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The world of eels



        

          The world of eels
        

        
by 
P. H. J. Castle,


Department of Ichthyology, Rhodes University, Grahamstown, South


Africa

        

          

Mammals and Birds are often distinguished from other vertebrates in having complex behavioural patterns and ecological relationships of a type not shown by the “lower’ groups. From a human point of view they would thus seem to be of much greater interest. However, the counterparts of these patterns and relationships are also highly complex in fishes but unfortunately they are not so readily observable. In addition, fishes are interesting as a group in the way in which they have diversified in time and space so that they now form the largest section of the vertebrates with more than 20,000 living species. Many new forms are described each year and no doubt more have yet to be recognised as various habitats are examined more closely, especially that of the deep sea. It is for this reason that description and classification is still an active field in ichthyology, while such studies have largely been replaced by other disciplines in the study of terrestrial vertebrates.

          
The bony fishes (or Osteichthyes), which make up the bulk of the fishlike vertebrates, have been undergoing a vast “adaptive radiation’ since their firm establishment as a diverse group in the middle of the Mesozoic. At that time, the reptiles were at their peak and the mammals were also becoming established. The huge diversity of modern bony fishes resulting from this radiation has come about by considerable physiological and morphological adaptations, for which the bony fishes are well known. It is true to say that while individual species of bony fishes are more restricted to particular physical conditions than are species of birds and mammals, their multitude and variety of adaptations have also enabled them as a whole to enter a variety of habitats. Thus, bony fishes may be found from high mountain streams almost to the



greatest depths of the oceans; they inhabit hot freshwater lakes through to the coldest of polar seas; a few are capable of limited flight and some are active on land; and others even lead parasitic lives.

          
The study of the many structural modifications of living fishes has a very real part to play in modern ichthyology, including classification and phylogeny. Greenwood 
et. al. (1966: 346) point out that classificatory schemes for teleosts (the bulk of living bony fishes) must necessarily be based on the study of extant forms, because the fossil record is so poor.

          
The main bulk of the Teleostei comprises a large group of rather generalised forms (the spiny-finned teleosts, or Acanthopterygii) with a number of smaller specialised groups which probably arose from a variety of ancestors in the late Mesozoic. As a result of the early divergence of the more specialised groups, they bear little resemblance to the main stream of teleosts.

          
One of these specialised offshooots is the Anguilliformes, or eel-like fishes. This contains at least 100 genera and several hundred species, all of which are elongate in form with many vertebrae (as many as 500-600, but in most species there are about 100-200). Eels show a marked reduction in the bones of the skull and associated structures, and pass through an extended pelagic larval phase in early life. The sinuous body form is also seen in various other teleosts which are not related to eels, and nearly always seems to be associated with a bottom-dwelling, fossorial (burrowing) or crevice-dwelling mode of life. However, no other teleosts have the peculiar, leaf-like transparent larva (or leptocephalus) as well as the elongate body which are so characteristic of the Anguilliformes.

          
In some eels elongation of the body has been carried to the extreme. For example, the tropical moray 
Thyrsoidea macrura has been reported to reach 13 ft. in length while others of unrelated groups are also markedly elongate. In contrast, some of the tropical eels which inhabit the minute crevices and perforations in coral reach only a few inches at full growth, as does the little bathypelagic eel, 
Cyema atrum.

          
The eels which must surely be familiar to all are those of freshwater streams and lakes. There are two such species in New Zealand and, as has often been observed, numbers of individuals in these species are extremely high. Despite their relative abundance as individuals, the Anguillidae, to which freshwater eels belong, represents only a fraction of the whole eel group. The three much larger and systematically more complex families: Congridae (conger eels), Ophichthidae (worm eels) and Muraenidae (moray eels) make up the bulk of the eel genera and species. The two latter families are essentially tropical in distribution and are particularly characteristic of the coral reef habitat. Although the diversity of



eels of these families in such places is astounding, their individual numbers are generally much less when compared with freshwater eels of the temperate regions. This is often the case with tropical fishes and other animals.

          
The elongate body in all members of the 20 or more eel families is an example of the essential conformity of basic body plan in the group. Freshwater eels (
Anguilla) are possibly the least specialised (Fig. 1: 1). There are, nevertheless, a number of adaptations which have evolved in association with the relatively sedentary life that most eels lead. Some of the more extreme adaptations are illustrated in Fig. 1. These are less obvious to the non-specialist but serve to distinguish in part the many different genera of eels in the same family. The mesopelagic eels, which inhabit the ocean depths between surface and bottom, have their own set of adaptations and are usually delicate fishes (Fig. 1: 8).

          
The eel-like body form does not allow for sustained speed of movement through the water. It is, however, an admirable body shape by which eels may insinuate themselves into crevices in rock or coral or into bottom sediments, their favourite habitats. In burrowing species, like the spectacularly-coloured worm eel illustrated (Fig. 1: 2), a number of similar adaptations of external structures have appeared independently in unrelated families. For example, the nostrils (which in the most generalised eels (e.g. 
Anguilla) are relatively unmodified apertures on the sides of the snout), are often tube-like and may bear flaps. The posterior nostril may even move into the side of the mouth cavity (Fig. 1: 3). Presumably in this way bottom sediments are prevented from being drawn into the olfactory passages, and in addition there is the advantage of the streamlining of the profile. The nostril tubes in at least one crevice-dwelling moray, on the other hand, are markedly expanded (Fig. 1: 4), probably as enlarged sensory surfaces. In most burrowing forms the fins are usually reduced or lost so that the body has become a simple unimpeded cylinder with the tail tip hardened into a burrowing point without a caudal fin (Fig. 1: 2). The speed at which some eels can move backwards through sand with a snake-like motion must be seen to be believed.

          
Most eels are rapacious feeders and many display considerable enlargement of the teeth and jaws. Commonly the jaws are much elongated and the dentigerous areas increased by the forward prolongation of the snout and tooth-bearing bones (Fig. 1: 8). The mouth may also have enlarged by a backward elongation coupled with the throwing of the main jaw support (the hyomandibula) into a backwardly-oblique angle (Fig. 1: 4, 1: 5). These modifications enable very large prey to be seized and devoured.

          
As an example of the many adaptations in eels, a few have even become plankton feeders. The so-called “garden eels’ of the congrid sub-family Heterocongrinae are a case in point. These



eels live in “colonies’ in fine coral sand, usually in reef areas where there is a relatively strong current (Fig. 1: 9). A tube is excavated in the sediment by the tail of each eel so that the animal may sink out of sight in its burrow, or hold a portion of its body out into the food-bearing current. Although eels of this type are sometimes referred to as “Röhrenaale’ (or “tube-eels’ in German), the term “garden eels’ seems to be a more expressive one. To the observer a colony of these fishes appears as a vast garden of delicately waving spindly plants, and is a sight to be remembered. The jaws of heterocongrines are much foreshortened and the large eyes are placed close to the tip of the snout (Fig. 1: 6), so that better binocular vision is possible. This would be of great advantage in feeding on the small planktonic animals as they are borne past the eel extended from its burrow. Eels of this type have recently been found for the first time in the southern Pacific on the barrier reef surrounding New Caledonia. In the deep water eel, 
Simenchelys parasiticus, which may spend some of its life feeding parasitically on the tissues of other fishes, the mouth is reduced and modified into an effective sucking mechanism (Fig. 1: 7).

          
In eels, the bones supporting the pectoral fin have lost the attachment with the skull, which attachment is normal in most teleosts. As a consequence the pectoral fin is often distant from





[image: Figure 1: 1. Anguiflla ausfralis schmidfi (Anguillidae), the New Zealand short-finned freshwater eel — an example of a generalised eel with few specialisations. 2. Leiuranus semicincfus (Ophichthidae), a tropical sand-dwelling worm eel, showing marked elongation of the body, hard finless caudal tip and reduction of pectoral fin. The spectacular coloration shown is not uncommon in tropical eels. 3. Cirricaecula johnsoni (Ophichthidae), a tropical sand-dwelling worm eel, showing acute burrowing snout with modified nostrils and labial cirri. 4. Rhinomuraena ambonensis (Muraenidae), a tropical moray with expanded antetior nost. ils. 5. Brachysomophis crocodilinus (Ophichthidae), a tropical sand-dwelling worm eel, with marked enlargement of jaws and teeth and a labial posterior nostril. 6. Taenioconger hassi (Heterocongrinae, Congridae), a tropical sand-dwelling congrid with reduction of jaws and enlarged eyes. 7. Simenchelys parasiticus (Simenchelyldae), a deep sea eel with a mouth adapted for parasitic feeding. 8. Nemichthys scolopaceus (Nemichthyidae), a deep sea mesopelagic eel with extended jaws and filamentous caudal region. 9. A portion of a “colony’ of Taenioconger hassi (Heterocongrinae) shown burrowed in coral sand. Abbreviations: af—anal fin, an—anterior nostril, ba—branchial aperture, c—tip of caudal region, cf—filamentous caudal region, df—dorsal fin, ej—extended jaws, fp—fleshy processes of jaws, Ic—labial cirri, pf—pectoral fin, pn—posterior nostril, v—vent.]

Figure 1:


1. 
Anguiflla ausfralis schmidfi (Anguillidae), the New Zealand short-finned freshwater eel — an example of a generalised eel with few specialisations.


2. 
Leiuranus semicincfus (Ophichthidae), a tropical sand-dwelling worm eel, showing marked elongation of the body, hard finless caudal tip and reduction of pectoral fin. The spectacular coloration shown is not uncommon in tropical eels.


3. 
Cirricaecula johnsoni (Ophichthidae), a tropical sand-dwelling worm eel, showing acute burrowing snout with modified nostrils and labial cirri.


4. 
Rhinomuraena ambonensis (Muraenidae), a tropical moray with expanded antetior nost. ils.


5. 
Brachysomophis crocodilinus (Ophichthidae), a tropical sand-dwelling worm eel, with marked enlargement of jaws and teeth and a labial posterior nostril.


6. 
Taenioconger hassi (Heterocongrinae, Congridae), a tropical sand-dwelling congrid with reduction of jaws and enlarged eyes.


7. 
Simenchelys parasiticus (Simenchelyldae), a deep sea eel with a mouth adapted for parasitic feeding.


8. 
Nemichthys scolopaceus (Nemichthyidae), a deep sea mesopelagic eel with extended jaws and filamentous caudal region.


9. A portion of a “colony’ of 
Taenioconger hassi (Heterocongrinae) shown burrowed in coral sand.


Abbreviations: af—anal fin, an—anterior nostril, ba—branchial aperture, c—tip of caudal region, cf—filamentous caudal region, df—dorsal fin, ej—extended jaws, fp—fleshy processes of jaws, Ic—labial cirri, pf—pectoral fin, pn—posterior nostril, v—vent.





the head. Coupled with this is an elongation of the branchial region and gill apparatus. As can readily be seen in eels kept in aquaria, respiration is carried out by a very characteristic and strong pumplike action of the branchial chamber, the water being forced over the gills and out of the single, sometimes reduced, branchial aperture on each side. The development of a long, narrow branchial chamber greatly facilitates the mechanics of this respiratory process.

          
Problems of distribution in eels perhaps involve some of the most fascinating aspects of the study of these fishes. Eels are essentially warm water fishes which have diversified extensively to fill the many niches available in the tropical habitat. Their distribution follows that of the shallow-water tropical corals, that is, approximately the 20°C isotherm, as do many other “tropical’ organisms. This means that true Indo-Pacific species would not be expected to occur as far south as New Zealand waters. However, tropical eels are known from the Kermadec and Norfolk Islands and from Queensland and the same species are likely to be found from the shores of the western Indian Ocean and as far eastwards as the offshore islands of Pacific Central America

          
Undoubtedly such a distribution is contributed to as much, if not more, by the ability of pelagic eel-larvae to traverse considerable oceanic distances, as by the random movement of adults from one island group to another, often across wide and very deep water gaps. The Equatorial Countercurrent in the Central Pacific, flowing eastwards towards the American coast, has been shown as an effective bridge across the so-called “East Pacific Barrier’, especially for fishes and other animals with larval forms (Briggs, 1961: 545). The spread of Indonesian species into the western Indian Ocean is very probably assisted by the west-flowing South Equatorial Current in the east and central Indian Ocean. New Zealand waters, at least those of the northern part of the North Island, are constantly under the general influence of southwestward movements of warmer waters from the Central Pacific.

          
Although there are no tropical eel species in New Zealand waters, there are a number of forms which show overwhelming affinities with the tropics (in particular, the muraenids and ophichthids). These are no doubt specialised offshoots of a tropical fauna which have become adapted for life in cooler waters. The distribution of eels is closely associated with the availability of suitable oceanic conditions in which spawning of the adults and development of the leptocephalid larvae may take place. It seems likely that all eels, including the temperate species, require water of moderate temperature (about 18°C) and fairly high salinity (about 35°/oo) for spawning to take place, even though the adults may normally live in much warmer or colder waters of considerably lower or higher salinities. This leads to the conclusion that the original



spawning requirements of the group are being retained while certain of the adults are becoming adapted to rather different environments than were normal for their ancestors.

          
Temperate eels, which probably spawn in areas some considerable distance from the area of adult distribution, appears to take this trend to the extreme. The rapid fall-off in the number of eel-species in temperate regions suggests that it is only those species whose larvae can survive the movement from distant spawning areas as pelagic larvae that become established in the temperate regions as adults. For example, anguillid and congrid larvae commonly have a larval life of a year or more (up to three years in the European freshwater eel) while those of the Muraenidae and Ophichthidae (and other tropical families) are very much more short-lived in the larval stage. This may, in part, explain the relative importance of anguillid and congrid eels and the unimportant of morays and ophichthids in temperate fish faunas.

          
Information on New Zealand eel-larvae is fragmentary. What evidence has been assembled in recent years suggests that while some species (i.e. certain congrids) may spawn close to the coast of New Zealand in areas of suitable hydrological conditions, it seems more likely that most of them spawn either to the north, around New Caledonia and in adjacent areas, or in the Tasman Sea over the continental slope off the east Australian coast. The south-moving East Australian Current may possibly then operate to bring the developing larvae near to New Zealand where metamorphosis of the leptocephali takes place, followed by invasion of the coastal waters (shallow water marine species) as well as the river systems (freshwater species).

          
As already pointed out, the eel-like fishes are unique in passing through an extended, pelagic, larval phase early in their life-histories. This phase may last only a few months or may be as much as two or three years in duration. Many other unrelated groups of fishes have an extended larval phase but in none does the larva assume such a characteristic importance as it does in the eels.

          
Larval eels (or leptocephali, as they are sometimes known) are relatively uncommon in New Zealand waters, but they occasionally appear in whitebait nets, in fish stomachs, stranded on beaches, as well as in trawls. It seems likely that New Zealand lies beyond the main oceanic areas where leptocephali make up an important part of the planktonic community. Off the west coast of Australia, in areas of mixed oceanic waters, recent studies have shown that leptocephali contribute as much as 5% of the total number of small free-swimming organisms in the upper layers.

          
Despite their rarity around New Zealand, the eel-larvae that have been reported provide valuable clues to the mysteries of the early life-histories of New Zealand eels, which at the moment are



entirely unknown. Further to the north, in the areas around New Caledonia, eel-larvae are extremely abundant and indicate that New Caledonia and adjacent waters are close to, or coincident with, areas where spawning and early development of many eels takes place. Obviously, very small larvae (i.e. those of about 5 mm to 10 mm in length) must indicate the close proximity of a spawning area. Quite small larvae of the New Zealand short-finned freshwater eel (
Anguilla australis schmidti) have been collected in recent years in these northern waters. This suggests that, like their Atlantic counterparts, mature adults of this species and probably also those of the New Zealand long-finned eel (
A. dieffenbachii) undertake a long oceanic migration to distant areas where spawning and early development is more favoured.

          
Even to the non-specialist, a leptocephalus shows such distinctive characters that it cannot be mistaken for any other marine creature. Fig. 2 shows a few of the diverse types of leptocephali known. The body is almost transparent and leaflike (sometimes filamentous), and the head is small with prominent eyes and sharp, conspicuous larval teeth (Fig. 2: 1, 2: 2). The segmental muscles (myomeres) of the body are characteristic. The intestine is a long straight tube (variously modified in different species) which follows the ventral margin to the posteriorly-placed anus. A large liver is present (Fig. 2: 3), together with a functional pronephros (head kidney) placed far forward near the heart. The long pronephric ducts lead to the opisthonephros (the adult functional kidney). The blood is unpigmented, as in many fish larvae.
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Figure 2:


1. Leptocephalus larva of 
Anguilla (freshwater eel), showing the major features of a typical eel-larva.


2. Head region of same.


3. Viscera of a muraenid leptocephalus.


4. Leptocephalus of 
Cyema atrum (Cyemidae), a deep sea mesopelagic eel.


5. Head of a nettastomatid leptocephalus (Nettastomatidae), a deep sea mesopelagic family of eels (rostrum not completely shown).


6. Leptocephalus of same, collected off Cape Brett, New Zealand.


7. Leptocephalus of a worm eel (Ophichthidae), showing the characteristic festooned intestine.


8. Generalised growth curves for (a) noith Atlantic 
Anguilla, and (b) a tropical shallow water congrid (
Ariosoma), both showing the essential features of growth including the reduction of length of the leptocephalus during metamorphosis.


Abbreviations: af—anal fin, b—brain, br—branchiostegal rays, da—dorsal aorta, df—dorsal fin, e—eye, gb—gall bladder, h—heart, i—intestine, im—intestinal melanophore, l—liver, lm—lateral melanophore, It—larval teeth, m—mesonephros, my—myomere (lateral muscle), n—olfactory organ, p—pronephros, pc — pyloric caecum, pd — pronephric duct, pf — pectoral fin, r—rostrum, rbv—renal blood vessel (its position along the body is of considerable importance in the identification of larvae), te—telescopic eye, v—vent, vc—vertebral column.


