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Vertebrate Palaeontology in New Zealand





        

          Vertebrate Palaeontology in New Zealand
        

        


B. J. Marples, Department of Zoology, University of Otago

        

          
In the following brief survey of vertebrate palaeontology in New Zealand no account will be given of the Pleistocene specimens. It is possible only to give a general survey as in many cases more work is required before the group is properly known, but an attempt is made to indicate the principal literature of the subject and to give an idea of the vertebrate groups represented by fossils in this country.

        

        

          
Fishes

          
The fossil fishes were dealt with as a whole by Chapman in 1918, and many teleosts later by Frost. These papers list the species and their localities and it is unnecessary to do so here. Species appear to have been described only from the Cretaceous and Tertiary. Of the Selachii Chapman lists 7 species from the Cretaceous, 23 from the Tertiary and 5 common to both. These are represented by isolated teeth, which are not uncommon in rocks of Upper Cretaceous and Tertiary age. The centra of vertebrae and fin spines also occur occasionally. There are remains of 2 Holocephali, one a species of 
Callorhynchus, both from the Upper Cretaceous of Amuri Bluff.

          
Most of the Teleosts are described by Frost from otoliths, and come from beds of Early Tertiary age. He describes 44 species, 29 of which are new. Only two Teleosts seem to have been recorded from rocks older than the Tertiary. Chapman mentions scales from the Upper Cretaceous of Amuri Bluff and the Clarence Valley, Marlborough, which he attributes to ? 
Thrissopater sp., and a specimen of 
Diplomystus coverhamensis, also from the Clarence Valley. Two fossil fishes from the Abbotsford Mudstone and the Burnside Marl have been described by Chapman, and several specimens have been collected from later rocks in Frazer's Gully, also in the Dunedin district. The tail of a large Tunny from the Oliogocene limestone at Duntroon, N. Otago, and the bones of another large fish from the greensand of the Hakataramea Valley are in the Otago Museum. They have not yet been described.

        

        

          
Reptiles

          
Quite a number of reptilian fossils have been collected in the Mesozoic rocks in various parts of the South Island, mostly from the Upper Cretaceous. There are some tantalisingly brief references in the literature to “saurian bones,” sometimes in older rocks, but specimens are not available, and ideas as to the age of the rocks from which they came may have changed with subsequent stratigraphical research. Park refers to 
Ichthyosaurus bones from Mt. St. Mary, near Kurow in N. Otago, and from Mt. Potts in Canterbury. These were said to be from Triassic beds, which would be an early date for an 

Ichthyo-



saurus, the earliest known species of which come from the Triassic of Spitzbergen and California. Hector, describing the single vertebra from Mt. Potts, quotes Haast to the effect that there are there beds of conglomerate with great quantities of well-rounded pieces of bone. Park also refers to saurian bones in Triassic rocks at Wells Creek, Nelson. Romer (p. 594) lists 
Myopterygius from the Upper Cretaceous of New Zealand, but I have not found his authority for this statement.

          
The majority of the reptiles come from the Upper Cretaceous of the Amuri, Cheviot and Waipara districts in North Canterbury. First discovered by Hood in 1861, specimens were sent to Owen who described 3 species of 
Plesiosaurus. In 1868 Hood made another collection which was lost by shipwreck on the way to England. Haast examined the specimens before they were sent and mentions that one block contained the major portion of a skull at least three feet long. He also mentions that there were specimens, from the small seams of brown coal in the district, which consisted of a procoelous vertebra and part of a femur which he thought to be of terrestrial type and compared to that of 
Iguanodon! Further collections were made in the same locality, and also at Amuri Bluff, and several tons of rock containing bones were taken to the Colonial (now the Dominion) Museum and to the Canterbury Museum. These were described by Hector, who states that “portions of 43 individual reptiles, mostly of gigantic size and all of aquatic habits, and belonging to at least 13 distinct species, have been discovered.” He lists 6 species of 
Plesiosaurus, 1 
Polycotylus and 2 
Mauisaurus, all Sauropterygians, while there were 2 Mosasaurs, 
Liodon and 
Taniwhasaurus. There were also two vertebrae which he thought might be 
Crocodilus.

          
As no collecting seems to have been done for some 70 years, the writer recently visited the Waipara locality to see if more material had weathered out. The rivers here have cut deep canyons through the soft deposits, the steep sides of which are overgrown with beech trees. In the soft rock are numerous spherical concretions, up to five or six feet in diameter. They project from the cliffs and lie scattered along the bed of the streams and form a most extraordinary sight. Bones were observed in some of them, and in one case a concretion which had split in half exposed a small bone at its centre apparently forming the nucleus around which the concretion had grown. The concretions are extremely hard, and vigorous work with a pick produced little result other than a few sparks. Only one humerus of 
Mauisaurus, a bone some 13 inches long with a head 5 inches in diameter, and a few fragments were collected after several hours of effort.

          
All these reptiles are from Mesozoic rocks. The only Tertiary fossil reptiles appear to be some undescribed turtle bones in the Canterbury Museum.

        

        


        

          
Birds

          
The first fossil penguin bone to be discovered, the tarsus of 
Palaeeudyptes was found near Oamaru in 1857, and New Zealand is one of the only four localities where fossil penguins are found. One specimen is known from Australia, and many from Patagonia and from Seymour Island off the east coast of Graham Land.

          
The original tarsus was described by Huxley. In 1868 a number of bones, but without a tarsus, were collected near Brighton, Nelson, and attributed by Hector to the same species. About the same time, bones of two other penguins were collected near Oamaru and later described by Oliver as species of a new genus, 
Pachydyptes. Recently a considerable number of specimens have been collected, mostly in the greensand at Duntroon, N. Otago, but also in the Burnside Marl, Dunedin, and elsewhere. They have been described, and all the fossil penguins of New Zealand reviewed, by Marples (in M.S.S.).

          
So far fossil penguins have been discovered only in the South Island. One comes from Nelson, some from North Canterbury, South Canterbury near Waima'e and the Hakataramea Valley, North Otago, especially Duntroon and the Oamaru and Kakanui regions, and at Burnside near Dunedin. The oldest specimen is a fragmentary femur from Cheviot, which is at least as old as the Heretaungan stage of the Lower Eocene, while 
Pachydyptes comes from the Runangan stage of the Upper Eocene. Most of the specimens, assigned to the genera 
Palaeeudyptes, Platydyptes, Archaeospheniscus and 
Duntroonornis, come from the Duntroonian and Waitakian beds of the Lower and Middle Oligocene.

          
The fossil penguins of other countries are all assigned to the Miocene. It is interesting to notice that there are a number of differences between the fossil penguins of New Zealand and the Recent species, and that the Patagonian specimens are intermediate in structure. The Seymour Island and Australian specimens on the other hand are similar to the New Zealand ones. Even these Early Tertiary forms are fully specialised penguins, and the origin of this group from their flying ancestors must have taken place a very long time before the Oligocene. This is, of course, what would be expected from a consideration of the evolutionary history of birds in general, which does not show any important changes during Tertiary times.

          
Most of the species were large birds and some must have stood about five feet high. At least five genera and six species seem to be represented. Many of the specimens include a number of bones belonging to the same individual, which is important as most of the specimens found in other countries consist of isolated bones.

          
Flying birds as well as penguins existed in the Early Tertiary of New Zealand, but only fragments have so far been discovered. A clavicle from Duntroon, resembling that of an albatross, was described by Marples as 
Manu antiquus.

        

        


        

          
Mammals

          
With the exception of the bones of a seal, said by Park to have been collected in the Burnside Marl, Dunedin, but which were never described and have been lost, the mammalian fossils are all cetacean. All the three subdivisions of the order are represented.

          

            

[image: Skull of whalebone whale. Cetothere, in Duntroonian greensand, North Otago. Foot rule in centre. The light spots are the shells of Pectens and Brachiopods.]
Skull of whalebone whale. 
Cetothere, in Duntroonian greensand, North Otago. Foot rule in centre. The light spots are the shells of 
Pectens and Brachiopods.


          

          
In 1880 McKay collected at Wharekuri, near Kurow in North Otago, a number of whale bones among which were some very large teeth of the Archaeocete 
Kakenodon. Other bones were attributed to



this species but later proved to belong to whalebone whales, and it is doubtful how many 
Kakenodon bones exist. Benham has published several papers recently on fossil whales, but there are still specimens which require re-examination, and some in the museums seem to have been lost. A natural endocranial cast in the Otago Museum appears to belong to an Archaeocete (Marples) but its locality is unknown.

          
Bones of Squalodonts have been found in the Oligocene rocks in various parts of the South Island, and were described by Benham as belonging to the genera 
Prosqualodon, Microcetus and 
Tangaroasaurus. The last, a fragment of a jaw, was originally mistaken for that of a reptile. Some well preserved skulls and other bones are in the Otago Museum, also a natural endocranial cast probably belonging to a young Squalodont. Fragments of several individuals have been found recently at Duntroon.

          
Benham also described two fragments of skulls, preserved in Dunedin, and several other bones all from the Oligocene of Otago, under the name 
Mauicetus parki. This is one of the Cetotheres, the most primitive group of the whalebone whales. Previously they have only been known from Miocene rocks, so that 
Mauicetus from the Lower Oligocene is much the oldest known member of this group. Recently a more complete skull and several bones of the same individual, as well as portions of other individuals have been discovered at Duntroon in the same Lower Oligocene beds as the fossil penguins. They have not yet been developed and described but they appear to resemble 
Mauicetus and may represent more than one species.
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          Cytology and Genetics and their Application to New Zealand Plants
        

        


E. J. Godley, Botany Department, Auckland University College.

        

          
Before discussing some of the lines of cytological and genetical research which might be carried out in New Zealand, I will describe very briefly some of the types of studies which are now being carried out overseas.

          
In 1926, twenty-six years after the re-discovery of Mendel's paper, T. H. Morgan summed up knowledge at that time, of heredity and its physical basis in his book “The Theory of the Gene.” He noted that the characters of an individual are referable to genes which occur in a linear order on the chromosomes, and that the genes on each chromosome are held together in a linkage group. In diploids, homologous
* chromosomes and their genes are paired, and each gamete contains only one of a pair, thus satisfying Mendel's first law. If genes are on different chromosomes they are assorted independently at game-togenesis, upholding Mendel's second law. Interchange of genes may occur between homologous chromosomes, and as the frequency of this interchange is roughly proportional to the distance between genes, a method was available of making linkage maps.

          
Research has proceeded in several directions since 1926. Genetic research on diploids has been extended to polyploids
*. The statisticians have developed techniques for obtaining the maximum amount of information from a set of figures, as for example, in a linkage experiment, or for estimating the frequency of a gene in a population and the extent of its fluctuation due to selective influences. Refinements of technique continue to appear, but the development of new methods is usually beyond the power of the biologist, though he will naturally keep acquainted with the tools that the mathematician produces for his use.

          
R. A. Fisher in 1928 suggested that modifying genes were of great importance in the evolution of dominance and this stimulated research into the reaction of the same gene in different genetic environments. A great deal of research in this field has been done on cotton. The recognition that the phenotypic
* effect of a main gene can change gradually this way or that under the influence of different modifying complexes, has given valuable support to the Darwinian theory that species evolved gradually by the accumulation of slight changes which have a selective advantage.

          
Further support for the Darwinian theory has been given by Mather from his recent researches on polygenes in 
Drosophila melanogaster. The polygenes occur in large numbers on all the chromosomes, even on the so-called “inert” heterochromatic Y chromosome. They



were shown to control bristle number on the ventral abdominal surface of the fly. When the normal polygenic system was gradually disrupted and recombined by selection, flies were produced with a much greater or a much smaller number of bristles than in the wild type. Thus polygenes, because of their large number and the magnitude of the different combinations possible, provide a vast reservoir of variability in the organism and they may be used to change the form gradually.

          
A full knowledge of the theory of polygenes is of great importance to plant and animal breeders, as most characters of commercial value are under the control of large numbers of genes each with a small effect.

          
The Ascomycete genus, 
Neurospora, has come to the fore in genetical research in recent years. It has been used to study the way in which genes control the synthesis of chemical substances. Its merit is that immediately after fertilisation an “ordered” ascus is formed consisting of 8 spores in a row. These may be dissected out in order and on germination tested for the mutant under consideration. The relative position of mutant and normal spores in the ascus show whether or not crossing over has occurred in the meiotic division. Irradiation with ultra-violet light induces biochemical mutants in 
Neurospora. They will grow only on a complete medium containing all the elaborated substances they could possibly need, and will not grow on a basic medium as they lack the power to synthesise some substance. This substance is identified by adding, in turn, all known vitamins and all known amino-acids to the basic medium until the spores germinate. Thus the mutant “lysineless” will not grow unless lysine is added to the basic medium (showing that the normal allele
* of lysineless takes part in lysine synthesis). In the United States it has been shown that at least 7 genes control the synthesis of the amino-acid arginine, the first 4 building up ornithine, the next 2 changing that to citrulline and the last changing citrulline to arginine.

