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keywords. Keywords should be carefully chosen to enable retrieval of your article from an information system. Use the whole article, not just the title and abstract, for deriving keywords.
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Editorial
        

        
We regret that it is now some two years since the previous issue of 
Tuatara (Volume 30) appeared. Our plans to have an annual volume containing many pages of articles did not materialise, because we have had insufficient articles to publish a new issue until recently. We appreciate the patience and loyalty of our subscribers and hope that a ready supply of first-rate articles will soon be forthcoming for our next issue!
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Visual Predation by Tuatara (
Sphenodon Punctatus) on the Beach Beetle (
Chaerodes Trachyscelides) as a Selective force in the Production of Distinct Colour Morphs
          
        

        
by 
V. Benno Meyer-Rochow

* and 
Katrina L. Teh


Department of Biological Sciences, University of Waikato, Private Bag, Hamilton, New Zealand

        

          

            
Abstract
          

          
In order to demonstrate how natural selection could have influenced the proportions of colour morphs on black and white sandy beaches in the polychromatous beetle 
Chaerodes trachyscelides, we carried out feeding experiments, with the tuatara 
Sphenodon punctatus as the predator, under different ambient light conditions and black and white backgrounds. At light levels below 0.03 lux the tuatara began to make significantly more errors in the uptake of black beetles from a black background, when contrasted with black beetles on a white background or white beetles on a black background. By placing beetles into stoppered test-tubes, stimuli other than vision (e.g. olfaction, sound, vibration) were virtually eliminated and it was shown that vision is of paramount importance to the tuatara during the hunt for food. The lowest intensity that the tuatara was found to still make attacks, albeit with numerous misses, on black and white beetles in white and black dishes, respectively, was at 0.00615 lux — a figure approximately 1/50 that of full moonlight. Under totally dark conditions no reaction to prey, using infrared viewing equipment, was noticed.

          

Key words: Tuatara (
Sphenodon punctatus), Coleoptera (Tenebrionidae, 
Chaerodes trachyscelides), Polymorphism/polychromatism, natural selection, predation and feeding behaviour, evolution, vision.

        

        

          

            
Introduction
          

          

            
Stearns (1986) in a recent review on natural selection and fitness, adaptation and constraint, lists as the three necessary conditions for natural selection to have



an evolutionary effect that (a) the trait under selection must be heritable in a broad sense (b) the entities must vary with regard to the trait and (c) this heritable variability must be associated with differential reproductive success.

            
As usually more than a single trait at any one time in a given population of conspecific individuals is variable and more than one selective force operates on that population, any experimental approach is fraught with difficulty — unless one can justify the reduction of both the number of variable traits and the selective forces to a minimum. The apparent success of industrial melanism in certain British moths in face of predation by birds (Kettlewell, 1965) is one such famous example, but we believe the interactions between the polychromatous beach beetle 
Chaerodes trachyscelides (Fig. 1) and the predatory tuatara 
Sphenodon punctatus (Fig. 3) here in New Zealand offer as excellent an example as any, to explain how selective pressure under natural conditions operates and how, in this particular case, it can lead to the production of localized sub-populations of differently coloured beetle specimens (Figs. 1 & 2).

            
Although the beetle 
Chaerodes trachyscelides today is much more widespread in New Zealand than the tuatara, tuatara and beetle species do occur in the same habitat. From studies of the natural history of the tuatara by Walls (1981) it is well known that of the prey groups consumed by tuatara, beetles and wetas were almost constant dietary components and appeared to have been preferentially selected for. Since predator and prey are involved in an evolutionary race, with the prey becoming more difficult to catch and eat and the predator perfecting its powers of search, pursuit, capture, and killing (Taylor, 1945) it seemed an interesting exercise to examine how successful tuatara would be in the uptake of white and black 
Chaerodes trachyscelides beetle morphs on white and black backgrounds under different ambient light levels. The following brief characteristics introduce the two actors in this controlled drama of predator and prey on stage in the experimental dark room of Waikato University.

          

          

            
The predator: Sphenodon punctatus (Fig. 1)

            
The tuatara is one of the most archaic and unspecialized reptiles in existence (Robb, 1977). From fossil remains it is evident that its rhynchocephalian ancestors were around 200 million years ago and that in the past they occurred in Europe, Asia, America, South and East Africa and, thus, are likely to have predated the beetle used in this study, as holometabolous insects did not really “take off” until about the Cretaceous.

            
Tuatara once lived in many parts of New Zealand from North Cape to Bluff, but are now confined to about 30 islands off the coast of New Zealand where they frequently co-exist with seabirds like shearwaters, prions, and diving petrels. According to Hazley (1982) 
Sphenodon has been forced into a nocturnal way of life because its food is nocturnal, but there could have been, and probably were, other reasons like temperature, water balance, etc. While insects are its main diet it has been observed to catch and eat shore skinks and geckos (Thorensen, 1967 cited in Robb, 1977) and feathers and bones of seabird chicks have been found in tuatara faecal pellets (Dawbin, 1962).

            
In totally dark conditions young (Meyer-Rochow, 1988) and mature (Wojtusiak, 1973) tuatara do not react to prey, suggesting that vision is the dominating sense in prey detection. Though the large eyeball in itself and the type of “vertical slit’ pupil are not necessarily characteristic of an exclusively nocturnal animal but rather of one that forages at night and at other times also utilizes bright sunshine (perhaps for basking), the retina of the tuatara has been reported to be rod-dominated as expected for a nocturnal feeder (Walls, 1942). An ultrastructural investigation of the retina, presently being undertaken by Collin and Meyer-Rochow, should



determine the proportions of single, twin, and dwarf cones which Underwood (1970) after “careful scrutiny of Walls’ excellently fixed material” claims also exist in the retina of the tuatara.

          

          

            
The prey: Chaerodes trachyscelides (Figs. 1 & 2)

            

Chaerodes trachyscelides is a flightless, tenebrionid beetle, approximately 7 mm long, which is widely distributed in New Zealand on sandy ocean beaches (Somerfield, 1966). There is no sexual dimorphism, but the species is polymorphic with regard to colouration. On black beaches, for example iron sand at Raglan (New Zealand west coast, North Island) the beetle's elytra are brown-black, while on the white beaches, like for example, Whangamata (New Zealand east coast, North Island) they are creamy-white. Spotted and mottled forms occur on beaches of intermediate sand type or, in smaller numbers, together with the uniformly coloured ones.

            
During the daytime, the beetles irrespective of their colour, are found under piles of seaweed up to 30 cm below the sand surface. They can be seen on the sand surface at night. The only obvious difference in the habitat of the black and white populations of 
Chaerodes trachyscelides appears to be the colour of the surrounding sand and not in the overall biology or life style of the beetles. Slightly more sensitive eyes were found in black individuals by Meyer-Rochow and Gokan (1988), which was regarded as a consequence of the greater attenuation of light in black sand. Structurally, however, the photoreceptors of black and white colour morphs were virtually identical.

            
Predation of conspicuously coloured individuals has been suggested by Meyer-Rochow and Gokan (1988) as the major force in producing the distinct polychromatism, but the two authors did not provide any factual evidence for their notion. The colour polymorphism in this beetle, irrespective of its evolutionary origin, is likely to be enhanced by the restriction of gene flow from population to population due to the low mobility and limited range of the beetle (
Chaerodes trachyscelides is flightless and can exist only in a narrow band of seashore, where physical conditions like humidity of the sand, salinity, temperature, sand grain properties, slope etc. are just right).

          

        

        

          

            
Materials and Methods
          

          
Two juvenile tuatara were obtained from Victoria University of Wellington where they were hatched in April 1987. Throughout all experimental observations they were left in their usual habitat. This consisted of a 30 × 40 cm terrarium containing soil, leaf litter, a rock, a piece of bark, and a water dish. At the time of the experiment the tuatara were approximately 10 cm long. The results from only one tuatara (the same male in all observations) were used as this animal seemed tamer than the other one and also did not become satiated as quickly as the second individual. Satiation levels were determined well before the onset of any experimental series, so that by staying well below satiation level we were able to eliminate satiation as a complicating factor from the experiment.

          
Beetles had been dug up from under seaweed piles during midday on the coasts of Whangamata (white sand beach) and Raglan (black sand beach) and transferred by hand with some of the sand from the collecting site into white plastic containers. The beetles were kept in large lidded buckets in a room with a constant temperature of 13°C. Black or white beetles, one at a time, were presented to the tuatara under different light intensities on a black/white sectored flat dish and separate black and white dishes measuring 9.2 cm in diameter. Under very dim lights the reactions



of the tuatara to the prey was observed through an infra-red viewer. The following situations were each tested 10 times at 8 different light intensities, namely 200, 4.5, 2.25, 0.5, 0.125, 0.03, 0.0125 and 0.0062 lux:

          


	1.
	
              white beetle on a white dish (w/w)
            


	2.
	
              white beetle on a black dish (w/b)
            


	3.
	
              black beetle on a white dish (b/w)
            


	4.
	
              black beetle on a black dish (b/b)
            


          
The first three light intensities were measured directly using a high performance photometer, but for the dimmer light levels under which the tuatara could operate, sophisticated photomultiplier equipment, in connection with computer processing, would have been required as conventional selenium-based photometers give no, or only highly inaccurate, readings under such conditions. Without the bulky and costly photomultiplier equipment, the second best was the photographic method. This method is based on the facts that at each increasing F-stop the amount of light admitted is halved and that a doubling of the duration of light-exposure corresponds to the widening of the aperture by one F-stop. For example: a 2-second exposure at F 2.8 admits the same amount of light as a 4 second exposure at F 5.6. However, considering a 2-second exposure at F 5.6 would have halved the amount of light, a 2-second exposure at F 11 would have reduced the light amount to 1/4, at F 22 to 1/8 etc. Using the human eye to match identical shades of grey in a series of photographs allows us to calculate the amount of light for each setting, provided that we can measure one or more of the brighter light levels accurately with a photometer. It is, of course, essential that film type, paper grade, developing and fixation times remain identical for the entire series of measurements.

        

        

          

            
Results
          

          
For each of the first measurements (200 lux to 0.125 lux) every attack on a beetle, in each experimental situation, was successful the first time the attack was made, e.g. for w/w in 0.125 lux the tuatara successfully attacked and seized the beetle the first time the attempt was made for each of the 10 tests. The same applies to w/b, b/w, and b/b.

          
At 0.03 lux every attack on a beetle was successful with the first attempt in each situation except for b/b. For b/b the tuatara tended to miss the beetles, on average three times, before actually succeeding in seizing it.

          
At 0.0125 lux, for each situation, no attempt on a beetle was successful the first time. For w/b there was an average of 1.8 misses; b/w recorded 3.2 misses; w/w scored 4.9 misses and b/b had 6.1 misses.