          

          


          
The leptocephalus is an active feeder on minute plankton and reaches its full growth after a time which varies from species to species. When fully grown the majority of eel-larvae are about 50 mm - 100 mm (2′ - 4′) in length but some are very much larger. The most extreme are the “giant’ leptocephali collected by the Danish 
Dana Expedition off southern Africa. These were as long as 1800 mm (6 ft.)! A larva similar to these was collected in a commercial trawl of South Westland some years ago. Although it was only. half as large as the largest 
Dana giant it was still a remarkable creature and certainly an exception amongst leptocephali.

          
At the completion of full growth, and under the influence of stimuli the nature of which have yet to be determined (but which may in part be external factors such as appreciable changes in temperature and/or salinity), the larva begins the remarkable process of metamorphosis. The body thickens and becomes rounded in section, pigment appears on the surface of the body, the larval teeth are lost to be replaced by the definitive teeth, and the intestine actually shortens so that the anus becomes placed further forwards along the body. What is more startling is that the body actually undergoes a 
reduction in length so that at completion of metamorphosis it may perhaps be only about a third as long as that of the fully grown leptocephalus. Surely this is an astounding process which must have few parallels in animal growth. Features of the life history are illustrated in Fig. 2: 8. In the European freshwater eel full larval growth is reached at about 70 mm after approximately 2 1/2 years, metamorphosis takes 3-4 months, and maturity is reached at about 700 mm after a further 5 years or so (Fig. 2: 8a). The congrid eel 
Ariosoma scheelei, from the tropical Indo-Pacific, grows to about 250 mm as a larva, metamorphosis is probably more rapid than in 
Anguilla and the elver is only about 80 mm in length; maturity is reached at about 200 mm very rapidly. This means that the leptocephalus of the species can be larger than the mature adult (Fig. 2: 8b).

          
The young eel is now termed an elver and has all the essential features of the adult. Subsequent growth proceeds as in other fishes. The remarkable process of metamorphosis, as outlined above, has been closely studied in certain European species and others elsewhere but similar studies have yet to be made on larvae in the Australasian region. It is not an easy process to observe in the laboratory because there are difficulties in obtaining ripe male and female eels for artificial fertilisation and rearing of the larvae produced. Even then, young larvae cannot readily be reared beyond the yolk-sac stage, while older larvae seldom survive the trawl net for transport to shipboard or laboratory aquaria.

          
Metamorphosis is almost certainly common to all eels, although it has been actually observed in only a relatively few species. The profound structural changes involved in this process are of



considerable relevance to systematic studies on leptocephali and adult eels since they introduce into these studies a fundamental and what has been an almost insuperable problem. Many characters of the larvae do not survive this process and the young elvers are quite unlike their larvae. This means that great difficulties arise in identifying particular larvae with their appropriate adult species. In fact, although several hundred different larval forms are known, only a few have been firmly identified with adults.

          
Recent studies on large collections of eel-larvae, however, have shown that encouraging progress can be made in the difficult task of correlating the various larval types with their adults. The essential features which identify a particular leptocephalus with the eel 
family to which it belongs are now fairly well known. The characters which identify the larva to its 
genus have also been established for quite a number of forms. These are mainly structural, but an important breakthrough in larval studies has been made with the discovery that the broad patterns of distribution of black pigment cells (melanophores), which are commonly present in larvae, is of generic importance. In other words, generic “categories’ can be readily recognised by attention to the precise nature of larval pigmentation. This pigment often remains throughout metamorphosis to the elver, and is a useful way of linking a particular larval type with its appropriate adult genus.

          
Compared with the considerable structural and ecological differences which distinguished 
genera of eels, rather insignificant differences apply in the separation of eel 
species. More commonly, specific criteria in adults are those based on differences in proportions of the body, the distribution and number of teeth, the nature of the fins, coloration etc. For many years, after the outstanding researches of the Danish scientist Johannes Schmidt on the north Atlantic freshwater eels, it has been recognised that an important systematic feature of eels is the number of vertebrae they possess. This also applies in many other fishes, including sharks. The vertebral number in fishes is subject to certain variation partly resultant from variations in external factors (mainly temperature and salinity) during very early development, but such variations are usually small. Thus, eel species are often (but not always) distinguished in part by marked differences in their total numbers of vertebrae. For example, the small congrid eels of the genus 
Gnathophis which inhabit offshore waters around the New Zealand coast are clearly separated as two species: 
G. habenatus with 120-127 vertebrae, and 
G. incognitus with 139-147. Such differences between the two species can often be recognised externally as a marked discrepancy in the relative slenderness of the body, as would be expected when one species has more vertebrae than the other.

          


          
The definitive number of segments (and hence vertebrae) is laid down early in embryonic development. It has yet to be shown that vertebrae can be added as growth proceeds, although this has been suggested as an explanation of the wide variation in vertebral numbers in eels. In the larva, vertebrae are not clearly differentiated until late in larval growth but the number of muscle segments (myomeres), which amounts to the same thing, makes its appearance early. Furthermore, the number of myomeres remains unchanged throughout the growth of the larva, through metamorphosis, and into the elver and adult. Here then, is an answer to the problem of correlating larvae with adult species.

          
As a practical demonstration of the usefulness of larval studies in eel systematics, a local example could be pointed out. The existence of 
Gnathophis incognitus in Australasian waters was first suspected after noting that gnathophid larvae from collections made in this area could be readily and effectively divided into two groups on the basis of myomere numbers, one with 116-131 (corresponding with 
G. habenatus), the other with 134-150 (with no known adult counterpart). A close examination of collections of adult 
G. habenatus revealed the presence of the second species, with matching vertebral data. Such a useful approach is now being widely explored in the study of various groups of eels elsewhere in the world.

          
The brief outline of the typical eel life-history given above shows that in effect it is divided into two fairly discrete portions: one involving larval growth in the planktonic habitat in the open ocean or far offshore, the other subsequent to metamorphosis as a benthic or mesopelagic adult. The transparent body of the larva favours survival in the plankton where it competes with other similarly organised animals, and much of its movement occurs passively by ocean currents. After metamorphosis, which takes a relatively short time in the life of the eel, the young elver enters a markedly different environment where body shape, differentiated feeding mechanisms, sense organs and body coloration play an important part in survival of elver and adult.

          
During its life then, an eel is exposed to physical and biological environmental factors which in the young differ markedly from those in the adults. Clearly, natural selection must operate in different ways in these two stages so that one might expect eel-larvae to have evolved rather differently than have their adults. We might further expect the larvae and the adults to have quite different sets of adaptations on which their classification might be based. The present classification of eels is not entirely satisfactory and perhaps a more effective scheme might be proposed in which larval features are taken more into account. If the larvae have been more conservative in their evolution than adults, they could be expected to show more accurately the generic relationships of living groups of eels



and perhaps suggest a basis on which the phylogeny of the group might be established. There are parallels in other animal groups (e.g. Crustacea, Insecta, Echinodermata) where a larval phase is typical. However, a great deal more knowledge about eel-larvae is required before such proposals can be brought to a workable conclusion; in any case, it would be unwise to use only larval characters as a basis for classification and phylogeny.

          
This article is intended to demonstrate that the study of an isolated animal group (and here, the eels in particular) need not be one of little more than sterile academic interest. Rather, such a study is often capable of involving a wide range of biological problems. With the increased world attention to the resources of the oceans, eel-larvae are proving to be of considerable importance in studies on the complex nature of planktonic communities and the movement of oceanic water masses. Coupled with studies on adult eels, leptocephali are also providing information on the broader aspects of the distribution of marine animals, on their means of dispersal, and on fundamental problems of fish classification and evolution.
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For Some Years the writers have been trying to arrive at satisfactory definitions of the most useful ecological terms—definitions that are both precise and consistent with one another. There is not available at the present time a publication which brings together definitions of a critically selected group of ecological terms from the fields of botany, zoology and soil science. In the few glossaries that have been independently published in the past, the basic concepts and terms have been obscured by a large number of specialist words, uncritically gathered up for the sake of completeness. Most writers of ecological textbooks have such definitions as they include scattered through the text; only a few have glossaries. We evaluated one of these, published within the last decade, and found that no less than 67 of the 97 terms we have listed below, and consider basic, were not in the glossary. Of the 30 that were, only 15 were defined adequately in our opinion.

          
We want to make it clear that we bring these definitions forward not with an authoritative attitude, but as a basis for consideration and discussion. Indeed, agreement with all the definitions given here will clearly 
not be possible; some of our most experienced critics hold quite dissimilar views on how certain terms should be defined. Yet in the interests of communication, we should be aiming at more general agreement than we have at present. We hope that the following definitions will be a step in this direction. We have taken great care, demonstrated by frequent cross-referencing, to ensure that they are at least consistent with one another.

          
While not wishing to imply that the following agree with all the definitions below, we are grateful to Dr. J. R. Bray, Mr. 
C. J. Burrows, Mr. A. E. Esler, Dr. 
J. E. C. Flux, Dr. J. 
A. Gibb, Prof. D. B. Lawrence, Dr. 
K. E. Lee, Dr. M. Luxton, Dr. 
D. R. McQueen, Dr. A. F. Mark, Dr. R. B. Miller, Dr. 
P. Wardle, Dr. D. Scott, Mr. 
V. D. Zotov, and particularly to Mr. I. J. Pohlen, for advice and for criticisms of earlier drafts of this list.

          


          

Abundance. (1) The relative number of individuals of a species in a defined area. It is commonly expressed according to a number of classes, e.g. rare, uncommon, common, abundant. Cf. 
density.

          
(2) The mean number of individuals of a species per sample area (quadrat), considering only those sample areas in which the species occurs.

          

            
Abundance = Total no. of individuals of a species/No. of sample areas in which species occurs
          

          

Age Structure. The distribution of the individuals of a population in age classes.

          

Albedo. The proportion of incident radiation reflected by a portion of the earth's surface, i.e. by vegetation, soil, water, buildings etc.

          

Association. The term has been used in a variety of ways for vegetation, often with the assumption that associations are floristically homogeneous and exist as integrated units comparable to organisms. We think that since the terms 
vegetation type and 
community type (q.v.) analogous to 
soil type, have no such implications, they are more satisfactory terms to use. “Association’ is also used in soil mapping.

          

Available Biota. The species and numbers of organisms available for community development by dispersal from neighbouring areas. The term should be distinguished from 
community biota — the plants and animals that actually survive in the community.

          

Basal Area. In trees, the cross-sectional area of the trunk at 4.5 ft above the ground (breast height). In tussocks, the cross-sectional area measured about lin. above the ground. The 
relative basal area of a species is the proportion it forms of the total basal area contributed by all species.

          

Biomass (of a community or an individual species). The total weight of living organisms per unit area at a given time. Unlike 
standing crop (q.v.), biomass includes all parts of the organisms.

          

Boundary. A limit placed in order to divide soil and/or vegetation into classes, for description and mapping. Cf. 
transition.

          

Canopy. The layer or layers defined by the uppermost plant crowns or their parts. The concept is applicable to any kind of vegetation. “Canopy’ has often been used for an individual plant crown in vegetation but we think its use should be restricted to the vegetation layer or layers defined by the uppermost crowns.

          

Canopy Gap. A temporary opening in the 
canopy (q.v.) resulting from the death, removal, or overturning of plants.

          


          

Carrying Capacity (animals). The upper level of density, beyond which no major increase can occur. Cf. 
site capacity.

          

Climax. Vegetation considered to have reached a steady-state condition. Since vegetation is part of the ecosystem which is an open system subject to gains and losses, a state of equilibrium is not reached.

          

Community. The plants and animals living together in an area (of any size).

          
The fact that each species is dependent on particular resources of energy, nutrients, water, air, and space, implies that the community is a dynamic system, not to be distinguished from 
ecosystem (q.v.). Thus “community’ does not represent a separate level of organisation (hieron), lower than “ecosystem’, as stated by some authors (e.g. Odum 1963). Both terms apply to a given volume of the biosphere: which term is used is a matter of emphasis only. The term community focusses attention on the species within the biosphere-volume, whereas the term ecosystem focusses attention on nutrient cycling and energy flow within the biosphere-volume.

          

Community Type. A conceptual grouping of a number of 
stands (q.v.), of similar morphology, biotic composition, etc., for purposes of description and mapping. The classes delimited depend on the purpose in view, the scale of mapping, and the criteria used.

          
Whittaker (1956) and others have pointed out that the concrete communities in which sampling is done, i.e. the 
stands, should be clearly distinguished from any abstract class of communities, i.e. a 
community type, so as to avoid the uncritical transfer of information about communitiees in the one sense to communities in the other sense.

          
See also 
soil type and 
vegetation type.

          

Competition (1) (between animals). ‘Inferred or proven interaction between species which share a … population-limiting resource such as food or shelter.’ (Macfadyen 1957, p. 177). 
Interference has been suggeseted by some authors (see Macfadyen, loc. cit.) as a more restricted term for some cases of competition.

          
(2) (between plants). Interaction between individual plants in which growth rates, reproductive efficiency and survival are affected because the combined requirements of light, atmospheric carbon-dioxide, soil moisture, soil oxygen or nutrients are in excess of the rate of supply. Harper (1961) has suggested that the term 
interference is preferable.

          

Competitive Displacement Hypothesis. ‘Different species having identical ecological niches (that is, ecological homologues) cannot coexist for long in the same habitat’ (DeBach and Sundby 1963). This is also known as the ‘Volterra-Gause



principle’, ‘Cause's hypothesis’, ‘Grinnell's axiom’, and the “competitive exclusion principle’ (see Gause 1934, Udvardy 1959, Hardin 1960).

          

Composition (of a community). The species present, usually with an estimate of their 
abundance, density, cover, basal area, or 
biomass (q.v.).

          

Continuum. A 
sequence (q.v.) in which variation in vegetation and/or soil properties between one stand and the next of the series is continuous rather than discontinuous. The stands may or may not adjoin one another in space.

          

Cover. The proportion of ground surface covered by the leaves or crowns of a species, or by one or more layers (storeys, tiers) of vegetation, when projected vertically downwards.

          

Canopy cover of vegetation is the proportion of ground surface covered by the canopy layer (s) when projected vertically downwards. 
Relative leaf cover and relative crown cover are the respective proportions of the total leaf cover and total crown cover contributed by a particular species. Cover is usually expressed as a percentage.

          

Crop. The total amount of plant or animal material than can be removed per unit area over a period of time. 
Standing crop, crop and 
yield (q.v.) are three scientifically imprecise but useful terms related to the precise terms, 
biomass, production, and productivity (q.v.). See Westlake 1963.

          

Density. The number of individual plants, plant parts, or animals of one or more species per unit area. Cf. 
abundance.

          

Relative density is the proportion of the total number of individuals of all species in a group (e.g. trees) contributed by a particular species.

          

            

Sample area density (quadrat density) = Total no. of individuals of a species/Total no. of sample areas
          

          
The reciprocal of sample area density is termed 
mean area.

          

Density-Dependent Factor. A factor whose intensity of action is governed by population density. Density-dependent factors are the so-called “biotic factors’ in contrast to the density-independent factors (
see state factors) such as climate (but not microclimate).

          

Dependent Relationship. A relationship in which organisms depend on specific physical conditions or other organisms for their survival as a result of structural, physiological and behavioural adaptations.

          

Dependent Variable. When applied to ecosystems a dependent variable is a property of the ecosystem, such as population density or soil pH, dependent on the variables, or 
state factors (q.v.), of



climate, parent rock, relief, ground water, available biota, or time. The latter are wholly or largely independent of population density, soil pH, etc. Cf. 
density-dependent factor.

          

Dispersal. The process of transport and spread of plants and animals. Cf. 
migration.

          

Dispersion. See 
pattern.

          

Distribution. (1) The area occupied by populations of a species, i.e. the geographic distribution or range.

          
(2) The arrangement of individuals of a population in space.‘In a 
random distribution the presence of one individual does not either raise or lower the probability of another occurring near by. In a 
uniform distribution the probability is lower and in a 
clumped distribution … it is raised.’ (Greig-Smith 1957, p. 12).

          

Dominant. (1) The plant species with the greatest cover, basal area or biomass in the community.

          
(2) The plant or animal species that chiefly effects the energy flow within a particular trophic level in the community.

          

Ecological Pyramids (of numbers, biomass, and energy). Graphical representations of trophic structure (q.v.) in which the first or producer level forms the base and successive levels the tiers which make up the apex. The numbers and biomass “pyramids’ may be partly inverted, but not so the energy pyramid. See Odum and Odum 1959.

          

Ecosystem. An open system of any size comprising organisms and non-living materials involved together in the flow of energy and the circulation of matter. The 
vegetation system and the 
soil system (q.v.), though often described separately, are parts of the ecosystem.

          
The concept of ecosystem is of “fundamental importance in interpreting the data of dynamic ecology … particularly in relation to quantitative studies of the biological and physical processes affecting productivity and the accumulation, transformation and flow of energy and materials’ (Ovington 1962, p.105). Cf. 
community.

          
Differences between ecosystems (or vegetation systems, or soil systems) may be interpreted in terms of the 
state factors (q.v.) of climate, available biota (including man), parent rock, relief, ground water, and the time during which development has taken place (see Jenny 1946. 1958).

          

Ecotone. This term has been loosely applied to stands intermediate (in position, and in physiognomy, composition, etc.) between two previously defined communities, often with the assumption that these stands constitute a “tension zone’ in which competition between organisms is more severe than on either side. Another assumption often implied is that an ecotone is a boundary along which two communities compete as integrated wholes analogous



to organisms. We think that spatial 
transitions (q.v.) can be described and understood satisfactorily without the use of the term ecotone.

          

Eluviation. The downward movement of particles through the soil in solution, in suspension, or by gravity. The term refers especially to the movement of colloids.

          

Emergent. A plant, usually in forest or scrub, that has its crown projecting above a lower and more continuous part of the canopy.

          

Environment. Although the term is commonly used in a broad sense for the surroundings of an organism or organisms, i.e. for the non-living part of the ecosystem, Mason and Langenheim (1957) have emphasised that it has greatest meaning when used in a narrower sense for all “those phenomena that actually enter a relation with a particular organism’. This is called the 
operative environment.