          
Genetical studies in other simple organisms are appearing in increasing numbers in the journals. Mutants in bacteria are identified by their resistance to various types of bacteriophage, while in America there are several workers who specialise in the genetics of 
Paramoecium.

          
Genetical research on micro-organisms is a specialised branch of a specialist subject and would be difficult to start as yet in New Zealand Universities. Such research can be better carried out elsewhere.

          
Before talking about work in New Zealand just a word about developments in cytology.

          
In 1926 cytology was not in as good a position as genetics. What happened during prophase of meiosis was still rather a mystery. Such a fundamental point as to whether the chromosomes paired end to end (telosynapsis) or along their whole length (parasynapsis) was not yet settled. However, during the next ten years the position improved rapidly, due mainly to the brilliant work of C. D. Darlington who



synthesised his own observations and those of his predecessors into a coherent system of cytology in which the deductive method could be used as in the physical sciences. Darlington explained chromosome movements in terms of Newtonian mechanics; e.g., chromosomes moving under forces of attraction or repulsion depending on whether they were respectively single or double threads. Cytology has now entered another phase and is being re-written in terms of chemistry. Cell divisions are being investigated, not so much from the point of view of bodies moving under the influence of external and internal forces, but from the point of view of a nucleic acid cycle. This involves a concentration of thymonucleic acid on a protein core to form the visible chromosome during division, and then the diffusion of the acid into the nucleus and its storage during the resting stage. The fascinating inter-relationships which may exist between the chromosomes (euchromatin plus heterochromatin), nucleolar organisers, nucleolus, centromeres and cytoplasm in this cycle, are recorded in the Symposium on Nucleic Acid published in 1948 for the Society of Experimental Biology. Of course, in this new aspect of cytology the organic chemist and the biophysicist play important parts, but it is only the cytologist who can relate their observations to the important cell processes, and it is only the cytologist who can watch the movements of large amounts of nucleic acid on the chromosomes.

          
The first step in cytological and evolutionary studies in the N.Z. flora would be a chromosome survey, particularly of the grasses and herbs, one of the aims being to find easily cultivatible genera with large chromosomes in small numbers. At the moment the chromosome numbers of only about 60 species of N Z. plants are known, due mainly to the work of Dr. O. H. Frankel and Mr. J. B. Hair, of the Wheat Research Institute, Christchurch. Species (numbers in brackets) have been studied in the following genera:



	
Danthonia (12)
	
Clematis (1)


	
Epilobium (17)
	
Chrysobactron (1)


	
Arthropodium (2)
	
Dianella (1)


	
Thelymitra (1)
	
Hebe (21)


(Frankel and Hair, 1937; Hair, 1942; Calder, 1937)

          
Of these, two would be well worth further study. 
Chrysobactron Hookerii has 14 large chromosomes ranging from 10 to 18mu long; several have distinctive morphology due to their length, non-staining constrictions and position of the centromere. If plants from widely separated populations were crossed, studies of meiosis in the hybrid might reveal the beginning of structural differentiation between chromosomes from different parts of the species area. 
Clematis indivisa has 16 quite large chromosomes, and I have recently found that 
C. colensoi has the same number. A chromosome survey of the rest of the



N.Z. species of 
Clematis may aid taxonomists, and it would be interesting to search for an XY sex-determining mechanism as the species are dioecious.

          
Chromosome surveys are of great use to the taxonomist, and the 
cytologist should keep pressed specimens of the plants which he examines. Chromosome surveys may support groupings that the taxonomist has already made. Thus Cockayne and Allan (1926) created two varieties of 
Hebe vernicosa, var. 
canterburiensis, and var. 
gracilis. This division, made on morphological grounds, was supported by the research of Frankel and Hair (1937) who showed that these varieties had 40 and 42 chromosomes respectively. Frankel and Hair also showed that the two varieties of 
Hebe buxifolia (var. 
odora and var. 
pauciracemosa) created by Cockayne and Allan (1926) differed in chromosome number, var. pauciracemosa having 42 chromosomes, and var. 
odora having 84.

          
On the other hand evidence from chromosome numbers may lead the taxonomist to revise his work. A type example comes from work done in N.Z. on the closely related genera 
Hebe and 
Veronica (Frankel, 1941). The majority of N.Z. species were placed by Cockayne and Allan in 
Hebe, while a few were included in 
Veronica. Frankel and Hair (1937) found that both N.Z. Hebes and Veronicas had basic numbers of 20 or 21, where as the Veronicas of the Northern Hemisphere had basic numbers of 4, 8, 7, 9, or 17. This showed that the separation of 
Hebe from 
Veronica by Pennel in 1921 had been justified, and it also suggested that N.Z. Veronicas were closer to 
Hebe than to the Northern Hemisphere Veronicas. Allan (1939), on re-examining the capsule dehiscence in N.Z. Veronicas found that it was essentially the same as in 
Hebe and therefore transferred them to the latter genus.

          
Again Calder's study of chromosome numbers in the N.Z. Danthonias showed that 
Danthonia semiannularis had 48 chromosomes, but that both 
D. semiannularis var. 
setifolia and 
D. semiannularis var. 
nigricans had only 24. The difference in chromosome number implies that species and variety are effectively isolated as a hybrid between them would probably be sterile. This fact, together with definite morphological differences, justified him in making two new species, 
D. setifolia and 
D. nigricans.

          
Chromosome numbers also indicate whether an inter-specific cross is likely to be fertile or sterile. Mr. Hair tells me that one of our 
Agropyron species has 42 chromosomes, and another has 28. A hybrid between them will have 35 chromosomes and probably be sterile.

          
Enough has been said to show the importance of a knowledge of chromosome numbers, and it is to be hoped that this gap in our knowledge of the N.Z. flora will be filled within the next few years. Of course, many other problems are often unearthed during a chromosome survey. Thus S. Smith-White (1948) in Sydney, while carrying



out a survey of the Epacridaceae, found that 
Leucopogon juniperinus was a triploid, and that contrary to most of the rules it was stable and reasonably fertile. The reason discovered for this is of great general interest.

          
The New Zealand flora should provide ideal material for studies in the evolution of species. The pattern of distribution in most of the genera has not been appreciably modified by man.

          
The beginnings of species differentiation might be sought for among the numerous cases of discontinuous distribution known within the country (see Wall, 1927). Individuals from two widely separated populations could be brought together in an experimental garden and studied for signs of cytological, taxonomical and, if possible, genetic divergence.

          
Ecotypes
*, considered by many to be the first marked stage in species differentiation, have not been studied much in this country, possibly because of lack of experimental gardens. That such studies can produce interesting results has been shown in some work by Mr. H. Conner of the Botany Division, D.S.I.R., who has collected a number of distinct forms of 
Agropyron scabrum from both Islands. These have retained their distinctive characters when grown together under uniform conditions in Wellington.

          
On the species level, the hybrid swarms so characteristic of our flora show that many species, though morphologically distinct, are not yet differentiated enough to be inter-sterile. Cytological studies of F1 hybrids would show the nature of the chromosome differences between the species. Genetical studies would be difficult in some of the most interesting hybrids. The theory is that an estimation of the number of genes controlling, for example, the leaf shape difference between two species can be obtained by selfing the F1 hybrid and noting the proportion of original parent leaf types obtained in the progeny. Leaf shape and most other characters would doubtless be under the control of several genes, and to re-obtain the parent types many hundreds of F2 plants would need to be cultivated. In the case of shrubs, this would require much garden space for several years, until the plants matured. Other difficulties arise. In attempting to self-pollinate 
Corokia buddleoides X cotoneaster by bagging last season, no seed was set, though on open pollination it is usually prolific. It may be self sterile, or else bagging does not agree with it. The only chance of getting an F1 intercross would be to find two hybrids growing close together in an isolated garden, and let them cross-pollinate naturally. However, there is much scope for work on the synthesis of hybrids. Many of our puzzling plants have been called natural hybrids because of very strong circumstantial evidence. The forms are intermediate between two good species, and only occur when these species grow in proximity. The final experiment to clinch the argument is to synthesise the hybrid from the supposed parents.

          


          
A genus with its main representation in New Zealand could be the subject of an evolutionary study in the style of that of Babcock and others on the genus 
Crepis (Babcock, 1947). This genus has been under study for about thirty years. Some 113 species have been brought into cultivation at Berkley, California, and have been studied by taxonomists and cytologists, and the pattern of its evolutionary history is now fairly complete. 
Crepis has evolved from primitive perennial rhizomatous types with large flowers, leaves and achenes to more advanced tap-rooted annuals with small leaves and flowers and with small beaked achenes. The centre of origin was probably the northern part of central Asia, whence it has migrated over the Northern Hemisphere. Chromosome complements have evolved by decrease in basic numbers from 6 to 5, 4 and 3; by polyploidy; by increase in asymmetry
*, and by decrease in size.

          
I had thought that the genus 
Celmisia might be studied in this manner. There is a large number of species, all but one of them 
confined to New Zealand; there is a good range of form, and the distribution of species is interesting, for example, a number of endemic species confined to the Nelson mountains. However it may prove very difficult to determine chromosome numbers accurately in this genus. In three species that I have studied, two had chromosome numbers between 80-90, and one about 120. This is very different from, say, 
Crepis capillaris with 6 chromosomes.

          
The breeding systems of plants is another important topic. Are some of our polymorphic species variable because they are obligately cross-fertile, thus continually reshuffling genetic material, or do they consist of a number of apomictic
* strains each of which will inevitably breed true?

          
It should also be remembered that N.Z. Universities have quite a good tradition of research in plant anatomy. This could be used in collaboration with a geneticist in studying the control of plant form by genes. This branch of genetics is developing, and reference should be made to the second Symposium of the Society for Experimental Biology which deals with Growth and Differentiation (1948).

          
Cytological and genetical work on natural populations of 
Drosophila could be carried out in New Zealand, but first the taxonomy of the species would need to be clarified. Dr. Frankel has pointed out to me the good field for cytological research in insects here, and I have recently found that a male weta (species not yet determined) has 19 pairs of quite large chromosomes which are easy to study.

        

        

          
* 
Some Definitions

          

	Allele.—One of two or more forms of a gene which can exist at a given genelocus.

	Apomixis.—A system of reproduction in which a diploid egg cell forms an embryo without fertilisation.



	Asymmetry.—As applied to chromosomes it means that the chromosome arms on each side of the centromere are unequal in length.

	Ecotype.—A genetically determined form within a species, specialised for growth in a particular habitat; e.g., a sand dune ecotype.

	Homologous Chromosomes.—All chromosomes or parts of chromosomes which carry similar genes or alleles of those genes are said to be homologous. In diploids there are pairs of homologous chromosomes, one homologue derived from the male parent, the other from the female parent.

	Phenotype.—The external appearance of an organism caused by a given set of genes, together with any modifications in appearance caused by the environment.

	Polyploids.—Organisms with more than two sets of chromosomes. A triploid has three sets a tetraploid has four sets, etc.
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Notornis
        

        
A prominent broadcast speaker on wild life made a statement recently that many of the details of the life history of 
Notornis were still unknown. This is, perhaps true of some aspects but certainly not true as the speaker claimed in respect to details of egg, nest and young chick, all of which were seen by the official party in January last. These findings have been published by Falla in the “Emu,” Vol. 48, 1949 to which journal the reader is referred for a full account should he desire further information.

        
Another point mentioned by Dr. Falla is on the nomenclature. Today the bird seems to be known as 
Notornis hochstetteri. The description of the living bird included a few small differences from the sub-fossil remains which have been named 
Notornis mantelli. Whether the species are really separable remains to be decided.

        

          
—J.H.S.
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          Identification of New Zealand Mainland Shags
        

        


R. A. Falla, Dominion Museum, Wellington.

        
As the usual form of identification key would be of value only to those who are concerned with handling museum specimens and dead birds, the accompanying sketches have been prepared as an aid to distinguishing in life seven of the eight species of shags or cormorants to be found in New Zealand, including Stewart Island. A further six not figured here occur in the Chathams and the subantarctic.

        
The superficial similarity of shags disguises many differences of structure and habit; while age and seasonal plumage phases may lead to further confusion. These are mentioned in the following notes. Distribution and habitat are also important guides. As a group, those species frequenting inland waters and extending their range to estuaries and bays all have black feet. The oceanic shags, which never venture into fresh water, all have pink or yellow feet.