          
At 0.00625 lux for w/w and b/b no real attack on a beetle during any test was recorded. The tuatara remained motionless, seemingly unaware of any prey nearby. Under the more contrasty conditions of w/b and b/w no first attempted attack on a beetle was successful.

          
In total darkness (see also Meyer-Rochow, 1988) no feeding attempt whatsoever was observed under any of the experimental conditions, suggesting that the tuatara reacted to the introduction of prey purely visually and that olfaction or sound were not involved.

          
The results of the attacks on beetles of different colouration on black or white dishes under various light intensities by tuatara are summarized and presented in tabulated form (Table 1).

          
In order to test the hypothesis that 
visual discrimination guides prey detection and selection in the tuatara, we carried out three additional series of experiments. In the first we offered the tuatara a choice between a mealworm and a beetle of similar colouration under 200 lux of light. In 8 out of 10 trials the tuatara



ignored the crawling beetles and attacked the mealworm. We then placed a beetle into a stoppered test-tube and offered that, on its own, to the tuatara about 5 cm away from it. The tuatara reacted in the characteristic fashion, approached the prey in the usual way and each time attempted to seize the beetle. In the third trial series a mealworm and a beetle were placed into separate stoppered test-tubes, which were then placed in a dish approximately 5 cm away from the tuatara. As previously recorded when mealworm and beetle were not confined to the glass tube, the tuatara turned to the beetle very briefly on only one occasion, but in all other tests turned to the mealworm instead and tried to seize it.

        

        

          

            
Conclusion and Discussion
          

          
The experimental results support the hypothesis that polychromatism could increase phenotypic survival in the face of visual predation, first recognized by Poulton (1890, cited in Croze, 1970) and that natural selection may have been responsible for the perfection of some colour polymorphism in the beach beetle 
Chaerodes trachyscelides. In combination, all observations suggest that vision is of paramount importance to the tuatara. The tuatara can and does discriminate between food items. Its detection depends on environmental brightness and contrast between prey item and its background. If contrast is high, then food uptake is possible down to light intensities of at least 0.00615 lux. Full moon, in comparison, has a light intensity of approximately 0.2-0.3 lux, but moonlight intensity does not drop linearly with the decrease in reflecting surface area of the moon phases, so that at third quarter, for example, moonlight is only 1/10 as bright as full moonlight (Jackson, 1951).

          
Colour polymorphism and differently coloured sub-populations in a species are phenomena that can be encountered in most animal phyla (Drake, 1966). Mettler and Gregg (1969) address the question of the various selective forces leading to colour polymorphism and its maintenance in the snail 
Cepaea. Cain and Sheppard (cited in Mettler and Gregg, 1969) found a connection between the phenotypic composition of the population of 
Cepaea and the kinds of habitats they lived in. The commonest varieties were the least conspicuous in their habitat.

          
Predation of conspicuously coloured individuals, in the case of 
Cepaea and the famous melanic forms of various British moths, e.g. 
Biston betularia (Kettlewell, 1965), by birds, emerged as one of the major selective forces “preventing” as Abercrombie et al. (1980) put it “change in some directions … producing evolutionary change in other directions”. It now seems possible that predation by a nocturnal and visually-guided predator like the tuatara could be responsible for the fact that black beaches in New Zealand are populated by black morphs of the beetle 
Chaerodes trachyscelides, whereas white beaches are dominated by white colour morphs. The tuatara in this context does, of course, not mean that it is the only predator of the beach beetle, but rather is used as an example of one known predator for which we have real data. If temperature as in the intertidal snail 
Nucella lapillus (Etter, 1988) was a major selective force, one would have expected white beetles of high reflectivity to be more common on the extremely hot black sand, whereas on white sand this would have been of lesser importance.

          
Our results clearly demonstrate the difference in the degree of ease with which white beetles on a black background are detected and eliminated by predation in comparison to, for example, black beetles on a black background. Black beetles on white sand and white beetles on black sand are more conspicuous than matching colour pairs throughout the period of twilight and in the apparent absence of other adaptations, such as differences in crawling and digging speeds and differences in the beetles’ sensory system to detect the approach of a predator, would fall prey more easily than forms matching the background in body colouration. Tuatara,



in turn, may learn to preferentially feed on conspicuously coloured individuals even if they can see the others, simply because fewer seizing attempts and, thus, less energy are required in making a successful strike.

          
Darwin (1975) has suggested that if a carnivorous or herbivorous animal is to be modified, it will almost certainly be modified in relation to its prey or food or in relation to the enemies it has to escape from. This is true not only in the case of the colour morphs of the beach beetle (which are likely to be preyed upon by birds and skinks as well), but also for the tuatara. The tuatara is fairly well camouflaged in its natural habitat and according to Croze (1970) predators have special behaviour patterns which seem to enhance their camouflage, like remaining completely motionless, waiting for prey to move into their vicinity. To some extent this is true for the tuatara and it would have been nice to know if tuatara populations near or on dark surfaces are of darker colouration than those living on islands with white or lighter substrates.

          
Our results underscore Dawbin's (1962) suggestion that detection of food by tuatara seems to depend mainly on sight and confirms earlier observations by Wojtusiak (1973) and Meyer-Rochow (1988) that no food detection in adult and juvenile tuatara, respectively, takes place in totally dark conditions. The light levels our tuatara still operated under were considerably lower than those prevailing at full moon and even quarter moon, which suggests that background illumination from stars may be sufficient for tuatara to hunt. The tuatara's well-known extremely low temperature preferendum may work in favour of its eyes' sensitivity, for Aho et al. (1988) were able to show that in the toad 
Bufo the behavioural threshold was about 1/8 that of a human and that a film link existed between thermal events at a molecular level and their behavioural consequences.

          
Because of a lack of electron microscope studies of the retina of the tuatara and a lack of optical and electrophysiological data, the anatomical or physiological basis of this extraordinarily high light sensitivity is not yet entirely clear. Conflicting reports exist on the presence and proportions of rods, single, twin, and dwarf cones in the tuatara retina (Underwood, 1970), which is why we have recently begun to examine the retinal ultrastructure (Collin and Meyer-Rochow, in preparation). Olfaction, though clearly of no importance in our trials, according to Walls (1981) may be responsible for the observed uptake of petrel eggs and carrion by tuatara. However the assertion by the same author that the tongue which manipulates prey in the tuatara's mouth, was not physically important during the actual capture of prey, could not be confirmed by us. We clearly saw and photographed (Fig. 3), the extension of the tongue during food uptake, but in all other phases of the feeding process, e.g. initial approach, cocking of the head, the darting grab followed by slow chewing and swallowing, we agree with previous authors (Dawbin, 1949, 19962; Walls, 1981).
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Table
              
              

                
	
                  
Light intensity
                
                
	
                  
No. of trials
                
                
	
                  
Mean number of misses before successful capture
                
                
	
                
	
                
	
              

              

                
	
                  
(lux)
                
                
	
                
	
                  
w/w
                
                
	
                  
w/b
                
                
	
                  
b/w
                
                
	
                  
b/b
                
              

              

                
	200.000
                
	10
                
	0
                
	0
                
	0
                
	0
              

              

                
	4.500
                
	10
                
	0
                
	0
                
	0
                
	0
              

              

                
	2.250
                
	10
                
	0
                
	0
                
	0
                
	0
              

              

                
	0.500
                
	10
                
	0
                
	0
                
	0
                
	0
              

              

                
	0.125
                
	10
                
	0
                
	0
                
	0
                
	0
              

              

                
	0.030
                
	10
                
	0
                
	0
                
	0
                
	2.8±1.3
              

              

                
	0.0125
                
	10
                
	4.9+1.0
                
	1.8+0.8
                
	3.2+1.0
                
	6.1+1.2
              

              

                
	0.0062
                
	10
                
	−
                
	4.3+1.3
                
	4.2+1.4
                
	−
              

              

                
	0.0000
                
	10
                
	−
                
	−
                
	−
                
	−
              

              

                
	“-” indicates that no attempt whatsoever was made to attack and seize the prey.
                
	
                
	
                
	
                
	
                
	
              

            

          

          


          

            

[image: Fig. 1. Photograph, taken from colour slide, showing two white and two black beetles on white sand.]

Fig. 1. Photograph, taken from colour slide, showing two white and two black beetles on white sand.


            

[image: Fig. 2. Photograph, taken from colour slide, showing two white and two black beetles on black sand.]

Fig. 2. Photograph, taken from colour slide, showing two white and two black beetles on black sand.


            

[image: Fig. 3. Tuatara seizing a beetle with its tongue from the white sector of the experimental dish.]

Fig. 3. Tuatara seizing a beetle with its tongue from the white sector of the experimental dish.
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Abstract
          

          
Nesting activity of a rare species of tuatara 
(Sphenodon guntheri) was observed on North Brother Island, Cook Strait, New Zealand, during 9-11 November 1989. Thirty-three nest-diggings were observed on sunny, unvegetated sites, especially on walking tracks. Three females were observed digging nests at night, but no completed nests or nest-guarding females were seen. Forty-one adult female tuatara were given an injection of oxytocin (1 IU/100 g body weight) to induce oviposition of eggs for captive incubation. Eight females (19.5%) laid eggs in response, suggesting that as in the more common species 
S. punctatus, individual female 
S. guntheri do not nest each year. Adult female 
S. guntheri are smaller than are female 
S. punctatus on nearby Stephens Island and have a smaller mean clutch size (X ± 1 SE = 6.5 ±0.6 eggs). However, the mean weight of freshly oviposited eggs of 
S. guntheri (4.9 ± 0.2 g) is similar to that of 
S. punctatus on Stephens Island.
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Introduction
          

          
Tuatara survive on about 30 islands off the New Zealand coast (Daugherty et al., 1990), and until recently all populations were regarded as belonging to the species 
Sphenodon punctatus. The population on tiny (4 ha), windswept North Brother Island in Cook Strait was once recognised on morphological grounds as a separate species, 
Sphenodon guntheri, by Buller (1877). This and other described species of tuatara were later reduced to sub-specific status by Wermuth and Mertens (1977), although Dabwin (1982) regarded even these sub-specific rankings as of no biological significance. M.
B. Thompson et al. (unpubl. obs.) surveyed the North Brother Island population in 1988 and estimated that about 300 adults were present; seven juveniles were also observed, indicating that successful breeding was occurring.

