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National Forest Survey — A Large-Scale Ecological Project*





        

          National Forest Survey


A Large-Scale Ecological Project

*
        

        

          
By 

Ashley Cunningham,


New Zealand Forest Service
        

        

          

The realisation that New Zealand's native timber resources were rapidly dwindling demanded an estimation of the amount that remained. This did not mean simply adding up those areas marked ‘bush’ on the maps, because our native forests vary extensively even over small areas both as regards species distribution and timber volume. This state is due in part to the rugged terrain which bears most of the remaining forest and also to the fact that the forest structure itself is in a state of flux — it has not yet reached its ecological climax, and has been prevented from doing so by considerable climatic changes during the last ten centuries.

          
The measurement of timber as it stands in the forest is a specialist's job, and rather a slow one; three men can measure between 100 and 200 trees per day. It would be a Herculean task to assess our remaining forest in this way, and a sampling system seemed to be the obvious answer. But before any ecological survey based on a system of sample plots can be utilised, it is of primary importance to know exactly where the plots are placed relative to a map of the area. A glance at a survey map of some bush-covered area is sufficient to show how inadequate are the ordinary maps for this purpose, for within the bush-edge boundary few features are shown other than the major creeks and trigonometrical stations. This problem was solved by the decision to use aerial photographs, and in 1945 a survey of our forested country was begun, based on the study of aerial photographs correlated with sample plot work on the ground. Accordingly, a branch of the Forest Research Institute at Rotorua was established to do this work, operating under the name of National Forest Survey, and with the objects of making, primarily, a volumetric survey, and secondarily, an ecological survey.

          
In greater detail the object of the survey is to provide information along the following lines: (a) to estimate the amount of available merchantable timber remaining, and to prepare maps showing in detail the various types of forest and the volume of timber they contain; (b) to study the distribution and effects of introduced animals, mainly deer, pigs and opossums; (c) to discover to what extent the indiginous forests are regenerating; and (d) to reveal new information concerning the ecology of the forests as a whole and the distribution of individual plants.

          


          
Since the whole scheme is based upon aerial photographs, a few words about the production of these are warranted. A special (Williamson-Eagle — 4) camera fixed in the aircraft automatically takes a series of exposures while the plane flies in a straight line, the speed of the camera being synchronised with the ground speed of the aircraft in such a manner as to obtain a 60% overlap between each photograph and the next to permit stereoscopic examination. The photographs are taken from 10,890 feet (as near as possible) above ground level, and with an 8¼ in. lens, thus giving the prints a scale of 4 in. to one mile. When taking the photographs the plane flies due east and west, the series taken along this line constituting a ‘flight’ or ‘run’, which is given a reference number. On the completion of a run the plane circles and commences on the return run in the opposite direction. Since there are strict specifications imposed to maintain accuracy of the finished photographs, the pilot and crew are faced with a very difficult task. Not only must they fly the plane at the specified altitude and ground speed, but they must also fly straight along the east-west course without permitting any drift of the plane. Moreover, the aircraft must remain on a perfectly even keel, as tilting in any direction would throw the series of photographs off to one side and destroy the overlap between runs. Then there is the navigational problem of lining the plane up at the start of each run — its aerial position must be correct to within a few hundred yards, quite a job at 11,000 feet ! Suitable lighting for aerial photography for forest survey purposes occurs only during spring and autumn, and even then for only part of each day. If the sun is too low there is insufficient light and the ridges throw long shadows which become black and featureless on the photographs, and if the sun is too high there are insufficient shadows to provide relief. But perhaps the greatest bugbear of all is the high frequency of cloud formation over forest-clad country. This means that the aerial photographers may have to wait weeks, months, and even years for weather conditions to permit them to fly a particular area. Nevertheless the firm that is doing the work, N.Z. Aerial Mapping Ltd. of Hastings, is able to produce aerial photographs of such a high standard that New Zealand is one of the world leaders in this field.

          
Copies of the completed photographs are sent to National Forest Survey (‘N.F.S.’) headquarters in Rotorua, together with a reference map showing the locality and numbering system of a series of runs. The ground area covered by each photograph is approximately four square miles, and within this area several, sometimes many, types of forest may occur. Such types manifest themselves on the photograph mainly by texture differences. For instance a forest comprising rather scattered large rimu trees, with smaller scattered miro, and a more general canopy formed at a still lower level by kamahi and other species, would give a rather coarse texture, whilst an even-aged stand of a more homogenous forest, say silver beech, would provide an even canopy and give the photograph a smooth texture. In this manner as many as 50 different types can be assigned to the forests of a particular locality. Under a large magnifying stereoscope each type boundary



is delineated with a special wax pencil, and the type thus enclosed is given a number or letter (which is shared by any other types that appear to be exactly similar). Areas roughly corresponding to each province, called ‘units’, are used as a basis for both the typing and the field work; in this way the number of different types which are dealt with at any one time is restricted.

          
Next the photographs are spread out, and by comparison with maps, lines are ruled across them at four-inch intervals (corresponding to a mile on the ground) in an east-west direction. Along these lines, at one-inch intervals, small circles are drawn, each one representing a one-acre sample plot, which is of course the fundamental unit for the whole survey. Every second plot is numbered, the odd ones being designated ‘x’ plots. In some areas, where there is very little timber, only the numbered plots (i.e. half a mile apart on the ground) are visited, but in most localities data are taken from every plot. The volume of timber and other ‘essential’ information is obtained from every plot in these localities, while on the numbered or ‘botanical’ plots additional data such as full species list, soil examination, regeneration count, etc., is recorded. The remaining mark to go on the photograph is an indication of the approximate position of any trig. points by a triangle; later a field party will visit the trig. and pin-point its exact position on the photograph.

          
The photographs are now ready to be used in the field. As this is somewhat rigorous work, demanding camping outdoors, the bulk of it is done in summer. It is done by Forest Service graduates and trainees, supplemented by university students with an aptitude for outdoor life. Organisation here again is within the units mentioned before; usually a base camp is set up in a convenient part of the district, and field parties, each comprising three men, work from this main camp. Up to six or seven fields parties may work from the base, returning to it only for a day or two's rest, the checking of equipment and the collection of more food. Apart from camping gear, personal gear and food, each party carries a set of aerial photographs and tally sheet forms, a pocket stereoscope, prismatic compass, abney level, 66-foot metallic tape, and a diameter tape (this, when placed round the girth of a tree, gives the diameter in inches). At the commencement of a job, the party leader is given a set of aerial photographs which of course must include some landmark, such as a road or bush edge, from which he can get his bearings. After perusal of the photographs he decides in what order he will work his plots, and organises transport to get him as close as possible to the forest.

          
With experience in using the aerial photographs, he can get almost exactly on the indicated site of the plot; this is not absolutely necessary, but it 
is necessary to get the plot within the correct type. Let us follow the work, step by step, as a plot is done. Each plot (see Fig. 1) is a rectangle, five chains by two chains, and while the other two men cut and measure a five-chain line due east and west, with one-chain side-lines on each side, and dig a small pit for soil examination, the party leader starts



to fill in the tally sheet. (See Plate 1.) The top line of this, the locational data, etc., need not concern us here. Let us examine the left-hand column.

          

Altitude: This is usually in the nature of a good guess, as the only references the party leader has are the local trig, points.

          

Aspect, Slope and Type: These are self-explanatory. ‘D., P., N.P., stands for ‘Protection’ or ‘Non-Protection’ forests and ‘Doubtful’. ‘Protection Forest’ is forest cover which must be maintained in order to prevent flooding or soil erosion. The party leader indicates the status of the forest on his plot, and briefly states his reasons on the back of the tally sheet.

          

Virgin, Worked: If the forest has been previously ‘worked’, he indicates to what extent (clear felled, partly felled, or lightly worked), and the number of years since this happened.

          

Fire: If the area has been burnt at some stage, the number of years is entered in the left-hand column, and a brief description of the original association goes in the other two.

          

            

[image: Fig. 1: Layout of a sample plot. The solid lines are cut, chained and poled.]
Fig. 1: Layout of a sample plot. The solid lines are cut, chained and poled.


          

          

Animals: Damage by animals is recorded by a code from 0 to 4; if animals are present in the area but not causing damage ‘0’ is used; if there is complete destruction of seedlings and undergrowth ‘4’ is used. Chewing of bark is qualified by the same code, distinguished by putting a small ‘a’ after the figure. Thus ‘Deer 2.1a’ indicates that there is considerable browsing by deer and a little chewing of bark. The browsed species are indicated by a tick in the floristic list.

          

Availability: If the timber is available for logging, a tick is placed in column ‘A’. But there are various factors which may put it in the ‘not available’ class, such as low volume per acre, steep country, inaccessibility, protection forest, or scenic reserve, and in such cases the appropriate factor is mentioned.

          


          

            

[image: Plate I A completed tally sheet (hypothetical)]

Plate I A completed tally sheet (hypothetical)


          

          


          

Soil: This is examined by digging a small pit about 18 inches deep and describing the layers. Compiling a standard description which would cope with all ranges of soil types proved to be very difficult, but by examining the following characters a fair description can be made: A0, depth and nature of the litter layer, the fermenting layer and the humifying layer; A1, depth colour and texture of humus-bearing soil; B1, colour and texture of the subsoil. Moisture content is noted in each layer. The species of tree under which the soil is examined is noted on the left of the soil description.

          

Top and ‘D’ require a brief note on topography and drainage.

          
After completing this column the party leader turns the tally sheet over and commences writing on the back, which is blank. Here he describes the nature of the country and timber he passed through to get to the plot, under the heading of ‘Timber on Approach’. This is very much in the nature of an essay, but each party leader usually gets the habit of grouping his observations under such headings as ‘Topography’, ‘Access’ (tracks, roading possibilities, etc.) and ‘Forest Types’, the latter being of course the most important, and including size, nature, height, health and form of the major forest trees; similar notes on the secondary timber trees; and, most important of all, any change in type he may have observed and its location relative to the plot. If the writing is kept small, all this can be compressed into the top half of the sheet — the bottom section must be reserved for oddments that invariably overflow from the front, such as the floristic list, comments on whether the forest should be conserved or milled, notes on bird life, a continuation of the ‘Association’ description, seeding observation and phenological notes, occurrence of hybrids, ecotone descriptions, erosion data, wind or frost damage, or anything else he may have noticed.