        
1. 
Little Shag (Phalacrocorax brevirostris), variously called “White-throated,” “Little Pied,” or “Frilled.” The diagnostic features are short yellow bill and long tail. The plumage pattern is not uniform: the commonest form when adult is black with a white throat (1 c), and at the other extreme is the “little pied” plumage (1 a). Most young in their first plumage are entirely black (1 b), but the extreme “little pied” form

* assumes the white breast with its first plumage. Feet black.

        
Distribution: Lakes, rivers and sheltered coasts throughout New Zealand.

        
2. 
Little Black Shag. (P. sulcirostris). Distinguished from the young of the last by its longer bill, which is also dark, and its shorter tail. Feet black.

        
Distribution: Lakes, rivers, and estuaries of Auckland isthmus south to Hawke's Bay.

        
3. 
Pied Shag. (P. varius.) Larger than the last two, the male being nearly as large as a black shag. The bill is pale, and facial skin yellow, blue, and dull purple. Immature birds have white underparts slightly mottled with dark. Feet black.

        
Distribution: Warmer coastal waters and estuaries of Auckland, Bay of Plenty, East Coast, Marlborough, Nelson, North Canterbury, and Stewart Island.

        
4. 
Black Shag. (P. carbo). The largest inland shag, with a pale bill, and yellowish about the face. White chin, crests, a whitish mane, and white thighs are breeding ornaments only and are not always present. Immature birds have the underparts mottled with white. Feet black.

        


        

          

[image: Images of Little Shags, a Little Black Shag, a Pied Shag and a Black Shag]
        

        


        
Distribution: Lakes, rivers, estuaries, and coastline throughout New Zealand.

        
5. 
Spotted Shag. (P. punctatus). A slenderly-built sea shag with pale-grey plumage except for oil-green back and thighs. Bright facial colours are developed in the breeding season; double crests, and pure-white feathers form a neck stripe and sprout from the darker areas of the plumage. The young are pale-grey below, and darker above. Feet, cream to yellow.

        
Distribution: Rocky coasts of both islands. The Stewart Island form, with less white, is known as the Blue Shag (
P. steadi).

        
6. 
Rough-faced or King Shag. (P. carunculatus). The largest of the subantarctic shags, which are alike in having steel-blue necks and backs and oil-green wings. They have a cluster of orange pimples at the base of the bill, and blue eyelids. Young have the dark plumage dull brown. Feet pink.

        
Distribution: Western Cook Strait only, and not common.

        
7. 
Stewart Island Shag (P. chalconotus). Two distinct plumage forms (7a and 7b) occur, and they interbreed. The glossy dark bird is unmistakeable; and the white-breasted one is not unlike the King Shag. They differ in being smaller, having red throat pouches, and developing crests in the breeding season. Feet pink.

        
Distribution: Coasts of Stewart Island and Ruapuke. A larger form of the same bird inhabits Otago Peninsula. These birds are entirely marine. Superficially, the pied form could be confused with the Pied Shag (
P. varius), and the dark form with the Black Shag (
P. carbo).

        
Identification of shags is a matter of practical importance because while many are on the schedule of absolutely protected birds they are somewhat indiscriminately subject to shooting and nest raiding because they are fish-eaters. The basic falsity of the assumption that any predator effects serious reduction of its own food supply has long been revealed for what it is worth, but it still influences the views of gamekeepers, fish culturists, and some commercial fishermen.

        
The official attitude, maintaining a reasonable balance on available evidence, accords protection to all the purely marine cormorants; although prosecutions are infrequent except when heads are submitted for bounty payable on some river shags. With the exception of the Little Black Shag (
P. sulcirostris), the estuarine and river species are not protected, and a good deal of lively controversy centres round the relationship of the Black Shag to stocks of introduced trout. Although the late 
E. F. Stead, who was an experienced angler, considered that the presence of shags on trout streams was beneficial (Emu, vol. 8, p. 71, 1908) the empirical views of the majority of anglers is summed up in a booklet by H. G. Williams (The Shag Menace, 1945). The evidence presented in this book has some serious defects, but its main





[image: Images of a Spotted Shag, a King Shag and Stewart island Shags.]



conclusions have been tentatively accepted by D. F. Hobbs (Trout Fisheries in N.Z., 1948) who considers that a policy of control should be adopted.

        
A good deal more investigation is required, backed by a good knowledge of birds, fish, and stream ecology. Some attempt at presenting evidence that can be checked has been made by Falla and Stokell (T.R.S.N.Z. vol. 74, 1945); but the New Zealand standard of investigation has not yet reached the level at which similar work has been carried out in the U.S.A., Canada, and Australia.

        
Australian investigations, because they deal with shag species also found in New Zealand, are perhaps of more immediate interest. Dealing with conditions on an estuary—the Swan River—D. L. Serventy (The Feeding habits of Cormorants and South-western Australia. Emu, 1938, p. 293) examined a total of 441 shags of four species in one year. His results showed the effect of the Pied Shag on commercially important fishes is negligible, the Little Pied is still more harmless, the Little Black Shag likewise harmless; the Black Shag alone being shown to include an appreciable percentage of marketable fishes in its diet. In Victoria, G. Mack (Cormorants and the Gippsland Lakes Fishery. Mem. Nat. Mus, Vic. LX, 1941, p. 95) found no evidence from stomach analyses that shags were detrimental to stocks of commercial or sporting fishes in that area. In New South Wales, K. McKeown (The Food of Cormorants and other Fish-eating Birds. Emu. 1944, p. 259) has published data which, as far as they go, confirm the findings from other States.

        
It may be concluded, on the basis of available evidence that no native marine or estuarine fisheries in New Zealand are adversely affected by the presence of a population of Cormorants. The problem seems to be reducible to the single issue of the black shag in relation to introduced trout. The whole of the fresh water system of the country has been stocked, or there have been attempts to stock it, with introduced salmonids. To those whose idea of adequate trout population really requires an artificial surplus to satisfy it, shag depredations can never be regarded with equanimity. But it should be possible to contemplate without alarm a state of affairs, and surely a desirable one, in which the growth of trout food keeps pace with the needs of a trout population, and the trout keep pace with their predators. The predatory relationship is not necessarily a destructive one and it has yet to be shown whether the level at which black shags affect trout has an adverse or a beneficial effect on the stock.

      



* Specifically separated by most authors as 
P. melanoleucus.
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          New Zealand Littoral Ophiuroids
        

        


H. Barraclough Fell, Zoology Department, Victoria University College.

        

          
Approximately 180 species of echinoderms are now known from New Zealand, of which 71 belong to the Class Ophiuroidea, or brittle-stars. These are among the most numerous of all the bottom-dwelling animals of the seas. Most are scavengers, and as such play an important part in the bionomics of the ocean. Near the outlet of the fish-oil factory at Island Bay and where the local fishermen deposit offal, the number of individual ophiuroids must run into many thousands, even within the limits of “Fisherman's Creek” alone. Some 41 species are known to inhabit the littoral zone around New Zealand; the others occurring in deep water are not included in the following key. Colour notes are still required for some species, and in this field local students could do useful work. Some of the colour details given here have not previously been published. The relatively high proportion of species of Amphiuridae is a characteristic of the New Zealand fauna, not paralleled elsewhere.

          
No glossary is given for the technical terms which have had to be used in the key. The meaning of specialized terms should be sufficiently clear from the diagrams which follow. Before attempting identification, allow specimens to dry out, as this renders the skeletal plates easier to see. When counting oral papillae, include any infradental papillae in the total.

          

            

              

                
	1.
                
	Disc and arms covered only by skin, not by calcareous plates.
                
	
                
	2
              

              

                
	
                
	Disc and arms ensheathed by regularly arranged calcareous plates.
                
	
                
	11
              

              

                
	2.
                
	Upper surface of disc prominently ridged by 5 or 10 radially placed bars (the “radial shields”, Figs. 1A, 1B).
                
	
                
	5
              

              

                
	
                
	Upper surface of disc quite smooth.
                
	Family 
OPHIOMYXIDAE
                
	3
              

              

                
	3.
                
	Family 
OPHIOMYXIDAE:
                
	
                
	
              

              

                
	
                
	Teeth and oral papillae serrated along the free margins (Fig. 2). Genus 
Ophiomyxa
                
	
                
	4
              

              

                
	
                
	Teeth and oral papillae smooth. 
Ophioscolex prolifer.
                
	
                
	
              

              

                
	4.
                
	Oral papillae set around the margin of the oral plate in each jaw (Fig. 2). Viviparous. Purple-brown with irregular darker blotches on the disc and arms. At low-tide level down to 25 fathoms. Common throughout New Zealand.
                
	
                  
Ophiomyxa brevirima
                
                
	
              

              

                
	
                
	Oral papillae overlying and obscuring the oral plates, grey. Down to 22 fathoms.
                
	
                  
Ophiomyxa duskiensis
                
                
	
              

            

          

          


          

            

              

                
	5.
                
	Arms ringed at intervals by double rows of small hooklets, Fig. 3B.
                
	Family 
GORGONOCEPHALIDAE
                
	6
              

              

                
	
                
	Arms not so ringed
                
	Family 
TRICHASTERIDAE
                
	9
              

              

                
	6.
                
	Family 
GORGONOCEPHALIDAE:
                
	
                
	
              

              

                
	
                
	Arms branching dichotomously, as many as 11 times, the distal branchlets coiling spirally. Creamy white, the disc pink below owing to the gonads showing through the translucent skin. 25-100 fathoms. Fig. 3.
                
	
                  
Gorgonocephalus chilensis
                
                
	
              

              

                
	
                
	Arms unbranched, but usually coiling spirally.
                
	
                
	7
              

              

                
	7.
                
	Colour lemon yellow (fading in dried or preserved examples to uniform cream) Genus 
Astrotoma
                
	
                
	8
              

              

                
	
                
	Ground colour white, the disc mottled with brown patches, and the arms with a series of transverse brown rings. 70 fathoms. Fig. 4
                
	
                  
Astroporpa wilsoni
                
                
	
              

              

                
	8.
                
	As many as 10 armspines occur on either side of every arm-segment. 25-50 fathoms. Fig. 5.
                
	
                  
Astrotoma waitei
                
                
	
              

              

                
	
                
	Not more than 2-3 armspines. Littoral occurrence not certain. Rare
                
	
                  
Astrotoma benhami
                
                
	
              

              

                
	9.
                
	Family 
TRICHASTERIDAE:
                
	
                
	
              

              

                
	
                
	Skin bearing small granules. Genus 
Astroschema, with two deep-water species, the littoral occurrence of which is uncertain.
                
	
                
	
              

              

                
	
                
	Skin smooth.
                
	
                
	10
              

              

                
	10.
                
	Uniformly purple-brown, arms very long, 20 to 25 times the disc-diameter. 4-300 fathoms. Fig. 6. Known from southern fiords.
                
	
                  
Astrobrachion constrictum
                
                
	
              

              

                
	
                
	Arms banded with transverse white and red-brown rings, the disc brown with white radial shields. 60-70 fathoms.
                
	
                  
Astroceras elegans
                
                
	
              

              

                
	11.
                
	Armspines like small scales, tightly adpressed to the sides of the arms (Fig. 7).
                
	
                
	12
              

              

                
	
                
	Armspines long, not scale-like, projecting from the sides of the arm.
                
	
                
	16
              

              

                
	12.
                
	Disc plates of the upper surface covered over by numerous granules. Family 
OPHIODERMATIDAE
                
	
                
	13
              

              

                
	
                
	Disc plates exposed. Family 
OPHIOLEPIDIDAE
                
	
                
	15
              

              

                
	13.
                
	Family 
OPHIODERMATIDAE:
                
	
                
	
              

              

                
	
                
	Armspines 9-10. Animal red-brown. Arms up to 12 inches in length. Oviparous. Low-tide level to 15 fathoms. Fig. 7.
                
	
                  
Pectinura maculata
                
                
	
              

              

                
	
                
	Armspines 6-8. Animal grey or black, with white transverse bands on the arms. Viviparous. Arms not more than 1 ½ inches in length.
                
	
                
	14
              

            

          

          


          

            

              

                
	14.
                
	Upper arm plates twice as broad as long. Low-tide level to 65 fathoms, usually under stones or hiding in crevices.
                
	
                  
Pectinura cylindrica
                
                
	
              

              

                
	
                
	Upper arm plates as broad as long. Low-tide level to 15 fathoms. Under stones or in crevices.
                
	
Pectinuara gracilis.
                
	
              

              

                
	15.
                
	Family 
OPHIOLEPIDIDAE:
                
	
                
	
              

              

                
	
                
	(Note—12 genera are known from New Zealand waters, but only the following three species are likely to be met with in the littoral region; all may be distinguished by their colour patterns, which survive preservation or drying.) Yellowish-white, the radial shields purple-brown and every alternate arm segment purple-brown. North Island, Cook Str., low-water to 65 fathoms, arm up to 1 ½ inches.
                