          
Recently, we examined the variation in blood allozymes among 24 populations of tuatara, and found the population on North Brother Island to be sufficiently genetically distinct from all others that we recommended it be reinstated as the species 
S. guntheri (Daugherty et al., 1990). The presence of lighthouse keepers has deterred illegal landings and possible tuatara poaching or rodent introduction on North Brother Island since 1877, but automation of the lighthouse in mid–1990 makes this species more vulnerable to possible extinction. We therefore embarked on a captive egg incubation programme that aims to raise juveniles of this species in captivity in order to found new wild and captive populations. While collecting eggs for this programme, we made the following observations on nesting activity and oxytocin-induced oviposition on North Brother Island. These observations increase our knowledge of the natural history of 
S. guntheri and are useful for future management.

        

        

          

            
Methods
          

          

            
Study area

            
North Brother Island (174° 27′ E, 41° 07′ S; Fig. 1) lies in eastern Cook Strait about 35 km northwest of Wellington and 43 km northeast of Picton. It is bounded



by precipitous cliffs on the western, southern and eastern flanks and rises to a height of 79 m. The northern face, although steeply-sloping, is the most accessible on the island. It consists of bare rock and low coastal vegetation (primarily taupata = 
Coprosma repens, and iceplant = 
Disphyma australe). Tuatara are most abundant on this face. The southwestern face is also steep but accessible, but is heavily burrowed by nesting seabirds and few tuatara are found in this area. The island has been a manned lighthouse station since 1877, and in addition there are walking tracks, a railway track, a helicopter pad and several buildings on the island.

          

          

            
Observations on nesting activity

            
We visited the island from 9-12 November 1989. Nesting of 
S. punctatus on Stephens Island (about 62 km to the northwest) is concentrated between early November and mid-December (
A. Cree, L.J. Guillette Jr and M.
B. Thompson, unpubl. obs.), and nesting has been observed during the same time on North Brother Island (M.
B. Thompson et al., unpubl. obs.; B. Blanchard, pers. comm.). Air temperature at 2100 h NZ Standard Time and total rainfall during our visit were obtained from the resident lighthouse keepers and the New Zealand Meteorological Service.

            
The distribution of tuatara nesting sites on all accessible parts of the island above the cliff edges was noted by one of us (AC) on 9-10 November 1989. On Stephens Island, nesting 
S. punctatus spend several nights or weeks digging a nest chamber in the soil. Nest diggings can be recognised as distinct from seabird or tuatara burrows by their shallow width (about 8-10 cm) and depth (often 10 cm or less in the early phases of construction), by the freshly piled dirt outside and by the absence of bird excrement or feathers at the entrance. Only excavations that we confidently considered tuatara nest diggings were recorded.

            
On the nights of 9-11 November 1989, we searched between 2000-2400 h New Zealand Standard Time (NZST) for female tuatara on accessible parts of the island between the lighthouse and the northern end of the island. The southern face was not searched, as few tuatara live in this area (M.
B. Thompson et al., unpubl. obs.). Observations on activity of nesting females were made at this time. In addition, all adult females (see below) that we could capture were returned to the visitors' dormitory on the island, measured (snout-vent length), weighed, and given an injection of oxytocin to induce egg-laying. Oxytocin is a mammalian neurohypophysial hormone that stimululates uterine contractions; it readily induces oviposition in gravid 
S. punctatus on Stephens Island (Thompson et al., 1990) and is more readily available and less expensive than the natural reptilian equivalent (arginine vasotocin; AVT).

            
On Stephens Island, we have observed that female 
S. punctatus of 172 mm SVL or greater may be gravid and that adult females typically have a more pear-shaped abdomen than juveniles. 
S. guntheri on North Brother Island are smaller in general than Stephens Island 
S. punctatus, and appear to mature at a smaller size. Based on abdomen shape, we considered female 
S. guntheri of 163 mm SVL and above as likely to be mature and therefore worth treating with oxytocin. However, we cannot rule out the possibility that a few untreated females smaller than this might also have been mature.

            
The oxytocin (Oxytocin-S, 10 IU/ml, Batch 28103, Intervet International, Boxmeer, Holland) was injected intraperitoneally at a dose (1 IU/100 g body mass) that usually induces oviposition of complete clutches from gravid 
S. punctatus on Stephens Island during October–December (Thompson et al., 1990). On Stephens Island only about 8-28% of adult female tuatara are gravid each year (Newman and Watson. 1985; Cree et al., 1991), but unless nesting activity is observed or



females are examined by techniques such as X-raying (Newman and Watson, 1985) or laparoscopy (Cree et al., 1991), it is impossible to tell with certainty which are gravid or not prior to treatment.

            
Treated 
S. guntheri were given the injection of oxytocin within 24 h of capture. They were then placed individually in cardboard boxes (approximately 38 × 53 × 23 cm deep) at 18-19°C, and checked every 15 min for 3 h for evidence of oviposition. Females that laid eggs began to do so within this time. All females were checked at least hourly for a further 3 h. The eggs were removed, weighed to the nearest 0.5 g, and half-buried in moist vermiculite (medium grade, Revertex Industries, Auckland, NZ) for return to Victoria University of Wellington. The vermiculite was prepared with 80 g distilled water per 100 g of vermiculite, and had a water potential of −430 kPa (determined using a Wescor HR-33T dew point microvoltmeter, Wescor, Logan, Utah). All females were returned unharmed to their capture site within 43 h of collection.

            
The relationship between female SVL and clutch size of 
S. guntheri was also compared with that previously observed for 
S. punctatus on Stephens Island. Data for 
S. punctatus were obtained by X-raying 62 gravid females during October–November 1987 (
A. Cree, L.J. Guillette Jr, D.
G. Newman and P.R. Watson, unpubl. obs.). A regression line for the Stephens Island data was fitted using a STATGRAPHICS® package (Statistical Graphics Corporation, Rockville, MD) on a personal computer (Commodore PC III-40, Commodore Business Machines, Auckland). The variances of SVL and clutch size were compared between the two species using an F-test for homogeneity, and then an appropriate form of Student's t-test was used to compare mean values (Sokal and Rohlf, 1981). Differences were considered significant when P<0.05).

            
Mean egg weights were also compared between the two species. Mean egg weights for 
S. punctatus from Stephens Island were obtained by injecting AVT (2-20 ng/g body weight) into eight of the females X-rayed in November 1987 (L.J. Guillette Jr, 
A. Cree, and M.
B. Thompson, unpubl. obs.). Results are reported as mean ±1 SE.

          

        

        

          

            
Results
          

          

            
Nesting activity

            
Thirty-three tuatara nest-diggings were noted on North Brother Island (Fig. 2). All were located on the eastern, northern or western faces and none was seen on the southern. Nest-diggings were always in sunny, open (unvegetated) patches of soil or soil/gravel. Such areas are in short supply on this rocky island, and all but seven of the nest-diggings were on cleared areas associated with lighthouse operations (e.g., walking tracks, and the verges of the railway track and helicopter pad).

            
Most nest-diggings were in the early stages of excavation (less than 10 cm deep, Fig. 2; fully excavated nests on Stephens Island are 10-30 cm or more; 
A. Cree, unpubl. obs.). Several diggings on North Brother Island appeared to have been abondoned at shallow depths (5-10 cm) when rock had been encountered. One nest digging had a desiccated egg outside the entrance. This egg had probably been laid the previous year, and its presence implies that the same nest site had been used two years in a row.

            
Three female 
S. guntheri were observed at night digging their nest chambers. On Stephens Island, female 
S. punctatus return to their completed nests at night for up to a week following oviposition (Cree and Thompson, 1988; Guillette et al., 1990), but we observed no ovipositing females, nest-attending females or completed nests on North Brother Island. Air temperatures at 2100 h NZST varied between 15-16°C, and no significant rain (<0.5 mm) fell during our visit.

          

          


          

            
Gravidity rate, clutch size and egg weight

            
Eight of 41 female 
S. guntheri from North Brother Island laid eggs in response to an injection of oxytocin to induce oviposition (Table 1). This indicates a gravidity rate among the female population of at least 19.5%. Females that oviposited showed no obvious pelvic contractions in response to oxytocin. Oviposition itself was accomplished with the tail lifted at the base and with the hindlimbs usually directed posteriorly. Females paid no obvious attention to oviposited eggs. Oviposition began 30-90 min after treatment (mean time to laying of the first egg was 57±7 min) and had ceased by 5.75 h after treatment. The smallest female to oviposit was 185 mm SVL. In total, 52 eggs were laid: the eggs were ovoid, white and soft-shelled, and most (45/52 = 86.5%) appeared completely calcified. Eggs ranged in mass from 3.0-5.8 g (mean 4.9±0.2 g) and clutch sizes ranged from 4-8 (mean 6.5±0.6).

            
On Stephens Island, 62 gravid 
S. punctatus showed a positive correlation between SVL and clutch size (Fig. 2; clutch size = −12.39 + 0.11SVL (in mm), r = 0.55, P<0.01). Only eight gravid 
S. guntheri of a narrow size range were collected on North Brother Island, and thus we had insufficient data to calculate a regression between SVL and clutch size for this population. However, the mean SVL of the eight gravid 
S. guntheri from North Brother Island (192±2 mm) differed significantly from that for the 62 female 
S. punctatus from Stephens Island (204±2 mm; t = 4.757, 7 d.f., P<0.001), and mean clutch size of 
S. guntheri (6.5±0.6 g) also differed significantly from that for 
S. punctatus (10.2±0.3 g: t = 5.663, 68 d.f., P<0.001). Nevertheless, although gravid 
S. guntheri are small compared with many gravid 
S. punctatus on Stephens Island, their clutch sizes are within the 95% prediction limits for Stephens Island 
S. punctatus of the same SVLs (Fig. 3).

            
Mean egg weight for the eight female 
S. guntheri was compared with that for a group of eight Stephens Island 
S. punctatus that were induced to oviposit (a sub-sample of the X-rayed females referred to in Fig. 3; see Table 1). As expected, female 
S. guntheri were significantly smaller and had a smaller mean clutch size than did 
S. punctatus, but mean egg weights did not differ significantly between the two species (t = 1.951, 14 d.f., P>0.05).

          

        

        

          

            
Discussion
          

          
Nesting of 
S. guntheri on North Brother Island (present study; M.
B. Thompson et al., unpubl. obs.) shows many similarities with previous observations of nesting of 
S. punctatus on Stephens Island (Cree and Thompson, 1988; Guillette et al., 1990). In both species, nest-digging is evident in early-mid November, females sometimes re-use the same sites from year to year, and nesting is concentrated in open, sunny locations.

          
Habitat modification associated with lighthouse operations appears to have provided new nesting habitats on both islands. Stephens Island was apparently forested above the clifftops until the establishment of a lighthouse in 1894, and in the late 1890s nesting was observed on the open clifftops and in clearings and tracks associated with lighthouse operations (Schauinsland, 1898; Thilenius, 1899). We have since observed females aggregating in large numbers to nest in sheep pasture on Stephens Island (Cree and Thompson, 1988). Warm soil temperatures are probably an important factor explaining the choice of open, sunny sites on both Stephens and North Brother Islands. On Stephens Island, eggs placed in artificial nests in the pasture develop more rapidly than those in artificial nests in the remnant forest, where soil temperatures are cooler (Cree et al., 1989).