          

Environmental Range. The range of physico-chemical-biologic conditions within which an organism can continue to live. The environmental range of a single organism may differ from that of a population, since to maintain the latter, reproduction and the survival of juveniles is necessary.

          

Evapotranspiration. The loss of water vapour from the ecosystem. It includes both evaporation and transpiration.

          

Food Chain. A sequence of plant and animal populations through which energy flows as a result of the dependence of one population on another for food. 
Food webs are formed by the interlacing of food chains.

          

Frequency. An estimate of the chance of finding individuals of a species within a sample area (quadrat) of a particular size and shape. Frequency is dependent partly on size of individuals, partly on 
density (q.v.), and partly on 
pattern (q.v) (Greig-Smith 1957). It is usually expressed as a percentage.

          

            
Frequency = No. of sample areas in which species occurs/Total no. of sample areas × 100
          

          

Gradient. A gradual change of an environmental factor in space.

          

Habitat (of a population). The kind of place where a population lives, i.e. the kind of place where one would go to find individuals of the population. Cf. 
niche.

          

Home Range. The area that an animal regularly frequents. Cf. 
territory.

          

Immobilisation. The temporary withholding of energy or nutrients from the 
organic cycle (q.v.). Cf. 
mineralisation and 
mobilisation.

          


          

Inorganic Regime. Physical and chemical weathering in the ecosystem (
wasting regime), together with the gaining, losing, or mixing of inorganic materials (
drift regime) (cf. Taylor and Pohlen 1962). Gains include volcanic ash, loess, minerals in rainwater and flush water, colluvial and alluvial deposits. Losses occur during erosion as well as in drainage and surface run-off.

          

Interference. 
See competition.

          

Leaching. The removal of substances from the ecosystem in solution.

          

Leaf Area Index (L.A.I.). The surface area of the leaves of all plants per unit area of land (Watson 1947).

          

Leaf Wash. The material excreted or deposited on the surface of leaves, etc., that is transported downwards by rainwater.

          

Limiting Factor. An environmental factor that limits the growth, density, or distribution of individuals.

          

Mean Area. 
See density.

          

Migration (of animals). The shifting of home range (q.v.), usually concerted and directional, and often over a considerable distance, in response to seasonal or other periodic changes in the physical environment. Cf. 
dispersal.

          

Mineralisation. The liberation, by decomposition, of mineral elements from the organic matter in which they are held.

          

Mobilisation. The liberation of immobilised energy or nutrients into the 
organic cycle (q.v.). Cf. 
immobilisation.

          

Mosaic. Two or more types of vegetation and/or soil displaying a repetitive pattern and treated as a composite whole for purposes of description or mapping.

          

Niche. The more or less specialised set of relationships which a population establishes with the environmental resources of energy, nutrients, water, air, and space. The concept seems to have the greatest value when attention is being focussed on the differences between species that lead to ecological segregation. Cf. 
habitat.

          

Organic Cycle. The flow of energy or materials through the ecosystem, that results from the activities of living organisms. In quantitative studies it is useful to separate energy flow, nutrient cycle, water cycle and carbon cycle.

          

Organisation (within the community). The network of 
dependent relationships (q.v.) arising from energy transfers, competition, and other life processes of organisms.

          

Parent Material (of the soil). The usually unconsolidated mineral or organic material in which soil develops. It should be distinguished from parent rock (including subaerial and alluvial deposits) which is the rock from which the parent material is derived by weathering (see Taylor and Pohlen 1962, p. 19).

          

Pattern (of a population). The non-random 
distribution (q.v.) of individual animals, plants, or plant parts (e.g. stems, crowns) within a community.

          


          
With plants attention is focussed, more often than not, on patterns of distribution in the horizontal plane rather than in a vertical direction. Pattern commonly arises either from “exclusion of the species from part of the area by unfavourable environmental factors or by the presence of competing species’, or from “aggregation brought about by inefficient propagule dispersion or by vegetative propagation’ (Greig-Smith 1957, p. 64). To these factors must be added, social aggregation and active disassociation in animals.

          

Physiognomy. The external features of vegetation.

          

Population. The aggregate of all individuals of all ages of a particular species in a given area. Population is a concept used for classifying information about individuals (see Mason and Langenheim 1961.

          

Production. (1) 
Gross primary production. The total amount of organic matter fixed in an ecosystem per unit area over a period of time. It includes that used in plant respiration during the measurement period. Cf. 
crop.

          
(2) 
Net primary production. The amount of organic matter stored in an ecosystem per unit area over a period of time. It thus excludes that lost by plant respiration during the measurement period.

          
There is no general agreement yet on the use of productivity terms; the reader is referred to discussions by Macfadyen (1957), Westlake (1963), and Odum (1964).

          

Productivity. The production expressed as a rate, i.e. the amount of organic matter fixed or stored per unit area per unit time. Productivity should be qualified in terms of the period over which it is averaged. Cf. 
yield. See Westlake 1963.

          

Recruitment. The intake of new breeding adults in a population.

          

Regeneration (in vegetation). (1) The process by which adults of a plant population are replaced by juveniles of the same species.

          
(2) The process by which vegetation of a given kind redevelops on the same ground following destruction.

          

Regeneration Gap. An absence or paucity of juveniles in a plant population, usually over a wide area.

          

Revegetation. The assisted re-establishment of vegetation in an area following loss of the original cover.

          

Regrowth (of plants). The process in which a plant forms new parts following damage.

          

Sample. A portion of the whole consisting of one or more sampling units (points, lines, quadrats) from which qualitative or quantitative data are obtained.

          


          

Sequence. A conceptual arrangement of a series of 
stands (q.v.) in relation to a 
state factor (q.v.) or complex of correlated factors. The stands may or may not adjoin one another in space.

          
When stands are arranged in relation to state factors we may distinguish 
climosequences (climate), 
lithosequences (parent rock), 
toposequences (topography), 
biosequences (available biota), and 
chronosequences or 
successions (time) (see Jenny 1958). We may also have sequences where a number of factors are correlated with elevation (see also 
zone). It is understood that in constructing a sequence for a particular factor, stands are selected with as little variation as possible in any other factor.

          

Seral Stage. See 
stage (1).

          

Sere. See 
succession (2).

          

Site. An area of the land surface for which a specific statement can be made of aspect, slope, exposure, ground water, and underlying geological material. The size of a site may vary within wide limits depending on the degree of uniformity required for sampling.

          
The concept of site has been extended by some authors to include the vegetation it supports and then used as an index of 
site capacity (q.v.). By others it has been taken to include the climate (see, for example, 
soil site, Taylor and Pohlen 1962).

          

Site Capacity. The potential 
yield (q.v.) of a site. Cf. 
carrying capacity.

          

Society. An animal population in which one or more individuals have become specialised for performing particular functions more effectively than the remainder of the population. Integration of the activities of the specialised groups is based on a wide variety of systems of communication. Societies include groups such as herds and flocks as well as social insects.

          

Soil. (1) The upper weathering part of the earth's crust, commonly but not always differentiated into horizons, of mineral and organic constituents (cf. Joffe 1949, pp. 39-41). According to this definition soil does not include living organisms. The definition can be extended to include accumulations of mineral and organic matter on plants, or in other places above ground. It is the common definition used in pedology, although Taylor and Pohlen (1962) prefer a definition similar to (2) below.

          
(2) The system below ground level, commonly but not always differentiated into horizons, in which mineral matter, organic residues and living organisms are involved in cyclic exchanges with the vegetation above ground. Soil and vegetation, though often described separately, are parts of a larger open system, the 
ecosystem (q.v.). (Note: ground level is taken to be the upper surface of the organic horizon.)

          
Compare these definitions with those given for 
vegetation.

          

Soil Horizon. See 
stratification.

          


          

Soil Profile. A three-dimensional vertical section of the soil through all its horizons. For terms relating to the description of soil profiles see Taylor and Pohlen (1962).

          

Soil Structure. The manner in which the primary soil particles are aggregated within the soil. The size, shape, arrangement, and stability of aggregates collectively determine the structure of the soil.

          

Soil Type. The basic soil class used in soil mapping. The soil type (as shown on the map) comprises areas of soil that are alike in characteristics of significance to the nature and functioning of the soil in the natural landscape. It may include a small percentage of areas of different soil, regarded as “inclusions’ within the soil type (see Taylor and Pholen 1962). See also 
community type and 
vegetation type.

          

Stage, (1) 
Vegetation stage. An arbitrarily delimited part of a vegetation 
succession (q.v.). Stages may be distinguished by such terms as 
initial, immature, semimature, and 
mature. The use of the word “mature’ does not imply complete stability. A 
seral stage is one in which change is rapid relative to that occurring in semimature and mature stages.

          
(2) 
Soil stage. In pedology “stage’ has been used in the time sense like the vegetation stage. It has also been used in a somewhat different cannotation in which it refers to a step in a soil sequence where soils are arranged progressively according to the degree of development of soil horizons. Such “development’ is due in part to differences in the available organisms, for example where one tree species is a podzoliser and another is not. Unfortunately, the terms “young’, “immature’, “semimature’, “submature’, and “mature’ have been applied to stages of both kinds.

          

Stand. A localised area of vegetation, or vegetation plus soil, selected for sampling.

          

Standing Crop. The amount of plant or animal material per unit area at a given time than can be removed by normal methods, e.g. the standing timber volume in a forest. Cf. 
biomass. See Westlake 1963.

          

State Factors. The principal, relatively independent variables that define the state of the ecosystem: available biota, climate, parent rock, relief, ground water (including chemical composition and temperature variation resulting from geothermal activity), and the time during which development has taken place. Alternatively, relief and ground water may be considered as parts of one factor, topography.

          
Jenny (1946) suggests that primary water tables conditioned by geology and physiography should be distinguished from



secondary or pedologic water tables that result from a given combination of climate, organisms, topography, and parent rock, acting through time.

          
State factors can enter functional relationships among themselves, e.g. climate on parent rock, but they may also vary independently in relation to the ecosystem. In so far as variation in one factor may affect ecosystem development it can be regarded as a controlling or trigger factor. However, it cannot be regarded as a sole cause since any property of the ecosystem is a resultant of all the factors acting together.

          
The functional factorial approach to ecosystem study enables the pattern of vegetation and/or soil in an area to be interpreted on a broad scale. However, this can be satisfactorily done only when precise determination of the various factors is still possible, i.e. when the systems have not been operating for any great length of time. The approach should not be confused with the more dynamic one of relating the growth of particular organisms to particular environmental phenomena (see 
environment).

          
See Major 1951, Crocker 1952, Jenny 1958.

          

Stratification. The manner in which animals, plants, and non-living materials are aggregated into strata within a community. Strata in the vegetation system (
layers, storeys, tiers) arise from the aggregation of plant crowns, animals, and epiphytes, at particular levels as a result of inherent differences in light requirement, growth potential, life history, etc.

          
Strata in the soil system (
horizons), apart from any inherited from the parent rock, arise through the accumulation of litter at the surface, through the action of soil processes such as leaching, eluviation, and weathering, through the development of different root systems by different plants, and through the multifarious activities of soil organisms at various depths below the surface.

          

Structure (in a community). The manner in which individual plants (or particular parts of plants), individual animals, populations, or primary soil particles are aggregated functionally, or in space. See 
pattern, stratification, trophic structure, age structure, and 
soil structure.

          

Succession. (1) The process of directional change in the physiognomy, composition, and structure of a community, usually over a number of years. The change may be due to intrinsic factors (dependent or “biotic’ factors), to a change in one or more extrinsic factors (independent or state factors), or to both.

          
(2) A conceptual arrangement of a series of stands according to time. Alternative terms for this second usage are 
sere and 
chronosequence.

          


          

Territory. The area defended by an individual animal, pair, or family group against other members of the species (and sometimes against members of other species), particularly during the breeding season. Cf. 
home range.

          

Topography. The configuration of the land surface, i.e. relief, together with ground water, drainage, and other features of the earth's surface. 
Relief includes degree of slope, shape of slope, length of slope, aspect, and exposure. See 
state factors.

          

Transition. A change from one place to another in vegetation and/or soil. The change may be abrupt, or more or less gradual.

          

Trophic Level. The functional position of a group of species in a 
food chain (q.v.). relative to the initial source of energy, i.e. producer level, or primary, or secondary, or tertiary consumer level. It should be noted that many animal species occupy more than one tropic level.

          

Trophic Structure. The manner in which the total number of organisms, the biomass, or the energy fixed per unit time, is distributed in successive 
trophic levels (q.v.) within a community.

          

Vegetation. (1) The cover of plants, above and below ground, commonly but not always differentiated into layers (storeys, tiers). This is the ordinary definition in which animals, etc., are not considered part of vegetation.

          
(2) The system above ground, commonly but not always differentiated into layers (storeys, tiers), in which plants and animals, organic residues, and mineral matter are involved in cyclic exchanges with the soil below. Vegetation and soil, though often described separately, are parts of a larger open system, the 
ecosystem (q.v.).

          

Vegetation Layer (Storey, Tier). See 
stratification.

          

Vegetation Type. A conceptual grouping of a number of stands of vegetation, of similar physiognomy, composition, structure, etc., for purposes of description and mapping. The vegetation, as shown on a map, may include a small percentage of areas of different vegetation, too small to be shown separately. See also 
community type and 
soil type.

          

Weathering. The physical and chemical processes by which rocks and minerals are broken down or decomposed.

          

Yield. The 
crop (q.v.) expressed as a rate, i.e. the amount of plant or animal material that can be removed per unit area per unit time. Yield should be qualified in terms of the period over which it is averaged. Cf. 
productivity. See Westlake 1963.

          

Zone (applied to communities). One of a number of adjacent, more or less parallel community types or groups, forming a sequence where a number of factors are correlated with elevation, such as occurs at the seashore, at lake margins, and on mountains. Zones may constitute either a static pattern, as on a stable coast, or a developmental pattern, as at the edge of an infilling lake.
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Introduction

          

Few Biological studies of thermal waters have been made in New Zealand, but it has been known for many years that a thermal fauna is present. Over 60 years ago, Poynton (1903) described ephydrid (Diptera) larvae from the Black Terraces, Taupo and in 1923, Stoner made brief observations on insects present in hot pools and rivulets at Ohinemutu. More recently, Winterbourn and Brown (1967) have investigated the faunas of two warm streams near Taupo, and zoologists at the University of Auckland are at present making an ecological study of the warm lake, Rotowhero (34°C approximately) at the base of Rainbow Mountain, Waitotapu (J. G. Pendergrast, pers. comm.).

          
The present account is based primarily upon field work done by the author in the Rotorua-Taupo-Tongariro region of the North Island during the period 1965-67. Observations were made in the 10 thermal areas listed in Table 1.

          
Thermal waters and hot springs occur most frequently in areas of volcanic activity. Important ones are found in Europe, Iceland, Algeria, the United States and New Zealand, the largest and most varied group of hot springs in the world being in Yellowstone Park, Wyoming. The biological characteristics of thermal waters depend on several factors of which the most obvious is the high temperature of the water. Because of this, only a small amount of dissolved oxygen is found (Ruttner 1953). and frequently large quantities of dissolved salts are also present. With reference to temperature, thermal waters are normally considered as those having temperatures sufficiently high so that members of the general freshwater fauna do not usually live in them. Pennak (1953) considers that, in general, 25-30°C represents the dividing line between a rich fauna at low temperatures and a poor fauna at high temperatures, and that 35-39°C represents the normal upper temperature limit for most members of the general freshwater fauna. In this account the term hot is used to denote waters having temperatures greater than 39°C, whereas those of a lesser temperature, but still greater than ambient air temperatures, are referred to as warm.

        

        


        

          
Chemical and Geological Characteristics of Thermal Regions

          
According to the detailed account given by Grange (1937), thermal waters can conviently be classified according to their chemical characteristics as chloride, sulphate, mixed chloride and sulphate, or bicarbonate springs. In the Rotorua-Taupo district, sulphate and chloride springs predominate. The former are typically acid, but the latter are generally alkaline although a few are weakly or strongly acid. Creamy-grey sinter is deposited freely by alkaline springs and to a small extent or not at all by acid ones. Characteristically, chloride springs are located in valley bottoms or on wide flats with a good supply of ground water, and from them strong or moderate overflows are common. By comparison, sulphate springs are commonly found on steep slopes or wide flats with probably limited ground water supply. Sodium is the principal cation for chlorides, sulphates and carbonates, and with potassium is present in considerable amounts. Silica is highest in chloride springs whereas aluminium and iron are found mainly in sulphate waters. Magnesium and calcium are generally present in small quantities.

          
The thermal areas considered here can be classified as follows:—

          

            

              

                
	Sulphate
                
	—
                
	Ketetahi (Tongariro)
              

              

                
	Chloride
                
	—
                
	Ohinemutu
              

              

                
	
                
	
                
	Orakei-Korako
              

              

                
	
                
	
                
	Lake Rotomahana
              

              

                
	
                
	
                
	Tokaanu
              

              

                
	Mixed chloride and sulphate


(chloride predominant)
                
	—
                
	Waimangu
              

              

                
	
                
	
                
	Waiotapu
              

              

                
	
                
	
                
	Lake Rotowhero
              

              

                
	
                
	
                
	Taupo
              

            

          

        

        

          
The Macrofauna

          
Because the taxonomic status of many of the invertebrates found is not clear (in common with much of the general fresh water fauna) identification of a number of species has not been attempted below the generic or even familial level. Members of the most important groups found are illustrated in Figs. 1 and 2.

          
Members of 8 phyla have been found in New Zealand thermal waters. Of these, the Protozoa, Aschelminthes, and Nematoda, all containing hot water species, will not be discussed here (See Winterbourn and Brown, 1967, for an account of their distribution in relation to observed temperatures in two Taupo warm streams). The Chordata is represented by a single species of fish. 
Mollienesia sp. Members of the Platyhelminthes, Mollusca and Annelida, although found in warm waters, were never present at high temperatures. Composition and temperature relations of the macrofauna of all warm and thermal waters examined is shown in Table 1. All



temperatures cited were taken in close proximity to the animals at the time of collecting, but they should be considered only as a general indicator of the environmental temperature under which the animals live, as even thermal waters do not maintain a constant temperature. For example, continuous recordings were made with a maximum-minimum thermometer at single stations in Waipuwerawera and Waipahihi Streams, Taupo, over a 4 day period in March 1967. Rain fell continuously for 24 hours of this period and temperatures ranged between 22-24°C and 34-41.5°C respectively. A comparison between maximum temperatures at which New Zealand species have been found and maxima recorded elsewhere can be made by referring to Table 2 in which data from a number of sources have been collated.