          
By this time his companions have finished cutting and measuring the five-chain line down the centre of the plot, and the team sets about measuring the timber trees for a chain on each side of this line. For each tree the diameter and height (log length) are recorded, and these measurements are entered at the top of the tally sheet, A (5 chains × 2 chains). Diameter is measured at breast height, after the tree has been suitably ‘cleaned’ of vines, epiphytes, loose bark, etc., and is entered in two-inch diameter classes down to a minimum of 12 inches. If a tree is heavily flanged, or has some other defect, suitable deductions are made from the diameter. The height of the tree is usually estimated, and as this must be accurate to within a foot, where there is any doubt an abney level and tape are used. Height is recorded is two-foot classes, the minimum being 12 or 14 feet. A tree whose measurements are 22 inches diameter and 46 feet high would be entered as 22/46; these figures are later converted to volume at headquarters. Certain trees over 12 inches diameter (and therefore important in the structure of the forest) may not be suitable for logging, and are listed as ‘culls’ under the broad diameter classes on the right-hand side of the sheet. They include non-timber trees, poorly



formed trees, dead trees, and timber trees that would not normally be logged because of defects. At the other extreme, a ‘P’ after a set of figures indicates that the tree is suitable as a peeler-log — that is, it has a sufficiently high standard of form and size to be used for rotary cutting into veneer and plywood. If a tree is forked or bent in such a way that it would be made into two logs, this is indicated on the tally sheets by a plus sign between the two sets of figures.

          
Having completed the measuring, the party turns to the two smaller included areas. The first one, or quadrat B (1 ch. × ½ ch.), concerns a study of the future forest, and records the existence of young trees between four inches and 12 inches in diameter. These are listed in the diameter classes as shown on the sample sheet, and again divided into ‘merchantable’ and ‘cull’. In the second small area C(½ ch. × ¼ ch.) a check is made on the regeneration by counting the number of seedlings (above six inches high and below one inch diameter) of the major species, and is entered under ‘Reg.’ as shown. On this part of the sheet, too, the floristic list is made.

          
Usually about 30 species present on the plot are listed, so that the list almost invariably overflows on to the back of the sheet. Genera of Bryophyta and Fungi are not required, but an indication is usually made of the relative abundance of moss, or of extraordinary fungal growths. The roman numerals after each species indicate the tier to which it pertains, and its relationship in that tier is shown by the letters M (major species of the tier), W (widely represented), S (single specimen) and E (epiphyte). By the time he has completed all this, the party leader has a fair knowledge of the structure of the forest within his plot, and after giving a brief description of the canopy (code figures are used here) he summarises the association by dividing it into five tiers (sometimes one or two of the middle ones may be absent) and writing a brief description of each. This completes the plot, and the party is ready to move on to the next one. If on the way they are due to pass close by a type showing on the photograph as queried or unclassified, the party may detour to examine it, and a description of it is then written on the back of the photograph. A party completes from two to four plots a day in this manner, usually carrying their packs and making camp on or near the last plot of the day.

          
Naturally, in measuring any one stand of timber, different party leaders would vary in their results, and it is found that each party leader's results vary from the mean by a constant percentage. So a check is made by an experienced timber appraisal officer, who carefully measures the volume of timber on two or three of the plots done by each party leader, compares the final figures, and arrives at a factor by which each party leader's figures are multiplied to bring them into line with his own. Another job that is done from the base camp is ‘ground control’. This consists of going out and finding the trig. points that are roughly indicated on the photograph by a triangle. On arrival at the trig., the photograph is studied under the



stereoscope and the exact position of the trig. is marked on it by a pin-prick (the accuracy must be within 1/40th of an inch).

          
The field work is now done, and the photographs and tally sheets go back to N.F.S. in Rotorua. The relationship between photographs and standard survey maps has now to be established more precisely. Firstly all the control points (trigs., etc.) that were ‘fixed’ on the photographs as part of the field work are plotted on a large table showing standard grid lines. The procedure at present used by N.F.S. for getting the photograph centre positions is the ‘slotted template’ system. This is an arrangement of celluloid sheets, each sheet corresonding to a photograph and having slots cut through all control and other principal points, forming rays towards the centre of the photograph. These templates are now placed on the table by means of studs through the control points in such a manner that a set of templates is mutually self-adjusting to finally give the accurate positions of photograph centres and other principal points. These are marked through to the table with a fine needle; the templates are removed, and a tracing is then made on kodatrace of the points now on the table.

          
This tracing is fed into a device called a multiscope, which by a system of mirrors and lights projects the stereoscopic image of a pair of photographs on to the tracing. The mirror angles are adjusted so that deviation from scale due to hills, slopes, etc., is corrected as much as possible, then the operator lines up the kodatrace so that the image of the photograph centre and two or more control points lie in their correct positions over corresponding points on the tracing. Next the type boundaries and streams are drawn on the kodatrace from the stereoscopic image seen by the





[image: Plate IIAerial photograph of podocarp forest The top section gives the photograph number, G 1082/59, the altitude, 12,600 ft., focal length, 8¼, the information ‘Taupo Main Trunk, 22-3-45’, and the time on the clock which reads 2.25. The light area in the bottom right-hand corner (f) is back-country farm land. A brief description of the types present is as follows:— P.5. Dense, small diameter, podocarp with a high percentage of totara. Average diameter 18-27 in. and log length 32 ft. 66 trees per acre. P.6. Dense podocarps. Matai 40%, rimu 30%, totara 20%, balance kahikatea, tanekaha and miro. Logs of diameter 26-30 in., length 48 ft., 40 trees per acre, 40,000 ft. b.m. per acre. P.7. H1. Large diameter podocarps, 34 in. diameter, length 36 ft., 3 or 4 per acre. Tawa, rewarewa and hinau up to 10 per acre. 7,000 ft. b.m. podocarp and 1,000 ft. b.m. hardwoods per acre. P.2. Medium to large diameter podocarp 10-20 per acre, 90% rimu, diameters av. 30-32 in., medium log lengths 42-46 ft. d. Low scrub. Mainly Dracophyllum with small Coprosma and Hebe. g. Second growth of kamahi. Coprosma, Nothopanax. Original vegetation destroyed by fire many years ago, possibly during Maori settlement. M. Pure manuka, with various small broad-leaved spp. beneath, together with seedling and sapling podocarp. By courtesy Lands and Survey Department]

Plate II
Aerial photograph of podocarp forest


The top section gives the photograph number, G 1082/59, the altitude, 12,600 ft., focal length, 8¼, the information ‘Taupo Main Trunk, 22-3-45’, and the time on the clock which reads 2.25. The light area in the bottom right-hand corner (f) is back-country farm land. A brief description of the types present is as follows:—


P.5. Dense, small diameter, podocarp with a high percentage of totara. Average diameter 18-27 in. and log length 32 ft. 66 trees per acre.


P.6. Dense podocarps. Matai 40%, rimu 30%, totara 20%, balance kahikatea, tanekaha and miro. Logs of diameter 26-30 in., length 48 ft., 40 trees per acre, 40,000 ft. b.m. per acre.


P.7. H1. Large diameter podocarps, 34 in. diameter, length 36 ft., 3 or 4 per acre. Tawa, rewarewa and hinau up to 10 per acre. 7,000 ft. b.m. podocarp and 1,000 ft. b.m. hardwoods per acre.


P.2. Medium to large diameter podocarp 10-20 per acre, 90% rimu, diameters av. 30-32 in., medium log lengths 42-46 ft.


d. Low scrub. Mainly 
Dracophyllum with small 
Coprosma and 
Hebe.


g. Second growth of kamahi. 
Coprosma, Nothopanax. Original vegetation destroyed by fire many years ago, possibly during Maori settlement.


M. Pure manuka, with various small broad-leaved spp. beneath, together with seedling and sapling podocarp.


By courtesy Lands and Survey Department





operator. Maps to a scale of four inches to the mile are prepared from this tracing, and show the forest types and their respective areas, streams, and other features. These maps show a considerable amount of basic information; additional data can be obtained from records made from the tally information.

          
The bulk of the flying and ground work of forest survey is now completed, and many maps, mainly those of the more important areas, have been made. An immense amount of information concerning forest and plant ecology has been revealed by forest survey work, and is to be the subject of a work being prepared by the Forest Ecologist, Mr. 
J. T. Holloway. The ecological work was commenced in Southland on the beech forests, and this proved to be a fortunate choice, for it was found later that the history of these forests, though complicated, was simpler than that of forests further north. Moreover the information gained in this way provided many clues which are proving of immense assistance in unravelling the mystery of the podocarp forests. An interesting detail of this work was the collection of information which indicates that the Canterbury Plains once bore extensive podocarp forests, which were apparently burnt off by the moa hunters some five centuries ago; since they were at that time unstable due to climatic changes, they never regenerated, and left few traces of their existence. The history of the North Island forests is complicated, not only by climatic changes, but also by volcanic showers, the effect of which was considerable in some districts. Since the primary study was timber volumes, forest survey work was restricted mainly to areas of merchantable timber, but the aspect of water conservation in high-country areas — a problem of great economic importance — was not neglected, and is receiving more and more attention. Let us hope that our men can get their information and act in time to prevent Christchurch from being washed out to sea!
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Among the animal oddities of New Zealand is a peculiar type of parasitic worm, 
Gyrocotyle, living in the spiral valve of Chimærid fishes. 
Gyrocotyle is a member of the Phylum Platyhelminthes and because of complete absence of a digestive system it is included in the Class Cestoidea (tapeworms). Along with a few other genera this parasite is classified in a small, rather unique subclass of cestodes, the 
cestodaria. These worms, unlike most cestodes, are unsegmented and without a distinct ‘head’, or scolex. For some years all unsegmented cestodes were considered as Cestodaria but most of these actually belong in the Order Pseudophyllidea, one of the large subdivisions of true tapeworms, and are not closely related to 
Gyrocotyle or true Cestodaria. True Cestodaria are not only unsegmented but have a larva provided with ten hooks rather than six as in the true cestodes. The arrangement and number of sex pores are also different in the Cestodaria.