          
Tuatara have a long lifespan on both Stephens Island (at least 60 y; Castanet et al., 1988) and on North Brother Island (where adults may live without growing



for at least 30 y; M.
B. Thompson et al., unpubl. obs.). Females of both species also have a low rate of reproduction. For 
S. punctatus, between 8-28% were gravid each year between 1982-1988 on Stephens Island (Newman and Watson, 1985; Cree et al., 1991) and a similar gravidity rate (23.3%) was observed in 1983 on Lady Alice Island in the 
Hauraki Gulf (Newman and Watson, 1985). Our gravidity rate estimated for 
S. guntheri in 1989 from the success rate with oxytocin injections (19.5%) is similar, although we cannot rule out the possibility that it is slightly lower than the true gravidity rate because we did not confirm that all females not responding to oxytocin treatment were non-gravid. However, on Stephens Island clutch sizes estimated from oxytocin injection experiments do not differ significantly from those obtained using radiography, suggesting that most gravid 
S. punctatus lay complete clutches in response to this dose of oxytocin (Thompson et al., 1990). In any case it is clear that, like other female tuatara, female 
S. guntheri do not nest each year.

          
Female 
S. punctatus on Stephens Island showed a significant positive correlation between SVL and clutch size, as previously reported for this population (Newman and Watson, 1985). Correlations between female SVL (or weight) and clutch size are common in reptiles, having been reported for crocodilians (Ferguson, 1985), turtles (Wilbur and Morin, 1988) and squamates (Case, 1982). Comparisons between mean clutch sizes of 
S. guntheri and Stephens Island 
S. punctatus are consistent with this trend: female 
S. guntheri lay smaller clutches, but are also smaller in SVL. Whether the generally smaller body size of female 
S. guntheri is related to genetic or environmental differences is unknown. Interestingly, mean egg weights did not differ significantly between the two species, suggesting that egg weight may not vary with SVL to the same extent that clutch size does.

          
When the lighthouse on North Brother Island was automated in 1990, the island became uninhabited. This increases the vulnerability of 
S. guntheri to illegal collection and rodent introduction. Will automation also have specific effects on tuatara nesting? In the event that walking tracks and trolley tracks are not maintained and become overgrown with vegetation, the availability of nesting sites may decrease. This may lead to a gradual, long-term reduction in numbers of 
S. guntheri. We recommend that long-term monitoring of nest sites and population size be carried out on North Brother Island. Given the small population size of this species, artificial maintenance of open nesting areas may be a possible future management strategy to maintain current numbers.
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Table 1. Mean (± SE) snout-vent length (SVL), mean clutch size (number of eggs per clutch) and mean egg weight in female tuatara induced to oviposit following treatment with neurophypophysial hormones in November. Female 
S. guntheri were treated in 1989 with oxytocin (1 IU/100 g body mass) and female 
S. punctatus from Stephens Island were treated in 1987 with arginine vasotocin (2-20 ng/g body mass).

          

            

              

Table 1. Mean (± SE) snout-vent length (SVL), mean clutch size (number of eggs per clutch) and mean egg weight in female tutatra induced to oviposit following treatemtnt with neurophypophysial hormones in November. Female 
S. guntheri were treated in 1989 with oxytocin (1 IU/100 g body mass) and femal 
S. punctatus from Stephens Island were treated in 1987 with arginine vasotocin (2-20 ng/g body mass).
              

                
	
                  
Species
                
                
	
                  
SVL


(mm)
                
                
	
                  
Clutch


size
                
                
	
                  
Egg weight


(g)
                
              

              

                
	
S. guntheri (North Brother I.) (n = 8)
                
	192 ± 2

a
                
	6.5 ± 0.6

a
                
	4.9 ± 0.2

a
              

              

                
	
S. punctatus (Stephens I.) (n = 8)
                
	206 ± 3

b
                
	9.9 ± 1.2

b
                
	4.4 ± 0.2

a
              

            

          

          

            

              

a,b Mean values in each column, with different superscript letters, differ significantly (P<0.05).

            

          

          


          

            

[image: Fig. 1. North face of North Brother Island, 12 November 1989.]

Fig. 1. North face of North Brother Island, 12 November 1989.


            

[image: Fig. 2. Tuatara nest-diggings (arrowed) on walking track on North Brother Island, 11 November 1989.]

Fig. 2. Tuatara nest-diggings (arrowed) on walking track on North Brother Island, 11 November 1989.


            


            

[image: Fig. 3. Relationship between snout-vent length (SVL) and clutch size for 62 female S. punctatus from Stephens Island (open or closed circles) and eight female S. guntheri from North Brother Island (open triangles). Data for the eight S. punctatus that were treated with AVT (Table 1) are shown with open circles. Solid line = regression line fitted for S. punctatus data; dashed line = 95% prediction limits.]
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Abstract
          

          
The vertical structure of miro/kamahi forest on the upper slopes of Mt Maunganui near Wellington is described. The heights reached by emergent miro crowns were determined by the height of the kamahi canopy, which is in turn determined by exposure to wind.
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Introduction
          

          
Miro occurs as a lowland to montane tree in many forests in New Zealand, except in eastern and inland South Island areas of low effective rainfall. It rarely grows above 900 m altitude in the North Island and northern South Island, and grows up to 30 m tall as an emergent in broadleaf forests or as a subdominant in dense podocarp forests (Hinds and Reid, 1957).

          
The structure of the forest canopy was examined as part of a study of forest dynamics of miro on Mt Maunganui near Wellington. An explanation for the canopy structure and height is presented.

        

        

          

            
The Study Area
          

          
Mt Maunganui, 708 m, is a high point on the western ridge of the Akatarawa upland north of Wellington (Fig. 1). Access is via a foot track up a spur from the Maungakotukutuku Valley.

          
At the altitudes studied (450-580 m) the vegetation is emergent miro over kamahi (
Weinmannia racemosa) forest with hinau (
Elaeocarpus dentatus) and occasional Hall's totara (
Podocarpus hallii) also in the canopy.

          
Basement rock is Triassic-Jurassic greywacke overlain by colluvium and loess (Suggate, 1978). Soils are classified as moderately clay illuvial, steepland Central Yellow Brown Earths, Makara Soils derived from greywacke, developed on steep slopes under mull-forming broadleaved-podocarp forest, and are moderately leached (N.Z. Soil Bureau, 1968). Soils in the study area are 12-40cm deep. Vegetation and soils are described in more detail by Hyland (1987).

          
The study area is fully exposed to prevailing northerly quarter winds. Annual rainfall is estimated to be at least 2500 mm. Winter snowfall is rare, light, and does not lie for more than two days.

        

        

          

            
Methods
          

          
Field work was carried out early in 1987. On the spur followed by the track up Mt Maunganui, pairs of temporary 20 × 5 m quadrats were established at three altitudes. They were placed along the contour on each side of the spur top at 450-470 m, 520 m and 580 m. Quadrats numbered 1, 2 and 3 were up the northeastern side, 4, 5 and 6 were up the southwestern side of the spur (Fig. 2).

          
Since the tallest trees were under 15 m, data for point height intercept (PHI) analysis were obtained from 100 points in each quadrat, along 4 lines (I m apart) of 25 points (0.8 m apart) each, following the methods of Park, 1973. Field data were analysed on an IBM 4341 computer at Victoria University using a PHI programme (Daget, Frost and McQueen, 1981). From the resulting printout data, graphs were drawn of the canopy height outline (profile) and vertical structure in each quadrat.

        

        


        

          

            
Results And Discussion
          

          
Canopy profiles drawn from top PHI intercepts of the six quadrats are shown in Fig. 3. All except quadrat 3 show a completely closed canopy. In this quadrat there was an open area around a broken-off miro stem 2.5 m high and a fallen kamahi.

          
Highest points on the profiles mark the top of the miro. In quadrats 2, 5 and 7 the lowest canopy point is in the horopito (
Pseudowintera axillaris) — hupirau (
Coprosma foetidissima) understory layer at 2-4 m. This also applies to quadrat 3 apart from the open area noted above. In quadrats 1 and 4 the understorey layer at 2-4 m is not as widely developed as in the other, higher altitude, quadrats. Most of the broadleaf canopy between about 5 and 9 m is made up of kamahi and hinau, with pokaka (
Elaeocarpus hookerianus) replacing hinau in wetter parts of quadrat 6.

          
This layering by species in the understorey and canopy is clearly illustrated in the vertical profiles. Figs 4 and 5 show the vertical structure as profiles drawn of frequency of PHI foliar intercepts of the vegetation in each quadrat. Height intervals were 10 cm for the first 2 m, and 1 m thereafter. This made species separation below 2 m very difficult on the graphs, and for legibility species are separated only above 2 m on Figs 4 (northeastern quadrats) and 5 (northwestern quadrats).

          
In each quadrat miro crowns reach their fullest extent only in the upper part of and above the broadleaf canopy (Fig. 6). Beveridge (1974) has recorded that young miro develop a multi-stemmed bushy habit when grown in the open. In forest, miro trees have straight single stems with heavily branched crowns forming in full sunlight. Miro on Mt Maunganui reach barely half the maximum height of the species, although growing well below its maximum altitude. It therefore follows that the height of the broadleaf canopy determines the height at which miro forms crowns.

          
There are other observations of the formation of spreading crowns by emergent podocarps once above the broadleaf vegetation. In the Orongorongo Valley Bell (1981) recorded miro and matai (
Prumnopitys taxifolia) crowns exceeding 20 m above a broadleaf canopy at 6-20 m. In the eastern part of the Akatarawa upland Weeber (1983) recorded miro of 20 m and more above kamahi 12-18 m tall. Lloyd (1960) recorded that when rimu (
Dacrydium cupressinum) goes through an overhead cover, height growth slows and the uppermost branches develop into the broadly rounded and multiple-headed crown typical of emnergent rimu.

          
Kamahi generally grows to 25 m or more at altitudes higher than the study area (Allan, 1961). However it rarely reaches more than 9 m in the study area, which is attributed to wind. Hyland, MacDonald, Weaver and Oates (1987) have shown that kamahi growth is considerably reduced by exposure to strong winds. On Mt Maunganui the tops of kamahi crowns frequently have a windshorn appearance. Miro crowns are not windshorn, but mature trees are susceptible to uprooting, and sometimes stem-snapping 2-3 m above the ground.