          

            

[image: Fig. 1: “Warm’ water species. (a) Antiporus larva; (b) Simlimnaea fomentosa; (c) Ischnura aurora larva; (d) Ischnura larval gill; (e) Physa fontinalis; (f) Chironomus zealandicus; (g) Odontomyia larva; (h) Sigara; (i) Anisops wakefieldi; (j) Chironomus cylindricus larva. Length of scale represønts 1 mm.]

Fig. 1: “Warm’ water species.


(a) 
Antiporus larva; (b) 
Simlimnaea fomentosa; (c) 
Ischnura aurora larva; (d) 
Ischnura larval gill; (e) 
Physa fontinalis; (f) 
Chironomus zealandicus; (g) 
Odontomyia larva; (h) 
Sigara; (i) 
Anisops wakefieldi; (j) 
Chironomus cylindricus larva. Length of scale represønts 1 mm.


          

          


          
The Insecta are the single most important group represented and include members of eleven families belonging to four orders. Two of the most important are the Ephydridae (Diptera) and Hydrophilidae (Coleoptera I. the only families containing species living at temperatures in excess of 39°C. Three hemipterans, 
Microvelia and 
Hydrometra, members of the supraneuston, and the terrestrial Saldidae. live in close association with thermal waters.

          

            

[image: Fig. 2: “Hot’ water species and supra-aquatic associates (a) Ephydrella larva; (b) Ephydrella pupa; (c) Erioptera larva; (d) Erioptera larval spiracular disc; (e) Enochrus adult; (f) Enochrus larva; (g) Saldula late nymphal instar; (h) Microvelia nymph (i) Scatella laiva; (j) Scatella, pupal respiratory siphons; (k) Scatella pupa. Length cf scale represents 1 mm.]

Fig. 2: “Hot’ water species and supra-aquatic associates


(a) 
Ephydrella larva; (b) 
Ephydrella pupa; (c) 
Erioptera larva; (d) 
Erioptera larval spiracular disc; (e) 
Enochrus adult; (f) 
Enochrus larva; (g) 
Saldula late nymphal instar; (h) 
Microvelia nymph (i) 
Scatella laiva; (j) 
Scatella, pupal respiratory siphons; (k) 
Scatella pupa. Length cf scale represents 1 mm.


          

          


          
The thermal fauna of New Zealand can conveniently be subdivided into three broad categories with respect to environmental temperature. Group 1 consisting of species of Ephydridae and Hydrophilidae are often present in large numbers at high temperatures and are not found in adjacent fresh waters at normal temperatures. Other closely related species of both families are found in non-thermal waters. Species constituting group 2 inhabit warm waters and in many cases are probably living close to their upper temperature limits. These species are also found regularly in normal fresh water habitats. This group can conviently be divided into two subgroups, the first containing the Chironomidae, Stratiomyidae. 
Anisops, Physa and 
Simlimnaea which may often be present in large numbers, whereas members of the second subgroup are rarely abundant and include Culicidae, 
Sigara, Cyprinotus, Antiporus and 
Ischnura. Group 3 contains species inhabiting spring waters which are no warmer than normal freshwaters in summer. It includes 
Potamopyrgus, Dugesia, Glossiphonia and the 
Oligochaeta.

          
Invertebrates commonly encountered in the littoral region of lakes in the Rotorua-Taupo district but not represented in warm waters include larvae of the damselflies 
Austrolestes and 
Xanthocnemis, larval Trichoptera. and the crayfish 
Paranephrops. Significantly, typical inhabitants of cold running waters (e.g. many larval Ephemeroptera, Plecoptera and Trichoptera, most, if not all of which live in water with a high dissolved oxygen content) are absent from warm running waters.

        

        

          
Habitats of the Fauna

          
Insects and other occupants of thermal waters have been taken from terraces, pools, streams and lakes, and within these major habitats the distribution of most invertebrates is restricted to substrates supporting growing vegetation or a coating of fine organic detritus. In thermal waters the predominant and often only plants growing are blue-green algae, of which 
Oscillatoria is an important genus in New Zealand. Dense growths of algae are frequently found on terraces over which a shallow sheet of water flows, and also on the beds of shallow streams and pools. The dependence of the invertebrate fauna on vegetation is clearly seen in the main basin at Ketetahi, Tongariro, where algae are restricted to a very limited area known as Red Flat. Associated with the algae here are 4 groups of insects — larval Ephydridae, Chironomidae and Tipulidae, and both adult and nymphal Saldidae. No macro-invertebrates are found elsewhere. Dense carpets of filamentous blue-green algae harbouring large numbers of insect larvae, predominantly Ephydridae, are conspicuous on terraces at Orakei-Korako and Waimangu, and on the bed of Waipahihi Stream, Taupo. The undersides of stones and semi-fossilised pieces of wood lying on






Table 1: Temperature ranges of animals living in thermal and warm spring waters of the New Zealand Central Plateau.

	

Species
	Description
	Life History Siages found
	Temp range °C
	Localities


	
Enochrus sp.
	Coleoptera: Hydrophilidae
	larvae, adults
	45-28
	158


	
Antiporus sp.
	Coleoptera: Dytiscidae
	larvae
	34
	8


	Other beetles 

⁒
	Coleoptera: Hydrophilidae
	adults
	44.5-28
	158


	
Ephydrella spp.
	Diptera: Ephydridae
	larvae, pupae
	47-28
	13459


	
Scatella sp.
	Diptera: Ephydridae
	larvae, pupae
	45-44
	1


	
Chironomus spp.

**
	Diptera: Chironomidae
	larvae, pupae
	40-29
	13458


	
Erioptera sp.
	Diptera: Tipulidae
	larvae
	40

*
	3


	
Odontomyia sp.
	Diptera: Stratiomyidac
	larvae
	38.5-33
	1


	
Culex sp.
	Diptera: Culicidue
	larvae, pupae
	30
*
	10


	
Anisops walcefieldi

⁒⁒
	Hemiptera: Notonectidae
	adults
	34
	8


	
Sigara arguta
	Hemiptera: Corixidae
	larvae
	34-28
	58


	
Ischnura aurora
	Odonata: Zygoptera
	larvae
	34-33
	1


	
Cyprinotus incongruens
	Crustacea: Ostracoda
	
	35
	5


	
Simlimnaea tomentosa
	Mollusca: Pulmonata
	
	35-22
	1257


	
Physa jontinalis
	Mollusca: Pulmonata
	
	34-26
	156


	
Potamopyrgus sp.
	Mollusca: Prosobranchia
	
	28-22
	2567


	
Naididae
	Annelida: Oligochaeta
	
	33.5
	1


	
Lumbriculidae
	Annelida: Oligochaela
	
	24-22
	2


	
Glossiphonia sp.
	Annelida: Hirudinea
	
	22
	2


	
Dugesia sp.
	Platyhelminthes: Trieladida
	
	28
	5


	
Mollienesia sp.

***
	Chordata: Teleostei
	
	38.5-33
	1


	
	
	
Supra-aquatic associates
	
	


	
Saldula sp.
	Hemiptera: Saldidae
	all
	40
*
	3


	
Hydrometra ribesci
	Hemiptera: Hydrometridae
	all
	22
	2


	
Microvelia sp.
	Hemiptera: Veliidae
	all
	34-22
	128



Key to Localities



	1.
	Waipahihi Stream, Taupo


	2.
	Waipuwerawera Stream, Taupo


	3.
	Ketetahi Springs, Tongariro (Mangatipua Stream)


	4.
	Orakei - Korako


	5.
	Waimangu Valley


	6.
	Lake Rotomahana foreshore


	7.
	Waiotapu Stream


	8.
	Lake Rotowhero


	9.
	Ohinemutu


	10.
	Tokaanu






⁒ 
Rhantus pulverosus (Dytiscidae) has been recorded from mineral spring water (Wise, 1965), and 
Liodessus plicatus (Dytiscidae) has been found in warm pools near Rotorua (Ordish, 1966).





** C. 
cylindricus and 
C. zealandicus have been identified, and there is at least one other species present.





* Temperatures given only approximate.





⁒⁒ Larval 
A. assimilis have also been recorded from Lake Rotowhero (Young, 1962).





*** Identified erroneously by Winterbourn and Brown (1967), as 
Carassius auratus.




terraces and in shallow warm pools are frequently inhabited by water beetles. In warm water, clumps of water weeds may still thrive, e.g. 
Callitriche stagnalis at 29°C in Waipuwerawera Stream, Taupo, and 
Potamogeton sp. at 28°C in a small stream at Waimangu, and they may support a limited fauna. The margins of Lake Rotowhero 32-4°C) support a strong growth of emergent and submergent vegetation and a relatively rich insect fauna dominated by hydrophilid beetles, chironomid larvae and Notonectidae, but by comparison the littoral waters of Lake Rotomahana (26°C) are devoid of vegetation and insects, and the macrofauna is composed solely of the molluscs, 
Potamopyrgus and 
Physa.

        

        

          
Characteristics of the Fauna

          
Two of the main problems encountered by inhabitants of mineral and thermal waters are osmoregulation in an environment often of high salinity, and respiration in water which is generally low in oxygen. With regard to the first of these points, Brues (1927) has shown that there is a striking similarity between the faunas (of freshwater origin) of thermal waters, brackish ponds and the littoral zone of the sea. It is evident that freshwater groups which have developed species adapted to these environments have done so through their ability to adjust their metabolism to the increased osmotic pressure of the medium. Wise (1965) has listed the New Zealand insects which have been found inhabiting the marine littoral zone and saline ponds and these include flies of the families



Tipulidae, Culicidae and Ephydridae as well as dytiscid beetles, all of which have representatives in mineral warm spring waters. Similarities can also be seen between the macrofaunas of thermal waters and the saline lakes of South Eastern Australia studied by Bayly and Williams (1966). They recorded the hydrophilid 
Enochrus, Culicidae. Chironomidae. Tipulidae, 
Ephydrella, and, of special interest, larvae of the zygopteran 
Ischnura aurora described by O'Farrell (1965) as an “opportunist’ species often found in temporary pools and from time to time in saline waters.

          
The problem of respiration in a medium of low oxygen concentration is overcome in many cases by the animals respiring atmospheric oxygen. All the larval Diptera, Hydrophilidae and Dytiscidae found possess posterior spiracles which are projected above the water, adult dytiscids and hydrophilids carry air in a subelytral chamber as well as in their tracheae and the latter also



Table 2: Maximum water temperatures at which different forms of life have been recorded.

	
Group
	
Temperature °C
	
Source of Information


	Bacteria
	90
	Brock, 1967


	Blue-green algae
	73-75
	Brock, 1967


	Diatoms
	41. (45?)
	Ruttner, 1953


	Green algae
	38
	Ruttner, 1953


	Mosses and higher plants
	30-35
	Ruttner, 1953


	Protozoa
	54
	Mason, 1939; Dogiel, 1965


	Rotifera
	45
	Donner, 1956


	Nematoda
	61.3

*
	Mason, 1939


	Tardigrada
	40
	Pennak, 1953


	Arthropoda-Crustacea
	
	


	Ostracoda
	51.5
	Mason, 1939


	Anaspidacea
	55
	Florkin, 1960


	Malacostraca
	45-48
	Florkin, 1960


	Arthropoda-Insecta
	
	


	Diptera-Chironomidae
	51
	Ruttner, 1953; Brues, 1927


	-Culicidae
	37-50
	Pennak, 1953


	-Stratiomyidae
	48
	Mani, 1962


	-Ephydridae
	49.1
	Mani, 1962


	-Tabanidae
	38
	Brues, 1927


	Coleoptera-Hydrophilidae and Dytiscidae
	43-46
	Brues, 1927; Mason, 1939


Winterbourn and Brown, 1967


	Hemiptera
	37-50
	Pennak, 1953


	Arthropoda-Hydracarina
	50.8
	Mason, 1939


	Odonata
	37-50
	Pennak, 1953


	Mollusca-Gastropoda
	
	


	Prosobranchia
	46
	Hunter, 1964; Mason, 1939


	Pulmonata
	45
	Hunter, 1964


	Vertebrata
	
	


	Pisces
	39.5
	Mason, 1939


	Amphibia
	41
	Mason, 1939; Brues, 1927






* 
Aphelenchus sp. in a hot spring at Rotorua.




possess a plastron, whereas the hemipterans 
Anisops and 
Sigara both carry an air bubble held by hairs on the abdomen. The air supplies of all adult beetles and water bugs must be replenished at the surface from time to time. The surface dwelling bugs 
Microvelia and 
Hydrometra and the shore bug 
Saldula possess the usual unspecialised tracheal respiration characteristic of terrestrial insects. Pulmonate molluscs respire by means of a “lung’ which in some species contains air and in others water, although some can apparently utilise both methods (Hunter, 1964). 
Physa fontinalis also possesses a secondary gill (pseudobranch) which probably is used in aquatic respiration.

          
All remaining animals have aquatic respiration only and must extract oxygen from the surrounding water. Two groups of insects are included in this category, chironomid larvae and larvae of the damselfly 
Ischnura. Both possess anal gills, and chironomids also contain the red respiratory pigment, haemoglobin, which appears to assist them to live in places deficient in oxygen (Walshe. 1950). Ostracods respire through the general body surface, and as a group are tolerant of wide fluctuations in temperature and water chemistry. The warm water species 
Cyprinotus incongruens is also commonly found in shallow puddles, an environment in which extreme high and low water temperatures are frequently encountered. Mason (1939). found that resistance to heat in 
Heterocypris balnearia was correlated with marked resistance to oxygen lack. The Oligochaeta. Hirudinea. Tricladida and prosobranch Mollusca are all confined to waters in which temperature rarely rises above that attained by general fresh waters. Temperature relations of the Mollusca have proved most interesting. Temperature acclimatisation has apparently been of considerable importance to 
P. fontinalis, as in England, Duncan (1959) observed them in the field at a maximum temperature of 18.8°C, and found it difficult to maintain them in cultures at 23-4°C which is 10°C below the maximum at which they have been found living in New Zealand. By comparison, the optimum temperature for 
Simlimnaea tomentosa in Australia was found by Boray (1964) to be about 26°C, although snails were tolerant of a wide range of temperatures, and he was able to keep snails alive for 6 weeks at a constant temperature of 36°C. A similar finding was obtained during the present study, and 
S. tomentosa from Waipahihi hot stream and local cool water habitats all survived in the laboratory for over a week at a constant temperature of 35°C. During this time, all snails were relatively inactive, however, and remained clustered around the air-water interface. Snails forced down into the water immediately crawled back out again. In a series of trials in which water temperature was increased 1°C every five minutes, snails began migrating to the surface when the temperature reached 31 °C. and all had arrived there at 35°C. It is interesting to consider these findings in relation to the observed distribution of 
S. tomentosa



within Waipahihi Stream. In March 1967 snails were abundant in shallow water at the sides of the stream among grass and rushes where the temperature was 33.5°C, but no snails were taken in the adjacent main stream channel where a temperature of 37.5°C was recorded, although they had been found there a year previously, when temperatures recorded were several degrees lower.

          
The distribution of the prosobranch 
Potamopyrgus in relation to temperature is more restricted. Experimental work carried out by the writer (unpublished data) indicated that 28°C, the upper temperature at which snails were found in the field, coincides with the temperature at which a significant drop in the level of activity occurs prior to the onset of heat stupor. Further experimental evidence indicates that this decrease in activity is directly related to temperature increase and not to the associated fall in dissolved oxygen concentration of the water. Heat death occurs at 32°C. Not all prosobranchs are confined to cool waters however, and 
Paludestrina aponensis has been found living at 32-36°C in spring waters in northern Italy, and even surviving at 46°C (Hunter, 1964).

        

        

          
Heat death and resistance to high temperatures

          
According to Macan (1963) there are three main reasons why animals may be prevented from colonizing warmer water. (1) Because it is lethal, (2) because there is competition from more favourably adapted species which can move faster, eat faster, utilize food more efficiently and breed faster, and (3) because the temperature is never low enough to stimulate reproduction. Water temperature is obviously not lethal to occupants of warm springs or thermal waters although the animals may in many cases be living close to their thermal death points. Also, it seems highly likely that some of the species present in warm spring waters, e.g. 
Chironomus cylindricus, Simlimnaea tomentosa and 
Ischnura aurora, have been able to establish themselves because competition from more widely established cool water species is no longer found. As all the insects occupying warm springs and thermal waters have nonaquatic adults (except Coleoptera which are semi-aquatic) the environmental temperature under which larvae live should have no direct effect on reproduction. However, as the eggs of most species probably are laid in the larval habitat, they too must be able to develop normally at these higher than average temperatures.

