. Predatory squid or fish could be attracted to the light, and the sperm whale could lie almost motionless in the water and swallow the animals as they came to its mouth. The whale might have to capture a few squid actively before enough mucus accumulated.

          
Since squid are known to rise into surface waters during the night it is not necessary to postulate deep feeding dives by sperm whales to account for all the food taken. The feeding mechanism suggested above would work just as well near the surface at night as in very deep water in the daytime. Feeding near the surface would probably involve much less expenditure of energy than deep diving.
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Gorgodera australiensis is a trematode parasite which commonly occurs in the urinary bladder of frogs. Because of its ubiquity, its typical trematode life history, and the comparative ease with which its intermediate hosts can be obtained and infected, it is a good subject for class study. It does not require much planning to ensure that live material of all stages of the life history is simultaneously available to students.

          
The adult of 
Gorgodera australiensis was first described by Johnston (1912), from Australian frogs. McFarlane and Northern (1953) described it from New Zealand frogs, and gave some notes on the collection and preparation of the trematode. For convenience of reference, a figure is given here, and some further information added. Most of the details of the body structure can be observed by flattening the live fluke under a coverslip, when the functioning excretory and reproductive systems can be watched under high power. Fixed specimens stained with Delafield's haematoxylin show good definition of the reproductive ducts. Several 
Gorgodera adults of various ages may be found in each frog bladder, and the most useful specimens are the smaller, pale worms. The larger, elderly yellow flukes are often so packed with mature egg capsules that little else can be seen.

        

        

          
Adult

          
The testes are prominent, and are arranged in two series of five and four. They are connected longitudinally by two vasa deferentia which unite near the anterior margin of the acetabulum and pass into the large vesicula seminalis. The latter curves about the genital atrium and passes into the cirrus. The vasa defferentia may contain sluggishly moving sperm, and are particularly prominent in younger individuals.

          
The ovary is compact, with smooth lobes, and has a central clear patch of formed ova which marks the beginning of the oviduct. This ducts begins as a narrow tube running slightly to one side, then widens into a fertilisation space which is frequently full of active



sperms drawn up by the strong contractions of the oviduct. Occasionally, one or more ova may be seen in the duct, surrounded by frenzied sperm. Laurer's canal is a narrow tube opening just behind the vitelline lobe. It is contractile, and may contain a few sperms.

          
The vitelline glands are lobed structures posterior to the acetabulum, joined by transverse ducts to a median vitelline reservoir, and this in turn opens to the ootype. Vitelline cells may be seen in the ducts. The ducts and reservoir are contractile, and groups of cells are forced backwards and forwards until a few drop into the ootype. Mehlis' gland surrounds this chamber at the junction of vitelline duct and oviduct. It is a rounded clump of elongate cells usually showing in the space between and just anterior to the vitelline glands, and obscures further observation of the ducts at this point. When the duct becomes visible again, the first stage of egg shell development is apparent as a delicate elastic membrane surrounding the ovum and vitelline material. The shell is still soft, and may bend double in a turn of the uterus. Further down, the older shells are firm, and the vitelline cells eventually disappear.

          
The coils of the uterus extend through the posterior part of the body, forming loops between the testes, and between the testes and the edge of the body. The ascending coil makes several transverse turns in the region of the ovary and runs forward to the genital atrium. In old specimens these coils may obscure the ovary and vitelline area. The oldest capsules in the distal part of the uterus contain fully developed mobile miracidia.

          
A median longitudinal excretory bladder extends from a point just behind the oviduct to an opening at the posterior tip of the body. At the anterior end it is joined by two large collecting tubules which run forward to about the level of bifurcation of the gut. The ducts are extremely convoluted and difficult to follow at this point, but appear to reflex and run posteriorly for a short distance before dividing into a large posterior branch and a smaller anterior branch on each side. This agrees with the diagnosis for the genus given by Byrd, Venard and Reiber (1940). The anterior collecting tubule has a number of flame systems in the area from
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Plate 1:



Fig. 1: Adult. 
Fig. 2: Ovary and associated structures. 
Fig. 3: Miracidium, showing attitudes, a: in capsule, b: swimming, c: exploring, d: detail in capsule.



Fig. 4: Plan of main adult excretory ducts. Detail of accessory tubules shown on left in testes region to indicate type of branching.