          
The upper slopes of the western ridge of the Akatarawa upland, including Mt Maunganui, receive the full force of northerly winds coming across the sea. At Paraparaumu airport, at 7 m on the coast, 55% of surface winds per year are from the northerly quarter (N.Z. Meteorological Service). It seems likely that the study area would receive at least that amount of northerly winds, and that they would be stronger than at sea level where the coast may be partly sheltered by Kapiti Island. Winds up to storm force from the north or northwest usually occur before the passage of a cold front across the country.

          
A similarly exposed situation occurs above 450 m on the Kaitake Ranges, northwest of Mt Taranaki (Mt Egmont). Here Clarkson (1986) has recorded low miro emergents over a low, often windshorn, kamahi canopy.

          


          
It is apparent that the height of miro emergents in broadleaf-podocarp forest is determined by the height of the broadleaf canopy. On Mt Maunganui the kamahi canopy height is determined by exposure to wind, so that the wind has an indirect effect on miro height.
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Fig. 4. Vertical profile diagrams quadrats 1-3



Fig. 5. Vertical profile diagrams quadrats 4-6



Fig. 6. Miro crown above kamahi-hinau canopy, Mt Maunganui.


          

        

      

          


* Present address: 
MAF Technology, Horticultural Research Centre, Private Bag, Levin.

        









Victoria University of Wellington Library




Tuatara: Volume 31, Issue 1, July 1991

New Zealand Botany with a Difference — The Chatham Islands





        

          
            
New Zealand Botany with a Difference — The Chatham Islands
          
        

        
by 
John W. Dawson


School of Biological Sciences, Victoria University of Wellington, PO Box 600, Wellington, New Zealand.

        

          

            
Abstract
          

          
The geology, including plant fossils, and climate of the Chathams are outlined. The presence of schist similar to that of Otago suggests a former land connection with New Zealand. Since isolation extreme fluctuations in the area of the islands with changing sea levels probably led to some plant groups, notably conifers, becoming extinct. The main vegetation types are reviewed — coastal herbs including a number of endemics; coastal forest dominated by 
Olearia traversit; inland forest on peat-free sites; bog forest on peaty sites dominated by 
Dracophyllum arboreum; and open bog vegetation. Observations on twenty-one Chatham and Pitt Island reserves or vegetation remnants are presented.
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Introduction
          

          
During January 1990 Dr B.V. Sneddon and I visited the Chatham Islands with a guided tour. It was our first visit and it proved to be fascinating, particularly botanically, but also historically and culturally.

          
The Chathams lie 820 km east of Banks Peninsula towards the end of a raised ridge of sea floor known as the Chatham Rise. The dimensions of the main island approximate those of Stewart Island, but there the similarities largely end. The Chatham Islands are low-lying and bear a surprising amount of peat. In addition to a number of small lakes, a significant part of the area of the main island is occupied by the shallow Te Whanga lagoon separated from the open sea on the east by a sand spit.

          
Climatically there is a similarity to Stewart Island, even though the Chathams, straddling 44°S, are at about the same latitude as Banks Peninsula. Both have a cool, cloudy, breezy climate with fairly frequent showers, although the winters are relatively mild with few frosts. The explanation for this similarity probably lies with what is known as the subtropical convergence where cold subantarctic ocean water meets warmer subtropical water. The convergence runs just south of Stewart Island then swings northward to intersect with the Chathams. In both places south westerlies, chilled by their passage over subantarctic water, are the predominant winds.

          
The main Chatham Island has a dumb-bell shape and extends 45 km north to south. The northern peninsulas extend east-west for 50 km; the “waist” narrows to 9 km, although much of this is occupied by the Te Whanga lagoon and the Southern Tableland is 25 km across. Pitt Island, 20 km to the south-east measures 16 × 8 km but the nearby South-east and Mangere Islands are much smaller.

          
Geologically the Chathams are quite diverse (Hay et al., 1970). The wide northern part of the main island is basically schist, a light coloured, thin layered rock. The schist is exposed at the coast but is buried inland under consolidated sand dunes and peat. The landscape of the north-western peninsula is made more interesting by lines of volcanic hills, some quite conical, which are the solidified necks of volcanic vents. Some are composed of basalt, others in part or whole of agglomerate, comprising angular fragments of basalt embedded in an often paler matrix. These hills are surrounded by aprons of basalt lava and in one case where this reaches the sea there are impressive hexagonal columns.

          
The central waist of the main island is largely limestone, with hard and soft versions, but again much of it is covered by sand and peat. On the western side



of the lagoon limestone cliffs are exposed, which would have formed when the present site of the lagoon was open sea.

          
The Southern Tableland comprises more or less horizontal layers of basalt lava and ash in the southern two-thirds and orange-hued tuff in the northern third. The latter derives from volcanic ash that originally settled on the ocean floor.

          
The Tableland is covered with peat with a cluster of lakes in the southern part. There are also scattered volcanic hills, one of which attains the highest altitude in the islands at 284 m. In the south the Tableland is fringed by impressive cliffs up to 230 m high.

          
Pitt Island is also low-lying, while the nearby Mangere Islands are flat-topped and impressively cliffed. South-east Island and the southern two-thirds of Pitt Island are basalt, while the Mangeres are mostly agglomerate. In the northern portion of Pitt there is a zone of tuff then a zone of carbonaceous sandstone.

          
The oldest rocks in the Chathams are the schists dating to the Permian 200 million years ago. They are known to extend at least 130 km west along the Chatham Rise and probably underlie all of the island group. These schists are very similar to those of Otago in the southern South Island of New Zealand and may have been continuous with them when the Chathams and New Zealand were part of the ancient continent of Gondwana.

          
The next oldest rocks are the sandstones of the north of Pitt Island, dating to the mid Cretaceous, about 100 million years ago.

          
The basalts of Pitt and the Southern Tableland as well as the tuffs of the latter are probably Eocene in age, 53-37 million years ago, as are the limestones of the “waist” of the main island. The volcanic rocks of the northern main island are more recent, Pliocene to Miocene, up to 26 millions years ago.

          
During recent geological times, that is over the last few million years, New Zealand has been considerably elevated by mountain forming crustal movements which still continue. The Chatham Islands have been little affected by these events and have remained low-lying. However they have been greatly affected by fluctuations in sea level resulting from extreme climatic fluctuations during this time. For example at the maximum of the last glacial period, about 40,000 years ago, so much water was locked up in ice that sea level was about 130 m lower than at present. Not only were the islands of the Chatham group joined together, but land extended well beyond them. Conversely, in much warmer times in the early Pleistocene, more than a million years ago, sea level was at least 288 m higher than now and the Chathams may have been completely submerged or at best reduced to a few small islands at the present site of the higher parts of the Southern Tableland. Even in the latter case such a reduction in land area would probably have resulted in the extinction of some non-coastal species.

          
Peat is common almost everywhere and its formation is encouraged by the cool, moist climate and the poorly drained gentle terrain. Peat has been forming for many thousands of years during the geologically recent succession of glacials and interglacials. It is suggested that peat has formed most actively during the cooling phases of interglacials.

        

        

          

            
Vegetation
          

          
There are about 320 native vascular plants in the Chathams and of these 29 species and 8 varieties are endemic. So about 10% of the flora is endemic, forming an element that is more conspicuous than that proportion would suggest, as endemics dominate many of the plant communities. Equally striking is the absence of a number of common New Zealand plants — there are no conifers, no beeches (
Nothofagus), no cabbage trees (
Cordyline), no manuka (
Leptospermum) and none of our larger



flowering trees, for example: tawa 
(Beilschmiedia), hinau 
(Elaeocarpus), ratas 
(Metrosideros) or kamahi 
(Weinmannia).

          
The carbonaceous material of Pitt Island sandstone has yielded fossil pollen of ferns, conifers (including probable ancestors of kauri and rimu) as well as a few flowering plants, the age of this material however is Cretaceous, a time when the ancentral Chatham Islands formed part of Gondwana and shared a wider flora. A much more recent pollen sample from peat yielded some conifer and 
Nothofagus pollen, but the amounts were so small that it was concluded that they had been blown in from New Zealand, as still happens today. So when did conifers disappear from the Chathams region? Was it many millions of years ago, or more recently, when the area of land was drastically reduced or eliminated by rising sea levels?

          
Ferns and related plants comprise about 19% of the Chathams flora, significantly higher than in New Zealand (8%), but in accord with the prominence of ferns on isolated central Pacific islands.

          
The vegetation of the Chatham Islands has been greatly altered by human activities, particularly in the past 150 years. The polynesian Moriori was isolated in the Chathams for 800-1000 years. Then came the European whalers, sealers, missionaries and farmers and finally Maori invasions in the 1830's. To reconstruct an earlier vegetation pattern we have to turn to the accounts of observers such as Dieffenback (1841).

          
The sea shore, both rocky and sandy, was well stocked with species, some shared with New Zealand and mostly still common, while others were very distinctive endemics. Among the latter are the giant forget-me-not, 
Mysotidium hortensia, an endemic genus, with large rhubarb-like leaves and large white to blue forget-me-not flowers; the giant sow thistle, 
Embergeria grandifolia, another endemic genus; 
Leptinella (Cotula) featherstonii and the large, soft textured 
Aciphylla dieffenbachii. These are palatable to stock and are now difficult to find on the main island, but are more common on some of the smaller islands.

          
A short distance back from the sea on sand dunes and other sites there was a belt of forest dominated by the tree daisy 
Olearia traversii, in association with 
Myrsine chathamica. The former is said to play the role of pohutukawa in the Chathams. It is certainly surprising to see this species as a sizeable tree, as it is grown as a hedge plant in New Zealand. This coastal forest has now largely disappeared for firewood or fenceposts, but there are still scattered trees, unfortunatley often dead or dying.

          
Further inland on sloping or sandy sites, without peat, was a more diverse forest varying in composition, depending on soil fertility. On more fertile sites karaka 
(Corynocarpus) dominated, sometimes in association with groves of nikau palms 
(Rhopalostylis) and ribbonwood 
(Plagianthus). This type is now reduced to patches, some now fenced, in the northern part of the main island and to the sides of stream-cut valleys in the Southern Tableland and similar sites on Pitt Island.

          
On peaty sites, on ridges and plateaus that were not too wet, there was a species poor forest type dominated by the tree 
Dracophyllum arboreum, often with an understorey of 
Dicksonia tree ferns. 
Dracophyllum forest has largely disappeared from the north of the main island, but is still well represented on the Southern Tableland and Pitt Island. This forest formed a mosaic with open areas known as “clears” by the European settlers, that were too boggy to support forest. The dominant plant of the clears was the “bamboo-rush” 
Sporadanthus traversii, a robust rush-like plant that formed a deep fibrous peat. Associated with this were a number of other species including the purple-flowered 
Olearia semi-dentata and the small 
Dracophyllum squarrosum. The original “clears” have also been greatly reduced by draining for farming and by frequent fires which have lead to a widespread cover of bracken fern. There are still a few good examples of this type of vegetation in the north of the main island and rather more on the Southern Tableland.