          
The physiological basis of heat death, and the reasons why relatively few animals are able to withstand comparatively high temperatures, are poorly understood, and little experimental evidence has appeared to help clarify this question. Among other things, the temperature required to kill an organism depends upon the temperature range to which the organism has been previously adapted, and upon the length of exposure of the organism. Lethal



temperatures also depend upon the physiological state of the organism, those in an active state being much more readily affected than those in a dormant state. Discussions on the various theories propounded to account for heat death have been made by Heilbrunn (1952) and Giese (1963). A useful review of the importance of temperature in ecology, and the relationship between temperature and metabolic processes, and rate of development is given by Howe (1967), and a review of heat death in insects has been made by Bursell (1964). There are three main theories postulated to account for heat death and they may be summarized as follows:—



	1.
	Thermal inactivation of enzymes in the cell.


	2.
	Derangements of the cell lipids at high temperatures.


	3.
	The liberation of a coagulating protein (enzyme?). associated with release of calcium in cells, by heat.



        

        

          
Discussion

          
When compared with the thermal faunas of other countries it is clear that the New Zealand fauna is a fairly representative one. Brues (1927) found beetles and dipterous larvae, particularly Chironomidae, Stratiomyidae, Ephydridae and Tabanidae to be the most abundant aquatic macro-invertebrates in Yellowstone National Park, and Pennak (1953) has confirmed this for America as a whole, adding the Culicidae as another important insect group. Mani (1962) lists larval Ephydridae, Chironomidae, Stratiomyidae, Syrphidae and Ceratopogonidae but not Coleoptera from the North West Himalayas, while the most important groups found in Algerian hot springs by Mason (1939) were Ostracoda, Dytiscidae, amphibian tadpoles, Culicidae, Chironomidae and Notonectidae. Some of the overseas groups which do not appear to have warm water representatives in New Zealand are the Tabanidae, Syrphidae, and Ceratopogonidae (all Diptera), Gyrinidae (Coleoptera), Hydracarina, Copepoda, Trichoptera, Ephemeroptera, Amphibia and Crustacea-Malacostraca.
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by 
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Oamaru.

        

          

The Coloured plate shows some conspicuous mushrooms found in New Zealand. Evidence from their distribution suggests that these four species are likely to have been brought here from overseas, because in this country they grow either in association with exotic trees, or in farmland, or in gardens. Our truly indigenous fungi can be expected to associate mainly, although not necessarily exclusively, with the native vegetation. After so many years of European occupation it is now very difficult to be sure of the status of individual species.

          
These mushrooms are taxonomically diverse, but they share a common feature in that all are edible. This will be a surprise to some readers, who will be accustomed to regard only the field mushroom and the horse mushroom as edible, and all other kinds as deadly poisonous. In fact, the shaggy ink cap and the yellow bolete are very highly regarded delicacies in the Northern Hemisphere, and are easily recognisable on sight. They might well be considered an interesting addition to the local diet. On the other hand, amateurs should adopt a more cautious attitude towards the shaggy parasol and the velvet foot, because there is a chance of confusing them with dangerous species. Their identification needs to be in no doubt.

        

        

          
Coprinus comatus

          
Shaggy ink cap or Lawyers wig. Habitat: Rich garden soil, Wellington.

          
The young mushroom of this species has a tall, cylindrical or oval cap which expands when mature into a bell shape. It is almost white at first, then the colour deepens to blueish grey with a brown apex. The surface is rough with numerous loose, shaggy scales. The cap darkens as the gills change from white through pink to purplish black, and it finally melts from the margin into an inky liquid containing spores. This self destructive process aids in the progressive shedding of the spores. The stem is white, hollow and extremely tough, and in youth is encircled by a movable ring. Both stem and ring usually collect a dusting of the black spores.

          
Young caps in which the melting process has not yet begun are the best for cooking, and the stem is discarded.

        

        


        

          
Suillus luteus

          
Sticky bun mushroom or Yellow bolete. Habitat: In soil under pines, Oamaru.

          
This is the New Zealand equivalent of the famous French “cep.’ Its cap is brown with a smooth convex surface, and is covered by a sticky shiny layer which sometimes weathers off in old specimens. As it pushes up through the pine needles the mushroom looks like a glazed yeast bun, and hence its popular name. The stem is usually stumpy, paler above the ring, and stained darker yellow or brownish below. In the button stage the ring is a whitish membrane under the cap covering the pores. As the mushroom grows the membrane is stretched and then torn from the cap edge, when it collapses around the stem like a collar. In age. the ring sometimes shrivels into a dry brown structure, or may even flake away altogether. The spore bearing tissue looks like yellow sponge, consisting of tubes or pores instead of gills. The pore layer is seen to be joined to the stem when the mushroom is seen in vertical section, and the flesh is white, with no change or only a faint yellowing when cut.

          
There are other species of yellow bolete similar to 
S. luteus but without the ring. These should present no difficulty as they are also edible.

          
To prepare this mushroom for cooking peel off the skin with its sticky layer, remove the pore tissue and discard the stem in all but the most tender young buttons. They are delicious fried gently in oil or butter, and unlike the shaggy ink cap which resembles the meadow mushroom in taste, the yellow bolete has a mild flavour all of its own.

        

        

          
Flammulina velutipes

          
Velvet foot. Habitat: An old garden stump, Oamaru.

          
The velvet foot grows typically in clusters sprouting from rotting wood. It has a smooth, moist cap of a tawny yellow or orange colour, pale flesh, and a very tough, fibrous stem. The stem has a distinctively velvety surface, pale coloured at first near the gills and darkening downwards, but becoming dark brown to almost black in age. The pale creamy gills curve upwards at their inner end to just touch the stem, and the colour of shed spores is white or creamy white. The velvet foot is not harmed by frost and can be found growing in the cold weather long after the season for other mushrooms is over.

          
Beware of confusing this species with a number of other tawny fungi from rotting wood which have brown or purple-black spores.

          


          

            

[image: Plate 1: Top left, Coprinus comatus; Top right, Suillus luteus; Middle right, Flammulina velutipes; Bottom, Lepiota rhacodes.]

Plate 1: Top left, 
Coprinus comatus; Top right, 
Suillus luteus; Middle right, 
Flammulina velutipes; Bottom, Lepiota rhacodes.


          

        

        


        

          
Lepiota rhacodes

          
Shaggy parasol mushroom. Habitat: Pasture, Oamaru; also commonly under pines.

          
The young button of this species has a chestnut brown cap which cracks during development to produce a network of white areas surrounding shaggy brown tipped scales. A more or less circular island of brown usually remains unbroken in the centre. The cap edge has pieces of ragged white fringe hanging from it, which correspond with the fringed double edges of the ring. At maturity the white gills are seen to be free from the stem, and the cap and stem can be easily separated. The base of the stem is swollen into a bulb, but there is no cup or volva, a most important structure to watch for in mushrooms. The deadly 
Amanita species, also with free, white gills, are distinguished from the parasol by possession of their basal volva known as the “death cup’. It is the remnant of a membrane which completely enclosed the young 
Amanita button, and takes the form of a white membranous cup with a torn upper rim, or a series of white torn ridges encircling the base of the stem. Dig up all mushrooms very carefully, never pulling them by the cap, or you may wrench off the volva and be misled into eating an 
Amanita. This mistake is almost always fatal.

          
In the shaggy parasol the flesh changes from white when first cut, to pinkish, as shown on the sectional illustration. The shed spores are white and show a colour change to deep mahogany red on addition of an iodine solution. This dextrinoid reaction is best seen under the microscope.

          
All illustrations half natural size, spores magnified x1,000.
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Brachiopods are a declining group of marine organisms, today enjoying little of their former importance in benthonic communities of the continental shelf. With a long and rich fossil history behind them, they have dwindled in numbers through the Mesozoic and Cenozoic Eras until today they are rare or minor elements of the marine fauna. Since they are seldom seen in living communities, and since they are important neither as edible shell-fish nor as destructive pests, brachiopods have received little attention from marine zoologists and often go unrecognised by amateur collectors. However to paleontologists, such as this writer, the study of living brachiopods is essential to understanding the complex evolution of this interesting group.

          
New Zealand is an especially favoured place for studying living brachiopods because at least 12 species inhabit the surrounding seas. Of these, 3 can be collected intertidally and 4 others live in water shallow enough to be easily dredged. Only three of the 12 species, all type species of their genus, have been studied in some detailed biologically. The others, including 5 additional type species, are not well known, and much remains to be discovered about their distribution, ecology, anatomy, and life history.

          
The purpose of this paper is to focus more attention on the Recent brachiopods of New Zealand, and to make their identification casier. All 12 known species are described, 11 are illustrated, and the limits of present knowledge of their distribution are given. The need for new observations can readily be seen.

        

        

          
Phylum Brachiopoda

          
All brachiopods share some basic, common traits. They are solitary animals with a bivalve external shell, the values being located dorsally and ventrally, and each being bilaterally symmetrical from anterior to posterior. They are marine, benthonic, sessile, and nearly always epifaunal animals. Most are attached to the substrate by a pedicle which emerges from and is mainly attached to the longer of the two valves; hence that valve is called the pedicle valve. Most



of the cavity between the valves is filled by a ciliated lophophore by which food particles are filtered from the water. In many species, the lophophore forms two elongate variously coiled extensions from either side of the mouth which are called brachia (see fig. 8); hence the valve which supports the lophophore is called the brachial valve.

          
In classifying brachiopods both shell and anatomical features are used. However, the shell characters are of the greater importance because they can be recognised not only in the several hundred living species but also in the 40,000 or more known only as fossils. The long range evolutionary significance of shell characters can be evaluated. In particular, the microscopic structure of the shell, the internal structures of the brachial value which give support to the lophophore, and the modifications of the opening through which the pedicle emerges are of major importance in defining orders, families and genera.

          
The three orders represented by New Zealand species can be distinguished by differences in their shell structure. The shells of all Terebratulida, the order of which most New Zealand Tertiary and Recent brachiopods belong, are penetrated by small, unbranched pores, the punctae, about 150 per square millimeter, containing microscopic extensions of the mantle. These can be seen with the aid of a 10 power magnifier. In contrast, none of the Recent or Tertiary Rhynchonellida are punctuate. Among the inarticulate brachiopods, some, such as the Craniidae, are punctuate; but their punctae are irregular, branching, and not hcmologous with those of the Terebratulida. These differences can be seen in cross sections of the shell magnified by 10 or more times.

          
Characters which have been used to define the genera listed below include structural variations in the cardinalia (structures at the posterior of the brachial valve including the lophophore supports; for example, see figs. 3C and 8F) and the foramen (for example, figs. 2A, 3F, 4A and 5A), and differences in the nature of the external ornamentation.

          
Species have been based on differences in shape and on trivial but consistent variations in the other characters. Each of the New Zealand species exhibits intraspecific variation in shape and ornamentation; thus an adequate sample is needed so that end members of a series are not mistakenly identified as distinct species. In addition, non-genetic variation, usually resulting in asymmetry, caused by injury, disease or confinement between rocks or other shells is common, especially in 
Notosaria nigricans, and 
Magasella sanguinea.

          
The internal characters and, if possible, a developmental series of specimens should be examined in identifying New Zealand Terebratulida in order to separate homeomorphs, animals that look alike but are not closely related. An example of homeomorphy is illustrated by the specimens of 
Liothyrella neozelanica and 
Neothyris




lenticularis shown in figures 3A and 11A. Although the external resemblance is striking, the two shells belong to different suborders, each with a long and independent paleontologic history extending from the Triassic Period, more than 200 million years ago. The important character by which they can be distinguished is the calcareous loop which supports the lophophore. It is morphologically and ontogenetically different in the two suborders. In the Terebratellidae, the loop, (fig. 11D) is long and grows from both the cardinalia and the median septum during ontogeny, but may be free of the septum at maturity; whereas the loop of the Terebratulidina (figure 3C) is short, grows from the cardinalia only, and is never attached to the median septum.

          
References are given in the text by number only, with full citations listed numerically at the end. The classifications and terminology used follow that proposed by Williams and others (1). Data on the distribution of brachiopod species where not followed by references are from my own unpublished observations and from examination of collections made by the New Zealand Oceanographic Institute.

          
In the text, the dimensions given for shell size are: total anterior to posterior length (abbreviated L), width (W) measured perpendicular to the plane of symmetry, and thickness (T) measured perpendicular to the length and width. An asterisk (*) following a species name indicates that it is the type species of the genus. Average values for density of punctation are listed, but they are quite variable from shell to shell and even from place to place on a single shell, sometimes by as much as + or — 25 punctae per square millimeter. Until it has been studied systematically, density of punctation is not a reliable character for identifying the different species.

          
All figures are natural size except where noted. The convential orientation of the shells with the beak or the brachial valve at the top of the page is followed.

        

        

          
Glossary

          

Adductor Muscles (labelled a, fig. 8 — muscles which contract to close the valves.

          

Amphithyridid Foramen (af, fig. 4) — pedicle opening formed by the triangular delthyrium of the pedicle valve and a semicircular notch in the brachial valve.

          

Apical Plate (ap. fig. 2) — partial sheath for pedicle in apex of delthyrium.

          

Ascending Branches of Loop (as, fig. 6) — recurved portion of loop nearest to the pedicle valve.

          


          

Beak (b, fig. 2) — posterior end of pedicle valve, usually penetrated by the foramen. Beak is 
erect if it points towards the brachial valve perpendicular to the commissure; 
incurved if it points more anteriorly.

          

Brachial Valve — smaller of the two valves to which the lophophore supports are attached.

          

Capillate — ornamented by very fine radial ribs.

          

Cardinalia — internal shell structures at the posterior of the branchial valve.

          

Cardinal Process — an elevated stucture at the posterior of the brachial valve which either separates the diductor muscles (cp, fig. 11) or serves as a site of attachment for them (ds, figs. 3 and 8).

          

Commissure (co, fig. 2) — surface of contact between the two valves.

          

Connecting Band of Loop (figs. 6 and 9) — calcareous bands connecting the descending branches to the median septum.

          

Crura (cr, fig. 2) — rod - like structures which support the posterior part of the lophophore. The crura continue into the descending branches of the terebratellid loop. (Singular — crus).

          

Crural Process (c, fig. 3) — a medially directed point on each crus.

          

Delthyrium (del, fig. 4) — triangular opening at the posterior of the pedicle valve which may be partially or completely closed by deltidial plates. When no plates are present, the entire delthyrium serves as the foramen.

          

Deltidial Plates — a pair of plates which grow from either side of the delthyrium. If the plates do not touch, they are 
disjunct (d, figs. 2 and 9); if grown together, they are 
conjunct (cd, fig. 6).

          

Dental Plates — a pair of plates in the pedicle valve which buttress the hinge teeth.

          

Dental Sockets (soc, fig. 2) — a pair of depressions at the posterior of the brachial valve into which the hingle teeth fit.

          

Descending Branches of Loop (de, fig. 6) — portion of the loop connected to the cardinalia and passing nearest to the bottom of the brachial valve.

          

Diductor Muscle (di, fig. 8) — used to open the valves.

          

Epithyridid Foramen (ef, fig. 3) — foramen in the pedicle beak not impinging on the delthyrium.

          

Foramen (hf, ef, figs. 2 and 3) — opening through which the pedicle passes.

          

Hinge Plates — plates in the posterior of the brachial valve subparallel to the commissure on which pedicle adjustor muscle



may be seated. 
Outer hinge plates (oh, figs. 2 and 3) join the socket walls to the crural bases. 
Inner hingle plates (ih, fig. 6) joins the crural bases across the midline.

          

Hinge Teeth (ht, figs. 2 and 4) — two blunt processes in pedicle valve which fit into the dental sockets of the brachial valve. They act as a fulcrum about which the valves open and close.

          

Holoperipheral Growth (hgl, fig. 1) — growth along valve periphery in all directions from the apex.

          

Hypothyridid Foramen (hf, fig. 2) — pedicle opening confined to the delthyrium, not impinging on the beak.

          

Loop (l. fig. 3) — calcareous structure supporting the lophophore with bands extending from each crus joined to form a closed ring.

          

Lophophore (lo, figs. 2 and 4) — organ bearing ciliated filaments used to filter food from seawater.

          

Magadiniform Loop — descending branches and ring-like ascending branches independently connected to median septum but not to each other.

          

Magellaniiform Loop (fig. 11) — long, recurved loop not connected to median septum.

          

Magelliform Loop — similar to magadiniform loop but with descending and ascending branchese connected to septum in one fused point.

          

Median Septum (s, fig. 5) — blade-like elevation along the midline of either valve.

          

Mesothyridid Foramen (mf, fig 9) — pedicle opening partially in the delthyrium and partially through the beak.

          

Multicostellae (mu, fig. 2) — radial ribs of more or less equal size.

          

Pallial Sinus (si, figs. 3 and 8) — narrow extensions of the body cavity into the mantle. A portion of the sinus may be used for egg storage.

          

Pedicle — organ by which brachiopod attaches to substrate.

          

Pedicle Adjustor Muscles (aj, figs. 8 and 9) — muscles which adjust the position of the shell on the pedicle. A pair is connected to each valve.

          

Pedicle Collar — a ring-like sheath of shell material surrounding the pedicle and projecting inward from the foramen.

          

Pedicle Valve — longer of the two valves, bearing the hinge teeth and through which the pedicle emerges.

          

Plectolophous Lophophore (figs. 8 and 9) — consisting of two recurved lateral brachia and a central planispiral branch.

          

Pre-Magadiniform Loop — descending branches grow from both septum and cardinalia but do not meet; ascending branches forming small ring on septum.

          


          

Punctae — numerous, small blindly ending perforations of the shell bearing extensions of the mantle.

          

Schizolophous Lophophore (figs. 4 and 5) — simple lophophore with two sub-circular brachia.

          

Socket Ridge (sr, fig. 4) — ridge forming the inner socket wall.

          

Spicules — small, irregular calcareous plates secreted in the body for support.

          

Submesothyridid Foramen — pedicle opening mainly in the delthyrium but impinging on the beak.

          

Sulcate (figs. 5, 9, 10 and 11) — shells with a median sulcus on the brachial valve and a corresponding fold on the pedicle valve.

          

Sulciplicate — fold in the brachial valve bearing a smaller median sulcus.

          

Sulcus (su, fig. 5) — a median depression on either valve. The corresponding elevation on the other valve is the 
fold.

          

Symphytium (sy, fig. 3) — a single plate closing the delthyrium.

          

Terebratelliform Loop (figs. 6, 8 and 9) — long loop with the descending branches joined to the septum by connecting bands.

          

Terebratuliform Loop (fig. 3) — short loop with descending branches and transverse band only. Develops from cardinalia only.

          

Transverse Band (t, fig. 6) — band joining the posterior ends of the ascending branches.

          

Uniplicate (fig. 2) — shells bearing a fold on the brachial valve and a sulcus on the pedicle valve.

          

Zygolophous Lophophore — consisting of a pair of curved brachia.