Abbreviations: a, actabulum; ac, anterior collecting tubule; eb, excretory bladder; f, flame cell; g, gut; ga, genital atrium; L, Laurer's canal; m, Mehlis’ gland; mc, capsules with miracidia; o, ovary; od, oviduct; oe, oesophagus; os, oral sucker; ov, oviduct; pc, posterior collecting tubule; t, testis; u, uterus; ut, coil of uterus ascending to atrium; vas, vas deferens; vd, vitelline duct; vg, vitelline gland; vr, vitelline reservoir; vs, vesicula seminalis.





the base of the acetabulum forward, and the posterior branch seems to have four systems, each with possibly four or six flame cells. Byrd, Venard and Reiber give a pattern of 2 × 8 × 4 = 64 flame cells for the material they studied.

        

        

          
Miracidium

          
Eggs are laid in small groups from the genital atrium, and pass out from the frog with the urine. Miracidia can be recovered from water in which infected frogs have been kept, but it is more convenient to obtain them by breaking up an old 
Gorgodera adult to release mature capsules from the uterus. If kept in physiological solution the capsules do not hatch. When they are put in tap-water, however, the miracidial cilia begin to beat rapidly, the flame cells become noticeably active, the miracidium revolves energetically and bursts out of the capsule in 10-30 seconds. There is no operculum. The miracida move so quickly when released that is profitable to observe them first before they hatch. While in the capsule, the miracidium usually has its mobile anterior tip tucked in, but when swimming this portion is protruded slightly. There appears to be a sac-like inner cavity, and anteriorly there are two dense bodies, possibly glandular, which stain with Neutral Red. The two flame cells are placed posteriorly, and open by separate ducts. The cilia are borne on epidermal plate cells, which are difficult to observe. Silver nitrate preparations seem to indicate three rows of hexagonal plates.

          
The intermediate hosts which receive the miracidia are the freshwater pea shells, small (6mm), pale bivalves of the family Sphaeriidae, found in ponds and streams. The commonest is 
Sphaerium novaezelandiae, often found climbing in water weeds. So accomplished is it in the arboreal habit, that scoops from the floor of the pool may only yield dead shells, while weeds growing up to higher levels contain a flourishing population. Not all populations are infected; still, permanent ponds are most promising. Faster running streams, for instance, may support all three hosts but not the parasite, presumably because the miracidia and cercariae are swept away by the current. The largest molluscs are the most likely to be infected though sizes down to 3mm have been found to contain parasites. Such large, infected specimens are found to be not breeding, at times when most other uninfected shells contain young bivalves. Sphaeriids can be maintained for weeks in the laboratory under good aquarium conditions.

          
The miracidia do not seem to be attracted to the sphaeriids, and though the ciliary current of the mollusc can be seen to draw them in, many will bounce off and swim away. It seems that infection depends on the possibility of the miracidium becoming caught in
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Fig. 5: (to same scale) a: two sporocysts, one mature, one old; b: stages of cercaria development found in sporocyst; c: swimming cercaria. FIG. 6: Detail of cercarial chamber. FIG. 7: Cercaria. FIG. 8: Metacercaria. FIG. 9: Metacercaria in cyst.


Abbreviations: c, chamber; cb, cercarial body; cy, cystogenous cells; e, excretory tubules; eg, excretory globules; pg, penetration glands; s, stylet; w, wall of chambers. Others as in Plate I.





the gill, and this commonly happens. If a piece of the gill is dissected out into a drop of water, the cilia continue to beat, and the miracidia can be watched as they become trapped. Arrested miracida revolve slowly with the anterior tip pressed against the gill, sometimes producing drops of fluid, and this is presumed to be the attachment process, perhaps involving the anterior glands.

        

        

          
Sporocyst

          
Uninfected 
Sphaerium novaezelandiae exposed to miracidia in the laboratory were found after a week to contain a crop of very small sporocysts, each attached to the gill by a narrow neck-like portion. They move sluggishly, and the ciliated epidermal plates are lost. Mature sporocysts are simple thin walled sacs, up to 1/8in in length, attached by a slender stalk. Each contains about four large cercariae, as well as several less developed forms and a number of undifferentiated balls of cells. The long cercarial tails become inflated before emergence, and distend the sporocyst. Mature cercariae are very active, and can sometimes be seen to pierce the wall of the sporocyst with a sharp blow of their stylets. There is no birthpore, and cercariae are seen emerging from various points. This resembles the emergence of another gorgoderid, 
Cercaria duplicata Reuss, which is described as emerging through a rupture which closes behind it. The sporocyst collapses as the cercariae leave, and old ones are darkened and deflated.