        

        


        

          

            
Vegetation of Sites Visited
          

          

            
In the remainder of this article accounts will be given of the localities we visited (see Fig. 1) with observations on the more notable species present.

          

          

            
Main Island — Central and North

            

              
(A) Henga Reserve

              
This is situated immediately behind the Chatham Lodge, where we stayed, on old sand dunes leading to the sea. It was at the fringes of the forest that I had my first close look at Chatham Island plants. I recognised a 
Myrsine, (M. chathamica), with fairly broad, but short leaves often notched at the tip. This species is also reported to occur on Stewart Island. There was also a 
Melicytus (M. chatamica) locally called mahoe, but quite distinct from ours. The leaves are fairly thick, flat and stiff in texture with prominent teeth. A common twining vine puzzled me for a while until I realised that it was 
Muehlenbeckia australia, although it is more robust and has much larger leaves than our version. The karakas seemed no different from ours, but a 
Coprosma (C. chathamica) was a big surprise. The exposed leaves are quite small and rolled after the fashion of taupata, although unlike those of the latter they are not very shiny., However, the remarkable thing is that this 
Coprosma is a tree up to 15 m tall with a trunk sometimes more than half a metre in diameter!

1 (Fig. 2). It must surely be the biggest species of the genus. The trunk often has a pinkish tinge and has a hammer mark pattern something after the fashion of matai. Another distinctive feature of this species, is that it has broad juvenile leaves that are much larger than those of the adult (Fig. 3). Furthermore, as well as having small pits or cavities (domatia) on the undersides where secondary veins meet the midrib, as is usual in 
Coprosma, these leaves also have domatia scattered over the entire leaf undersurface, at junctions of higher order veins. I have seen this in some leaves of taupata 
(C. repens), although scattered domatia are not so frequent in this case.

              
Going into the bush I observed that karakas, although large, were scattered and that the commonest tree appeared to be 
Myrsine. The latter has trunks up to about 40 cm diameter, some of which have one or more peculiar collars of protuberant corky tissue contrasting with the general smoothness of the rest of the trunks. Scattered trunks of the 
Coprosma were also seen. In the undergrowth, kawakawa 
(Macropiper excelsum) caught the eye, the leaves seeming larger than ours and notable for 
not having holes eaten into them. The commonest undershrubs however were saplings of the 
Melicytus up to about head height. I was told that these established after the fences were erected. Looping stems of 
Muehlenbeckia were common but I saw no supplejack. Unexpected too was the absence of ferns, apart from the epiphytic 
Pyrrosia. Perhaps the sandy forest floor is not suitable for ferns and instead supports a lush growth of the so-called New Zealand spinach — 
Tetragonia tetragonioides. Further towards the beach the forest became lower and more windswept with 
Myrine becoming even more abundant. Emerging from the forest we found the first sand dunes were covered with a luxuriant growth of introduced grasses, but nearer the sea there was more open sand and more native species including 
Pimelea arenaria, Cyathodes parviflora with white berries, 
Coprosma acerosa and grey patches of the endemic 
Geranium traversii in the sand (all that I saw had white flowers in contrast to the pink flowers of the cultivated form). The 
Coprosma looked rather different from ours, being of a darkish hue and not forming tangled masses, but having its branches pressed closely against the sand. The beach was an impressive



sight, sweeping northwards along Petre Bay and, apart from us, completely deserted. All the beaches we saw in the Chathams had fine white sand and this combined with the pale blue sea and white breakers gave quite a tropical effect, unfortunately belied by the coolness of the air.

            

            

              
(B) Motuhau Point

              
This is located on the western shore of the southern part of the lagoon where there are good rock carvings on an overhang of the limestone cliffs. The cliffs support a variety of trees and shrubs including the tree coprosma and 
Myrsine chathamica, as well as the Chatham lancewood, 
Pseudopanax chathamicus, and kowhai, 
Sophora microphylla.

              
The Chatham lancewood has a juvenile form but it is not as distinctive as its namesake on the mainland (Fig. 4). The juvenile is unbranched for some years with leaves that are quite broad but longer than those of the adult and not deflexed. They have a few coarse teeth distally while my observations suggest that the fully adult leaf is broadly rounded at the tip and without teeth. The adult tree has a freely branched, rounded crown (Fig. 5).

              
The kowhai is restricted to limestone on the Chathams and doesn't have the small-leaved rather chaotically branched juvenile frequently developed by the mainland form. A notable shrub was the bushy, greyish-green 
Hebe dieffenbachii, one of the three endemic hebes.

              
Where the beach abuts the cliffs there were a number of good sized trees of 
Olearia traversii (Fig. 6), in many cases with their shaggy-barked trunks steeply inclined towards the lagoon. The water of the lagoon tasted quite salty and there is salt marsh in places, with familiar mainland species. The beach is whitish with many shells and a prominent plant is the large dark-green nettle 
Urtica australis (Fig. 7). The species was new to us but it is found elsewhere in the subantarctic islands, Stewart Island and Fiordland. Unlike the shrubby 
Urtica ferox, on the mainland, this species does not have visible stinging hairs, but they soon revealed their presence when I tried to collect a specimen. My fingers tingled for several days afterwards.

              
The following day we headed for the north-east point of the island at Point Munning but stopped first at:

            

            

              
(C) Blind Jim's Creek

              
This is also on the western shore of the lagoon but in its northern part. Dedicated searchers were able to find a few fossil shark's teeth among the shells of the beach. The limestone cliffs supported some of the same species observed on the previous day, but in addition we saw a few plants of 
Geranium traversii and the New Zealand linen flax 
Linum monogynum, with pale blue, not white, flowers. There were also several clumps of New Zealand flax, 
Phormium tenax. This species occurs also along streams and around lakes and was formerly much more common. It is rather different from the common form in New Zealand. It is pale green with very broad, but not particularly long, leaves and the seed capsules are short and tubby.

              
From here we drove to the north-eastern peninsula via the narrow strip of sand separating the northern edge of the lagoon from the open sea. We called first at the Wiesner farmhouse which is notable for the remains of a Sunderland flying boat which crashed nearby many years ago, but also notable botanically for a private bush reserve.

            

            

              
(D) Wiesner's Bush Reserve

              
Here we saw a number of nikau palms 
(Rhopalostylis sapida). The ribbonwood 
(Plagianthus regius) was abundant along the path through the reserve. Unlike mainland plants, the Chatham ribbonwood does not have a divaricating juvenile with small leaves varying in size and shape. However, the leaves of young plants



are much smaller than the adults, although similar in shape. Some very large karakas were present as well as small 
Myrsine chathamica and an undergrowth of particularly large kawakawas 
(Macropiper) and young 
Melicytus.

              
We continued on to Point Munning which has also been partly fenced by the Wiesners.

            

            

              
(E) Point Munning Reserve

              
Here the special interest is a seal colony. The surrounding schist rocks support a diverse flora of fleshy-leaved plants in peaty crevices, including the endemic fern 
Asplenium chathamense and 
Senecio radiolatus. Phormium is abundant behind the rocks. The nearby Te Whakaru island, which we did not visit, is connected at low tide and still has vigorous 
Myosotidium and 
Embergeria among washed up shells behind small beaches. On the slopes above the point there is an area of shrubs, partly protected by a Phormium “hedge”, which appeared to be a pure association of the endemic 
Corokia macrocarpa. Our next stop was

            

            

              
(F) Kaingaroa Beach Reserve

              
This was where the first Europeans, led by Lieutenant Broughton of Vancouver's expedition, landed and claimed the island in 1791 and named it after the Earl of Chatham.

              
To get to the beach one has to go through the Kaingaroa township's rubbish tip to an area of the beach that was fenced about 1939. Here there is a good colony of the robust sand binding sedge pingao 
(Desmoschoenus spiralis), its orange-green tufts of leaves looking decidedly handsome against the white sand of the dunes. Associated with it were vigorous clumps of the giant sow thistle 
Embergeria in flower and seed. The flowers are several cm across and grade from pale purple on the outside to pale yellow at the centre (Fig. 10).

            

            

              
(G) Kaingaroa Point Reserve

              
This is approached through Kaingaroa township where we noted some robust plants of 
Embergeria near houses. The reserve includes the former rubbish tip and sandy flat areas behind the coastal rocks supported a few embergerias and myosotidiums, but the most notable feature was a mat of prostrate 
Hebe chathamica in full flower. This species also grows on coastal cliffs, where it has a draping growth habit. If we had done our background reading more thoroughly, we would have gone a little further on to where a few plants of the endemic 
Leptinella (Cotula) featherstonii still grow among bird burrows.

              
We also paid a visit to the seacliffs at Matarakau further east on the norther side of the peninsula.

            

            

              
(H) Matarakau

              
Even here, on level surfaces, there is a layer of peaty soil and it is probably such soil, on ledges and in crevices of the cliffs, that results in the abundance of herbaceous plants. This is particularly the case with the endemic ice plant, 
Disphyma papillatum, with its attractive pink flowers, which forms draping massed down the cliffs.

            

            

              
(I) Hapupu Bush Reserve

              
This was our last stop of a busy but interesting day. Here are found the famous Moriori bark drawings or dendroglyphs on karaka trunks (Fig. 9). Many large karakas dominate this forest, with a few myrsines as well contributing to the canopy. Since the fence was constructed there has been abundant regeneration of young 
Melicytus in places. No 
Macropiper and no vines were noted and again ferns were rare. Going towards the sea the karakas diminished and low 
Myrsine became more common. In open places, 
Pratia arenaria was abundant on the sandy ground.

              
Hapupu Bush is located part way down the eastern side of the lagoon near the old airstrip. Passengers were driven in trucks across a shallow part of the lagoon to the Waitangi side!

            

            


            

              
(J) Nikau Forest Reserve

              
This, our first stop on the next day, is about a kilometre from the north-western shore of the lagoon. There is quite a large grove of tall nikau palms on one side of the bush (Fig. 10) with draping lichen on some of the trunks as an indication of the moistness of the climate. The main part of the forest is dominated by large karakas with some adult 
Pseudopanax and 
Coprosma. Melicytus and 
Myrsine are uncommon as is the undershrub Macropiper. Unlike the earlier forest visited, the abundantly regenerating tree in the undergrowth is 
Pseudopanax rather than 
Melicytus.