          
The most common species in New Zealand is the type species of the genus, 
Gyrocotyle rugosa Diesing, 1850. Two species, 
G. fimbriata Watson, 1911, and 
G. urna (Grube and Wagener, 1852) occur in European and American waters. 
G. rugosa from the elephant


[image: Legend Diagram of Gyrocotyle rugosa. Ventral view. ac, acetabulum; mp, male papilla; ov, ovary; ros, rosette; t, testes; up, uterine pore; ut, uterus; v, vitellaria.]

Legend


Diagram of 
Gyrocotyle rugosa. Ventral view. 
ac, acetabulum; 
mp, male papilla; 
ov, ovary; 
ros, rosette; 
t, testes; 
up, uterine pore; 
ut, uterus; 
v, vitellaria.





fish, 
Callorhynchus milii, seems to be a species of the Southern Hemisphere. It is at present less completely known than the two northern genera. 
G. urna also occurs in the elephant fish in New Zealand.

          
Gyrocotylids are large, dull pink to creamy white worms, 32 to 75 millimetres in length. At one end is a conspicuous ‘rosette’ formed by ruffles or undulations of the body wall. This rosette forms the border of a funnel-shaped cavity which opens through a smaller dorsal pore. In most species, the thin lateral margins of the body are thrown into folds or undulations but these are absent in 
G. rugosa. In the body wall on each side of an anterior sucker-like organ (the ‘acetabulum’) are a number of large spines. Other, body spines occur in 
G. fimbriata and 
G. urna but these are reduced in 
G. rugosa to minute points at the tips of small papillæ.

          
Strange as it may seem, there has been much debate as to which end of this worm is the anterior. Lynch (1945), who has recently studied two species of 
Gyrocotyle very thoroughly, concludes that the rosette is posterior and the acetabulum is anterior. This conclusion seems confirmed by his discovery of larval hooks in the wall of the rosette of young adults. The ciliated larva swims with the ten hooks posterior in position.

          
The correct status of 
Gyrocotyle in the animal kingdom is in some question. The old view that it represents a connecting link between Trematoda and Cestoidea is no longer held. Paired anterior excretory pores; the anterior sucker; arrangement of sex pores; and the posterior haptor-like organ all suggest monogenetic trematodes. Complete knowledge of the life-cycle might show that its phylogenetic relationships might be nearer the Trematoda than to the Cestoidea. Lynch concludes that 
Gyrocotyle ‘can be considered a Cestode only provisionally’.

          
The life-cycle of 
Gyrocotyle is not known. The eggs of 
G. rugosa are very thin-shelled, operculated and are fully embryonated before deposition. They hatch almost immediately in sea water. Eggs of 
G. fimbriata and 
G. urna require two weeks in sea water before they hatch. Recently-hatched larvae of 
G. rugosa are covered with cilia and swim very rapidly as if excitedly searching for some host. A remarkable phenomenon is the common occurrence of early ‘post-larval’ stages, some of which are barely larger than the ciliated lycophore, both within the tissues of adult worms and in the intestinal mucus of the host. The invasion of these larvae into the tissues of adult 
Gyrocotyle is probably accidental and abnormal, but their occurrence in the spiral valve of the host may be significant. It suggests a direct life cycle. How 
Gyrocotyle is transmitted from one elephant fish to another is unknown. Almost all intestinal helminths enter their definitive host by way of food. There is at present no evidence regarding what intermediate host, if any, is involved in the life cycle of 
Gyrocotyle. The life cycle of 
Amphilina, a cestodarian from the body cavity of Ganoid fishes, involves an amphipod as intermediate host. 
Amphilina, however, is not very closely related to 
Gyrocotyle.

          


          
The three species of 
Gyrocotyle may be distinguished by the following characteristics:

          

G. fimbriata: Rosette large, diameter averaging 82% (62% to 112%) of greatest body width; undulations of body numerous, averaging 31 (18 to 60), and highly developed; body spines present; left testicular field about 33% of body length; vitelline follicles extending to anterior border of rosette; lateral coils of uterus less than half body width; eggs when deposited containing an early embryo. Hosts: 
Hydrolagus colliei and 
Chimæra monstrosa.

          

G. urna: Diameter of rosette averaging 45% (35% to 60%) of greatest body width; lateral undulations of body few, averaging 15 (8 to 30); body spines present; left testicular field 11% (7% to 15%) of total body length; vitelline follicles extending only to dorsal pore of funnel; lateral coils of uterus less than half body width; eggs when deposited containing an early embryo. Hosts: 
Hydrolagus colliei; Chimæra monstrosa; Chimæra ogilbyi; Callorhynchus milii.

          

G. rugosa: Rosette 33% to 50% of greatest body width; lateral undulations of body lacking; vitelline follicles not reaching anterior border of rosette; lateral coils of uterus more than half body width; eggs when deposited containing a fully-developed lycophore. Host: 
Callorhynchus milii.

          
There is an extensive literature on 
Gyrocotyle. A complete bibliography can be derived from the following more or less monographic papers.
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What is a virus? The true answer is that nobody really knows. And who can blame them when it is something so small that it is beyond the range of the ordinary microscope. One thing is certain, viruses are responsible for many of the diseases in plants and animals that have no other tangible or visible cause, such as parasites or bacteria. In fact, viruses have usurped the place of bacteria as the scapegoats of the biological world.

          
In 1892 a Russian botanist showed that sap from a diseased plant, after passage through a filter so fine that it removed all bacteria, could still infect healthy plants. This was the first scientific demonstration of a virus. Since then much finer filters have been designed that hold back some virus particles, particularly animal ones. All viruses are beyond the visibility of the ordinary microscope but some have been photographed by the electron microscope. The electron microscope reveals virus particles of varying shape from spheres to needle-like forms. Also when one considers that the electron microscope magnifies to something like 30 times that of the ordinary microscope, i.e. an object is magnified about 30,000 times its natural size, some idea of the extremely minute size of the virus particle can be realised. Or putting the matter another way, most of the smaller bacteria can be seen by the ordinary microscope and they are of the size order of 1/25,000 inch, whereas a large virus is only about 1/1,000,000 inch.

          
Research into plant viruses has been virtually restricted to flowering plants, and several hundreds of different virus diseases have been described. As vet no satisfactory system of naming the different viruses has been produced. Virus diseases differ from nutritional ones, for they are highly infectious and capable of indefinite reproduction from diseased to healthy hosts. Viruses also differ from bacteria which can be cultured in nutrient broths while a virus can multiply only in the living cells of some host. Certain viruses have been extracted and purified as crystals without loss of infectivity. The crystals have been identified as nucleo-proteins, and because of this many regard viruses as more closely allied to molecules than to organisms. However, although they approach a purely chemical form, viruses have all the characteristics of living matter in their ability to reproduce themselves and to change their form or ‘mutate’. The presence of many strains or varieties of a virus is evidence of mutation. Some strains may be so mild as to cause little noticeable effect, while other strains of the same virus prove lethal, the infected tissues dying.

          


          
There have been a number of theories as to the origin of viruses. Firstly, there are those who believe them living organisms descended from similar living types. Animal virus investigators favour a series descending from a typical bacteria to the smallest virus, the extreme degree of reduction being due to adaptation to their particular type of parasitism. The smallest unit possible is considered to be a nucleo-protein which is capable of multiplication, the energy and material required for this being obtained from the host cell. Other workers have suggested that viruses existed in Archæozoic times as free-living non-cellular forms which later became parasitic. With the discovery of the nucleo-protein nature of virus particles, there has been in recent years a revival of the free gene theory. This suggests that viruses arose from genes that escaped from the nucleus and continued independent multiplication in the cytoplasm. It would perhaps be better to compare a virus with a chromosome fragment, both having several inheritable factors, rather than with a gene which is supposedly a single inheritable factor.

          
The second type of origin suggested for viruses is that they arose from some self-duplicating cytoplasmic constituent of the cell such as protein molecules. It is possible therefore that they arose from something unlike the actual virus. This raised a problem. A virus causing disease in one plant could possibly therefore be a natural constituent of another. A potential virus could arise in one plant and remain undetected until a means of spread to other plants was evolved. The problem of spontaneous generation of viruses could thus be explained.

        

        

          

            
Culture and Transmission
          

          
Plant viruses are unable to multiply outside the living cells of host plants. This necessitates special methods of culture and transmission. In experimental conditions viruses are ‘cultured’ in special host plants and are regularly transferred from diseased to healthy hosts. Certain precautions are essential to prevent contamination of one virus ‘culture’ by another. Two quite unrelated viruses are able to exist together in one host plant, each being widespread through the tissues and showing their own symptoms. Contamination by strains of a virus is possible, but the two strains do not become equally distributed. The more vigorous strain predominates, the weaker strain being restricted to small areas of the leaves about the point of infection.

          
Virus transmission is by three main methods, the first of these being 
Inoculation. This means the direct application of virus containing sap on to the leaves of the host plant. Before inoculation the host plant is dusted finely with carborundum powder. A pepper pot with the hole size reduced by several threads of florists' wire is ideal for the purpose. Too much carborundum causes excessive damage to the plant tissues — there should be just sufficient carborundum to puncture the epidermal cells. This aids the immediate entry of the virus particles. Sap is applied gently to the upper leaf surface, using a glass spatula, or one's forefinger. Excess



sap, which would be toxic to the plant, is removed by washing the plant gently under the tap. The plant should be well labelled and then placed in a glasshouse cubicle reserved for infected material. Symptoms should develop some 4 to 21 days after inoculation. Among mechanically inoculated viruses are potato viruses X and Y and cucumber virus No. 1. Experimental virus ‘cultures’ may be mechanically contaminated with the very persistent tobacco mosaic virus by research workers who smoke. Fortunately there is a simple remedy, merely that of washing one's hands with soap and water before and after handling a virus infection, being careful, naturally enough, not to dry one's hands or touch anything other than sterile equipment and the virus concerned.