	
                  
Ophiozonoida picta
                
                
	
              

              

                
	
                
	Cream. The upper arm plates in each arm segment subdivided into many smaller platelets. Low-water. Rare.
                
	
                  
Ophioceres huttoni
                
                
	
              

              

                
	
                
	White, the radial shields light grey-brown. Known only from Cook Str., 45 fathoms
                
	
                  
Ophiozonella megaloplax
                
                
	
              

              

                
	16.
                
	A vertical clump of dental papillae at the tip of each jaw (Fig. 8).
                
	
                
	17
              

              

                
	
                
	No clump of dental papillae.
                
	
                
	20
              

              

                
	17.
                
	A row of close-set oral papillae around the free margin of each jaw (Fig. 8)
                
	Family 
OPHIOCOMIDAE
                
	18
              

              

                
	
                
	No oral papillae
                
	Family 
OPHIOTRICHIDAE
                
	19
              

              

                
	18.
                
	Family 
OPHIOCOMIDAE:
                
	
                
	
              

              

                
	
                
	Uppermost armspine of each cluster of armspines bears at its base some supplementary scale-like spines (Fig. 9). Eulittoral, rare. Cook Str.
                
	
                  
Ophiopteris antipodum
                
                
	
              

              

                
	
                
	Armspines without supplementary spines, slender, longer than the arm segments. North Island, Cook Str., 5-120 fathoms (Fig. 10.)
                
	
                  
Ophiocoma bollonsi
                
                
	
              

              

                
	19.
                
	Family 
OPHIOTRICHIDAE:
                
	
                
	
              

              

                
	
                
	Disc bearing spines, the armspines slender, thorny (Fig. 11), much longer than the arm segments. Genus
                
	
                  
Ophiothrix
                
                
	
              

              

                
	
                
	Pink, 10 armspines to each cluster. North Island, rare. Fig. 11.
                
	
                  
Ophiothrix aristulata
                
                
	
              

              

                
	
                
	Violet, 8 armspines to each cluster. North Island, low-tide to 65 fathoms.
                
	
                  
Ophiothrix oliveri
                
                
	
              

              

                
	20.
                
	Arms widest at a point some distance out from the disc, then tapering towards the tip
                
	Family 
OPHIOCHITONIDAE
                
	21
              

              

                
	
                
	Arms tapering regularly from the disc towards the tip, mainly small species.
                
	Family 
AMPHIURIDAE
                
	23
              

            

          

          


          

            

              

                
	21.
                
	Family 
OPHIOCHITONIDAE:
                
	
                
	
              

              

                
	
                
	Upper arm plates each with a supplementary arm plate on either side (Fig. 12). Genus 
Ophionereis
                
	
                
	22
              

              

                
	
                
	Upper arm plates without supplementary plates, 3 armspines to each cluster. Genus 
Ophiochiton, of which one species is known from deep water, but littoral occurrence is uncertain.
                
	
                
	
              

              

                
	22.
                
	Upper arm plates twice as broad as long. Grey, mottled with white and black patches. Arms up to 5 inches in length. Common at low-tide level under stones. Fig. 12
                
	
                  
Ophionereis fasciata
                
                
	
              

              

                
	
                
	Upper arm plates as broad as long. White, with brownish bands on the arms. Cook Str., 50 fathoms, rare.
                
	
                  
Ophionereis novaezelandiae
                
                
	
              

              

                
	23.
                
	Family 
AMPHIURIDAE:
                
	
                
	
              

              

                
	
                
	Paired infradental papillae (Fig. 13)
                
	
                
	26
              

              

                
	
                
	No infradental papillae (Fig. 14).
                
	Genus 
Ophiactis
                
	24
              

              

                
	24.
                
	Five arms. Olive above, marked with green. Low-tide to 120 fathoms. Arms up to 5 cms. long
                
	
                  
Ophiactis resiliens
                
                
	
              

              

                
	
                
	Six or seven arms.
                
	
                
	25
              

              

                
	25.
                
	Spines on the disc. Grey mottled with pale brown. Arms less than 25 mm. long. 50 fathoms plus.
                
	
                  
Ophiactis hirta
                
                
	
              

              

                
	
                
	No spines on disc. North Island. 50 fathoms plus. Arms less than 25 mm. long.
                
	
                  
Ophiactis profundi
                
                
	
              

              

                
	26.
                
	Oral papillae arranged in a continuous series along each side of the jaw (Fig. 13).
                
	
                
	27
              

              

                
	
                
	Oral papillae separated into distal and proximal groups with a vacant intermediate area on either side of the jaw (Fig. 16).
                
	
                
	29
              

              

                
	27.
                
	Disc almost naked of scales. Rare and incompletely known. Stewart Is., 5-7 fathoms.
                
	
                  
Ophionephthys stewartensis
                
                
	
              

              

                
	
                
	Disc bearing scales
                
	
                
	28
              

              

                
	28.
                
	3 oral papillae on either side of the jaw, the outermost one very broad (Fig. 15). Common in rock pools, in coralline sea-weeds, or in sand. Grey, the arms less than two-thirds of an inch long.
                
	
                  
Amphipholis squamata
                
                
	
              

              

                
	
                
	5 oral papillae on either side of jaw, the outermost not broadened. Pale grey, the arms less than half an inch long. Auckland and Campbell Islands, at low-tide level.
                
	
                  
Amphioplus basilicus
                
                
	
              

              

                
	29.
                
	Tentacle scales occur at the bases of the tube feet. (Fig. 17). Mostly small forms, abundant in coralline seaweed at low-tide level. Genus 
Amphiura
                
	
                
	30
              

              

                
	
                
	No tentacle scales. Small spinules on the disc. Pale grey. 35-50 fathoms, rare.
                
	
                  
Ophiocentrus novae-zealandiae
                
                
	
              

            

          

          


          

            

              

                
	30.
                
	Genus 
Amphiura.
                
	
                
	
              

              

                
	
                
	(The species of this genus are rather difficult to key out, and in most cases the identification should be regarded as provisional until confirmed against a full description. The following is an attempt to simplify the littoral species. Three further deep-water forms are not included, and another littoral form is awaiting publication, making sixteen species altogether. In all cases where the number of armspines is given, they should be counted on the basal arm-segments—those normally present even in a damaged specimen).
                
	
                
	
              

              

                
	
                
	Three armspines on each lateral plate. Oral side of disc without scales. Arms up to 25 mm. length, the disc 6-8 mm. across. Whitish, eulittoral (Fig. 18).
                
	
                  
A. hinemoae
                
                
	
              

              

                
	
                
	Four armspines
                
	
                
	31
              

              

                
	
                
	Five armspines
                
	
                
	33
              

              

                
	
                
	Six or seven armspines.
                
	
                
	34
              

              

                
	31.
                
	Oral side of disc lacking scales. Spines as in Fig. 19. Arms exceeding 50 mm. length, disc 10 mm. across. Disc greenish grey, arms white (in alcohol), colour in life unknown. Apparently eulittoral, perhaps rare
                
	
                  
A. norae
                
                
	
              

              

                
	
                
	Oral side of disc completely scaled.
                
	
                
	32
              

              

                
	32.
                
	Viviparous, hermaphrodite. White, with a brownish ring around the mouth. Arms 10 mm. length, disc 3 mm. across. At low-tide level.
                
	
                  
A. annulifera
                
                
	
              

              

                
	
                
	Oviparous, sexes separate. Auckland-Campbell Islands, low-tide level to 20 fathoms. Arms 20 mm. length, disc 4 mm. across.
                
	
                  
A. praefecta
                
                
	
              

              

                
	33.
                
	Radial shields separated by only a single row of scales. Red or purplish, fading to white at the arm-tips. Arms 70 mm. length, disc 2 mm. across. Eulittoral.
                
	
                  
A. rosea
                
                
	
              

              

                
	
                
	Radial shields short, divergent, separated by two or three rows of scales. Size and colour not yet reported from New Zealand specimens.
                
	
                  
A. eugeniae
                
                
	
              

              

                
	34.
                
	Lowermost spine very long and curved downwards (Fig. 20).
                
	
                
	35
              

              

                
	
                
	Not so.
                
	
                
	36
              

              

                
	35.
                
	Viviparous, hermaphrodite. Arms cream, disc grey above, cream below. Arms 25 mm. length, disc 6 mm. across Low-tide level to 50 fathoms.
                
	
                  
A. magellanica
                
                
	
              

              

                
	
                
	Oviparous, sexes separate. Colour very variable—sometimes orange above and cream below, or disc brown with blackish radial shields and the arms fawn with black bands at irregular intervals, or the dsic fawn, spotted with grey
                
	
                
	
              

            

          

          


          

            

              

                
	
                
	and grown, the arms fawn banded with grey. 30-65 fathoms.
                
	
                  
A spinipes
                
                
	
              

              

                
	36.
                
	Spines flattened (Fig. 21). Greyish, arms 35 mm. length, disc 5 mm. across. Campbell Is., low-tide level.
                
	
                  
A. amokurae
                
                
	
              

              

                
	
                
	Not so.
                
	
                
	37
              

              

                
	37.
                
	White. Lowermost spines longest (Fig. 22). Arms 20 mm. length, disc 4 mm. across. Eulittoral.
                
	
                  
A. alba
                
                
	
              

              

                
	
                
	Yellowish, speckled with grey or brown.
                
	
                
	38
              

              

                
	38.
                
	Large, arms 140 mm. length, disc. 10 mm. across. Littoral.
                
	
                  
A. aster
                
                
	
              

              

                
	
                
	Small, arms 12 mm. length, disc 3 mm. across. Littoral.
                
	
                  
A. pusilla
                
                
	
              

              

                
	
                
	Principal references—
Trans. Roy. Society N.Z., Discovery Rpts., and Mortensen, 
Vid. Medd. Dansk naturh. For., 77, p. 91 et seq. (1924).
                
	
                
	
              

            

          

        

        

          
Explanation of Plates

          

            
Plate 1

            
(The figures are not drawn to scale—where size is of diagnostic significance, the dimensions are given in the key.)

            

	Fig. 1. Discs of ophiuroids showing, in 1A (
Astrotoma waitei) the ridges produced by the ten underlying radial shields; and in 1B (
Astrobrachion constrictum) the radial shields themselves show in the dried specimen.

	Fig. 2 
Ophiomyxa brevirima, jaw.

	Fig. 3 
Gorgonocephalus chilensis, part of disc and part of one arm (A); and portion of arm enlarged to show double rows of hooklets (B).

	Fig. 4 
Astroporpa wilsoni.

	Fig. 5. 
Astrotoma waitei.

	Fig. 6. 
Astrobrachion constrictum, with arms coiled about an antipatharian coral.

	Fig. 7. Underside of arm of 
Pectinura maculata, showing scale-like armspines on lateral plates.


            
Abbreviations: AD. adoral plate; O.P. oral papilla; OR. oral plate; O.S. oral shield; R.S. radial shield.

            


            

              

[image: Several images of New Zealand Littoral Ophiuroids.]
            

          

          


          

            
Plate 2

            

	Fig. 8. Diagram of ophiuroid jaw, seen obliquely from below; lettering explained under heading “Abbreviations” below.

	Fig. 9. 
Ophiopteris antipodum, arm-segments seen from above, showing scale-like supplementary armspines.

	Fig. 10. 
Ophiocoma bollonsi, arm-segments seen from above.

	Fig. 11. 
Ophiothrix aristulata, arm-segments seen from above, showing thorny, slender spines.

	Fig. 12. 
Ophioereis fasciata, arm-segments seen from above, showing supplementary plates.

	Fig. 13. 
Ophionephthys stewartensis, a jaw.

	Fig. 14. 
Ophiactis resiliens, a jaw.

	Fig. 15. 
Amphipholis squamata, a jaw, showing enlarged outer oral papilla.

	Fig. 16. 
Amphiura spinipes, a jaw.

	Fig. 17. 
Amphiura, showing tentacle scales.

	Fig. 18, 19, 20, 21, 22, transverse sections of one side of an arm-segment, showing lateral plate carrying spines; 18, 
Amphiura hinemoae; 19. 
A. norae; 20, 
A. magellanica; 21, 
A. amokurae; 22. 
A. alba.


            
Abbreviations: A.D., adoral plate; D.P., dental papillae; I.D.P., infradental papillae; LP., lateral armplate; O.P., oral papilla; OR., oral plate; O.S., oral shield; SC.SP., scale-like spines; SP, spine; SP.P., supplementary plate; T., tooth, teeth; T.F., tube-foot; T.S., tentacle-scale; U.P., upper armplate; V.P., lower armplate.