        

        

          
Cercaria

          
The cercaria is 3-4mm long, the body a tenth the length of the tail. There is a chamber at the anterior end which encloses the body, and the latter is attached by a small papilla in the chamber floor which fits into the posterior excretory opening of the body. When extended, the anterior half of the body projects from the chamber, but during swimming it is held contracted and bent back on itself. When the cercaria leaves its chamber, the body moves convulsively and detaches itself from the papilla. The tail tapers at the tip, and a fin runs along the tail and up to the lips of the chamber. A stylet with a sharp point and broad base is set over the oral sucker. The penetration glands lie anterior to the acetabulum, and their ducts run a convoluted course forward to open half way along the stylet. The excretory system shows the adult pattern. The excretory bladder is bordered by a row of large oblong cells with dense granular contents. These cells occur in other gorgoderids, and are presumed to produce the cystogenous material. They are certainly absent or reduced in metacercariae.

          
The newly emerged cercaria has an inflated tail, but the chamber does not as yet surround the body. A collar-like fold pushes



forward, and the cercarial body, previously extended, now doubles back and contracts. The folds of chamber and fin come forward and enclose the body. This process takes place before the cercariae leave the mollusc shell. The cercariae swim to the surface and remain there for a time, but may swim down again or laterally, so that they traverse a wide area. The chamber is held downwards, while the tail sweeps through an arc of 180 degrees at each stroke, driving the cercaria rapidly through the water. Swimming is continuous except for brief halts of a second or two, and is maintained strongly for twenty-four hours, with decreasing power till thirty-six hours, and the cercaria is moribund at the bottom in forty-eight hours. Cercariae were released in the laboratory at about twenty-four hour intervals, sometimes with great regularity, in groups of 1-7 per mollusc per day.

          
The movements of the cercariae attract the attention of nymphs of the damsel flies, 
Austrolestes colensonis and 
Xanthocnemis zelandica. The nymphs do not see the cercariae unless they are fairly close and moving energetically, but having sighted one, move up slowly on it. The labium is shot forward, and the cercaria stuffed into the mouth. The cercariae are completely unco-operative; they are not attracted to the numph, struggle when caught, and sometimes escape and swim off. A nymph which has suffered this experience may not attempt another for a time. Once within the jaws of the nymph, the cercaria is free of the chamber within a few seconds and penetrates through the wall of the anterior part of the oesophagus. Some nymphs are transparent enough to enable penetration to be watched. The cercaria wanders in the body space for a time, and has usually encysted within half an hour. Commonly the cyst is formed in the thorax, but may be in the anterior segments of the abdomen, or in the head. The tail and chamber are abandoned as soon as the nymph takes the cercaria. The chamber is assumed to be protective against the jaws of the nymph, but is not always effective and a small percentage of cercariae are found crushed in the nymph's gut.

          
If nymphs can be obtained from the same pond as infected molluscs, most large ones will contain at least one cyst. Uninfected nymphs put in with infected molluscs soon carry cysts, and one such in the laboratory was found to have collected twenty three cysts in a few days. If nymphs are starved for a day or so they will take cercariae immediately.

          
A cercaria freed from its chamber and introduced into a drop of fluid from a freshly killed nymph, or a drop of insect physiological solution, can occasionally be induced to form a cyst. The cercaria forms a thin, elastic membrane about itself, closely applied to the body at first, and moves actively inside this in a regular fashion, smoothing the cyst material as it is laid down. The cyst is often



asymmetrical at first, with slight corners at the points successively occupied by the head and tail, and this small irregularity may sometimes be observed in older metacercaria. Generally the completed cyst is spherical.

        

        

          
Metacercaria

          
The cyst becomes elaborated with age, the walls thickened and eventually quite rigid. It can be opened with fine needles. The stylet is abandoned in the cyst and fragments of it may be seen floating inside. The metacercaria increases considerably in length, most of the increase being behind the acetabulum, and consequently the body becomes coiled within the cyst. The excretory bladder becomes filled with globules of greenish liquid, and in old specimens these become concretions, dark greenish in colour and irregularly shaped. These will squeeze out readily if the metacercaria is freed. The main pattern of the excretory tubules remains the same. Rudiments of the reproductive system are differentiated. In the cercaria, the ovary — vitelline mass and some clumps of cells roughly in the position of the testes are visible with difficulty, but in the metacercaria the nine testes are clear, and the ovary and vitelline mas differentiated. The uterus forms as a string of cells between the vitelline region and the position of the genital atrium, growing progressively longer and more looped. The gut lengthens and becomes plainly visible. The penetration ducts and glands remain, but are less obvious.