          
Not all viruses can be mechanically transmitted. There are many that depend upon aphids for transmission from plant to plant, e.g. the green peach aphid, 
Myzus persicæ, is a vector for many viruses. A few viruses such as potato virus Y are transmitted by both means. 
Aphid Transmission involves firstly the raising of virus-free aphids. Host plants not normally attacked by the virus being studied are chosen, and kept in the glasshouse under muslin cages. In addition, frequent fumigation of the glasshouses with nicotine sulphate is a necessary practice to prevent the entry of unwanted virus-carrying aphids. Aphids live and multiply best at temperatures between 60° and 80° F. so heated glasshouses are essential for winter experimental work. An aphid moves around relatively little and once it has found a suitable feeding spot it inserts its piercing mouth parts into the plant tissues, remains there and sucks the sap. It is obvious therefore that great care must be taken when transferring an aphid from one plant to another not to damage the mouth parts. The aphid is first ‘tickled’ so as to make it withdraw its stylets from the plant tissues. Once the aphid is moving it is easily picked up by a fine, damp paintbrush and lifted over to another plant. When feeding, the aphid inserts its mouth-parts directly into the phlœm and is as efficient as an hypodermic. Virus particles are therefore injected into the plant conductive system with the minimum amount of cell damage.

          
The aphid is starved for one to three hours before feeding upon infected material. In some way this helps successful virus transmission. After a three to twenty-four hours' feed upon an infected plant the aphid is placed on to a healthy plant. Next day the glasshouse is fumigated to kill the aphids. Viruses which are both mechanically and aphid-transmitted are found to be transferred directly the aphid begins to feed, and in a short time the aphids lose their power to infect without further feeding on infected material. However, another group of viruses, transmitted only by aphids, do not transfer as soon as the aphid feeds, and twenty-four hours mav elapse before transmission takes place. This may be accounted for by the time taken by the virus to move from the gut into the blood and back into the salivary gland. These aphids remain infective all their lives. Because potato-leaf-roll virus is in this category it helps to account for the widespread



occurrence of leaf-roll disease among field crops. It is not known why some viruses should transfer immediately and others not.

          
The only method whereby all viruses are transmitted is that of 
Grafting. If the main plant 
(stock) is healthy, then the grafted shoot 
(scion) must be taken from a diseased plant for symptoms to be developed by spread to the healthy stock. A cleft-graft is commonly used, the wedge-shaped end of the scion being inserted into a vertical cut made in the decapitated main stem of the stock. The two pieces are bound firmly together with elastic tape or ideally the wide elastic material of old golf balls. An interesting feature discovered in studying potato viruses was the production of small tubers on the stem of a virus-immune stock when grafted with an infected scion.

        

        

          

            
Identification
          

          
For lack of other available factors the majority of virus identification must be by the use of the various symptoms produced in host plants. For example, the colour break in tulip flowers is the symptom produced by a virus infection. This particular virus disease is known from the sixteenth century. Old Dutch flower paintings of this period show clearly the striping effect caused by the virus and it is also recorded in the botanical literature of the time. Symptoms are generally systemic, i.e. where the virus is distributed throughout the host plant tissues. However, they may be localised, i.e. small spots or rings of infection. Localisation depends upon a severe reaction in the plant cells to infection by the virus particles, the host cells dying before the virus can spread.

          
The ideal experimental host plant is one that will react to a particular virus with clear and consistent symptoms. There are a number of such plants used by virus workers, and they are called 
Indicator Plants. The most universally used plant is the tobacco 
(Nicotiana tobacum) which reacts with a variety of quite unrelated plant viruses. Symptoms range from rings and spots for tobacco etch virus, green mottles for potato virus X, yellow veining for potato virus Y and many others. Mixtures of viruses are common, and there are some accommodating indicator plants that will select one particular virus from a mixture. Such a plant is the thorn apple 
(Datura stramonium) which will select all strains of potato virus X from the very common field combination of potato viruses X and Y. For a quantitative study of viruses the demand is for a more specialised type of indicator plant, one reacting with local lesions or spots only. Two such plants much in use are 
Nicotiana glutinosa for tobacco mosaic virus and 
Gomphrena globosa for potato virus X. Infection never spreads from the original point of entry of the virus. The number of lesions on the inoculated leaves is in proportion to the concentration of virus in the infected sap.

          
Indicator plants have their drawbacks. There is the very natural inclination to consider a plant showing no symptoms as one with no virus infection. Occasionally this may be the case, but it should never be taken



for granted. It may be that the strain of virus is an especially mild one, or environmental conditions may be such as to mask or hide symptoms which should be showing. Therefore all the symptomless plants and a number of healthy plants as well are inoculated with a severe strain of the suspected virus. On something the same lines as vaccination, the already-infected but symptomless plants continue to show no reaction, but all healthy ones succumb to infection.

          
Unfortunately identification of viruses by their symptoms takes time. From inoculation to full development of symptoms takes from seven to twenty-one days. In recent years a rather more speedy means of testing has been found. These are serological methods, using rabbits. Firstly sap from a diseased plant is clarified by standing in water at 55° C. for ten minutes. This precipitates most of the plant proteins which cause the rabbit undue pain. Five millilitres of clarified sap is next injected into the marginal ear vein of a large rabbit. White rabbits are best, as the ear veins are prominent and easy to see; also white rabbits tend to be larger in size. The blood of the rabbit reacts to produce antibodies which protect it from any harmful effects of the virus. Ten days after injection the rabbit is bled. The ear not used for injection is wiped with an irritant to bring the blood to the veins. A small cut is made, and the drops of blood collected in a tube. The blood is allowed to coagulate, and the colourless serum containing the antibodies separates from the red blood cells. This serum can be stored in a deep-freeze unit for two years without losing its effectiveness.

          
When plants are to be tested for virus infection, sap is extracted and clarified and added to a quantitv of serum, diluted with saline, and placed in a water bath at a temperature of 50° C. If the same virus is present in the sap as was injected into the rabbit, then the antibodies in the serum react with the virus particles and a fluffy white precipitate appears. This takes from two to ten minutes, so it is easy to see how time and space are saved by using the serum method.

          
There are two variations of the above technique, requiring less elaborate equipment, and one of them is just as speedy in its reaction. A drop of clarified sap and a drop of antiserum are placed on a slide and mixed together, then placed under a microscope. If the virus particles are present, a white precipitate appears at the edge of the liquid. One worker can do about 500 of these tests in a day, a great advance on the maximum of 100 for the inoculation technique. The second variation of the serological method is called the ring test, and requires a steady hand. Sap is added carefully to the antiserum so that the two liquids do not mix. If the sap is virus infected, a ring of precipitin appears where the two solutions are in contact. There are certain limitations to the use of antiserum. Suitable viruses are those which are more or less stable, i.e. able to survive the clarifying temperature of 55° C., and also transmissible at dilutions of 1 in 1,000 or more. There are some viruses that cannot be transmitted at dilutions greater than 1 in 20, and so far antisera for these have not been



made. Fifteen plant viruses have been used successfully for the production of antiserum, and of these tobacco mosaic virus and potato virus have given the best results. The real advantage of serological testing lies in the time it saves. To determine the presence and identity of a particular virus is only a matter of minutes compared with several days or even weeks required for indicator plant reactions.

          
There are many other methods of testing for specific viruses. For example, infected potato tubers fluoresce under ultra-violet light, and stem sections from infected plants often stain with particular chemicals, e.g. phoroglucinol in hydrochloric acid, and show microscopic inclusions in the plant sap. However, there is still plenty of room for new and improved techniques of testing for virus infection and identification to further fundamental research into the nature of viruses.

        

        

          

            
Economic Importance
          

          
Viruses have an importance in the nation's economy out of all proportion to their size. They affect the productivity of the back garden plot as well as many commercial crops. When one realises that all plant viruses are transmissible by grafting, the question immediately arises as to how this affects plant stocks that are normally propagated by this means. Every precaution must be taken to ensure that only grafts between healthy stock and scion are made. For example, it has been shown that ‘green-crinkle’, a virus disease of apples found in orchards in both North and South Islands, can be transmitted from infected trees to healthy scions and from diseased buds to healthy trees. Unfortunately the foliage and wood of infected trees appear normal, and it is not until the fruit appears that the virus disease is manifest. ‘Green-crinkle’ has caused appreciable loss in several varieties of apple, but principally Granny Smith.

          
Virus disease affecting tobacco, tomatoes and potatoes has been referred to above. It has been estimated that tobacco mosaic and potato viruses cost their respective commercial enterprises £50,000 and £20,000 per annum in New Zealand. These are conservative estimates for only two commercially grown crops. It takes very little imagination to realise that virus diseases of one kind or another are costing the country large sums of money. Naturally one wishes to know what can and is being done about control or treatment of virus diseases. Fundamental scientific research into the nature of viruses must come first. Then the information so gained can be put to practical use. Basic research is being carried out by various Government Scientific Departments. Reference to Bulletins of the Department of Scientific and Industrial Research and the Cawthron Institute, etc., will give readers more detailed accounts of the work being done. It is then up to all plant growers, including the home gardener, to put into practice the best means of treatment and control.