            


            

              

[image: Several images of New Zealand Littoral Ophiuroids.]
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          Corrections and Additions for the Guides to the Brachyura
        

        


L. R. Richardson
Department of Zoology, Victoria University College.

        
As stated in the “Guide to the Brachyrhynchous Crabs” the systematic standing of many species of our Brachyura is uncertain. The publication of the “guides” has revived interest in the group brought additional specimens, information and literature to hand so that already corrections can be made which promise systematic stability for some of our species. The following changes should be noted in their proper place in the “guides”:

        

F. Portunidae. Portunus borradailei (p.31) is now being accepted as a member of the genus 
Liocarcinus and should be named 
Liocarcinus borradailei.

        

F. Cancridae. Balss has shown that 
Heterozius rotundifrons (p.32) is not essentially a member of this family, but is more properly included in the 
Xanthidae. Mr. J. Morton has kindly supplied specimens from Auckland which prove to be 
Pilumnopeus serratifrons on comparison with named specimens sent me from the Australian Museum through the courtesy of Mr. F. McNeill. This is the first positive record since 1876. 
P. serratifrons has the palate ridged, the fronto-orbital border just more than half the greatest width of the carapace and so fits in the key alongside 
O. truncatus (p.32) from which it is distinct in having three well-developed sharp-edged anterolateral lobes, a sharp spine on the wrist, and a strong curved sharp-edged tooth on the dorsal margin of the land. The fingers are heavy and black.

        

F. Grapsidae. Dr. Isabella Gordon of the British Museum has written me that there can be no certainty of the correct application of the name 
Plagusia chabrus and this name is lapsing. Our 
Plagusia (p.32) is better recognised now as 
P. capensis. Dr. Gordon has kindly re-examined for me material of the genera 
Brachynotus and 
Hemigrapsus, supports Rathbun in maintaining the distinctness of the genera, and has demonstrated to me what our 
Hemigrapsus sexdentatus (p.34) cannot by priority retain its specific name and must now be known as 
H. edwardsii as proposed by Hilgendorf.

        

F. Hymenosomidae. I am indebted further to Dr. Gordon for comparing specimens of 
Halicarcinus with material in the British Museum. It is now clear that the key must be corrected since the 
H. ovatus (p.68) in the key is actually 
H. planatus, and as I had suspected, the species listed as 
H. planatus in the key is a new species for which I propose the name of 
H. innominata and which I will describe in full elsewhere. Mr. Forster of the Canterbury Museum informs me that the types of Chilton's 
H. marmoratus are no longer available. The species referred to as 15 (Fig. 45) in the key (p.67) agrees well with Tesch's description of 
H. edwardsi and in my experience is characterised by the heavily furred hand of the male. Tesch has synonymised 
E. quoyi (p.67) with 
H. pubescens but without reference to actual material.
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          Some Notes on Mosses with Key to Commoner New Zealand Genera
        

        

          

            
K. W. Allison
          
        

        

          
Mosses together with the liverworts form a very natural and usually distinct group, the Bryophytes. The mosses, especially, can usually be placed as such in the field and are easily collected, requiring only drying and packeting, as they moisten out well for later examination. Their main drawback is their small size, some being only a millimetre or two high, even when in fruit, so that a microscope is required for their examination, as also for the minute structure of leaves and peristomes of the larger species, some of which reach the unusual size for mosses of 1 ½ feet or more.

          
Mosses are widely spread in New Zealand, ranging from mountain rocks to coastal sands. We have our share, too, of very interesting species, and a high endemism, given as nearly 40 per cent, by Martin, but, of course, there is the usual cosmopolitan element.

          
Some of our mosses were included in Dr. W. 
J. Hooker's “Musci Exotici,” published in 1818-1820, and in 1847-1859 Sir 
J. D. Hooker published further figures and descriptions in his Flora Antarctica, Flora Novae-Zelandiae and Flora Tasmaniae. In 1867 he credited us with 350 species in the “Handbook”. These had been worked up by Hooker himself, by Dr. Taylor and Wm. Mitten. Mosses have a wide appeal and while Hooker and Colenso had collected many of the above mosses, many others had sent in collections, including Cunningham, Lyall, Sinclair, Menzies, Knight and Hector and Buchanan.

          
Various collections were made after this, notably by T.W.N. Beckett; by 
Robert Brown of Christchurch; and by S. Berggren of Sweden. Beckett and Brown published many papers in the Transactions of the N.Z. Institute from 1882, to 1908. These and other papers were collected by Brotherus in the moss section of Engler and Prantl's “Pflanzenfamilien” published in 1924.

          
H. N. Dixon, however, laid the foundation for an up to date Manual of our mosses with his “Studies in the Bryology of New Zealand” which was published in six parts, 1913-1929, by the N.Z. Institute as Bulletin No. 3. In this Dixon collected and critically examined all records of our mosses and brought the nomenclature up to date. He credited us with under 500 mosses, grouped into about 170 genera. This work revived interest in the mosses and a small keen band of collectors has since carried out extensive field work which it is hoped will make the compilation of a manual possible.

          
At present no such recent work exists but students will find the following works useful:

          


          
Dixon's work mentioned above, which has six plates and mentions all the mosses then known to grow in New Zealand, but, while discussing critical species in detail, it often gives no description of the well known species. Dixon's “Student's Handbook of British Mosses,” 1924, is an excellent book so far as it deals with our genera. W. Martin published a check list of our mosses with much other information in Volume 76 (1946) of the Transactions of the Royal Society and also a good popular account of our mosses with several plates in his “Flora of New Zealand” (3rd edition).

          
Mosses are divided into three sub-classes, based on the structure and development of the capsule: (i) 
Sphagnales (ii) 
Andreaeales and (iii) 
Bryales, the first two containing only one genus each. The Bryales are divided up into two clans, based on peristome characteristics: the 
Nematodonteae have solid teeth, not tranversely barred, derived from several concentric layers of the cells of the Sporogonium and include seven families: the 
Arthrodonteae have the teeth (sometimes absent) thin and membranous, derived from a single layer of cells of the sporogonium, and are transversely barred and articulate and include the rest of the mosses—some 67 families. These latter are again divided up into 3 Sub-clans on peristome characteristics, so that it can be seen what an important part the capsule plays in the classification of mosses and it should be collected whenever possible. The Sub-clans are divided into orders, families and genera on characters taken from the gametophyte as well as from the sporophyte.

          
The main divisions of mosses can be told as follows:

          

Sphagnales: White or whitish green mosses with fascicled or whorled branches, growing in bogs or wet ground. Leaves of very narrow long cells which anastomose to form a network of large wide thin-walled cells which are often strengthened with evident spiral thickenings: operculum falling: no peristome (Figs. 17, 18) 
Sphagnum.

          

Andreaeales: Small reddish to dark purple or black mosses usually growing on alpine rocks, very occasionally larger and growing in mountain streams. Leaves inserted all round the stem, cells dot like. Capsule black, erect, dehiscing by 4 lateral slits, the operculum never being shed. 
Andreaea.

          

Bryales: The operculum is usually shed, though in exceptional cases this is not so and then the capsule wall rots or breaks irregularily (not by regular slits) to release the spores. Includes all the other mosses.

          
Miss Adams' contribution in supplying the drawings is gratefully acknowledged.

          
The Key below gives characteristics for 123 of the Commonest Genera of New Zealand Mosses out of the total of about 170.

          


        

        

          
Key to the Genera of Mosses

          

            

              

                
	1.
                
	Gametophyte a very small bulb of leaves on a persistent protonema
                
	2
              

              

                
	
                
	Gametophyte normal and leafy, growing from a protonema which soon disappears.
                
	3
              

              

                
	2.
                
	Protonema extensive, brownish, on bark or twigs: like an alga (Fig. 31).
                
	
                  
Archephemeropsis
                
              

              

                
	
                
	Protonema sparse, on earth or rock
                
	
                  
Buxbaumia
                
              

              

                
	3.
                
	Leaves distichous.
                
	4
              

              

                
	
                
	Leaves inserted in 3 or more rows on the stem
                
	9
              

              

                
	4.
                
	Leaf base split and vaginant: on earth (Fig. 8, 32)
                
	
                  
Fissidens
                
              

              

                
	
                
	Leaf otherwise
                
	5
              

              

                
	5.
                
	Leaf vaginant owing to the folding together of the two halves of the leaf.
                
	6
              

              

                
	
                
	Leaf flat or merely concave.
                
	7
              

              

                
	6.
                
	On earth: light green colour.
                
	
                  
Catagonium
                
              

              

                
	
                
	On bark: leaves with a metallic sheen.
                
	
                  
Orthorrhynchium
                
              

              

                
	7.
                
	Leaves oblong, longly piliferous and crenulate: seta lateral. On tree-fern trunks (Fig. 12).
                
	
                  
Hymenodon
                
              

              

                
	
                
	Leaves lanceolate to setaceous
                
	8
              

              

                
	8.
                
	Leaves setaceous from a lanceolate base sheathing the stem: margins entire and not thickened. On earth.
                
	
                  
Distichium
                
              

              

                
	
                
	Leaves about lanceolate, base not sheathing: margins dentate or thickened. Often on wood. (Fig. 13).
                
	
                  
Rhizogonium p.p.
                
              

              

                
	9.
                
	Leaves inserted in 3 rows on the stem.
                
	10
              

              

                
	
                
	Leaves inserted in more than 3 rows on the stem.
                
	15
              

              

                
	10.
                
	Leaf rows 2 lateral and 1 dorsal or ventral which are usually smaller and of different shape from the lateral.
                
	11
              

              

                
	
                
	Leaves all similar in 3 spiral rows. On earth.
                
	
                  
Triquetrella
                
              

              

                
	11.
                
	One ventral and 2 lateral rows of leaves: plant usually unbranched: seta so short that capsule is hidden under the frond. (Figs. 33, 46.)
                
	
                  
Cyathophorum
                
              

              

                
	
                
	One dorsal and 2 lateral rows of leaves: seta longer than the leaves.
                
	12
              

              

                
	12.
                
	Seta terminal: leaves neither dentate nor ciliate. On tree-fern trunks.
                
	
                  
Calomnion
                
              

              

                
	
                
	Seta lateral
                
	13
              

              

                
	13.
                
	Leaves strikingly ciliate. Often on tree-ferns (Fig. 11)
                
	
                  
Catharomnion
                
              

              

                
	
                
	Leaves not ciliate.
                
	14
              

              

                
	14.
                
	Stems creeping on earth or logs: leaves piliferous by the excurrent nerve.
                
	
                  
Rhacopilum
                
              

              

                
	
                
	Stems erect, tree or umbrella-like, on earth, logs or tree trunks: leaf nerve not excurrent (Fig. 34).
                
	
                  
Hypopterygium
                
              

            

          

          


          

            

              

                
	15.
                
	Seta terminal on the branch or stem, sometimes apparently lateral owing to innovations. Plant often short and little branched or branches whorled or fascicled, or numerous short erect branches rise from a horizontal primary stem (Acrocarpous mosses).
                
	16
              

              

                
	
                
	Seta lateral, hence plants often long and straggly, with pinnate or irregular branching (Pleurocarpus mosses).
                
	92
              

              

                
	16.
                
	Leaves nerved.
                
	20
              

              

                
	
                
	Leaves nerveless.
                
	17
              

              

                
	17.
                
	Leaves acute, but not piliferous
                
	19
              

              

                
	
                
	Leaves with long piliferous points.
                
	18
              

              

                
	18.
                
	Leaf points hyaline: capsule immersed. On earth or rock. (Fig. 36).
                
	
                  
Hedwigia
                
              

              

                
	
                
	Leaf points coloured, not hyaline: capsule exserted. On earth or rock.
                
	
                  
Rhacocarpus
                
              

              

                
	19.
                
	Leaves thick, white, spongy: capsule longly exserted. On earth or rotten wood.
                
	
                  
Leucobryum
                
              

              

                
	
                
	Leaves green and normal: capsule emergent. Usually arboreal
                
	
                  
Dicnemon p.p.
                
              

              

                
	20.
                
	Capsule cleistocarpous: minute plants on earth, usually fruiting freely.
                
	21
              

              

                
	
                
	Capsule stegocarpous, the operculum falling normally.
                
	22
              

              

                
	21.
                
	Plant stemless: capsule almost sessile, enclosed in a small ball of leaves. On earth.
                
	
                  
Acaulon
                
              

              

                
	
                
	Plant with a short stem: capsule distinctly stalked. On earth.
                
	
                  
Pleuridium
                
              

              

                
	22.
                
	Capsule neck 1-1 ½ times as long as the capsule: peristome single.
                
	23
              

              

                
	
                
	Capsule neck shorter or peristome double
                
	24
              

              

                
	23.
                
	Leaves broad, about obovate. On earth.
                
	
                  
Tayloria
                
              

              

                
	
                
	Leaves very narrow, subulate to lanceolate. On earth. (Fig. 26.)
                
	
                  
Trematodon
                
              

              

                
	24.
                
	Erect tree-like plants, 6in. to 18in. tall.
                