        

        

          
Key to the Genera

          

            

              

                
	Valves not articulated by hinge teeth and sockets
                
	
                  
Crania
                
              

              

                
	Valves articulated.
                
	
              

              

                
	I. Shell impunctate
                
	
                  
Notosaria
                
              

              

                
	II. Shell punctuate.
                
	
              

              

                
	A. Lophophore supported by short, terebratuliform loop
                
	
                  
Liothyrella
                
              

              

                
	B. Lophophore not supported by calcereous structures, shell very small.
                
	
              

              

                
	1. Foramen amphithyridid
                
	
                  
Amphithyris
                
              

              

                
	2. Foramen submesothyridid, deltidial plates disjunct
                
	
                  
Pumilus
                
              

              

                
	C. Lophophore supported by long, recurved calcareous loop.
                
	
              

              

                
	1. Cardinalia not massive, cardinal process small.
                
	


              

              
              

                
	a. Shells with radial ribs from beak to anterior, conjunct deltidial plates.
                
	
              

              

                
	Cardinalia thin and delicate
                
	
                  
Magasella
                
              

              

                
	Cardinalia thickened
                
	
                  
Gyrothyris
                
              

              

                
	b. Shells smooth or with very weak ribs at the anterior, deltidial plates disjunct.
                
	
              

              

                
	Loop terebratelliform
                
	
                  
Waltonia
                
              

              

                
	Loop magellaniiform
                
	
                  
Aerothyris
                
              

              

                
	2. Cardinalia massive, cardinal process larger
                
	
                  
Neothyris
                
              

            

          

        

        

          
Class 
Inarticulata

          
Valves not articulated by hinge teeth or dental sockets. Lophophore not supported by outgrowths of the shell. Alimentary canal with terminal anus.

        

        

          
Order 
Acrotretida

          
Outline sub-circular, growth commonly holoperipheral in one or both valves. Shell either calcareous and punctate or phosphatic. Pedicle absent, or if present pedicle opening confined to pedicle valve.

        

        

          
Family 
Craniidae

          

            
Shell calcareous and punctate, pedicle absent, Valves subconical; growth holoperipheral.

          

          

            
Genus 
Crania

            
Attached by cementation of pedicle valve to rocks or shells. Ornamented by concentric growth lines, and in a few species by radial ribs. Valve margins thickened, the inner edges are flattened and usually granulated.

          

          

            
Crania 
huttoni (2)

            
Irregular in outline, not bilaterally symmetrical. Largest of four paratypes 13.5 mm long. Profile obliquely conical, apex in posterior one-third of shell. Ornamented by weak concentric growth lines and fine radial ribs. Inner edge narrow and not granulated. Paired muscle scars (fig. 1A) well marked by white callous pads. Colour light brown to colourless. Distribution: Cook Straight, 5 empty brachial valves including the holotype (2); 
Hauraki Gulf at low tide





[image: Figure 1: Crania huttoni. A, B, C. Brachial interior, side and brachial exterior views. X3. hgl — holoperipheral growth line, ms — muscle scars.]

Figure 1: 
Crania huttoni. A, B, C. Brachial interior, side and brachial exterior views. X3. hgl — holoperipheral growth line, ms — muscle scars.



            
(3): High Island off Taurikura Bay, Whangarei Heads on rocks near low tide (4); Poor Knights Island; 6-7 fathoms: Three Kings Islands, 440 fathoms (3), and 140 fathoms.

            
Few specimens of this species have been found so far; but since they closely resemble common limpets, they are likely to be overlooked by all but the expert. They can be distinguished from limpets by their distinctive paired muscles. Of the specimens I have examined, only the holotype bears radial ribbing. It is either absent or not preserved on the others.

          

        

        

          
Class 
Articulata

          
Valves articulated by hinge teeth and dental sockets. Shell calcareous, punctate or impunctate. Lophophore commonly with some calcareous support. Alimentary canal ends blindly, no anus.

        

        

          
Order 
Rhynchonellida

          
Shell impunctate (with rare exceptions among Paleozoic fossils). Beak pointed, delthyrium modified by deltidial plates. Pedicle functional. Lophophore partially supported by crura only. Lophophore spirolophous with cone axes nearly perpendicular to the plane of commissure. Two pairs of metanephridia present. (Other groups have only one pair).

        

        

          
Family 
Hemithyrididae

          

            
Shell impunctate. Lophophore supported by short, bluntly pointed crura which arise from the ventral side of the small outer hinge plates and curve so as to project into the other valve.

          

          


          

            
Genus 
Notosaria

            
Shell multicostellate from beak to margin. Growth lines prominent anteriorly, but not lamellose and not developed into spines. Commissure uniplicate. Foramen large, hypothyridid. Deltidial plates disjunct. Median septum in brachial valve low and not extending to the apex. Cardinal process small.

          

          

            
Notosaria nigricans

* (5)

            
Colour black to dark bluish grey. Outline transversely oval. Beak prominent, pointed; deltidial plates and apical plate clearly visible. Multicostellae prominent, 20 to 30 on shells 2 cm in length. Two to six multicostellae occupy the sulcus. Dimensions of a typical shell: L 21, W 24, T 11 mm.

            

              

[image: Figure 2: Notosaria nigricans. A, B, C, D. Brachial, side, anterior, posterior views. E. Brachial interior with spirolophous lophophore, filaments exaggerated in thickness. X2. F, G. Brachial and pedicle interior views. ap—apical plate, b—beak, co—commissure, cr—crus (pl. crura), d—disjunct deltidial plates, dg — digestive gland, hf — hypothyridid foramen, ht — hinge tooth, i — intestine (no anus), lo — lophophore, m — mouth, mu — multicostellae, oh — outer hinge plate, soc — dental socket, st — stomach.]

Figure 2: 
Notosaria nigricans. A, B, C, D. Brachial, side, anterior, posterior views. E. Brachial interior with spirolophous lophophore, filaments exaggerated in thickness. X2. F, G. Brachial and pedicle interior views.


ap—apical plate, b—beak, co—commissure, cr—crus (pl. crura), d—disjunct deltidial plates, dg — digestive gland, hf — hypothyridid foramen, ht — hinge tooth, i — intestine (no anus), lo — lophophore, m — mouth, mu — multicostellae, oh — outer hinge plate, soc — dental socket, st — stomach.


            

            


            
Distribution: Milford Sound (6); around Stewart Island; Foveaux Strait north to Lyttelton Harbour (7, 8); Queen Charlotte Sound (9); off Stephens Island, Cook Strait (3); near Nelson (3); Wellington Harbour (3); Palliser Bay; Great Barrier Island (10); around Chatham Islands; low tide to 100 fathoms, and found rarely in deeper water.

            
This species is easily distinguished by its sharp radial ribs and dark grey colour. Although empty shells are commonly washed ashore along the east coast of the South Island, they are difficult to collect alive. They are known intertidally from one locality in Lyttleton Harbour. In other areas they are sometimes found in the holdfast of 
Macrocystis.

            
A ‘variety’ of this species, 
pyxidata (11), was named for specimens taken south of Kerguelen Island in 150 fathoms. They were distinguished from 
N. nigricans by finer multiplication, 40 to 46 on each valve, and white to brownish colour (12). It is likely that 
N. nigricans will be found at other favourable sites between Great Barrier Island and the Kerguelens.

          

        

        

          
Order 
Terebratulida

          
Shell punctate; beak rounded, not pointed. Foramen large and circular in most; delthyrium modified by deltidial plates. Lophophore supported by a calcareous loop which develops either from the cardinalia alone or from both the cardinalia and the median septum. Loop secondarily lost or reduced in some groups.

        

        

          
Suborder 
Terebratulidina

          
Loop short, developing from cardinalia only. Medium septum usually absent.

        

        

          
Superfamily 
Terebratulacea

          
Cenozoic and most Mesozoic terebratulidina. Brachial median septum and dental plates rarely developed. Outer hinge plates and small cardinal process usually present; inner hinge plates present in some families.

        

        

          
Family 
Terebratulidae

          

            
Loop terebratuliform; crural processes not united to form ring-like loop. Outer hinge plates present; inner hinge plates present in some genera. Brachial median septum and dental plates absent. Shell lacking strong radial ornament; some capillate. Lophophore plectolophous. Spicules present.

          

          


          

            
Genus 
Liothyrella

            
Shell smooth or finely capillate; strongly biconvex; commissure uniplicate. Foramen large, epithyridid; pedicle collar developed. Pedicle exits in a postero-dorsal direction. Delthyrium closed by a small concave symphytium which is not impinged upon by the foramen. Loop quite short, and somewhat triangular. No inner hinge plates. (This genus may prove to be a junior synonym of 
Gryphus).

            

              

[image: Figure 3: Liothyrella neozelonica. A, B, C. Brachial, side and brachial interior views of a larger specimen with an unusually small foramen. X0.7. D, E, F, G. Brachial side, posterior, and anterior views of a typical small shell. X0.7. c — crural process, ds — diductor muscle seat, ef — epithyridid foramen, gl — growth lines, l — loop (terebratuliform), oh — outer hinge plate, si — pallial sinus where filled with eggs, sy — symphitiam.]

Figure 3: 
Liothyrella neozelonica. A, B, C. Brachial, side and brachial interior views of a larger specimen with an unusually small foramen. X0.7. D, E, F, G. Brachial side, posterior, and anterior views of a typical small shell. X0.7.


c — crural process, ds — diductor muscle seat, ef — epithyridid foramen, gl — growth lines, l — loop (terebratuliform), oh — outer hinge plate, si — pallial sinus where filled with eggs, sy — symphitiam.


            

          

          


          

            

Liothyrella neozelanica (13)

            
Shell large, elongately oval, strong biconvex. Surface ornamented by prominent growth lines and very subdued radial capillae. Beak truncated by a large epithyridid foramen. Spicules well developed. Density of punctation: approximately 175 per square millimeter.

            
Distribution: Three Kings Islands, 440 fathoms (3); Cook Strait, 50 to 150 fathors (3, 13, 14); Tasman Bay, 45 to 55 fathoms (3); off Kaikoura, 70 fathoms; Pegasus Bay; Chatham Rise, 100 to 200 fathoms; Fiordland, 15 to 40 fathoms (7); entrance to Milford Sound, 20 fathoms (3); off Karamea, 45 fathoms.

            
This brachiopod can be distinguished from the others by its whitish colour and by its large, round foramen which can be seen easily from the posterior. This handsome animal grows to a large size for brachiopods, and although only a few have been found in water shallower than 50 fathoms, it is well adapted to life in shallow turbulent water with a thick shell and a stout pedicle.

          

          

            

Liothyrella sp (15)

            
A single specimen taken from Foveaux Strait was described and figured by Thomson. The specimen, small, subcircular in outline and with a 
Liothyrella-like loop, was considered to be a juvenile and not named. However, because of differences in the spiculation, Thomson (13) later regarded this species as distinct from 
L. neozelanica. More specimens are needed before the Foveaux Strait species can be identified properly.

          

        

        

          
Suborder 
Terebratellida

          
Loop long, developing during ontogeny from both the cardinalia and the median septum, but may be free of septum at maturity.

        

        

          
Superfamily 
Terebratellacea

          
Cenozoic and some Mesozoic terebratellidines.

        

        

          
Family 
Platidiidae

          

            
Plano-convex shells with an amphithyridid foramen. Loop absent or with descending and ascending branches separately attached to septum. Spicules present.

          

          


          

            
Genus 
Amphithyris

            
Outline subcircular with wide hinge line. Pedicle passes through a large amphithyridid foramen. No loop present. Lophophore schizolophous. Cardinalia consist of socket ridges only.

          

          

            

Amphithyris buckmani
* (13)

            
Shell small, up to 5 mm in diameter. Surface smooth except for growth lines. Surface of the pedicle valve reported to be ornamented with fine, raised, radial lines, but these were not seen on several score of small specimens borrowed from the Dominion Museum. Density of punctation: approximately 160 per square millimeter.

            
Distribution: Cook Strait near Wellington; 120 fathoms.

            
This is a very small, easily overlooked brachiopod. The distinctive foramen, in part notched from the brachial valve, readily separates it from the other New Zealand brachiopods. It undoubtedly has a wider distribution than we presently know. It should be looked for attached to rocks and other shells, and may be found in large numbers.

            

              

[image: Figure 4: Amphithyris buckmani. A, B, C. Brachial, pedicle interior, brachial interior views. X10. af — amphithyridid foramen, del — delthyrium, ht — hinge teeth, lo — lophophore (schizolophous), sr — socket ridge.]

Figure 4: 
Amphithyris buckmani. A, B, C. Brachial, pedicle interior, brachial interior views. X10.


af — amphithyridid foramen, del — delthyrium, ht — hinge teeth, lo — lophophore (schizolophous), sr — socket ridge.


            

          

        

        

          
Family 
Kraussinidae

          

            
Lophophore zygolophous to plectolophous. Loop absent, or with descending branches attached to ring formed by ascending branches on median septum. Spicules present. Dental plates absent.

          

          

            
Genus 
Pumilus

            
Schizolophous lophophore. No loop or cardinal process.

          

          


          

            

Pumilus antiquatus
* (16)

            
Shell small, less than 5 mm in length, longer than width. Growth lines prominent, commissure distinctly sulcate. Deltidial plates very narrow, foramen submesothyridid. Apical plate well developed. Density of punctation: approximately 280 per square millimeter.

            
Distribution: Near low tide at Lyttleton (16, 23) and Otago Harbours, shallow water off Warrington (17).

            
This is another very small brachiopod, easily overlooked in the hasty sorting of a dredge haul or in the examination of rocks in shallow water. For many years it was mistaken for the young of 
Waltonia inconspicua with which it occurs. Its dark grey to white colour and pronounced fold and sulcus distinguish it from small 
W. inconspicua. It lives under rocks in sheltered, rocky, shallow water areas hidden from light and protected from strong waves. It is also found in the holdfasts of 
Macrocystis with 
Notosaria nigricans and 
Waltonia inconspicua.

            

              

[image: Figure 5: Pumilus antiquatus. A, B, C. Brachial, side, and anterior views. D. Pedicle interior. E. Brachial interior with dried remains of schizolophous lophophorc. All X10. lo — lophophore, s — septum, su — sulcus, t — tubercle.]

Figure 5: 
Pumilus antiquatus. A, B, C. Brachial, side, and anterior views. D. Pedicle interior. E. Brachial interior with dried remains of schizolophous lophophorc. All X10.


lo — lophophore, s — septum, su — sulcus, t — tubercle.


            

            


            
This species was first recognised only ten years ago, and little is known yet of its distribution. It will undoubtedly be found to be more widespread as more people learn to recognise it.

          

        

        

          
Family 
Terebratellidae

          
Loop passes through all or part of the developmental series — pre-magadiniform, magadiniform, magelliform, terebratelliform and magellaniiform — during ontogeny. Pedicle valve lacks dental plates. Spicules absent.

        

        

          
Subfamily 
Terebratellinae

          

            
Cardinalia not thickened by massive, callous deposits; cavities formed beneath inner hinge plants on either side of the unbifurcated median septum. Deltidial plates disjunct to conjunct. Foramen large, directed posterodorsally. Loop magelliform to magellaniiform in adult. Lophophore plectolophous.

          

          

            

              
Genus Magasella
            

            
Shell multicostate. Deltidial plates conjunct. Foramen large, circular, mesothyridid. Loop terebratelliform.

          

          

            

Magasella sanguinea
* (18)

            
Colour reddish pink. Shell large, length slightly greater than width. A large shell from Patterson Inlet measures: L 37, W 35, T 24 mm. Multi costae prominant, some bifurcate, 45 to 60 present on large shells, 6 to 12 occupy the brachial sulcus. Beak nearly erect. Density of punctation: average 200 per square millimeter; count higher between than on multi costae.

            
Distribution: Around Stewart Island; Foveaux Strait north along the east coast to Cook Strait, Queen Charlotte Sound, Pelorus Sound (?), and Wellington Harbour, 10 to 150 fathors (3, 7, 9 23); Doubtful Sound, 2 to 3 fathoms (19, 23).

            
This is the most common brachiopod on the Otago Shelf where it is widespread and can usually be taken with an Agassis trawl in 40 to 50 fathoms among abundant and varied calcareous bryozoans. However, it is not abundant and specimens typically number fewer than a dozen in a cubic yard of bottom sample.

            
In Foveaux Strait large specimens of 
M. sanguinea are commonly taken in the oyster dredges. In nearby Patterson Inlet they are locally abundant and of large size in waters less than 10 fathoms deep.

            


            

              

[image: Figure 6: Magasella sanguinea. A, B. Brachial and side views. C. Pedicle interior. D. Brachial interior showing terebratelliform loop. as — ascending branch, cb — connecting band, cd — conjunct deltidial plates, de — descending branch, ih — inner hinge plate, mf — mesothyridid foramen, si — pallial sinus where filled with eggs, t — transverse band.]

Figure 6: Magasella sanguinea. A, B. Brachial and side views. C. Pedicle interior. D. Brachial interior showing terebratelliform loop.


as — ascending branch, cb — connecting band, cd — conjunct deltidial plates, de — descending branch, ih — inner hinge plate, mf — mesothyridid foramen, si — pallial sinus where filled with eggs, t — transverse band.


            

            
Because this species usually lives at depths greater than 10 fathoms, it is not often washed up onto New Zealand's shores. A complete shell with the delicate, ribbon-like loop intact is a rare and treasured find for the shell collector.

          

          

            

Magasella haurakiensis (20)

            
Distinguished from 
M. sanguinea by weakly developed multicostation, elongately oval outline, suberect beak, and pale pink colour. Density of punctation: approximately 160 per square millimeter. Dimensions of holotype: L 34, W 28, 20 mm.

            
Distribution: 
Hauraki Gulf, 25 fathoms (7); Ruakoka Beach, Whangarei; off Hen and Chicken Islands, 40 fathoms (3); Cape





[image: Figure 7: Magasella haurakiensis. A, B. Brachial and side views. X1.5.]

Figure 7: 
Magasella haurakiensis. A, B. Brachial and side views. X1.5.