          


          
Man is the most potent transmitter of virus diseases, so it does not seem out of place to give a few cautionary words of how best to avoid passing virus diseases to healthy plants. Certain obvious control methods come to mind when it is explained that infective material, e.g. in the form of plant sap, plant debris, etc., can be transferred by hands, clothing or implements during routine work in the garden. As explained above, soap and water is an effective cleansing agent. A few further control measures are as follows: Where possible (this is more applicable to the home gardener) burn the infected plants; isolate susceptible crops from likely sources of infection; use disease-free seed in case of seed-carried viruses (e.g. lettuce); use healthy stocks in plants propagated vegetatively (e.g. potato, iris); and control the insects responsible for transmission.

          
Viruses have a history of many hundreds of years, yet even so, how little we know about them. Just a little of the diseases they cause, and something of the way to handle and direct them in host tissues. There is still endless room for investigation.
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Ultracapillaries

        

Since the time of Harvey it has been accepted that the capillaries are the smallest vessels in the closed vascular system of the mammal, and on this basis we have our current understanding of tissue nutrition, for it is considered that the tissue fluid is filtered from the blood through the wall of the capillary to ‘bathe and feed’ the tissue cells. The latter concept has many difficulties and has long been suspect since it requires for acceptance a rather simpler belief in osmosis and diffusion than can be held at the present time.

        
Sten Forshufvud (Arkiv for Zoologi. 1952, Bd. 3(7): 9) has employed the injection of laked blood into arteries to demonstrate that there are vessels smaller than capillaries branching out from the capillaries and extending amongst the tissue cells. The haemoglobin of the laked blood enters these small vessels which are termed ultracapillaries. They are less in diameter than the diameter of erythrocytes so that these are retained in the capillary while the plasma moves into the branching ultracapillaries and so comes to an intimate contact with the tissue cells. Forshufvud demonstrates that the reticulin fibres long recognised among the cells in many tissues and well-represented on the wall of blood-vessels and capillaries are actually the ultracapillaries and illustrates these minute vessels in both ordinary microphotographs and in electronmicroscope photos. The latter show these vessels in dentine where they appear as trunks with buds and lesser vessels down to a micron in diameter branching from them.

        
If this discovery is sustained, as the evidence indicates it shall be, it will have the greatest significance and will remodel our interpretation of the way in which cells receive their nourishment and are maintained in health.

        

          

            
L.R.R.
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Most people are familiar with the hair-like growth frequently seen on mussel shells and popularly called ‘old man's beard’. This growth is really a hydroid colony. Such may be either of two distinct types, namely thecate hydroids, those in which the animals live in a cup-like extension of the outer protective coat (e.g. ‘old man's beard’) and athecate hydroids in which the animal is without a protective cup. Hydroids are part of a much larger group of animals, the Phylum Cœlenterata, to which belong also the corals and sea-anemones. Hydroids have been a source of delight to sea-shore naturalists for many centuries, but it was not until about the latter part of the eighteenth century and more especially through the research of John Ellis that they were finally placed in the animal and not the plant kingdom. Here are a few sentences from Ellis's introduction to his book:

          
‘An Essay towards a Natural History of Corallines and other Marine Productions of the likekind’ (1755).

          

            
‘As I was convinced from my own Observations of the Subjects themselves, that several, which had hitherto been considered by Naturalists, as Marine Vegetables, were in Reality of animal Production: So from the Opinions of several Gentlemen then present, my Suspicions were increased, that others likewise, which I had taken for Vegetables might in Reality be of an animal Nature.
          

          

‘To determine how far these Suspicions were just, it seemed the most expedient to examine the Subjects, when recent, with Attention.… Here we had an Opportunity of seeing these disputed Beings called branched Corallines, alive in Sea-water, by the Help of a very commodious Microscope, of Mr. Cuff's the Optician in Fleetstreet, which I had altered for that Purpose; and was fully convinced, that these apparent plants were ramified Animals in their proper Skins or Cases, not loco-motive; but fixed to Shells of Oysters, Mussels, etc., and to Fucus's.’

          
For many years the hydroids were called Zoophytes (
zoon — animal, and 
phyton — plant), a word carried over from those earlier days. A glance at the figures accompanying the key will show how plant-like many of



them are. The hydroids are predominantly marine and frequently found growing on seaweeds and mussels in intertidal pools and also in deeper water. An interesting feature in their life history is the budding off from the hydroid colony of free-swimming jelly fish 
(medusa). The medusæ grow from any one of several regions of the colony. In addition to being the active swimming stage of the life cycle, the medusa is also the sexually mature form. A typical Athecate medusa is shown in Fig. 18. The larva produced by the union of gametes is a ciliated free-swimming form called a 
planula (Fig. 6b). In due course the planula sinks to the bottom and attaches itself by one end. At the other end a mouth and tentacles grow and eventually another hydroid colony is formed. (Fig. 6c.) Thus there are two stages in the life cycle of the hydroids, a fixed colony and a free-swimming medusa. This feature of the life cycle led to considerable confusion in early systematic work and still gives the present-day systematist many headaches. It will be realised readily that unless the hydroid is ‘caught in the act’ of producing medusae, different specific names may, and in fact have been, given to the two stages of the life cycle. There are still a number of hydroid colonies of which we have no knowledge of the adult medusa and mature medusae of which we have no knowledge of the hydroid generation.

          
Variations of the typical life cycle described above are found. There is a tendency towards degeneration of the medusa and its retention on the parent colony. All grades from perfect medusae retained on the parent colony to ovoid sac-like bodies 
(sporosacs) simply serving for the ripening of the sex cells, are found. The genus 
Tubularia (Fig. 12) has reproductive buds 
(gonophores) that retain some medusoid features but remain attached to the parent animal, and further, the planula stage is passed through within the gonophore. The released larval stage is an advance on the planula and is known as an 
actinula. The actinula becomes fixed to the substratum and gives rise to the new colony. The gonophores of 
Hydractinia and 
Cordylophora (Figs. 1 and 6) are examples of sporosacs. These also remain attached to the parent colony.

        

        

          

            
Nomenclature
          

          
Some technical terms have already been explained above. The living tissue of the colony 
(cœnosarc) is covered by an outer chitinous protective sheath 
(perisarc) secreted by the living tissue. A typical hydroid animal 
(zooid) has an attaching basal region frequently extending over the substratum as a network of tubes 
(stolons or hydrorhiza), a stalk or stem 
(hydrocaulus) and a terminal individual 
(hydranth). In the Athecate hydroids, the perisarc typically covers the stolons and hydrocaulus only, but may extend as a thin covering round the basal region of the hydranth. The hydranth is the feeding individual and has a terminal mouth borne on an elevated structure 
(hypostome or 
proboscis), and tentacles. These tentacles may be either long, thin, and finger-like 
(filiform) or shorter and



thicker with a prominent rounded head 
(capitate). On the tentacles are stinging cells 
(nematocysts) which are characteristic of not only the hydroids but the whole of the Phylum Coelenterata. Nematocysts are most abundant on the tentacles of both hydroid and medusa, frequently grouped as knobs and circular or spiral bands. They may, however, be found elsewhere in the outer layer of the cœnsarc. The position and type of tentacle is a ready means of distinguishing the majority of families of Athecate hydroids, and their medusæ.

        

        

          

            
Technique
          

          
As the shape, tentacle form, and other features of the hydranth and gonophore are important in classification it is very desirable that these should be well extended before killing and preserving. Magnesium chloride has been found to be a good narcotising agent. For every litre of sea water add 33 cc. of saturated solution of magnesium chloride in water. Add gradually, but preferably within half an hour. For fresh-water forms slightly stronger solutions should be used. Fix and preserve in 70% ethyl alcohol. If permanent preparations for microscopical examination are required, specimens stain excellently with acetic-acid-alum carmine, and can be cleared and mounted in Canada Balsam. (See 
Tuatara 5(1): 14.) A technique that gives good results if position and structure of nematocysts is particularly desired is to mount the specimen directly in Polyvinyl alcohol. (For recipe of polyvinyl alcohol see 
Salmon, J. T., 1949: Trans. Roy. Soc. N.Z. 77(5): 251.)

          
In the field a hand lens is often sufficient to distinguish the different families of Athecate hydroid, but the microscope will frequently be necessary to diagnose correctly individual species. One is very tempted to use the vivid colours found in the Athecate hydroids as a means of identification, but it should be noted that colour is not a very reliable guide as to species, and that change of form may also occur from the juvenile state to the adult in both medusa and fixed colony. For example, adult colonies may be fasciculated, i.e. the main stem and some of the branches may be formed of many tubes instead of one (Fig. 3a) whereas the young colony may have a simple unfasciculated stem but otherwise possess the main characters of the species.

        

        

          

            
Systematics
          

          
It is sufficient for the purpose of the present key to briefly explain the name changes that have occurred in the group since Bale's paper in the Trans. N.Z. Inst. Vol. 55, 1924. This is the last publication of any size on New Zealand hydroids found in a New Zealand journal. Trebilcock (1928) recognised that 
Ascidioclava parasitica Kirk was synonymous with 
Endocrypta huntsmani Fraser. Totton (1930) describes a 
Eudendrium sp. which he considers may be synonymous with 
E. novæ-zelandiæ Marktanner-Turneretscher, but states that it is difficult to extract from the original



description any diagnostic specific characters. On these grounds 
E. novæ-zclandiæ is best considered an unidentifiable species and has accordingly been left out of the present key. The hydroid and medusa described by me in Trans. Roy. Soc. N.Z.1947 Vol.76(3): 414-420 as 
Cnidonema vallentini Browne is a synonym of 
Staurocladia hodgsoni (Browne). One further change, that of 
Tubularia attenuoides Coughtrey to 
T. larynx Ellis and Solander is put forward for the first time in this key. Unfortunately the type specimen of 
T. attenuoides is so badly crushed and dessicated as to be useless for purposes of reference. Comparison of specimens (kindly sent me by Miss B. Brewin, Otago University) from Dunedin Harbour, the locality of the original specimens of 
T. attenuoides, with specimens of 
Tubularia larynx from Naples, have convinced me that 
T. attenuoides is a synonym of 
T. larynx. Also, there is nothing in the original description of 
T. attenuoides that would preclude its inclusion within the present concept of 
T. larynx.