	25
              

              

                
	
                
	Plants shorter: not rigid and tree like.
                
	26
              

              

                
	25.
                
	Unbranched or almost so. On earth.
                
	
                  
Dawsonia
                
              

              

                
	
                
	Lower stem simple, with a much branched top.
                
	
                  
Dendroligotrichum
                
              

              

                
	26.
                
	Plant with silky setaceous leaves and glossy pyriform capsules of papery texture. On earth. (Figs. 3, 29, 37)
                
	
                  
Leptobryum
                
              

              

                
	
                
	Plants otherwise.
                
	27
              

              

                
	27.
                
	Peristome 0 (absent), or a short entire ring.
                
	28
              

              

                
	
                
	Peristome present, composed of distinct teeth.
                
	37
              

              

                
	28.
                
	Peristome wanting.
                
	29
              

              

                
	
                
	Peristome a short entire ring: plants forming cushions on wood with long hair points to the leaves.
                
	
                  
Leptostomum
                
              

            

          

          


          

            

              

                
	29.
                
	Leaves, when dry, very regularly placed with incurved tips, so that the spiral leaf insertion is well shown. Usually arboreal. (Fig. 38.)
                
	
                  
Macromitrium p.p.
                
              

              

                
	
                
	Leaves crumpled or more normally disposed when dry: tips not strikingly incurved.
                
	30
              

              

                
	30.
                
	Capsule with a red rim, not closed by a membrane: leaves lanceolate. On earth. (Fig. 23.)
                
	
                  
Weisia.p.p
                
              

              

                
	
                
	Capsule rim not red or if somewhat so, leaves minute or linear.
                
	3
              

              

                
	31.
                
	Capsule mouth, on the fall of the operculum, closed by a membrane. On earth.
                
	
                  
Hymenostomum
                
              

              

                
	
                
	Capsule mouth not so closed.
                
	32
              

              

                
	32.
                
	Calyptra very large, mitriform, quite enclosing the cylindrical capsule. Often on rock.
                
	
                  
Encalyptra
                
              

              

                
	
                
	Calyptra smaller or cucullate.
                
	33
              

              

                
	33.
                
	Forming dense cushions or matted masses: leaves linear-lanceolate or linear, minute.
                
	34
              

              

                
	
                
	Plants may be crowded but do not form matted masses: leaves broader.
                
	35
              

              

                
	34.
                
	Capsule exserted. smooth. On earth.
                
	
                  
Gymnostomum
                
              

              

                
	
                
	Capsule not reaching about the leaves, ribbed. On earth or in rock crevices.
                
	
                  
Amphidium
                
              

              

                
	35.
                
	Calyptra mitriform, small, covering the operculum only: capsule sub-globose: leaves dentate. On earth (Fig. 39.)
                
	
                  
Physcomitrium
                
              

              

                
	
                
	Calyptra cucullate, larger: capsule clavate to oval or elliptic.
                
	36
              

              

                
	36.
                
	Operculum shortly conical: leaves entire: capsule clavate, with neck. On earth.
                
	
                  
Funaria p.p.
                
              

              

                
	
                
	Operculum rostrate, leaves entire or dentate, capsule oval or elliptic, neck wanting. On earth.
                
	
                  
Pottia
                
              

              

                
	37.
                
	Peristome single
                
	38
              

              

                
	
                
	Peristome double
                
	78
              

              

                
	38.
                
	Peristome teeth solid, of several layers of cells, with a circular membrane stretched between their tips: leaves usually lamellate (Polytrichaceae).
                
	39
              

              

                
	
                
	Peristome teeth thin, formed from one cell layer, without a membrane across their tips: leaves not lamellate.
                
	44
              

              

                
	39.
                
	Calyptra naked or sparsely setose.
                
	40
              

              

                
	
                
	Calyptra densely hairy.
                
	43
              

              

                
	40.
                
	Leaf lamellae few or very indistinct.
                
	41
              

              

                
	
                
	Leaf lamellae numerous.
                
	42
              

              

                
	41.
                
	Leaves unbordered, subentire.
                
	
                  
Oligotrichum
                
              

              

                
	
                
	Leaves bordered with spinose teeth.
                
	
                  
Atrichum
                
              

              

                
	42.
                
	Capsule terete. On earth.
                
	
                  
Psilopilum
                
              

              

                
	
                
	Capsule 2-angled, the lower side rounded, the upper concave.
                
	
              

            

          

          


          

            

              

                
	
                
	Often On Clay Banks. (Fig. 25.)
                
	
                  
Polytrichadelphus
                
                
	
              

              

                
	43.
                
	Capsule Terete: Apophysis Nil: Stomata Wanting. Often On Clay Banks.
                
	
                  
Pogonatum
                
                
	
              

              

                
	
                
	Capsule Angled: Apophysis And Stomata Present. On Earth. (Figs. 1, 9, 19.)
                
	
                  
Polytrichum
                
                
	
              

              

                
	44.
                
	Calyptra Mitriform.
                
	
                
	45
              

              

                
	
                
	Calyptra Cucullate
                
	
                
	48
              

              

                
	45.
                
	Calyptra Plicate: Capsule Erect. On Trees, Less Often On Rock. (Fig. 38.)
                
	
                  
Macromitrium P.P.
                
                
	
              

              

                
	
                
	Calyptra Not Plicate
                
	
                
	46
              

              

                
	46.
                
	Lower Leaf Margin With A Stout White Border. Arboreal. (Fig. 10).
                
	
                  
Calyptopogon
                
                
	
              

              

                
	
                
	Leaf Margin Not Bordered.
                
	
                
	47
              

              

                
	47.
                
	Calyptra Fringed At The Base: Seta Straight. On Earth Or Rock.
                
	
                  
Rhacomitrium
                
                
	
              

              

                
	
                
	Calyptra May Be Shortly Split At The Base, But Is Not Fringed: Seta Straight Or Curved. On Rock.
                
	
                  
Grimmia
                
                
	
              

              

                
	48.
                
	Perichaetial Leaves Sheathing The Seta, Only Their Tips Free.
                
	
                
	49
              

              

                
	
                
	Perichaetial Leaves Free For Most Of Their Length.
                
	
                
	55
              

              

                
	49.
                
	Perichaetial Leaves Sheathing All Or Nearly All The Seta.
                
	
                
	50
              

              

                
	
                
	Perichaetial Leaves Sheathing Only A Part Of The Seta.
                
	
                
	51
              

              

                
	50.
                
	Leaves Entire: Nerve Not Reaching The Apex. Usually Arboreal.
                
	
                  
Dicnemon P.P.
                
                
	
              

              

                
	
                
	Leaves Denticulate; Long Linear Subula Composed Mostly Of Nerve. On Earth Or Wood. (Figs. 16, 42.)
                
	
                  
Dicranoloma P.P.
                
                
	
              

              

                
	51.
                
	Capsule Erect: If Slightly Curved, Then Peristome Teeth Long And Twisted.
                
	
                
	53
              

              

                
	
                
	Capsule Inclined Or Curved Or Unequal At The Base: Peristome Teeth Short.
                
	
                
	52
              

              

                
	52.
                
	Leaves Highly Papillose On The Back. On Earth (Fig. 2.)
                
	
                  
Dicnemoloma
                
                
	
              

              

                
	
                
	Leaves Not Papillose On The Back. On Earth Or Wood. (Figs. 16, 42.)
                
	
                  
Dicranoloma P.P.
                
                
	
              

              

                
	53.
                
	Leaf Margins Serrulate At The Apex. On Earth Or Wood.
                
	
                  
Dicranum P.P.
                
                
	
              

              

                
	
                
	Leaf Margins Entire.
                
	
                
	54
              

              

                
	54.
                
	Peristome Teeth Long And Twisted, Many Times Longer Than The Diameter Of The Capsule Mouth. On Earth.
                
	
                  
Tortella P.P.
                
                
	
              

              

                
	
                
	Peristome Teeth Very Short, Not Much Longer Than The Diameter Of The Capsule Mouth.
                
	
                  
Holomitrium
                
                
	
              

              

                
	55.
                
	Capsule Cernuous, Inclined, Curved Or Unequal At The Base.
                
	
                
	56
              

              

                
	
                
	Capsule Erect, Symmetrical.
                
	
                
	63
              

              

                
	56.
                
	Calyptra Fringed At The Base. (Fig. 45.)
                
	
                  
Campylopus
                
                
	
              

              

                
	
                
	Calpytra Not Fringed At The Base
                
	
                
	57
              

            

          

          


          

            

              

                
	57.
                
	Seta curved and flexuous. On earth.
                
	
                  
Campylopodium
                
                
	
              

              

                
	
                
	Seta erect: capsule inclined.
                
	
                
	58
              

              

                
	58.
                
	Capsule globose when wet, shrunken when dry. On earth. (Fig. 24.)
                
	
                  
Conostomum
                
                
	
              

              

                
	
                
	Capsule more or less oblong, little altered when dry
                
	
                
	59
              

              

                
	59.
                
	Capsule ribbed. On earth. (Fig. 21.)
                
	
                  
Ceratodon
                
                
	
              

              

                
	
                
	Capsule smooth.
                
	
                
	60
              

              

                
	60.
                
	Capsules from short basal shoots and so appear lateral. On earth.
                
	
                  
Mielichhoferia
                
                
	
              

              

                
	
                
	Capsule terminal on the stem.
                
	
                
	61
              

              

                
	61.
                
	Leaves little altered when dry.
                
	
                
	62
              

              

                
	
                
	Leaves with their tips incurved and regularly appressed to the stem. Usually arboreal.
                
	
                  
Macromitrium p.p.
                
                
	
              

              

                
	62.
                
	Capsule oval, dull brown. On earth.
                
	
                  
Dicranella p.p.
                
                
	
              

              

                
	
                
	Capsule tapering to a small mouth, bright orange brown. On earth.
                
	
                  
Ditrichum p.p.
                
                
	
              

              

                
	63.
                
	Capsule smooth
                
	
                
	64
              

              

                
	
                
	Capsule furrowed. On wood or rock.
                
	
                  
Zygodon p.p.
                
                
	
              

              

                
	64.
                
	Leaves obtuse or broadest in upper part of the leaf.
                
	
                
	65
              

              

                
	
                
	Leaves acute, broadest in the lower part of the leaf.
                
	
                
	67
              

              

                
	65.
                
	Capsules cylindrical: basal tube of peristome long. On earth, rock or wood. (Fig. 20.)
                
	
                  
Tortula p.p.
                
                
	
              

              

                
	
                
	Capsules not cylindrical: peristome without basal tube.
                
	
                
	66
              

              

                
	66.
                
	A distinct border of larger wider cells reaching some way up the leaf margin. More or less aquatic.
                
	
                  
Tridontium
                
                
	
              

              

                
	
                
	Leaf not so bordered. On earth.
                
	
                  
Eucladium
                
                
	
              

              

                
	67.
                
	Capsules turbinate, mouth very wide. On wet rock or earth.
                
	
                  
Blindia
                
                
	
              

              

                
	
                
	Capsules cylindrical to oval or pyriform.
                
	
                
	68
              

              

                
	68.
                
	Robust plant, up to 8 cm. high: leaves squarrose—recurved, serrulate above: basal cells not hyaline: very seldom fruits.
                
	
                  
Leptodontium
                
                
	
              

              

                
	
                
	Plants otherwise: leaves not squarrose.
                
	
                
	69
              

              

                
	69.
                
	Peristome teeth filiform, long, spirally twisted, often united at the base into a longer or shorter tube.
                
	
                
	70
              

              

                
	
                
	Peristome teeth filiform to broader, shorter and not spirally twisted or tubular at the base.
                
	
                
	72
              

              

                
	70.
                
	Leaves linear to narrow lanceolate, twisted and crisped when dry, entire, nerve not longly excurrent.
                
	
                
	71
              

              

                
	
                
	Leaves lanceolate to wider, imbricated to crumpled when dry, entire or dentate, nerve often longly excurrent. On earth, rock or wood. (Fig. 5.)
                
	
                  
Tortula p.p.
                
                
	
              

              

                
	71.
                
	Leaf margin plane or incurved. On earth.
                
	
                  
Tortella p.p.
                
                
	
              

              

                
	
                
	Leaf margin usually recurved. On earth or rock.
                
	
                  
Barbula
                
                
	
              

            

          

          


          

            

              

                
	72.
                
	Operculum nearly flat: capsule pyriform: leaf cells large, lax, clear. On earth.
                
	
                  
Funaria p.p.
                
                
	
              

              

                
	
                
	Operculum beaked or rostrate: leaf cells much smaller and denser.
                
	
                
	73
              

              

                
	73.
                
	Peristome mouth red. On earth. (Fig. 23)
                
	
                  
Weisia p.p.
                