Colville, 20 fathoms (3); off Whangapoua, Coromandel Peninsula (3); off Mayor Island, 40 fathoms; East Cape, 80 fathoms (7); Hawke Bay, 24 fathoms (3); ? Pelorous Sound.

            
The difference between this species and 
M. sanguinea is very small, and it is likely that 
M. haurakiensis is nothing more than a geographic variant of 
M. sanguinea. More samples collected from the southern waters of the North Island will probably show that they grade into each other.

          

          

            
Genus 
Gyrothyris

            
Surface multicostate. Beak suberect to incurved. Deltidial plates conjunct, foramen round, mesothyridid, relatively large. Cardinalia and hinge teeth bases somewhat thickened, but not massively as in the Neothyridinae. Loop terebratelliform.

          

          

            

Gyrothyris mawsoni
* (13)

            
Elongately suboval; dimensions of a large specimen: L 26, W 24, T 14 mm. Multicostellae vary from weakly to strongly developed. Growth lines prominent near commissure. Commissure sulcate. Colour dark grey to colourless.

            
Distribution: Around Macquarie Island and Antipodes.

            


            

              

[image: Figure 8: Gyrothyris mawsoni. A, B, C. Brachial side, and anterior views. D. Pedicle interior showing complete pallial sinuses; portions used for egg storage are stippled. E. Brachial interior showing plectolophous lophophore; filaments exaggerated in thickness. F. Brachial interior with complete terebratelliform loop. D, E, F. X2. a — adductor muscle scar, aj — pendicle adjustor muscle scar, di — diductor muscle scar, lo — lophophore, si — pallial sinus.]

Figure 8: 
Gyrothyris mawsoni. A, B, C. Brachial side, and anterior views. D. Pedicle interior showing complete pallial sinuses; portions used for egg storage are stippled. E. Brachial interior showing plectolophous lophophore; filaments exaggerated in thickness. F. Brachial interior with complete terebratelliform loop. D, E, F. X2.


a — adductor muscle scar, aj — pendicle adjustor muscle scar, di — diductor muscle scar, lo — lophophore, si — pallial sinus.


            

            
The Macquarie Island specimens of this species resemble 
Magasella sanguinea but lack its characteristic reddish colour. On the inside, the shell structures are more thickened than in 
M. sanguinea.

          

          

            
Genus 
Waltonia

            
Shell smooth or with weakly developed multicostation anteriorly. Deltidial plates disjunct. Foramen large, mesothyridid. Loop terebratelliform.

          

          


          

            

Waltonia inconspicua
* (5)

            
Colour red to pink. Shells small to medium size, length usually a little greater than width. A large specimen from Otago Harbour measures L 17, W 16, T 9 mm. Commissure sulcate. Density of punctation: approximately 170 per square millimeter.

            
Distribution: Stewart Island to Great Barrier Island, Mangonui and Wheangarei Heads, from mid-tide to over 100 fathoms (3, 7, 21, 23). Best known from near low tide at Otago, Lyttelton and Auckland Harbours. Cook Strait off Stephens Island, 110 fathoms (3); Palliser Bay, 13 fathoms; Doubtful Sound, 2 to 3 fathoms (19, 23); Dusky Sound, 12 to 15 fathoms (3); around Auckland Islands and Chatham Islands.

            
This is the best known of New Zealand's brachiopods. Although it occurs from Auckland Harbour at Rangitoto to the Foveaux


[image: Figure 9: Waltonia inconspicua. A, B, C. Brachial, posterior and anterior views of a large shell. D, E, F. Brachial and side views. G. Brachial interior with complete terebratelliform loop. H. Pedicle interior. I. Brachial interior with plectolophous lophophore; filaments exaggerated in thickness. X2. aj — pedicle adjustor muscle scar, d — disjunct deltidial plates, mf — mesothyridid foramen.]

Figure 9: 
Waltonia inconspicua. A, B, C. Brachial, posterior and anterior views of a large shell. D, E, F. Brachial and side views. G. Brachial interior with complete terebratelliform loop. H. Pedicle interior. I. Brachial interior with plectolophous lophophore; filaments exaggerated in thickness. X2.


aj — pedicle adjustor muscle scar, d — disjunct deltidial plates, mf — mesothyridid foramen.





Strait oyster beds, its distribution between is very patchy. It is commonly washed ashore on Stewart Island and on the east coast of the South Island where it lives in shallow water, sheltered areas. Locally, it is abundant on the undersides of rocks exposed at low tide in Auckland, Lyttleton and Otago Harbours. In Otago Harbour near Portobello it also lives in a cave, where it is protected from the waves and hidden from sunlight, as much as 4 feet above low tide.

          

          

            
Genus 
Aerothyris

            
Shell smooth except for growth lines. Deltidial plates disjunct; foramen mesothyridid. Cardinal process of moderate size and transverse. Loop magellaniiform.

          

          

            

Aerothyris macquariensis
* (13)

            
Shell medium to large size, elongately oval. A large shell dredged off Otago measures: L38, W 30, T 20 mm. Foramen large, mesothyridid; beak nearly erect. Commissure sulcate. Density of punctation: approximately 120 per square millimeter.

            

              

[image: Figure 10: Aerothyris macquariensis A, B, C. Side, posterior, and anterior views. D. Pedicle interior. E. Bicchial interior; loop b.oken away. F. Brachial view.]

Figure 10: 
Aerothyris macquariensis A, B, C. Side, posterior, and anterior views. D. Pedicle interior. E. Bicchial interior; loop b.oken away. F. Brachial view.


            

            


            
Distribution: Around Macquarie Island, and Antipodes, 40 to 100 fathoms; and empty shells off Otago Peninsula, 180 to 220 fathoms.

            
Externally, this brachiopod is similar to 
W. inconspicua, however it is usually larger and the internal shell structures are quite different. 
A. macquariensis has a magellaniiform loop and a large cardinal process.

          

        

        

          
Subfamily 
Neothyridinae

          

            
Cardinalia massive; hinge plates, socket walls, crural bases, and septum much thickened in adults; no cavities beneath hinge plates. Median septum bifurcates to form a hinge trough. Loop magadiniform to magellaniiform.

          

          

            
Genus 
Neothyris

            
Surface smooth except for growth lines. Foramen small for shell size, mesothyridid; deltidial plates conjunct. Internal structures swollen; cardinal process stout and nearly filling hinge trough. Loop magellaniiform. Lophophore plectophous.

          

          

            

Neothyris lenticularis
* (22)

            
Colour dark to light pink. Shells large, often greater than 4 cm long, length slightly greater than width. Outline nearly circular in shells up to about 2 cm in length, but length and thickness increase at greater rates in larger shells. Greatest width anterior to mid length in large shells. Beak markedly incurved; foramen quite small; pedicle not functional in large animals. Cardinal process large with a central lobe which fits between the diductor muscles. Median septum extends nearly to mid length.

            
Distribution: Around Stewart Island; Dusky Sound, 12 to 15 fathoms (3); Foveaux Strait, 35 to 150 fathoms (13, 3); off East Cape, 85 fathors; off Mayor Island, Bay of Plenty, 40-110 fathoms (broken specimens) (3); Chatham Rise, 100 to 150 fathoms; near Antipodes Island, 82 fathoms; Campbell Plateau, 62 fathoms; around Campbell Island 103 fathoms; and near Auckland Island, 52 fathoms.

            
This large, smooth brachiopod is commonly dredged by oystermen in Foveaux Strait and is washed up on shore on Stewart Island. On the oyster bank it is reported by divers to be rolled along occasionally by the brisk bottom currents. From other New Zealand brachiopods it differs in having a small foramen for its





[image: Figure 11: Neothyris lenticularis. A, B, C. Brachial, side, and anterior views. D. Brachial interior with complete magellaniiform loop. E. Pedicle interior. cp—cardinal process, ds—ciduclor muscle seat, htr—hinge trough.]

Figure 11: 
Neothyris lenticularis. A, B, C. Brachial, side, and anterior views. D. Brachial interior with complete magellaniiform loop. E. Pedicle interior. cp—cardinal process, ds—ciduclor muscle seat, htr—hinge trough.





size and an incurved beak completely hiding the foramen when viewed from the posterior. In the inside, the large cardinal process separates it from the other species.

            
Although all of the specimens examined by me in this study were identified as 
Neothyris lenticularis, more than one species of the genus may be present in this region. Some geographic variations exists between specimens from the Chatham Islands, Cook Strait, Foveaux Strait and the southern islands. The shells collected in great numbers on the Chatham Rise, near the Chatham Islands, by the New Zealand Oceanographic Institute appear to be consistently more elongate and smaller than the typical 
N. lenticularis from Foxeaux Strait. Shells of comparable size from Foveaux Strait are nearly circular in outline, while the Chatham Island specimens are elongately ovate. In the Cook Strait area, rare shells washed up on Farewell Spit differ from the typical 
N. lenticularis in having a larger foramen and a beak that is not incurved. In these animals, the pedicle must have remained functional throughout its lifetime, a contrast with the Foveaux Strait specimens. Shells from Farewell Spit were identified by Thomson (15) as 
A. ovalis (Hutton), a fossil species. In the subantarctic island region south of New Zealand, specimens of 
Neothyris reach a large size not attained to the north.

            
To determine whether more than one species is present requires a detailed study of all the 
Neothyris populations from this region coupled with a study of the abundant Tertiary fossil representatives of the genus on both the North and South Islands and the Chatham Islands. Such a study is not within the scope of this paper.
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Introduction

          

Probably the Majority of marine animals feed on suspended particles. These suspension feeders have evolved a variety of devices with which to separate particles from the sea; at least four principle methods being employed.

          
Bryozoans and other lophophorates are examples of impingement feeders in that the food particles are caused to impinge on food collecting surfaces. Barnacles are examples of true filter feeders, while veliger larvae and serpulimorph polychaetes are examples of ciliary feeders, as the cilia which generate the feeding current also appear to trap food particles. Animals such as vermetid gastropods belong to a fourth group of suspension feeders here called collision feeders.

        

        

          
Summary

          
The term suspension feeder was introduced by Hunt (1925) to distinguish marine animals which feed on suspended particles from deposit feeders and carnivores.

          
The phytoplankton is the most important primary producer in the sea and the majority of primary consumers are suspension feeders which feed principally on the minute cells of phytoplankton as well as on minute organisms and organic particles such as protozoa, spores, eggs, sperm, bacteria and detritus.

          
Suspension feeders include the following; among the zooplankton: ciliates, radiolarians, forminiferans, some cladocerans and ostracods, many copepods, euphausids, mysids, some medusae, larvacean and thaliacean tunicates, pteropods and a variety of invertebrate larvae; among the benthos: most invertebrates classed as epifauna, such as some ciliates, sponges, some coelenterates, some rotifers, barnacles, some pelecypods and gastropods, some sedentary polychaetes, brachiopods, bryozoans, phoronids, some echinoderms and tunicates, as well as some of the infaunal animals such as pelecypods, certain gastropods and an echiuroid worm.

        

        


        

          
Classification of suspension feeders

          
The feeding of many of these animals has been described, and has been reviewed by Yonge (1928), Jorgensen (1955, 1966), von Buddenbrock (1956), van Gansen (1960) and Nicol (1960).

          
There have been attempts to classify suspension feeders according to the type of feeding organ. For example, Yonge (1928) proposed the folling in his review of feeding mechanisms in invertebrates;

          

            

              

                
	a.
                
	Pseudopodial
                
	—
                
	Foraminifera
              

              

                
	b.
                
	Ciliary
                
	—
                
	Polyzoa
              

              

                
	c.
                
	Tentacular
                
	—
                
	Dendrochirote Holothuroidea
              

              

                
	d.
                
	Mucoid
                
	—
                
	
Vermetus (Gastropoda)
              

              

                
	e.
                
	Muscular
                
	—
                
	
Rhizostoma (Scyphozoa)
              

              

                
	f.
                
	Setous
                
	—
                
	Cirripedia
              

            

          

          
Van Gansen (1960) proposed a similar scheme; here only one example of each group is given.

          

            

              

                
	
                  
Filtering Organ
                
                
	
                  
Sedentary Suspension Feeders
                
                
	
                  
Mobile Suspension Feeders
                
              

              

                
	Cilitary tracts
                
	Rotifers
                
	Rotifers
              

              

                
	Bristles
                
	Cirripeds
                
	Calanoid copepods
              

              

                
	Mucous nets
                
	Chaetopterids
                
	Appendicularians
              

              

                
	Gills
                
	Lamellibranchs
                
	Thaliaceans
              

              

                
	Plume of tentacles
                
	Bryozoans
                
	
              

              

                
	Entire organisms
                
	Sponges
                
	
              

            

          

          
Jorgensen (1966) recognises two types of suspension feeding. Filters are used by animals such as sponges, tunicates and many crustaceans. “In other suspension feeders, the water with its content of suspended particles is not truly filtered, but is carried along surfaces capable of retaining particles that obtain contact with the surfaces.’ Examples of such “non-filtering’ suspension feeders are Entoprocta and Bryozoa.

          
Bullivant (1968) has discussed feeding in lophophorates (bryozoans, phoronids and brachiopods); the method being described as impingement feeding by analogy with certain mechanical particle separators. It is suggested here that all suspension feeders may be better grouped according to the method they use to collect particles rather than the type of feeding organ they have.

        

        

          
Discussion

          

            
Impingement Feeding

            
In the lophophorates the feeding current is generated by the lateral cilia on the tentacles of the lophophore. In gymnolaemate



bryozoans particles impinge near the mouth and are sucked into the pharynx; in phylactolaemate bryozoans particles impinge in the trough between the rows of tentacles of the U-shaped lophophore and are transported to the mouth by cilia. In phoronids and brachiopods particles impinge on the frontal surfaces of the tentacles and are conveyed to the mouth by tracts of cilia.

            
Impingement feeders thus usually require a means of generating a feeding current and a means of transporting particles impinging on the food collecting surfaces to the pharynx. Certain suspension feeders as well as lophophorates also exhibit these functions.

            
Although not included in most reviews of suspension feeding, many ciliates, especially the sedentary Heterotrichida, Peritrichida and Chonotrichida, are suspension feeders. Heterotrichs, at least, possess the two systems of cilia typical of impingement feeders. The adoral zone of membranellae creates a vertical feeding current and particles which impinge on the peristome, are carried by cilia down the gullet to the cytostome (Silén, 1947). Food particles may be actively selected in the gullet and unwanted particles rejected (Schaeffer, 1910).

            
An interesting case, mentioned by Reynoldson (1957), is the specialized peritrich, 
Urceoloria mitra, which is epizoic on certain freshwater flatworms. In this peritrich the adoral cilia are motionless and form a funnel which directs the water over the gullet. In the gullet, cilia are active and transport food to the cytopharynx. The animal does not need to generate a feeding current. Instead, it selects a site on its host near the auricular sensory areas where the currents produced by the cilia of the host are strongest.

            
Judging from the photographs published by Machemer (1966) the free-living ciliate 
Stylonichia possesses the characteristics of an impingement feeder; particles are drawn under the animal over the cytostome from a wide field ahead. A ring-like vortex current system surrounds this main current ahead of the animal. Whether the animal can feed in this manner, away from a substrate, is not known.

            
Another group with which the method of feeding of bryozoans may be compared are the rotifers. Rotifers show great variation in food preference and feeding methods. Some are wholly carnivorous (Myers, 1941), others are suspension feeders and only collect particles less than 10 microns in diameter (Gossler, 1950), while others trap protistans larger than this (Donner, 1966). The wheel organ may be modified in many ways. In some suspension feeding rotifers a vertical current generated by the cingulum appears to impinge onto the head field and particles are transported to the mouth by the circum-apical band of cilia which lies ahead of the cingulum (Gossler, 1950). Gossler does not agree with Remane (1932) that fans of setae about the head filter particles from the feeding current. At the mouth particles may be grasped by the unci of the mastax (Gossler, 1950; Edmondson, 1965).

            


            
The feeding apparatus and feeding method of the cyphonautes, the only type of bryozoan larvae that feeds, have been described by Atkins (1955) who studied the cyphonautes larvae of 
Electra pilosa and 
Membranipora membranacea.

            
The flattened, triangular-shaped larvae has a ventral slit-like opening between the rows of locomotory cilia of the corona. The slit opens into a large cavity divided into two by a vertical ridge on either side in the midline. At the ventral opening to the cavity the ridges extend as free lobes. The cilia on these lobes are arranged in the same way as the cilia on the tentacles of the adults. There is a frontal band, a row of either single or double frontolateral cilia on either side and a lateral band on either side. Within the cavity the lateral and frontolateral rows are lost from the side of the ridge attached to the mantle. The frontal cilia beat towards the mouth and the lateral cilia generate the feeding current between the ridges. Atkins thought, but was not sure, that the tips of the frontolateral cilia beat in the direction of the current. The walls of the mantle in the dorsal part of the inhalant chamber are ciliated and converge on the oesophagus. The lateral cilia on the ridges generate the feeding current and form metachronal waves which travel in a laeoplectic fashion as in the adult; that is, the current traversing the ridges passes to the left of the direction of progression of the waves. Food particles which impinge on the frontal surfaces of the ridges are conveyed by the frontal cilia to the cilia in the buccal region which in turn convey them to the oesophagus. Atkins’ (1955) desbription gives no evidence for the presence of a sucking pharynx. Possibly the sharp turn that the feeding current must make as it passes between the ciliated ridges throws some food directly into the buccal region.

            
Feeding in cyphonautes thus resembles feeding in adult gymnolaemates and other lophophorates although the frontal cilia on the ridges play a more important part than the frontal cilia on the tentacles of adult gymnolaemates.

          

          

            
Ciliary Feeding

            
A variety of other suspension feeders all employ cilia to generate feeding currents but the method by which they collect particles suspended in the current differs from that employed by impingement feeders.

            
In entoprocts (Atkins, 1932; Mariscal, 1965) and in serpulimorph polychaetes (Nicol, 1930), lateral cilia on the tentacles or cirri respectively, generate the feeding current which moves up from beneath the tentacles or cirri—that is, it is opposite in direction to the feeding current in lophophorates. Suspended particles are thrown onto the inner or frontal surface of the tentacles or cirri from where cilia carry them towards the mouth.