          
Our 
Cordylophora lacustris Allman recorded by Hamilton (1883) from the Esk River. Hawkes Bav. has been recognised as a distinct subspecies 
C. lacustris otagoensis Fyfe (1929. Trans. N.Z. Inst. 59(4): 813-823), but the original description of the specimens from Hawkes Bay is rather inadequate.

          
It will be noted that some of the species described in the present paper are known in New Zealand only from one generation of the life cycle. As we presume that the missing generation will be recorded sooner or later, and in order to give as complete a reference list as possible, both generations are here described.
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Note: All habit studies on Plates I-IV are natural size except Fig. 14 which is approximately quarter natural size.
          

        

        


        

          
Key to the Athecate (Gymnoblastic) Hydroids of New Zealand

          


	1
	
              (12) Hydranths with a single whorl (circle) of filiform tentacles.
            


	2
	
              (3) Perisarc not well developed; hydranths devoid of perisarc; zooids growing singly from a stoloniferous network of tubes covered with thin perisarc and giving rise to spines unless the colony is otherwise protected. Stoloniferous tubes may be covered with a layer of free cœnosarc; colonies with two or more kinds of individual and diœcious; reproductive zooids smaller than feeding zooids or may be aborted. 
F. Hydractinidæ. Stolon network covered with free cœnosarc; gonophores producing sporosacs. G. 
Hydractinia. Feeding zooids 3 to 5 mm. high, 9 to 13 tentacles in ‘two series’; dactylozooids (protective zooids) and very small spines present, but both dactylozooids and spines scarce; sporosacs on short stalks borne slightly above the mid-line of the zooid. female with approximately 8 eggs. 
Hydractinia (?) parvispina Hartlaub. 

* Fig. 1. Intertidal; reef Portobello Marine Biological Station.
            


	3
	
              (2) Perisarc well developed, colonies usually branched.
            


	4
	
              (7) Hydranths with trumpet-shaped proboscis; gonophores producing fixed sporosacs; male and female gonophores dissimilar, male gonophores in whorls, female in clusters. 
F. Eudendridæ, G. 
Eudendrium (only genus of family).
            


	5
	
              (6) Stem not fasciculated, perisarc annulated throughout. Hydranths with about 20 to 25 tentacles; gonophores with short stalks and formed from a circular groove near the base of the hydranth, female globular, male two-chambered oval and forming a whorl round the body of the hydranth; hydranth usually degenerates after the formation of the gonophores. 
Eudendrium insigne Hincks 
*. Fig. 2. Drift; on seaweed, many East Coast beaches, Auckland to Gisborne.
            


	6
	
              (5) Stem fasciculated; perisarc not annulated throughout. 
Eudendrium sp. Totton 1930. 11-20 fath. Near North Cape.
            


	7
	
              (4) Hydranths with conical proboscis, male and female gonophores similar and producing fixed sporosacs or free medusæ. 
F. Atractylidæ.
            


	8
	
              (11) Colonies much branched. Perisarc well developed on stem and branches; gonophores stalked, producing free medusæ. 
G. Bougainvillia.
            


	9
	
              (10) Ultimate branchlets and unfasciculated branches closely wrinkled throughout; hydranths with 8 to 10 tentacles; gonophores singly or in clusters from the hydranth stalks. 
Medusa unknown. 
Bougainvillia inæqualis Fraser 
*. Fig. 3. Intertidal; Menzies Bay, Lyttelton Harbour, on shells of 
Amphidesma australe.
            




	10
	
              (9) Ultimate branchlets and unfasciculated branches with few shallow annulations at their origins not wrinkled throughout; perisarc carried over the body of the hydranth as far as the base of the tentacles; hydranth with about 12 tentacles, gonophores on moderately long stems on the upper branches and occur singly or in groups of two or more. 
Bougainvillia ramosa Van Beneden 
*. Figs.9, 25. Intertidal; reef, Marine Biological Station, Portobello; drift, large colonies West Coast beaches, Coromandel Peninsula.
            


	11
	
              (8) Colony not branched or but slightly branched. Perisarc well developed on stem; gonophores stalked producing free medusæ. G. 
Stomotoca. Base of stems with 2 to 5 annulations and at their base of origin are same diameter as the branched stolons but become much thicker; branches when present annulated at the point of origin. 
Stomotoca rugosa (Mayer) 
*. Figs. 8, 17. Known only from medusa in New Zealand.
            


	12
	
              (1) Hydranths with tentacles otherwise.
            


	13
	
              (28) Hydranths with scattered tentacles.
            


	14
	
              (23) Hydranths with scattered filiform tentacles.
            


	15
	
              (22) Colonies fixed, gonophores giving rise to sporosacs or free medusæ. 
F. Clavidæ.
            


	16
	
              (19) Colonies branched. (Fig. 3B.)
            


	17
	
              (18) Brackish water or freshwater forms; gonophores producing fixed sporosacs. 
G. Cordylophora. Stolons unbranched or but slightly branched; persisarc with about 10 annulations at the origin of each branch and gradually terminating on the neck of the hydranth; tentacles about 23 in number; gonophore with thin transparent covering, central core of tissue in ripe female very much reduced with characteristic cup-shaped body at distal end. 
Cordylophora lacustris Allman sub. sp. 
otagoensis Fyfe. Fig. 6. On 
Ruppia, Tomahawk Lagoon, Otago; Lake Ellesmere, Canterbury.
            


	18
	
              (17) Marine, gonophores producing free medusæ; colonies with a few small branches from a much-branched stolon or from a fasciculated stem. 
G. Turritopsis. Perisarc thick, ending abruptly beneath the hydranth; proboscis elongated, each branch bearing a single hydranth; gonophores borne on short stalks at the base of the hydranth. 
Turritopsis nutricula McCrady. Figs. 10, 18. Intertidal; Wellington Harbour, and reef, Marine Biological Station, Portobello.
            


          


          

            

[image: Plate I Fig. 1: Hydractinia (?) parvispina -habit; 1a, oral view; 1b, male sporosac; 1c, zooids of female colony. Fig. 2: Eudendrium insigne -habit; 2a, basal portion of colony; 2b, hydranth. Fig. 3: Bougainvillia inæqualis -habit; 3a, fasciculated stem (B. ramosa); 3b, branch of colony; 3c, hydranth. Coe., cœnosarc; Dact., dactylozooid; Hyc., hydrocaulus; Hyd., hydranth; Mth., mouth; Nem., nematocysts; Spor., sporosac; Stol., stolon; Tent., tentacles.]

Plate I


Fig. 1: 
Hydractinia (?) parvispina -habit; 1
a, oral view; 1
b, male sporosac; 1
c, zooids of female colony. Fig. 2: 
Eudendrium insigne -habit; 2
a, basal portion of colony; 2
b, hydranth. Fig. 3: 
Bougainvillia inæqualis -habit; 3
a, fasciculated stem (
B. ramosa); 3
b, branch of colony; 3c, hydranth. 
Coe., cœnosarc; 
Dact., dactylozooid; 
Hyc., hydrocaulus; 
Hyd., hydranth; 
Mth., mouth; 
Nem., nematocysts; 
Spor., sporosac; 
Stol., stolon; 
Tent., tentacles.


          

          


          


	19
	
              (16) Colonies not branched, or but slightly branched. (Fig. 15.)
            


	20
	
              (21) Hydrorhiza of small fibres or almost degenerated; perisarc enveloping the hydrocaulus also unites one with the others, this being in the nature of a fine encrustation; gonophores produce free medusæ. 
G. Endocrypta. Hydrocaulus usually erect unbranched, perisarc so thin as to be a mere pellicle; hydranth very mobile, exhibiting frequent changes of shape, tentacles up to 24 no definite arrangement; 1 to 3 medusæ buds develop a short distance below the tentacles. 
Endocrypta huntsmani (Fraser). Fig. 4. All specimens so far from the branchial cavity of a tunicate; e.g. in 
Cnemidocarpa otagoensis Brewin and 
Polycarpa sp. for N.Z. These from off Moeraki 40-50 fath. and intertidal rock pools, Wellington Harbour, respectively.
            


	21
	
              (20) Hydrorhiza well developed; perisarc rigid, around the whole hydrocaulus not encrusting; gonophores producing fixed sporosacs in clusters from stolon or stem. G. 
Tubiclava. Perisarc smooth, or slightly annulated at the base of the stem; hydranths very contractile; gonophores 3 to 4 in number developed on the summit of separate stems. 
Tubiclava rubra Farquhar. Fig. 5. Intertidal; Christchurch area.
            


	22
	
              (15) Pelagic hydroids with stem or hydrocaulus almost entirely suppressed; gonophores produce free medusæ. 
F. Margelopsidæ. Scattered tentacles all over the body of the hydranth, proximal portion of the hydranth modified to form a float. Sub. F. Pelagohydrinæ; sole genus 
Pelagohydra. Distal portion of the body a flexible proboscis; gonophores between the tentacles of the float form stolons from which are budded medusæ. 
Pelagohydra mirabilis Dendy. Figs. 7, 23. Drift; Sumner Beach, Christchurch.
            


	23
	
              (14) Hydranths with scattered capitate tentacles; gonophores arising from the body of the hydranth producing sporosacs or free medusæ. 
F. Corynidæ.
            


	24
	
              (25) Hydranth body much shorter than stem; gonophores producing fixed sporosacs, among or just proximal to the tentacles; colony branched or unbranched. 
G. Coryne. Colony branched, stems and branches annulated throughout, perisarc thick, hydranths in basal region surrounded by a loose membranous sheath, tentacles about 20; gonophores globular with short stalk. 
Coryne vaginata Hincks
*. Fig. 13. Drift; on seaweed, Makara Beach, Wellington.
            