                
	
              

              

                
	
                
	Peristome mouth not red.
                
	
                
	74
              

              

                
	74.
                
	Alar cells not or scarcely differentiated.
                
	
                
	75
              

              

                
	
                
	Alar cells distinct.
                
	
                
	77
              

              

                
	75.
                
	Capsule oval, often minute. On earth.
                
	
                  
Dicranella p.p.
                
                
	
              

              

                
	
                
	Capsule narrowly ovate to linear.
                
	
                
	76
              

              

                
	76.
                
	Upper leaf cells obscure with dense papillae. On earth.
                
	
                  
Cheilothela
                
                
	
              

              

                
	
                
	Upper leaf cells not papillose. On earth.
                
	
                  
Ditrichum p.p.
                
                
	
              

              

                
	77.
                
	Leaves not crisped when dry.
                
	
                  
Dicranum p.p.
                
                
	
              

              

                
	
                
	Leaves crisped when dry.
                
	
                  
Dicranoweisia
                
                
	
              

              

                
	78.
                
	Calyptra mitriform
                
	
                
	79
              

              

                
	
                
	Calyptra cucullate
                
	
                
	81
              

              

                
	79.
                
	Calyptra smooth. Arboreal
                
	
                  
Schlotheimia
                
                
	
              

              

                
	
                
	Calyptra plicate, often pilose.
                
	
                
	80
              

              

                
	80.
                
	Stomata confined to the base of the capsule. Arboreal.
                
	
                  
Ulota
                
                
	
              

              

                
	
                
	Stomata scattered over the wall of the capsule. Arboreal. (Fig. 30)
                
	
                  
Orthotrichum
                
                
	
              

              

                
	81.
                
	Capsule ribbed or furrowed when dry.
                
	
                
	82
              

              

                
	
                
	Capsule smooth when dry.
                
	
                
	87
              

              

                
	82.
                
	Leaves entire or nearly so.
                
	
                
	83
              

              

                
	
                
	Leaves dentate (Bartramiaceae)
                
	
                
	85
              

              

                
	83.
                
	Outer peristome shorter than the inner. On earth. 
Orthodontium
                
	
              

              

                
	
                
	Outer peristome longer than the inner.
                
	
                
	84
              

              

                
	84.
                
	Outer teeth 16, equidistant, incurved when dry. On earth.
                
	
                  
Leptotheca
                
                
	
              

              

                
	
                
	Outer teeth 16, united in pairs, reflexed when dry. Usually on wood.
                
	
                  
Zygodon p.p.
                
                
	
              

              

                
	85.
                
	Leaves more or less plicate. On earth.
                
	
                  
Breutelia
                
                
	
              

              

                
	
                
	Leaves not plicate
                
	
                
	86
              

              

                
	86.
                
	Branches irregular or fasciculate, not whorled: male flower gemmiform. On earth.
                
	
                  
Bartramia
                
                
	
              

              

                
	
                
	Stem divided, with whorled sub-floral innovations: male flowers often discoid. On earth.
                
	
                  
Philonotis
                
                
	
              

              

                
	87.
                
	Capsule inclined to pendulous
                
	
                
	89
              

              

                
	
                
	Capsule erect.
                
	
                
	88
              

              

                
	88.
                
	Arboreal: capsules usually several together.
                
	
                  
Cryptopodium
                
                
	
              

              

                
	
                
	Terrestrial: capsules borne singly.
                
	
                  
Funaria p.p.
                
                
	
              

            

          

          


          

            

              

                
	89.
                
	Shoots from the base of the stem, often creeping; operculum with a long beak: leaves large, flaccid. On earth or logs.
                
	
                  
Mnium
                
                
	
              

              

                
	
                
	Shoots from the sides or top of the stem, which is erect; operculum not, or very shortly beaked.
                
	
                
	90
              

              

                
	90.
                
	Leaf cells rhomboid to rhomboid-hexagonal: capsule widest at or below the middle. On earth. (Fig. 22.)
                
	
                  
Bryum
                
                
	
              

              

                
	
                
	Leaf cells narrow linear-rhomboid to linear
                
	
                
	91
              

              

                
	91.
                
	Leaf cells linear: leaves setaceous: capsule pryiform. On earth. (Figs. 3, 37).
                
	
                  
Leptobryum
                
                
	
              

              

                
	
                
	Leaf cells narrow linear-rhomboid: capsule oval to cylindrical. On earth.
                
	
                  
Webera
                
                
	
              

              

                
	92.
                
	Peristome single
                
	
                
	93
              

              

                
	
                
	Peristome double
                
	
                
	98
              

              

                
	93.
                
	Nerve of leaf 0, or 2, very short.
                
	
                
	94
              

              

                
	
                
	Nerve of leaf reaching at least to mid leaf.
                
	
                
	96
              

              

                
	94.
                
	Leaves oblong, obtuse. Arboreal.
                
	
                  
Dichelodontium
                
                
	
              

              

                
	
                
	Leaves acute.
                
	
                
	95
              

              

                
	95.
                
	More or less tufted, with rather short erect branches: leaves piliferous. Usually arboreal.
                
	
                  
Lepyrodon
                
                
	
              

              

                
	
                
	Stems much pinnately branched: leaves rather falcately recurved, not piliferous. Arboreal.
                
	
                  
Entodon
                
                
	
              

              

                
	96.
                
	Leaves obtuse, entire. Arboreal.
                
	
                  
Leptodon
                
                
	
              

              

                
	
                
	Leaves acuminate, serrulate
                
	
                
	97
              

              

                
	97.
                
	Minute creeping moss, ¼ inch high: nerve reaching half way up the leaf. On wood or rock.
                
	
                  
Fabronia
                
                
	
              

              

                
	
                
	Tufted, robust moss, 1-2 ½ inches high: nerve reaching leaf apex. On earth and wood.
                
	
                  
Mesotus
                
                
	
              

              

                
	98.
                
	Calyptra cucullate.
                
	
                
	99
              

              

                
	
                
	Calyptra mitriform.
                
	
                
	131
              

              

                
	99.
                
	Leaves distichously spreading, the upper and lower ones being appressed and spreading laterally.
                
	100
                
	
              

              

                
	
                
	Leaves spreading in all directions or all curved and pointing one way (secund)
                
	
                
	103
              

              

                
	100.
                
	Seta quite or nearly sheathed by the perichaetial leaves: leaves oblique. Arboreal.
                
	
                  
Neckera
                
                
	
              

              

                
	
                
	Seta much longer than the perichaetial leaves.
                
	
                
	101
              

              

                
	101.
                
	Leaves ovate, not oblique: capsule erect. On wood.
                
	
                  
Trachyloma
                
                
	
              

              

                
	
                
	Leaves unequal at the base or oblong: seta curved at the top.
                
	102.
                
	
              

              

                
	102.
                
	Leaves flat. On earth
                
	
                  
Homalia
                
                
	
              

              

                
	
                
	Leaves strongly undulate. On earth.
                
	
                  
Porotrichum
                
                
	
              

              

                
	103.
                
	Leaf nerve 0 or 2, short and usually faint.
                
	
                
	104
              

              

                
	
                
	Leaf with single nerve.
                
	
                
	115
              

            

          

          


          

            

              

                
	104.
                
	Capsule erect.
                
	
                
	105
              

              

                
	
                
	Capsule inclined to pendulous.
                
	
                
	107
              

              

                
	105.
                
	Leaves plicate with obtuse apiculus strongly reflexed. On earth or trees. (Fig. 14.)
                
	
                  
Cladomnion
                
                
	
              

              

                
	
                
	Leaves not plicate and apex not recurved.
                
	
                
	106
              

              

                
	106.
                
	Leaves highly concave, obtuse. Usually arboreal (Fig. 41.)
                
	
                  
Weymouthia
                
                
	
              

              

                
	
                
	Leaves ovate, acuminate. Usually arboreal.
                
	
                  
Glyphothecium
                
                
	
              

              

                
	107.
                
	Capsule strongly grooved: seta purple: operculum longer than the capsule. On earth or wood. (Fig. 28.)
                
	
                  
Ptychomnion
                
                
	
              

              

                
	
                
	Capsule smooth: operculum much shorter.
                
	
                
	108
              

              

                
	108.
                
	Leaves straight, may be dished but not curved.
                
	112
                
	
              

              

                
	
                
	Leaves more or less falcate.
                
	
                
	109
              

              

                
	109.
                
	Leaves toothed all round the margin. On logs. (Fig. 15.)
                
	
                  
Ctenidium
                
                
	
              

              

                
	
                
	Leaves entire or dentate only towards the apex.
                
	
                
	110
              

              

                
	110.
                
	Alar cells none. On wood or earth.
                
	
                  
Camptochaete p.p.
                
                
	
              

              

                
	
                
	Alar cells present.
                
	
                
	111
              

              

                
	111.
                
	Alar cells quite small: operculum conical. On wood or earth. (Figs. 6, 27. 44.)
                
	
                  
Hypnum
                
                
	
              

              

                
	
                
	Alar cells large and inflated: operculum with a long beak. On wood or earth.
                
	
                  
Sematophyllum
                
                
	
              

              

                
	112.
                
	Alar cells none. On wood or earth.
                
	
                  
Camptochaete p.p.
                
                
	
              

              

                
	
                
	Alar cells present.
                
	
                
	113
              

              

                
	113.
                
	Leaves suborbicular, chochleariform, giving a swollen appearance to the stems: stem apex obtuse. On earth or logs.
                
	
                  
Lembophyllum
                
                
	
              

              

                
	
                
	Leaves orbicular to narrower: stem apex very acute.
                
	
                
	114
              

              

                
	114.
                
	Leaves orbicular to cordate-ovate, obtuse. On earth or logs. (Fig. 7.)
                
	
                  
Acrocladium
                
                
	
              

              

                
	
                
	Leaves oblong-ovate to narrower, ending in a longer or shorter filiform hair point. On earth or logs.
                
	
                  
Acanthocladium
                
                
	
              

              

                
	115.
                
	Plant very small, corticolous: usually sterile: terminal bunches of gemmae conspicuous: capsule erect, grooved. Arboreal. (Fig. 43.)
                
	
                  
Tetraphidopsis
                
                
	
              

              

                
	
                
	Plant without terminal bunches of gemmae.
                
	
                
	116
              

              

                
	116.
                
	Stems densely clothed with a greenish fibrillose or rudimentary leaf like covering, much shorter than the leaves: usually shortly, densely branched and frond like. On earth or logs. (Fig. 40.)
                
	
                  
Thuidium
                
                
	
              

              

                
	
                
	Stems not so clothed.
                
	
                
	117
              

              

                
	117.
                
	Long, straggly, branches, usually arboreal pendulous mosses, very seldom fruiting: leaves when dry more or less rigidly
                
	
                
	
              

            

          

          


          

            

              

                
	
                
	appressed: leaf cells small. Usually arboreal.
                
	
Papillaria Habit different or leaves spreading when dry.
                
	118
              

              

                
	118.
                
	Capsule erect.
                
	
                
	119
              

              

                
	
                
	Capsule inclined to pendulous.
                
	
                
	120
              

              

                
	119.
                
	Plants with long little branched stems: leaves ovate-subulate with setaceous rigid apices. Arboreal.
                
	
                  
Cyrtopus
                
                
	
              

              

                
	
                
	Plants forming elongate more or less bipinnate fronds: leaves ovate, obtuse. Arboreal.
                
	
                  
Braithwaitea
                
                
	
              

              

                
	120.
                
	Capsule ribbed or furrowed.
                
	
                
	121
              

              

                
	
                
	Capsule smooth.
                
	
                
	122
              

              

                
	121.
                
	Stipes without marked tomentum: leaves more or less complanate, plane above. On earth or logs.
                
	
                  
Hypnodendron
                
                
	
              

              

                
	
                
	Stipes tomentose: leaves crowded, not complanate, usually striate when dry, concave or channelled above. On earth or logs.
                
	
                  
Mniodendron
                
                
	
              

              

                
	122.
                
	Plants umbrella-like, consisting of a naked erect unbranched stem, more or less horizontally branched above. On earth or logs.
                
	
                  
Sciadocladus
                
                
	
              

              

                
	
                
	Unbranched to simply pinnate: branches long.
                
	
                
	123
              

              

                
	123.
                
	Operculum short, conical.
                
	
                
	124
              

              

                
	
                
	Operculum long, beaked.
                
	
                
	127
              

              

                
	124.
                
	Seta roughened (smooth in 
B. salebrosum). On earth.
                
	
                  
Brachythecium
                
                
	
              

              

                
	
                
	Seta quite smooth.
                
	
                
	125
              

              

                
	125.
                
	Leaves more or less falcate-secund. In bogs.
                
	
                  
Drepanocladus
                
                
	
              

              

                
	
                
	Leaves straight.
                