            


            
Mariscal (1965) claims that in entoprocts the particles are embedded in mucus on the frontal surface of the tentacles, but he did not find gland cells. Atkins (1932) could not find gland cells associated with the tentacles or vestibular grooves leading to the mouth in these animals, however, rejected particles often appeared in a string of mucus. Similarly, in 
Sabella pavonia, Nicol (1930) thought only rejected particles were enmeshed in mucus.

            
Mariscal states that 
Barentsia gracilis feeds on detritus supplemented with protistans and Dales (1957) found that serpulimorph polychaetes filtered colloidal graphite better than algal cells and suggested that they fed largely on inert detritus rather than on protistans.

            
The veliger larvae of gastropods and pelecypods are suspension feeders. Long cilia form a band along the smooth or lobed velum in these larvae, while recessed beneath this band is a groove lined with cilia which leads to the mouth (Yonge, 1926; Lebour, 1931; Werner, 1955; Thompson, 1959).

            
A cilium during its forward stroke is stiff and straight (Sleigh, 1962). The locomotory cilia on the velum margin apparently strike particles during their forward beat and throw them into the food groove, from whence they are conveyed to the mouth. This type of feeding resembles that already described as ciliary feeding to distinguish it from impingement feeding already discussed. However, it must be borne in mind that cilia often play a part in the other methods of feeding as well.

            
Another example of ciliary feeding is exhibited by the colonyforming rotifer, 
Conochilus unicornis. In this species, the feeding current is reversed and the long cilia of the cingulum throw particles onto the head field where tracts of short cilia transport them to the mouth (Gossler, 1950).

            
In those suspension feeding rotifers in which the trochus (the line of strong cilia ahead of the circumapical band of cilia) is well developed, ciliary feeding and not impingement feeding, might also be expected.

            
Ciliated epithelia bearing a layer of mucus are encountered in many animals, for example; in the mammalian lung, on the proboscis of enteropneusts, and on the inner surface of the mantle of brachiopods and molluscs. The combination of cilia and mucus appears to function to keep such surfaces clean, and in ciliary and impingement feeders mucus is also involved in particle rejection from the food collecting organ.

          

          

            
Filter Feeding

            
Mucus has a clear roll in trapping food particles in such animals as the polychaetes, 
Chaetopterus and 
Nereis, which form a mucous trap, and in certain prosobranch gastropods such as 
Crepidula, in ascidians and in cephalochordates, all of which secrete a moving



sheet of mucus over the branchial organ. In these animals the mucus and the embedded particles are ingested. It is not known how much sorting takes place after the particles are trapped, but MacGinitie (1939) has suggested that there is some sorting at least.

            
As already mentioned, mucus appears to be confined to trapping rejected material in brachiopods, phoronids, entoprocts and serpulimorph polychaetes. In this way, such material will be prevented from being recirculated through the feeding organ.

            
Despite the large amounts of work on feeding in pelecypods, (reviewed by Jorgensen, 1966), there remains some doubt as to the role of mucus in the feeding organ of these animals. MacGinitie (1941) claimed that a mucous sheet lining the gills acts as a filter as in ascidians and cephalochordates. Other authors (Yonge, 1966; Jorgensen, 1966) hold that such a mucous sheet would not permit the elaborate arrangement of tracts of cilia on the gills to function and particles could not be sorted. Also, pelecypods do not possess an elaborate organ, such as the endostyle in cephalochordates and ascidians, for the continuous production of mucus. It seems most likely that, in this group as in the animals mentioned above, mucus functions mainly to remove unwanted particles, but a definitive study is needed.

            
If there is no mucous sheet, the gills of peleypods may employ at the same time, impingement, ciliary and filter feeding methods. Lateral cilia on the gill filaments generate the feeding current, and particles which impinge directly on the frontal surface of the filaments could be conveyed to the food grooves at the dorsal and ventral margins of the gills by the frontal cilia, while frontolateral cilia could catch particles passing between the filaments or through the ostia and throw them onto the frontal surfaces of the filaments (Tammes and Dral, 1955).

            
Rudwick (1962) pointed out that, unlike the filamentous tentacles of the brachiopod lophophore; in the more advanced pelecypods the gill lamellae are cross-connected to form a net. Such a structure is able to support a greater filtration pressure between the inhalant and exhaust chambers than could the filiform tentacles of brachiopods.

            
The net-like gills of pelecypods would also be expected to retain large mobile protistans too large to pass between the filaments. Thus pelecypods may also be classed as filter feeders since their gills act as a filtration separator of the larger suspended particles. Other true filter feeders include the mucous trap formers mentioned earlier, sponges (whose choanocytes filter water through their


[image: Fig. 1: Examples of the different methods of suspension feeding. A. Bryozoan, Zoobotryon verticillatum (from Bullivant, 1968). B. Nudibranch veliger, Archidoris psuedoargus (from Thompson, 1959). C. Barnacle, Balanus sp., (from photograph by William H. Amos). D. Vermetid gastropod, mucus trap extended (after Morton, 1955).]

Fig. 1: Examples of the different methods of suspension feeding.


A. Bryozoan, 
Zoobotryon verticillatum (from Bullivant, 1968).


B. Nudibranch veliger, 
Archidoris psuedoargus (from Thompson, 1959).


C. Barnacle, 
Balanus sp., (from photograph by William H. Amos).


D. Vermetid gastropod, mucus trap extended (after Morton, 1955).





collars), the many crustacean suspension feeders which sweep or filter particles from the water with their appendages, and probably larvaceans which secrete an elaborate filter house.

          

          

            
Collision Feeding

            
Three groups of suspension feeders have already been mentioned. For the sake of completeness a fourth group should be included. These may be described as collision feeders. Some vermetid gastropods secrete strings or sheets of mucus which hang passively in the water collecting particles which collide with them. Planktonic Foraminifera and Radiolaria presumably collect particles by collision. Crinoids, some ophiuroids and dendrochirote holothurians are suspension feeders and appear to depend on food particles drifting to them unassisted by a feeding current.

            
Plankton feeding coelenterates, hydroids, gorgonaceans, etc., may be included under this heading. In these animals collision of particles with the tentacles is followed by capture by the nematocysts.

            
The classification of suspension feeders put forward in this discussion is summarised below.
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          Further note on 
Thismia rodwayi
        

        
by 
L. B. Moore,


Botany Division, D.S.I.R., Christchurch.

        

The Note by 
R. H. Steele (
Tuatara 14, 1966, 130), accompanied by photographs by 
G. K. Rickards, prompts a formal recording of gatherings of 
Thismia rodwayi held at Botany Division, D.S.I.R., at Lincoln. These are, with the herbarium sheet numbers:

        
CHR 132244 North Tongariro, forest margin below Ketetahi Springs, amongst roots of 
Griselinia. 
G. H. Cunningham, 1942.

        
CHR 141477 Trounson Park, base of 
Agathis australis, amongst bark and humus; abundant at base of most of larger trees. 
W. B. Silvester, 8.12.1963.

        
CHR 147223 Pirongia district. 
R. Bell, December, 1963.

        
Mr. Bell, writing of his earlier finding of this plant in December 1962, relates: “Sitting having a smoke and just doodling with a stick among the leaves on the ground, a patch of these, 11 or 14 or so, appeared under and among the leaves. The pretty colour first caught our eyes. They appeared to be just nestling cosily in the leaf mold—the roots did not seem to be firm—just loosely in the mold. They were a creamy brownish colour, fleshy looking.’
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The New Zealand Sea Shore

          
by 
John Morton and 
Michael Miller.


Collins, London-Auckland, 1968. 638 pp. $9.60.

          

This Book is a major milestone in New Zealand biology, and should meet with unqualified approval not only in New Zealand but overseas as well. It is written and illustrated in an enthusiastic and masterly fashion—reflecting very well the outlook and ability of its authors. It is, to a large extent, modesty on the part of the latter that makes them remark (p. 281) on “the temerity of the Auckland authors in believing that a northern-based book will have a broader interest to New Zealand marine biologists as a whole.’ In making this remark they are rightly qualifying their view that “In its sea-shore geography New Zealand is one country. An Aucklander travelling to the far south will still be able to recognise a majority of the animals and a significant number of the algae’.

          
The book is divided into an introductory portion followed by three main sections. The introduction deals with the naming and classification of organisms, the ways in which sea-shores are formed and moulded, and the role of the tides (this chapter also discusses shore zonation in general, and the principles of its study).

          
Section One is entitled “Zones and Habitats’, and some indication of its content is given by its sub-headings, as follows:—


	
Zoning Plants and Animals in Moderate Shelter


	
Boulder Beaches and their Inhabitants


	
The Reef-Fringe at Low Water: I. Filter Feeders


	
The Reef-Fringe at Low Water: II. Carnivores, Herbivores and Deposit Feeders


	
Tidal Pools


	
The Intimate Fauna of Seaweeds


	
Animals of Crevices and Borings.




          
Sections Two and Three, which are similarly expansive and detailed, deal with Hard Shore-Lines and Soft Shores respectively.

          
All sections contain not only the content that one might expect, ie. a descriptive account of the various habitats, the physical factors that affect them, and their faunas and floras, but as well much additional matter in the way of comment, explanation, and correlation of habitat, form and function. In fact there is a great deal of anatomy and physiology usefully interpolated to explain particular situations. Similarly one welcomes the presence of occasional keys to indicator organisms, or to organisms or groups that are frequently not well known. A summary of the main physical factors of the seas around New Zealand, the currents, temperatures etc., could be expected and is given, as is a brief view of information on biogeographic provinces.

          
The book concludes with some brief and mindful remarks on the need for conservation of New Zealand sea coasts, and with a very adequate Glossary, an extensive and well-organised Bibliography, and finally guides to the contents of the book subdivided into a Taxonomic Guide and an Index.

          


          
The book is very thoroughly and beautifully illustrated with hand-painted colour plates, black and white photographs, and numerous line-drawings.

          
The writing is notable for its clarity, simplicity, interest, and character. It is never dull, and is often colourful—as for example when describing the bullkelp, 
Durvillea which “can be safely reached at low tide as they stand with golden stipe erect and the blade arched and shining with dark lax thongs’.

          
Any competitor to this book on the New Zealand scene is going to have a difficult task to be its peer.

          

            
—J.A.F.G.
          

        

        

          
Rocky Shore Ecology of the Leigh Area, North Auckland

          
by 
John Morton and 
V. J. Chapman.


University of Auckland Publication, 1968. 44 pp. $0.75.

          

Shore Ecology is seldom so well presented and illustrated as in this concise forty-four page booklet by Professors Morton and Chapman. It covers the shore ecology of the area near the marine laboratory run by the University of Auckland. Sufficient climatic and geological background is given to support the ecology, which is shown in a series of three dimensional drawings of transects. These are so clearly portrayed that even a non-biologist would have little difficulty in following the main differences in the various habitats discussed. These include exposed and sheltered terraces, cave mouths, coves, crevices and reef flats. The study concludes with a reference to other aspects of shore ecology awaiting further study, and also gives a useful bibliography.

          
The authors state in their introduction that the chief justification for another description of a New Zealand shore is that it will provide other workers in the Leigh area with a framework for advances of a more detailed kind. I hope that other marine laboratories will follow this very sound lead, as it allows visiting workers to plan their study in advance, with the minimum of correspondence.

          
Professors Morton and Chapman are to be congratulated on the production of an excellent booklet.

          

            
— R.B.P.
          

        

        

          
The Fringe of the Sea

          
by 
Isobel Bennett.


Photographs by 
F. G. Myers and 
K. Gillett.


Rigby Ltd., Adelaide. 261 pp. text, 179 illustrations (17 in colour).


$A10.00.

          

If You are Looking for a book about sea animals that combines to a rare degree the skilful blending of artistic illustration with a text satisfying to a zoologist and easily understood by the layman, as well as a book with a pleasing typography, then Miss Bennett's book on “The Fringe of the Sea’ will find a place on your bookshelf. Miss Bennett regards the fringe of the sea as that “fascinating strip of the earth's surface that is neither land nor sea, yet belongs



to both’. It is a good definition as the majority of the animals in this environment live submerged in the sea attached to the seafloor, buried in the sea floor, or live in crevices among rocks on the foreshore.

          
There are seven chapters in all, six of these are descriptive of the the major groups of animals found at the fringe of the sea namely the sponges, coelenterates, marine worms, crustaceans, molluscs and echinoderms. The final chapter is a brief but authoritative account of “the living coral reef’. Much has been written, and illustrations of high calibre have been recorded of the frequently colourful and eye catching animals and plants of coral reef formations. Miss Bennett has chosen—and I think chosen wisely—to highlight other lesser known, but equally fascinating, and still in many ways controversial aspects of coral reef formation as well as the external and internal environmental factors influencing the community life of reef dwellers as a whole.

          
New Zealanders should not think of this book as containing information of no interest on this side of the Tasman Sea, because many of the crabs, barnacles, marine worms, sea anemones, molluscs and starfish describeed are identical or very closely allied to animals common at the fringe of the sea in New Zealand. Even some of the large jellyfish usually associated in our minds with the Australian tropical region, are now known to occur in northern New Zealand waters.

          
The price at $A10 may seem high, but weighted against the AI quality of the illustrations it is hard to see how it could be less.

          

            
— P.M.R.
          

        

        

          
A Field Guide to the Birds of New Zealand

          
by 
R. A. Falla, 
R. B. Sibson and 
E. G. Turbott.


Collins, London-Auckland, 1966 $4.50.

          

When three Ornithologists with the stature of the authors collaborate in compiling a field-guide to the birds of New Zealand, it goes without saying the product will be good. This book is surely a must for everyone interested in our wildlife.

          
It is stated in the preface that “the aim of the book is to enable the serious student, the visitor, the sailor and, perhaps above all the amateur naturalist’—“to satisfy his curiosity, to know what bird he is watching and what to expect, anywhere on and around the many islands which make up New Zealand.’ In general the book achieves this aim. However, because the birds are grouped in orders, and nowhere is their a 
list of birds by habitat or region — it follows, that unless the observer has already digested the book or has a good local or specialist knowledge of birds, could he know what to expect anywhere?

          
The text closely follows the Peterson system which begins with a description of each species e.g. length, colouration and any special morphological features, followed by information on voice, habitat, range and nesting characteristics. Nesting information is omitted for those migratory species which do not breed in New Zealand.

          
Shortly after publication of the field-guide a colleague and I (without guide) were mystified by the antics of a pair of gull-like terns, seen over several days feeding in the Westshore Wildlife Refuge near Napier. The literature available to us locally failed to identify the birds, but on returning



to Wellington a quick check of the Field-Guide left no doubt that our birds were white winged black terns. The standard of description here was excellent, and applies to all birds with which I am familiar.

          
In general the line drawings and contrast plates are extremely good, with the colour plates not quite so pleasing. Most printers will admit that it is difficult to register colours on small individual objects, and probably to reduce bulk the authors have perhaps placed too many birds on each colour plate, making the colour register even more difficult. For these reasons, one can forgive the slight imperfections in colour reproduction.

          
The only real criticism of the art work done so ably by Chloe Talbot Kelly of the British Museum, London, is that some of the ducks are too portly to be true.

          
The one distressing aspect of the whole book is the seemingly random placement of plates in relation to the text. After reading the section on rails and commencing that on waders, there is an illustration of cormorants; again, after finishing the section on ducks and starting that on hawks, one finds a plate on the heads of petrels, 39 and 38 pages respectively after each relevant section. All plates in fact are somewhat misplaced relative to the text. Surely for little extra cost they could have been sited more accurately. When the book is reprinted, either the plates, or the sections should be adjusted to conform.

          
There are two pages on extinction and survival which outline the tragic decline and disappearance of much of New Zealand's peculiar avian fauna, and what's been done in recent times to check this state of affairs.

          
Most readers wanting further knowledge will find the bibliography useful, and the index is complete and easy to use.

          
This book surely ranks as an indispensible vade-mecum for the more experienced ornithologist, but the absence of guide keys by size, habitat or region restricts its use for the amateur.

          

            
— T.A.C.
          

        

        

          
Know your New Zealand Birds

          
by 
K. E. Westerskov.


Whitcombe and Tombs Ltd., Christchurch, 1967. $2.25.

          

Kaj Westerskov, Biologist, Reader in Zoology and perhaps above all a family man, has set out to write a compact, lucid book on field identification of New Zealand birds, so that the amateur may share with the expert the pleasures of bird watching and identification.

          
The author's two oldest children, a senior scout and guide respectively, probably helped stimulate him to compile this excellent book.

          
The first paragraph of the preface sets out the book's aim—it is a guide to New Zealand birds for young people, guides and scouts, students, trampers, shooters, campers, immigrants, overseas visitors and budding bird watchers. This aim it will achieve—it requires little refinement and thus leaves little room for criticism. However, it does fall short of its aim to be a pocket guide—nobody could comfortably sit on it and it would require an extremely generous pocket anywhere to accommodate it. If it was paper-backed rather than hard-backed it would then conform to pocket requirements.

          
There are four different ways for bird identification. (1) the index and (2) the quick reference are useful for those with a good idea as to what bird they are looking at. But the next two sections, (3) the field key



and (4) identification by habitat, with ten habitat types listed, are ideal for the novice. In other words these sections will go close to permitting “anyone’ to identify their birds down to species.

          
There are sections on sex and age determination, song tracks, birds found on roadsides, dead on beaches, game birds, bird journals and organisations etc.

          
The bibliography is ideally selected. There are 16 colour plates taken from Buller's Birds of New Zealand, and 75 photographs, some of which have not reproduced well, e.g. the sooty and fluttering shearwaters, the spotted shags and the pukeko. I am sure these could have been improved on, had the author used photographs taken by others, rather than remain restricted to his own collection, good as it is.

          
Overall, the amount of information packed into 143 pages is astounding and the manner of presentation excellent, making the book worthy of success.

          

            
— T.A.C.
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