          


          

            

[image: Plate II Fig. 4: Endocrypta huntsmani — habit; 4a, portion of colony with medusæ. Fig. 5: Tubiclava rubra — habit; 5a, portion of colony (polyps contracted). Fig. 6: Cordylophora lacustris otagoensis — habit; 6a, hydranth; 6b, planula; 6c, single zooid of new colony. Figs. 7 and 7a: Pelagohydra mirabilis — zooid; Fig. 8: Stomotoca rugosa — habit; 8a, portion of colony with medusæ buds. Fig. 9: Bougainvillia ramosa — habit; 9a, small branch of colony. Fig. 10: Turritopsis nutricula — habit; 10a, portion of colony. Med. Bud., medusa bud.]

Plate II


Fig. 4: 
Endocrypta huntsmani — habit; 4
a, portion of colony with medusæ. Fig. 5: 
Tubiclava rubra — habit; 5
a, portion of colony (polyps contracted). Fig. 6: 
Cordylophora lacustris otagoensis — habit; 6
a, hydranth; 6
b, planula; 6
c, single zooid of new colony. Figs. 7 and 7
a: 
Pelagohydra mirabilis — zooid; Fig. 8: 
Stomotoca rugosa — habit; 8
a, portion of colony with medusæ buds. Fig. 9: 
Bougainvillia ramosa — habit; 9
a, small branch of colony. Fig. 10: 
Turritopsis nutricula — habit; 10
a, portion of colony. 
Med. Bud., medusa bud.


          

          


          


	25
	
              (24) Hydranth body usually longer than stem; gonophores producing free medusæ; colony unbranched or irregularly branched; medusæ at liberation with 4 well-developed tentacles. 
G. Syncoryne.
            


	26
	
              (27) Colony slender, simple or sparingly branched; stem smooth, except for a few annulations at the base and a few corrugations immediately above the branch origins; tentacles 20 to 30; gonophores oval not stalked, and in a cluster on the lower part of the hydranth. Medusa, unknown. 
Syncoryne tenella (Farquhar). Fig. 15. Intertidal: Wellington Harbour; Christchurch area.
            


	27
	
              (26) Colony much branched but with branches almost entirely on one side of the stem; stem annulation irregular, often represented by wrinkling only and seldom present on the tops of the branchlets; hydranth with 20 to 30 tentacles; gonophores on short stems. 
Syncoryne eximia (Allman). Intertidal; rock pools, Oamaru.
            


	28
	
              (13) Hydranths with two or more whorls of tentacles.
            


	29
	
              (32) Hydranths with proximal and distal whorls of filiform tentacles.
            


	30
	
              (31) Colony branched irregularly or unbranched, with a chitinous perisarc and growing from a stolon that usually forms an irregular network; hydranths with distal tentacles in a single whorl; gonophores producing medusoid buds or free medusæ. 
F. Tubularidæ. Gonophores producing medusoid buds that develop into actinulæ and attached by stalks to the body of the hydranth just above the proximal tentacles. 
G. Tubularia. Colonies with stems usually branched and tangled at the base, annulated, but the number and nature of annulations variable; proximal and distal tentacles approximately the same number, about 20; gonophores borne on very short stalks, themselves stalked, the whole forming a dense compact cluster; no radial canals, tentacle processes small, conical. 
Tubularia larynx Ellis and Solander. Fig. 12. Intertidal; Wellington Harbour. Otago Harbour.
            


	31
	
              
(30) Colony an unbranched stem with a distinct chitinous perisarc, and rooted by a true hydrorhiza; hydranths large, distal tentacles in two whorls; gonophore producing free medusæ only. F. Hybocodonidæ
. Stem with distinct annulate expansion just below the hydranth, distal tentacle whorls closely approximated; gonophores attached to hydranths without stalks and





[image: Plate III Fig. 11: Hybocodon prolifer — habit; 11a, single hydranth. Fig. 12: Tubularia larynx — habit; 12a, hydranth with gonophores; 12b, actinula; 12c, female gonophore. Fig. 13: Coryne vaginata — habit; 13a, basal portion of colony. Fig. 14: Pennaria australis — habit; 14a, portion of branch. Fig. 15: Syncoryne tenella — habit; 15a, hydranth with medusæ buds. Fig. 16: Staurocladia hodgsoni — habit; 16a, hydranth with medusa bud. Plan., planula: Cap, Tent., capitate tentacles.]

Plate III


Fig. 11: 
Hybocodon prolifer — habit; 11
a, single hydranth. Fig. 12: 
Tubularia larynx — habit; 12
a, hydranth with gonophores; 12
b, actinula; 12
c, female gonophore. Fig. 13: 
Coryne vaginata — habit; 13
a, basal portion of colony. Fig. 14: 
Pennaria australis — habit; 14
a, portion of branch. Fig. 15: 
Syncoryne tenella — habit; 15
a, hydranth with medusæ buds. Fig. 16: 
Staurocladia hodgsoni — habit; 16
a, hydranth with medusa bud. 
Plan., planula: 
Cap, Tent., capitate tentacles.





producing free medusæ. 
G. Hybocodon. Stem appears longitudinally striped as cænosarcal canals show through perisarc; perisarc enlarging near hydranth into collar-like swollen rings; distal tentacles with about 16 in each whorl. 
Hybocodon prolifer (Nutting)
*. Figs. 11, 22. Intertidal; rock pools, Antipodes Is.

            


	32
	
              (29) Hydranths with whorls of two different types of tentacles.
            


	33
	
              (34) Hydranths with scattered distal capitate tentacles usually in a series of whorls, and with a whorl of proximal filiform tentacles; gonophores producing free medusæ. 
F. Pennaridæ. Colony large, much branched, often with distinct pinnate or twice pinnate arrangement; hydranths with large proboscis, well supplied with whorls of capitate tentacles; gonophores on hydranth body just above proximal tentacles; medusæ often mature when liberated. 
G. Pennaria. Stem with regular alternating ascending pinnæ. stem slightly ringed above the origin of the pinnæ; pinnæ with a few spiral turns at the base, smooth throughout the rest of their length; hydranths with 7 to 12 distal filiform tentacles, and 9 to 14 capitate (4 usually about the proboscis). 
Pennaria australis Bale (
P. Rosea Von Lendenfeld). Figs. 14, 21. Intertidal; Auckland Harbour.
            


	34
	
              (33) Hydranths with one or more whorls of distal capitate tentacles and a proximal whorl of stiff falsely filiform tentacles, probably tactile in function; gonophores produce free medusæ. 
F. Staurididæ. Stems giving rise to a single hydranth with conical proboscis, single whorl of capitate and false tentacles; medusæ formed between capitate and false tentacles; 
G. Staurocladia. Capitate tentacles 3 in number, and 6 stiff false tentacles; 1 or 2 medusæ buds formed on body of hydranth at one time; medusæ liberated with 6 bifurcated tentacles and 6 (indistinct) radial canals; upper branch of tentacles carries single nematocyst cluster. 
Staurocladia hodgsoni (Browne). Fig. 16. Intertidal; Island Bay, Wellington.
            


        

        

          
The Medusæ of the Athecate Hydroids

          

            
The first thing that will be noticed in the key which follows, is that the determination of the family is rather different from that of the hydroids. This is because the hydroids and medusæ are usually treated as separate entities, and there is no common or single key to the hydroids and medusæ of either the Athecate or Thecate groups. Just to add to the difficulties, very similar medusæ are budded off from quite different hydroids, and vice versa. Because of these difficulties the medusa generation may bear a different name from its hydroid, e.g. the medusa of the hydroid genus 
Syncoryne is referred to in the literature under the generic name of 
Sarsia.

            
A typical medusa from an Athecate hydroid (Fig. 18) resembles in form a deep bowl, and this is termed the 
bell or 
umbrella. The outer surface of the bell is called the 
exumbrella or 
aboral surface, and the inner concave side the 
sub-umbrella or 
adoral surface. The mouth of the medusa



is carried on a protuberance (
manubrium) pendant from the sub-umbrella surface. The manubrium leads into a stomach or 
gaster in the central region of the bell. From the gaster run 
radial canals. These join with a canal that encircles the margin of the bell (
circular canal). Tentacles of various form are found on the bell margin. Sense organs in the form of eye spots (
ocelli) may be present on the tentacle bases or the bell margin. A circular shelf of tissue (
velum) projects inwards from the bell margin. The velum assists in swimming movements as it contains a highly developed muscle band. The gonads are borne on the manubrium. The terms used above are also applicable to medusæ budded from Thecate hydroids, but the latter differ in having a much shallower bell, sense organs that are balancing in function (
statocysts) and gonads borne on the radial canals.

          

          

            

              
Technique
            

            
Inevitably a certain amount of distortion of delicate tissues takes place, even with very careful manipulation, during killing and fixing, so where possible full notes should be taken of shape, colour, etc., before preservation is attempted. Again, as with the hydroid, it is desirable to narcotise the medusa so that it can be killed and fixed in an expanded condition. Place the medusa in a beaker of fresh sea-water and leave to expand. Narcotise with 50% alcohol or magnesium chloride in sea-water. Add a few cc. at a time with a pipette. Keep the water in motion with a glass rod. (Sometimes the gentle bubbling of coal gas through the water acts as a good narcotic.) When narcotised, add a 5% solution of formalin in sea-water, still keeping the water in motion. For storage, increase the strength of the formalin to about 10%. Most medusæ are satisfactorily narcotised, fixed and preserved by this method. A degree of patience is needed, however, as some medusæ take several hours to narcotise. Under certain field conditions narcotisation may be impracticable and a fairly good kill and fix can be obtained by simply adding the 5% formalin solution to the water containing the medusa. Medusæ also stain well with acetic-acid-alum carmine if permanent whole mounts of small forms are desired.

            
It has not been possible in all cases to draw the figures from specimens. Figures have been re-drawn as follows: Figs. 8, Rees and Russell; 17 and 19, Kaberry (unpublished thesis); 21, Von Lendenfeld; 22, 24 and 25, Mayer; 23, Dendy.