	
                
	126
              

              

                
	126.
                
	Upper leaf cells elongate, or if short, leaves squarrosely spreading. Often in swamps.
                
	
                  
Campylium
                
                
	
              

              

                
	
                
	Upper leaf cells short, 3-4 × 1. Often in swamps. 
Amblystegium
                
	
                
	
              

              

                
	127.
                
	Seta rough. On earth or wood.
                
	
                  
Eurhynchium
                
                
	
              

              

                
	
                
	Seta smooth.
                
	
                
	128
              

              

                
	128.
                
	Leaves lanceolate-subulate: margin thickened and more or less doubly spinose. On earth.
                
	
                  
Rhizogonium p.p.
                
                
	
              

              

                
	
                
	Leaf margin not thickened.
                
	
                
	129
              

              

                
	129.
                
	Leaves narrow, ovate below, much narrowed above to setaceous: nerve percurrent or excurrent. On earth or log. 
Echinodium
                
	
                
	
              

              

                
	
                
	Leaves broader, ovate to oblong-acuminate: nerve shorter.
                
	
                
	130
              

              

                
	130.
                
	Habit rigid and dendroid, pinnately branched: usually sterile and in spray of waterfalls or in watery places.
                
	
                  
Thamnium
                
                
	
              

              

                
	
                
	Habit softer, not rigid nor dendroid: usually fruiting: arboreal or on bush floor.
                
	
                  
Rhyncostegium
                
                
	
              

              

                
	131.
                
	Capsule not exserted. On earth or wood.
                
	
                  
Cryphaea
                
                
	
              

              

                
	
                
	Capsule exserted (Hookeriaceae).
                
	
                
	132
              

            

          

          


          

            

              

                
	132.
                
	Leaves narrow, acute or acuminate.
                
	
                
	133
              

              

                
	
                
	Leaves more or less spathulate or rounded, wide above.
                
	
                
	135
              

              

                
	133.
                
	Nerve 0. On wood.
                
	
                  
Sauloma
                
                
	
              

              

                
	
                
	Nerve single, long.
                
	
                
	134
              

              

                
	134.
                
	Nerve ceasing below the apex. On wood.
                
	
                  
Daltonia
                
                
	
              

              

                
	
                
	Nerve reaching the apex or excurrent. On wood.
                
	
                  
Bellia
                
                
	
              

              

                
	135.
                
	Nerve 0 or double. On earth or wood.
                
	
                  
Eriopus
                
                
	
              

              

                
	
                
	Nerve single, or forked at the apex.
                
	
                
	136
              

              

                
	136.
                
	Nerve undivided, leaves narrowly bordered (not bordered, but nerve not forked in 
D. microcarpum). On earth.
                
	
                  
Distichophyllum
                
                
	
              

              

                
	
                
	Nerve often forked at apex, leaves unbordered. On earth. (Figs 4, 35.)
                
	
                  
Pterigophyllum
                
                
	
              

            

          

        

        

          
Glossary.

          

	Acuminate: tapering to a gradually diminishing point: more drawn out than “acute”.

	archegonium: the female sexual organ which after fertilization develops into the sporophyte.

	alar cells: a usually conspicuous group of cells at the outside base of a leaf differing greatly in size or wall thickness from the surrounding cells, (Fig. 7).

	apiculus: a short abrupt point to a leaf usually but not always acute (Fig. 14).

	apophysis: the swelling sometimes present at the union of the capsule and seta.

	calyptra: the upper part of the ruptured archegonium, which is carried up by the capsule as it develops and forms a covering for it, (Fig. 45).

	campanulate: more or less bell shaped with entire base.

	cernuous: nodding.

	ciliate: having the margin fringed with hairs, (Fig. 11).

	clavate: club shaped, broadest about the middle.

	cleistocarpous: of a capsule from which the operculum does not separate.

	cochleariform: spoon shaped, i.e., strongly concave with obtuse apex.

	complanate: flat or plane: of leaves or stems.

	conic: cone shaped, circular in cross section: height only once or twice the diameter of the base.

	cordate: heart shaped.

	corticolous: living on bark.

	crenulate: margin provided with small rounded notches.

	cuculiate: of a calyptra split up on one side, (Fig/. 45).

	dehiscence: the manner in which a capsule opens to scatter its spores.

	discoid: of a male flower, disc like with a broad flat top.

	distichous: arranged in two vertical rows, (Fig. 32).

	dorsal: the upper face or surface: cf. ventral.

	emergent: a capsule wholly included in the perichaetial leaves is termed “immersed” (Fig. 36): if the capsule is partly above them, it is “emergent”: the perichaetial leaves do not reach the base of the capsule, it is “exserted”.

	excurrent: of a nerve, extending beyond the leaf apex as an extension or awn, (Fig. 5).

	exserted: see “emergent”.

	falcate: sickle shaped: curved like a scythe blade.

	fascicled: arranged in a small bundle or close cluster.

	fibrillose: furnished with fine fibres or threads.

	gametophyte: in mosses, the leafy plant, which bears the leaves and sexual organs;



an archegonium develops into the capsule and seta, the sporophyte, which is parasitic on the gametophyte.

	gemmae: outgrowths on stems or leaves of few or many cells which are shed to reproduce the plant vegetatively, (Figs 10, 43).

	gemmiform: of a male flower; shaped like a small bud, ovoid with a narrow top.

	hyaline: translucent: colourless, (Fig. 18).

	immersed: see emergent, (see fig. 36).

	lamellate: furnished with lamellae or thin plates of tissue at right angles to the face bearing them, (Figs. 1, 9).

	lanceolate: shaped like a lance-head: broadest near the base, tapering upwards from a narrow ovate base.

	linear: narrow and elongated with parallel margins.

	mitriform: of a calyptra, campanulate, not split up one side as in a cucullate calyptra, (Fig. 46).

	obovate: inversely ovate, with the broadest part near the apex.

	operculum: the lide of the capsule, which usually is shed so that the spores can be scattered, (Figs. 22, 25, 27, 28).

	ovate: shaped like the longitudinal section of an egg with the broadest part near the base.

	papilla: a small superficial elevation.

	papillose: provided with papillae, (Fig. 2).

	percurrent: of a nerve, hardly reaching the apex of a leaf.

	perichaetial: of leaves (Fig. 42), those at the base of the seta (Fig. 32), which often differ from the others.

	peristome: the teeth which form a single or double row of appendages to the capsule mouth, seen on the fall of the operculum: sometimes absent, when the capsule if “gymnostomous”.

	piliferous: bearing long hair-like points, (Figs. 5, 12).

	pilose: furnished with rather long and soft distinct hairs.

	pinnate: “feather-like” with more or less regular lateral branching, (Figs. 40, 41).

	plicate: furnished with “plicae” or folds like those of a fan, (Fig. 14).

	p.p. (pro parte) in part: indicates that another section of the genus appears in another part of the key.

	protonema: the branched thread like growth arising from the germinated spore which gives rise to the moss plant, (Fig. 31, b).

	pyriform: pear-shaped.

	rostrate: beaked with a long slender point.

	secund: turned or pointing to one side only.

	serrate: furnished with saw like teeth.

	serrulate: minutely serrate.

	sessile: without a stalk.

	seta: (a) a bristle, (b) the capsule stalk, (Fig. 32).

	setaceous: bristle like.

	setose: sparsely provided with bristles.

	spathulate: rounded or shortly oblong with the lower end narrow and drawn out: like a druggist's spatula, (Fig. 4).

	sporophyte: see gaemtophyte.

	squarrose: with points spreading widely, giving a rough appearance to the plant.

	stegocarpous: of a capsule, with the operculum falling normally.

	stipes: the lower simple erect stem of a branched moss.

	subula: the longer narrowed part of narrow leaf: the broader basal part is the “lamina”.

	subulate: awl shaped.

	terete: round, not angled or grooved.

	tomentum: a densely matted woolly covering.

	turbinate: top shaped.

	vaginant: sheathing, as the base of an iris leaf, (Fig. 8).

	ventral: the undersurface or face: cf. “dorsal”.
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Key to Plates

          


	1.
	
              Transverse section of leaf of 
Polytrichum commune showing lamellae on the upper surface.
            


	2.
	
              Leaf of 
Dicnemoloma showing papillose lower surface.
            


	3.
	
              Leaf of 
Leptobryum pyriforme.
            


	4.
	
              Leaf of 
Pterigophyllum dentatum with forked nerve and denticulate margin.
            


	5.
	
              Leaf of 
Tortula princeps showing the nerve excurrent in a long dentate, flexuose, piliferous point.
            


	6.
	
              Leaf of 
Hypnum cupressiforme, strongly curved and nerveless.
            


	7.
	
              Leaf of 
Acrocladium auriculatum with short nerve and conspicuous alar areas.
            


	8.
	
              Leaf of 
Fissidens leptocladus showing the nerve reaching the apex, vaginant leaf base (stippled) and thickened margins.
            


	9.
	
              Leaf of 
Polytrichum commune showing dentate margins and upper surface opaque owing to the numerous longitudinal lamellae.
            


	10.
	
              Leaf of 
Calyptopogon mniodes showing the apical mass of gemmae on the upper surface.
            


	11.
	
              Leaf of 
Catharomnion ciliatum showing the remarkable ciliation.
            


	12.
	
              Leaf of 
Hymenodon piliferus showing piliferous apex and nerve not reaching the apex.
            


	13.
	
              Leaf of 
Rhizogonium mnioides with thickened, dentate margins.
            


	14.
	
              Leaf of 
Cladomnion ericoides, nerveless, plicate and with recurved apiculus.
            


	15.
	
              Leaf of 
Ctenidium pubescens showing the margins dentate almost to the base.
            


	16.
	
              Leaf of 
Dicranoloma dicarpum with strongly spinulose upper margins.
            


	17.
	
              Branch leaf of 
Sphagnum cuspidatum.
            


	18.
	
              
Sphagnum: part of a branch leaf surface, strongly magnified to show the long chlorophyllose cells enclosing the larger hyaline ones which are strengthened with “spirals” or cell wall thickenings.
            


	19.
	
              Capsule of 
Polytrichum juniperinum and front view of its mouth showing the (ruptured) circular membrane held in place by the 64 short teeth.
            


	20.
	
              Capsule of 
Tortula princeps, erect, with twisted peristome rising from the entire basal part.
            


	21.
	
              Capsule of 
Ceratodon purpureus, inclined and ribbed.
            


	22.
	
              Capsule of 
Bryum truncorum, pendulous with conical operculum.
            


	23.
	
              Capsule of 
Weisia viridula, erect, with short peristome teeth.
            


	24.
	
              Capsule of 
Conostomum pusillum, striate and horizontal.
            


	25.
	
              Capsule of 
Polytrichadelphus magellanicus with operculum.
            


	26.
	
              Capsule of 
Trematodon suberectus, inclined with long neck.
            


	27.
	
              Capsule of 
Hypnum cupressiforme, inclined and with conicomamillate operculum.
            


	28.
	
              Capsule of 
Ptychomnion aciculare, inclined and striate with the strikinly long operculum.
            


	29.
	
              Capsule of 
Leptobryum pyriforme.
            


	30.
	
              Capsule of 
Orthotrichum hortense, erect and ribbed with short, recurved outer peristome. The inner peristome consists of 8 filiform processes which remain more or less horizontal across the mouth, but may be soon lost.
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	31.
	
              (a) 
Archephemeropsis trentepohlioides, part of tuft with young capsules and male flowers. (b) Enlarged piece showing male flowers.
            


	32.
	
              
Fissidens leptocladus showing terminal seta.
            


	33.
	
              
Cyathophorum bulbosum, ventral side, showing the three rows of leaves and capsules.
            


	34.
	
              
Hypopterygium setigerum showing umbrella-like growth habit.
            


	35.
	
              
Pterigophyllum dentatum showing leaves inserted in several rows but spreading laterally to form a flattened “frond”.
            


	36.
	
              
Hedwigia albicans with immersed capsules.
            


	37.
	
              
Leptobryum pyriforme.
            


	38.
	
              
Macromitrium longipes.
            


	39.
	
              
Physcomitrium conicum with gymnostomous capsule.
            


	40.
	
              
Thuidium furfurosum with bi-pinnate branching.
            


	41.
	
              
Weymouthia mollis showing irregular or sub-pinnate branching.
            


	42.
	
              
Dicranoloma fasciatum showing the perichaetial leaves sheathing the whole seta.
            


	43.
	
              
Tetraphidopsis pusillus showing terminal heads of gemmae.
            


	44.
	
              
Hypnum cupressiforme with the densely placed curved leaves giving the stems a turgid appearance.
            


	45.
	
              Fringed cucullate calyptra of 
Campylopus torquatus.
            


	46.
	
              Entire mitriform calyptra of 
Cyathophorum bulbosum.
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