              
Both supplejack 
(Ripogonum) and 
Muehlenbeckia are common vines. The former had both flowers and fruits. 
Phymatodes diversifolius, Asplenium polyodon and an 
Earina occurred as epiphytes even on a few nikaus (Fig. 11). The 
Earina was flowering abundantly and the flowers were right for 
E. mucronata, but the leaves and stems seemed much too short for that species. The plant would match the description for 
Earina aestivalis, a species which has not been accepted for some time. Some of the earinas in this forest were longer stemmed than the majority and we later saw much longer specimens in southern forests also in full flower. So this poses something of a puzzle.

              
There were a few 
Dicksonia squarrosa tree ferns in places, so with the epiphytic species, ferns were somewhat better represented in this forest.

            

            

              
(K) Lake Kaimomi Reserve

              
This is near the north-eastern shore of the lagoon and is a good example of bog vegetation (Fig. 12). Large hummocks of the bamboo rush 
Sporadanthus traversii are conspicuous with their long, slender and closely aggregated, apparently leafless stems. This important peat forming species also used to be common in the Waikato bogs, but is now becoming rare there. Other important species are the purple flowered shrub 
Olearia semi-dentata, the needle-leaved shrubs 
Dracophyllum squarrosum, Cyathodes parviflora and 
Coprosma propinqua var. 
martinii (this and 
C. acerosa are the only divaricate species on the Chathams). In more open places Gentiana 
chathamica was in full flower. 
Phormium was conspicuous around the lake margins as well as the strange sedge 
Carex sectoides raised above the water on stout “trunks” built up from its own dead leaves and roots over many years. 
Carex secta on the mainland has a similar form.

            

            

              
(L) Wharekauri coast

              
This is on the northern side of the north-western peninsula where, contrasting with the white sand of the beach, there is an outcrop of dark basalt. The seaward side of this has a heavy fringe of that most impressive brown seaweed, the bull kelp 
(Durvillea antarctica), its massive fronds heaving and swirling in endlessly changing patterns in the heavy surf. The bull kelp is a prominent feature of rocky Chatham coasts.

            

            

              
(M) Basalt Columns

              
These are located on the southern side of the north-western peninsula. The approach is through extensive white sand dunes frequently capped by bushy shrubs of 
Pimelea arenaria. There are also a number of large 
Olearia traversii trees, some of which have been blown horizontal but are still growing. The stream flowing through the sand is stained brown by peat and again rock crevices near the sea are well stocked with salt tolerant plants. The more or less vertical, hexagonal columns, that formed as the basalt cooled, are an intriguing sight and comprise a reef and an adjacent shelf and cliff.

              
Two further forest localities were visited in the centre and north of the main island.

            

            


            

              
(N) Cape Pattison Reserves

              
Cape Pattison is towards the end of the north-western peninsula on the northern side. We drove along the western beach, then walked alongside a stream to the first reserve, which was fenced only a few years ago. As a consequence the forest floor is still quite open. The dominant trees are large karaka and 
Coprosma chathamica and smaller myrsines. 
Muehlenbeckie and supplejack vines are also quite common. Here we saw a sleeping possum under a hollow log — a signal reminder that this herbivorous pest is also established on the Chathams. Continuing out of the reserve towards the beach on the other side of the peninsula, there is first a grassy area, then a second fenced reserve, enclosing a rather battered example of coastal 
Olearia traversii forest. It is hoped that this will regenerate to provide a good example of this distinctive forest type.

            

            

              
(O) Plum Tree

              
This is on the western shore of the southern part of the lagoon. The trees here were the tallest we saw, with a mixture of karakas and coprosmas with massive trunks. In a hollow there was a grove of quite large ribbonwoods. On limestone outcrops near the shore we also found the small herb 
Colobanthus muelleri, of special interest to Barry Sneddon.

              
Unfortunately this forest is not yet reserved and as a consequence it is open and grassy underneath.

            

          

        

        

          

            
Main Island — Southern Tableland
          

          

            
We spent two days visiting this part of the island, one on the west side and the other on the east.

          

          

            
(P) Tuku River Reserve

            
This is on the western side of the tableland near the Tuku camp, where amateur naturalists come each summer to study the tuku petrel once thought to be extinct. The camp is on a level area surrounded by forest dominated by 
Dracophyllum arboreum, which often forms quite large trees. Its juvenile leaves are very broad, but the adults are needle-like and form a deep litter on the forest floor, which is not unlike that of pine needles. Associated with the 
Dracophyllum is some 
Coprosma chathamica, Myrsine chathamica and 
Pseudopanax chathamicus and a greater abundance of 
Dicksonia tree ferns in the understorey. Relatively slender wheki 
(D. squarrosa), its trunks with persistent leaf bases, is the most common, but 
D. fibrosa is the most striking with its enormous spreading leaf crowns, 3 to 4 times the diameter of its relative, and its massive trunks like elephant legs. The trunks are largely formed of slender, wiry interlaced roots. In 
Dicksonia fibrosa the old leaves hang downwards and persist as a thick “skirt” around the trunks. This appears to prevent the establishment of epiphytes, with the exception of the fern 
Rumohra adiantiformis, which often establishes at the vulnerable junction above the old and below the new leaves.

            
Before descending into the steep-sided Tuku Valley we visited an open very boggy area within the 
Dracophyllum forest. Here there were scattered rather stunted whekis, a few 
Pseudopanax and the small 
Dracophyllum squarrosum. Myrsine coxii, a species that favours very wet sites, was quite frequent. This has a slender trunk, up to 4 cm, ending in a small, dense crown with small leaves notched at the tip.

            
Crossing the fence into the Tuku Reserve we found many juveniles, broad leaved 
Dracophyllum arboreum growing through the bracken. These have established since the fence was erected.

            
From a little below this point we could get a good view into the valley and could see that 
Dracophyllum forest occupied the crest of the opposite ridge, while a quite different type of forest occupied the steep slopes of the valley (Fig. 13).



Contributing to the latter were scattered large karakas and trees of 
Pseudopanax, Myrsine and 
Coprosma. I did not see any 
Melicytus. However, by far the most abundant plants were tree ferns in great profusion. The dicksonias were the most common, with mamaku 
(Cyathea medullaris) and ponga 
(C. dealbata) noted here and there. The gully tree fern, 
C. cunninghamii was more frequent than either of the last, forming groves in places.

            
Near the forest edge, as we descended, were a group of 
Dicksonia fibrosa, which had lost their skirts in this exposed situation and as a result supported several large epiphytes — 
Pseudopanax (Fig. 14), 
Coprosma, Myrsine, Macropiper, Corokia and 
Dracophyllum arboreum. The latter often begins life as an epiphyte, although probably more often on wheki. However, in this cool, moist often misty climate, it is easy for plants to grow as epiphytes, particularly on the fibrous surfaces of 
Dicksonia fibrosa trunks.

            
Other small epiphytes that we saw were an 
Earina in flower with long stems which must be 
E. mucronata; Tmesipteris elongata on a tree fern, rather short 
Lycopodium varium, the fern 
Rumohra adiantiformis, and many filmy ferns including the kidney fern. So, unlike the northern forests, ferns and related plants are conspicuous here.

            
Among vines 
Ripogonum (supplejack) and 
Muehlenbeckia were common and we noted 
Calystegia tugoriorum in one place. The ferns 
Phymatosorus scandens and 
P. diversifolius were frequent and 
Lycopodium volubile covered the ground in open places.

            

Hebe barkeri called itself to my attention when I bumped my head on its inclined, slender, but quite tall trunk in quite a dense part of the forest.

          

          

            
(Q) Rangaika Reserve

            
This is on the eastern side of the tableland more or less south of the township of Owenga. To reach the reserve we walked across boggy country, which has probably been burnt several times in the past. Bracken fern was common at first. There were also many small shrubs of 
Dracophyllum squarrosum and the endemic 
Cyathodes robusta with its striking berries — bright red on many bushes, but pink or white on others. Spreading brown-coloured 
Lycopodium volubile was common in places and here and there we noted 
Lycopodium varium — robust upright plants, also brown, with strongly recurved strobili. This is the typical form and habitat for the species and I still find it difficult to accept the current view that the epiphyte, formerly known as 
Lycopodium billardieri, should be included in it.

            
The endemic 
Olearia semidentata with its handsome purple flowers became more and more common as we walked south. When we reached the reserve we walked along the access strip beside the western fence. Here 
Gentiana chathamica was abundantly in flower. Here and there were young 
Pseudopanax chathamicus and 
Myrsine chathamica and also bushes of 
Myrsine coxii and 
Coprosma propinqua.

            
We investigated a bush patch, which included 
Dracophyllum arboreum, Pseudopanax, Coprosma, both dicksonias and one quite tall 
Hebe barkeri. A fern that we hadn't seen before was 
Leptopteris hymenophylloides.

            
In a very boggy place with much sphagnum moss a few plants of the endemic 
Aciphylla traversii were discovered, some with seed heads. This species is becoming rare so it was good to see a number of seedlings in the vicinity.

            
Eventually we came to where the fence ended at the southern cliffs and the notable feature here was several bushy small trees of an 
Olearia with thick strongly toothed leaves. This has been regarded as an endemic species, 
O. chathamica, but Wilson, in his account of Stewart Island plants includes it in 
O. oporina of Stewart Island and Foveaux Strait islets. There were only a few flowers, white with purple centres.

            


            
Under the olearias were a few large clumps of 
Astelia chathamica, a handsome plant with relatively broad, silvery, flexible leaves that are often bent downwards. The fruiting heads are striking with their bright orange berries. I was told that this plant is known locally as “Moriori flax”. It evidently used to be quite common in open bogs as well as in forest, but is now relatively rare. Dieffenbach was probably referring to this species when he wrote — “Another plant which has in its leaves some similarity with the lily tribe is very frequent in these open places. Pigs live in hundreds on the tuberous roots of this and also bracken. The leaves are eaten by goats”. The cliff face was densely covered by shrubby versions of many of the forest species.

            
Finally, for the main Chatham Island, we stopped at a bridge about half way along the road from Owenga to Waitangi.

          

          

            
(R) Makara River

            
The river cuts down quite deeply here and there is a great deal of tutu 
(Coriaria arborea) on the banks. Also here and there were shrubs of 
Coprosma robusta, so common on the mainland. Close inspection however revealed some differences from the mainland form — the stipule tips are not so black and shiny and the stipules become dry and papery a few nodes from the tip. The latter is a characteristic of some large leaved species, but not of typical 
Coprosma robusta.

          

        

        

          
Pitt Island

          

            
On a day with a brisk southerly wind and alternating sunny spells and showers, we flew in a small Cessna to Pitt Island. This provided a few anxious moments. However the views were spectacular: of the lagoon and its narrow exit to the sea; the Southern Tableland with its lakes; the southern cliffs; the white-capped Pitt and South-East Island and, on the return journey the flat topped Mangere Islands with their sheer cliffs.