            
A basic reference for medusæ is ‘The Medusæ of the World’ (three volumes) by Alfred G. Mayer, Carnegie Institute, Washington, 1910.

          

        

        

          
Key to the Medusæ of the Athecate Hydroids

          


	1
	
              (4) Marginal tentacles branching dichotomously or complexly, upper branches bearing nematocyst batteries and the lower branch or branches no nematocyst batteries but a suctorial disc at the distal end. Gonads ring-like, or segregated on the inter-radial and adradial sides of the manubrium. 
F. Cladonemidæ.
            


	2
	
              (3) Medusæ adapted for crawling or walking; no oral tentacles; gonads



well developed in inter-radial pockets round the stomach; radial canals usually 6; tentacles numerous, and give rise to a single sucker-bearing and single nematocyst-bearing branch; tentacles increasing in number with age and not corresponding to the number of radial canals, upper branch with several clusters of nematocysts in addition to the terminal cluster; thick nematocyst ring under bell margin. 
G. Staurocladia. Bell shallow saucer shape, wider than it is high, diameter 1.6 to 3.0 mm.; 6 radial canals in juveniles and in medusæ possessing gonad pouches, oldest medusæ with up to 8 radial canals some of which may be branched; tentacles up to 32 in number, with nematocyst clusters on lateral sides of upper branch of tentacle and about 8 in number; 6 gonad pouches. 
Staurocladia hodgsoni (Browne). Intertidal rock pools among seaweed (
Ceramium), Island Bay, Wellington.
            


	3
	
              (2) Medusæ adapted for crawling or walking; 4 to 6 oral tentacles terminating in nematocyst knobs; mature gonad forms protrusions round the manubrium; 4 or 5 or more bifurcated radial canals, or 8 to 10 or more simple canals or with some bifurcated and some simple: tentacles give rise to sucker-bearing or nematocyst-bearing branches or both: approximately the same number of tentacles as radial canals; no nematocyst ring under bell margin. 
G. Cladonema. Bell rounded in form, diameter 2-3 mm.; manubrium long and mobile with 6 short oral tentacles each with prominent nematocyst head: radial canals usually 9, some of which may be branched; tentacles usually 9; 5 to 6 stinging branches of approximately equal length and 3 to 5 sucker-bearing branches; gonad, 6 rounded protuberances on manubrium approximately mid-way between mouth and gaster. 
Cladonema novæ-zelandiæ n. sp.
* Fig. 20. Rock pools, Island Bay, Wellington. Differs from 
C. californica Hyman to which it is most nearly related in having up to 4 more stinging branches and 2 more sucker-bearing branches. Hydroids of both species unknown.
            


	4
	
              (1) Marginal tentacles not branched.
            


	5
	
              (14) No oral tentacles or oral lips.
            


	6
	
              
(7) Marginal tentacles in four clusters radial in position; gonad ring-like, encircles stomach; 4 unbranched radial canals. F. Margelopsidæ
. Five





[image: Plate IV Fig. 17: Stomotoca rugosa. Fig. 18: Turritopsis nutricula. Fig. 19: Neoturris vesicaria. Fig. 20: Cladonema novæ-zelandiæ n. sp. — half-grown medusa; 20a, stomach and gonad pouches viewed from above; 20b, side view of manubrium and gonad pouches. Fig. 21: Pennaria australis. Fig. 22: Hybocodon prolifer. Fig. 23: Pelagohydra mirabilis. Fig. 24: Sarsia eximia (hydroid known as Syncoryne eximia). Fig. 25: Bougainvillia ramosa. Bell., bell; C.C., circular canal; Ex. Umb., exumbrella surface; Gon., gonad; Man., manubrium; OC., ocelli; O.L., oral lip; R.C., radial canal; Stom., stomach; S. Umb., sub-umbrella surface; Tent., tentacles; V., velum.]

Plate IV


Fig. 17: 
Stomotoca rugosa. Fig. 18: 
Turritopsis nutricula. Fig. 19: 
Neoturris vesicaria. Fig. 20: 
Cladonema novæ-zelandiæ n. sp. — half-grown medusa; 20a, stomach and gonad pouches viewed from above; 20b, side view of manubrium and gonad pouches. Fig. 21: 
Pennaria australis. Fig. 22: 
Hybocodon prolifer. Fig. 23: 
Pelagohydra mirabilis. Fig. 24: 
Sarsia eximia (hydroid known as 
Syncoryne eximia). Fig. 25: 
Bougainvillia ramosa. 
Bell., bell; C.C., circular canal; 
Ex. Umb., exumbrella surface; 
Gon., gonad; 
Man., manubrium; OC., ocelli; O.L., oral lip; R.C., radial canal; 
Stom., stomach; 
S. Umb., sub-umbrella surface; 
Tent., tentacles; V., velum.





tentacles in each marginal cluster arising from a large basal bulb; 2 large tentacles, 2 small tentacles and a median very small tentacle. 
G. Pelagohydra. Monospecific. 
Pelagohydra mirabilis Dendy. Fig. 23. Description based on medusæ still attached to parent hydranth.

            


	7
	
              (6) Tentacles separate, not in clusters; gonad ring-like encircling the manubrium; 4 to 6 simple unbranched radial canals; ocelli, when present, on the outer sides of the tentacle bulbs. 
F. Codonidæ.
            


	8
	
              (13) Tentacles well developed.
            


	9
	
              (12) Four tentacles of equal length in the radial position.
            


	10
	
              (11) Four long, simple, equally developed tentacles; manubrium tubular; ocelli present on each tentacle bulb. 
G. Sarsia. Bell oval, with thick walls; 4 tentacles with large basal bulbs and eye spots; gonads encircle manubrium from gaster to mouth. 
Sarsia eximia Boehm. Fig. 24. Oamaru Harbour.
            


	11
	
              (10) Four equally developed tentacles, about half the diameter of the bell at the time of liberation and each with a distinct cap; no ocelli. G. 
Endocrypta. Bell, nearly globular in shape, with extensive velum; manubrium may reach to the opening of bell or beyond, and is greater in diameter at base than at extremity; umbrella extensively pitted; gonads not observed. 
Endocrypta huntsmani (Fraser). Fig. 4. None so far observed free from branchial cavity of tunicate in which parent colony lives.
            


	12
	
              (9) Tentacles not of equal length; bell asymmetrical; 1 to 3 long tentacles at foot of the long radial canal and 3 small or rudimentary, 1 each at base of other radial canals. G. 
Hybocodon. Four radial canals and 5 superficial orange-coloured meridional bands; 1 to 3 long tentacles that may bud other medusæ from the base, and these in turn may bear other medusæ; 3 rudimentary tentacles mere basal bulbs. 
Hybocodon prolifer (Nutting). Fig. 22. Known only from hydroid.
            


	13
	
              (8) Tentacles rudimentary; 4 permanently rudimentary tentacles which are reduced to mere basal bulbs. G. 
Pennaria. Bell, slender, oval; 4 large rudimentary tentacle bulbs with a minute external ocellus upon each; manubrium with sperm or ova fills the entire cavity of the sub-umbrella; ova discharged after medusæ set free. 
Pennaria australis Bale. Fig. 22. Known only from hydroid.
            


	14
	
              (5) Mouth with oral lips or oral tentacles or both.
            


	15
	
              (18) Oral lips present, but no oral tentacles; 4 unbranched radial canals; tentacles hollow; ocelli on outside of tentacle bulbs when present. 
F. Pandeidæ.
            


	16
	
              (17) Two well-developed and many rudimentary tentacles; external surfaces of the adradial gonads thrown into folds. 
G. Stomotoca. Bell, deep hemisphere, with relatively straight sides, solid apical projection, 2 long marginal tentacles, and 14 small rudimentary tentacles; manubrium four-sided; 4 recurved oral lips; stomach wall folded and ridged; gonads on wall of



stomach. 
Stomotoca rugosa (Mayer). Fig. 17. Cook Strait. Hydroid not known for N.Z.
            


	17
	
              (16) Four or more tentacles; 4 inter-radial, horseshoe-shaped gonads on the stomach wall, composed of more or less fused ridges or network-like swellings; completely separated in the 4 principal radii. 
G. Neoturris. Bell with large solid apical projection of variable shape; 16 well-developed tentacles with quite large basal bulbs flattened in a radial direction; abaxial ocellus on each bulb; also when fully grown, 48 very short rudimentary tentacles arising at a lower level on the bell margin than the long tentacles; 4 radial canals with funnel-like openings into the stomach; no stalk on the manubrium; 4 prominent crenulated oral lips; 4 gonads with outer surface thrown into complex folds. 
Neoturris vesicaria A. Agassiz.
* Fig. 19. Hydroid unknown. Cook Strait.
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              (15) Oral lips present and oral tentacles or nematocyst knobs on the lips; 4 unbranched radial canals; tentacles solid; ocelli when present on the inner side of the tentacle. 
F. Margelinæ.
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              (20) Eight or more filiform marginal tentacles; walls of radial canals above stomach formed of vacuolated cells forming a stalk-like base for the stomach; oral lips with row of nematocyst-bearing knobs; ocelli present at tentacle bases. G. 
Turritopsis. Bell, slightly pear-shaped; 40 to 70 simple marginal tentacles; 4 masses of vacuolated cells at base of manubrium; gonads developed on the side of stomach. 
Turritopsis nutricula McCrady. Fig. 18. Wellington Harbour and Cook Strait.
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              (19) Marginal tentacles filiform, grouped in 4 radial clusters; walls of radial canals not vacuolated; oral tentacles present and dichotomously branched at some distance above the mouth rim and with terminal clusters of nematocysts; ocelli present at tentacle bases. G. 
Bougainvillia. Bell, high, dome-shape; 4 marginal bulbs with 16 to 20 tentacles; manubrium 4-sided, urn-shaped; oral tentacles branched dichotomously 6 to 7 times; gonads 8. 
Bougainvillia ramosa Van Beneden. Fig. 25. Known only from hydroid.
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