          
In the laboratory, young frogs were fed nymphs containing metacercariae over a period of four days. The frogs were then killed, twenty-four hours after the last feeding. One cyst was found in the stomach, and several in the rectum. The metacercariae in the latter were very active, grasping the cyst wall with the suckers and drawing it in strongly. Some excysted worms were found in the rectum, none were found in the cloaca, but two were seen migrating up the ureter, and a number were recovered from the macerated kidney. It is not known how they find their way, but it is possible that a chemical trail is followed. The worms were actively feeding in the substance of the kidney, and the gut was distended with yellowish granular material. One frog brought in from the field had a massive infection of 112 young worms in the kidneys.

          
When about lmm in length, the young 
Gorgodera move into the ureter again, and several dozen may be found, visibly distending the ureter. They migrate down to the bladder, and the youngest found there were 1-1.5mm, although the oldest in the ureter measured 2mm. When the fluke is 2mm in length, the ovary is



functional, the uterus forms coils down the midline, and may contain new eggs. At 3-4mm the uterus may contain old capsules with miracidia.

          
All stages of the life cycle of 
Gorgodera australiensis can be found at most times of the year, though the percentage of infection varies a little with the season. Adults can be found in frogs whenever the latter are available, and frogs kept in artificial ponds through the winter yielded both young and old adults in July. Metacercariae overwinter in the nymph, and therefore are available to infect the frogs as long as the latter are feeding in autumn, and as soon as they become active in the spring. Some young adults may develop slowly through the winter in the frog. Fewer large nymphs are available in late summer and early autumn, when those from the previous year have become images, and the new generation are still very small. Cercariae are available through the year, although the percentage of infection varies. It is very low in late winter before the frogs appear, and is highest through summer and autumn.
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It is to be Hoped that the publication of this book will stimulate the nearly extinct race of amateur moth-hunters in New Zealand to take up their nets and light-traps. The aim of Mr Gaskin's much-needed work is to acquaint beginners with the common species and to provide the student and collector with a means of identifying the bulk of the species taken on collecting trips.

        
Chapters in the first section of the book describe the general features of moths and butterflies, their life histories and classification, and the methods of collecting and preparing specimens. The details are of great value to students and to those starting out to make an insect collection, and are told in an entertaining fashion.

        
In the second section the author has ‘attempted the impossible’ (his own words) by endeavouring to construct a simple key for identification of all species included in the book. All our butterflies are covered and about 180 species of the commoner moths or those ‘most likely to be taken in a normal year's collecting’. This represents about 12 per cent of the known species of moths, omitting virtually all the ‘micros’ and concentrating on the larger forms. I found the key satisfactory for butterflies but rather heavy going for the moths, although no doubt it would become easier as one became more familiar with it. Colour and pattern are the main factors used, but it is necessary to consult wing venation in most cases. The major problems with a key of this sort are the extreme colour variations in many New Zealand moth species and the fact that only selected species are represented in the key. Thus one can never be sure whether one has an atypical specimen or whether it is a species omitted from the key. All specimens covered by the book are illustrated with photographs, the butterflies and pest species of moths being in colour, the other moths in black and white. These illustrations could be extremely useful in conjunction with the key, but unfortunately the reproduction of the black and white plates is so poor that many are almost useless. The darker species have suffered most. The colour plates are better, although the specimens are reduced to about half-size.

        
Each species is given a short, non-technical description followed by its known distribution and notes on the life history. Unfortunately there is no cross reference given on the plates to enable one to find the description. The author has allocated a ‘common name’ to each species, similar to those used in Great Britain. These can be quite lengthy as in ‘the Pale Black-waved Brown Moth’. Moreover, many of the names do not conform to those given by the authors of other recent books, or cited in the ‘Standard names for Common Insects’ published by the Entomological Society of New Zealand.

        
An appendix lists the full classification of the species described in the book, and there is a good reference section. In spite of the poor quality of the illustrations, this book will be a valuable acquisition for all those who are interested in New Zealand Insects.

        

          
—G.W.G.
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