            
We landed on an airstrip about the middle of the island and were taken on the back of a truck to Glory Bay for lunch. After this we drove to the southern part of the island where we saw the Saxon wild merino reserve and visited the adjacent Southern Glory Reserve.

          

          

            
(S) Saxon Reserve

            
The merino reserve has quite an amount of forest, including the endemic tree 
Brachyglottis (Senecio) huntii, easily seen even at a distance with its bright yellow flowers. Puzzling were groves of dead trunks of the wheki 
(Dicksonia squarrosa) with younger plants of the same species growing among them. Perhaps the dead plants were decapitated by a storm.

          

          

            
(T) Southern Glory Reserve (Fenced in 1980)

            
The tree dracophyllum is common here (Fig. 15) and since the fence many broad leaved juveniles have appeared. Several other trees are present including 
Coprosma, Melicytus, Myrsine, Pseudopanax and the two 
Dicksonia tree ferns. 
Muehlenbeckia and supplejack are common vines and the ferns 
Asplenium lucidum and 
A. polyodon were seen.

            
In open places there were masses of the bidi-bid, 
Acaena anserinifolia, in full fruit, so we had a busy time removing them later.

            
From here we went to the:

          

          

            
(U) Northern Glory Reserve

            
Here the nikau palm reaches its southern limit in New Zealand and it is also the furthest point in the world from the equator of any naturally growing palm.

            


            

The tree
Dracophyllum dominates the forest here in association with 
Dicksonia tree ferns, but there were also several big coprosmas with quite colourful pinkpurple trunks. We were able to get a close view of several 
Brachyglottis huntii, all in full flower, at the edge of the forest.

            
A curious sight returning to the airstrip was what appeared at first to be 
Cordyline indivisa, which doesn't occur on the Chathams. It turned out to be the trunk of a 
Dicksonia fibrosa with a bigorous clump of 
Phormium tenax growing from its top!

          

        

        

          

            
Discussion
          

          
During our nine days on the Chatham Islands we were able to visit a wide range of vegetation types and saw a considerable number of the indigenous species, although certainly not all. We gained an impression of a flora that is clearly of New Zealand but nevertheless distinctive within that context. It shares some of the features of floras of isolated oceanic islands, but not others. For example, isolated oceanic islands, such as Tahiti and Hawaii, are entirely volcanic in origin, while the Chathams, although having experienced considerable volcanism, are underlain by schist, one of the continental rock types. Like New Zealand and New Caledonia then, the Chathams are a continental fragment that has become isolated. However, New Zealand and New Caledonia have a strong representation of plant groups of limited dispersal ability, notably conifers and 
Nothofagus, groups that the Chathams and isolated oceanic islands lack. The latter islands and the Chathams also share a relatively high proportion of the readily dispersing ferns and their relatives.

          
As noted earlier the Chathams, when part of Gondwana, had a good representation of conifers, although whether 
Nothofagus was present at some time we don't know. New Zealand and New Caledonia retained these groups in isolation, but not the Chathams. Are there any remnants of the Gondwana inheritance in the present Chatham flora or did it completely disappear, possibly as a result of submergence, with later stocking of the re-emerged land by immigrants derived largely or entirely from New Zealand?

          
Many of the Chatham species or their relatives are wide-ranging in New Zealand, but there are some that are restricted to the far south and the subantarctic and others to the far north and certain lower latitude islands such as the Kermadecs and Rapa. Among the former on the Chathams are the dracophyllums, the shrubby olearias, the myrsines, 
Brachyglottis (Senecio) huntii and the nettle 
Urtica australis, and among the latter are the hebes, 
Corokia macrocarpa and 
Sporandanthus traversii. Perhaps this pattern results from the proximity of the Chathams to the subtropical convergence. In cooler times the convergence might move further north and the Chathams would be surrounded by cool subantarctic water that would encourage the establishment of higher latitude immigrants. In warmer times the reverse would apply.

          
Craw (1989) has a different interpretation based on the idea that New Zealand is a fusion of two crustal arcs that may have had quite different origins and have brought with them quite different floras and faunas. One of these arcs is more eastern in New Zealand and characterized by greywacke rock and the other more western and charactertized by schist. Craw's model suggests that the Chathams are also a combination of the two arcs (assuming the greywacke is currently below the sea) and this would account for the northern and southern New Zealand elements in the Chatham flora and fauna, the western arc being associated with southern New Zealand biota while the eastern arc contributed the northern biota.

          
There are however, as noted earlier, a few distinctive Chatham endemics, including two endemic genera, which have no close relatives elsewhere. These are 
Myosotidium, Embergeria, Leptinella (Cotula) featherstoniii, and 
Aciphylla dieffenbachii. It has



been suggested that they may be the remnant of an earlier even more distinctive Chatham flora, that largely disappeared as a result of the almost total submergence of the group during the early Pleistocene.

          
Descriptions of Chatham species are scattered through accounts of the New Zealand flora as a whole, but I see a need for a separate Flora of the Chatham Islands as a distinctive and isolated part of the New Zealand region. This would require careful comparisons of Chatham species with those elsewhere to clear up some uncertainties. For example, it has recently been suggested that the endemic 
Olearia chathamica (Wilson, 1982) is in fact the same as 
O. oporina of Foveaux Strait, although perhaps warranting varietal status, and that the endemic 
Dracophyllum paludosum is indistinguishable from 
D. squarrosum of Campbell Island (Wardle, 1987). On the other hand some species considered to be the same as mainland species may warrant at least varietal status, for example. 
Coprosma robusta and 
Muehlenbeckia australis. Such a separate flora of the Chatham Islands would be an interesting and worthwhile project.
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[image: Fig. 1. Map of Chatham Islands showing localities visited.]

Fig. 1. Map of Chatham Islands showing localities visited.


            


            

[image: Fig. 2. Trunk of Coprosma chathamica in Henga Reserve surrounded by regenerating Melicytus chathamicus.]

Fig. 2. Trunk of 
Coprosma chathamica in Henga Reserve surrounded by regenerating 
Melicytus chathamicus.


            

[image: Fig. 3.Coprosma chathamica. The large leaves left and centre are the juvenile form, the small adult leaves are on the right.]

Fig. 3.
Coprosma chathamica. The large leaves left and centre are the juvenile form, the small adult leaves are on the right.


            


            

[image: Fig. 4. Juvenile plants of Pseudopanax chathamicus.]

Fig. 4. Juvenile plants of 
Pseudopanax chathamicus.


            

[image: Fig. 5. Adult tree of Pseudopanax chathamicus, Nikau Bush Reserve.]

Fig. 5. Adult tree of 
Pseudopanax chathamicus, Nikau Bush Reserve.


            


            

[image: Fig. 6. Inclined Olearia traversii near Motuhau Point on the western shore of the lagoon.]

Fig. 6. Inclined 
Olearia traversii near Motuhau Point on the western shore of the lagoon.


            

[image: Fig. 7.Urtica australis, a stinging nettle on the western shore of the lagoon.]

Fig. 7.
Urtica australis, a stinging nettle on the western shore of the lagoon.


            


            

[image: Fig. 8. Flowers and buds of Embergeria grandifolia at Kaingaroa Beach.]

Fig. 8. Flowers and buds of 
Embergeria grandifolia at Kaingaroa Beach.


            

[image: Fig. 9. Moriori carving on a karaka trunk, Hapupu Reserve. Note the regenerating Melicytus chathamicus behind the trunk.]

Fig. 9. Moriori carving on a karaka trunk, Hapupu Reserve. Note the regenerating 
Melicytus chathamicus behind the trunk.


            


            

[image: Fig. 10. A grove of Nikau palms on one side of the Nikau Bush Reserve with a volcanic hill in the background.]

Fig. 10. A grove of Nikau palms on one side of the Nikau Bush Reserve with a volcanic hill in the background.


            

[image: Fig. 11. Nikau palms at Nikau Bush Reserve with clusters of berries and epiphytic Earina mucronata, Asplenium polyodon and lichens.]

Fig. 11. Nikau palms at Nikau Bush Reserve with clusters of berries and epiphytic 
Earina mucronata, Asplenium polyodon and lichens.


            


            

[image: Fig. 12. Bog vegetation near Lake Kaimomi with conspicuous Sporadanthus traversii and Phormium tenax.]

Fig. 12. Bog vegetation near Lake Kaimomi with conspicuous 
Sporadanthus traversii and 
Phormium tenax.


            

[image: Fig. 13. Forest in the Tuku River Reserve. Across the river the large tree fern crowns are sheki-ponga (Dicksonia fibrosa) and the smaller ones wheki (Dicksonia squarrosa).]

Fig. 13. Forest in the Tuku River Reserve. Across the river the large tree fern crowns are sheki-ponga (
Dicksonia fibrosa) and the smaller ones wheki (
Dicksonia squarrosa).


            


            

[image: Fig. 14.Pseudopanax chathamicus epiphytic on a Dicksonia fibrosa trunk. Tuku River Reserve.]

Fig. 14.
Pseudopanax chathamicus epiphytic on a 
Dicksonia fibrosa trunk. Tuku River Reserve.


            

[image: Fig. 15. Trees of Dracophyllum arboreum, southern Pitt Island.]

Fig. 15. Trees of 
Dracophyllum arboreum, southern Pitt Island.


          

        

      



1 Taylor (1868) recorded even larger specimens — “several kinds of trees, which in New Zealand are little more than shrubs, here attain the size of timber trees. The karamu, a species of coprosma. is often more than three feet in diameter, and is sawn into planks”.
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Abstract
          

          
Forests of 
Nothofagus solandri var. 
solandri around the shores of Lake Pounui, West Wairarapa, have been burnt since the 1850s. They were on loess-capped spurs, in a foehn wind influenced climate, of 1500mm annual rainfall. Some sites of fires had, probably, up to four later fires. The resulting mosaic has enabled succession to be studied in seral scrub and forest stands. These were 
Leptospermum dominated at 14, 30, 50, 70 years, and 
Nothofagus solandri dominated at 90 and 120 years. A forest of over 200 years was taken as an endpoint.

          
Soils showed more truncation in younger stands than in older, an effect of greater fire frequency. Soil organic matter increased with stand age. Upper soil pH increased as 
Leptospermum scoparium became dominant, then dropped under increasingly older 
Nothofagus solandri. The difference between pH of upper horizons and that of the C horizon suggested that there was less leaching under 
Leptospermum scoparium that under 
Nothofagus solandri. Leptospermum scoparium is here considered as achieving facilitation, in both soil and shelter functions.

          
The stands were studied by the Point Height Intercept method, for foliar density for the stand, (Crown Space %) and for each species (Species % Crown Space). Expressed as vertical profiles, variations in foliar density enabled subaerial competition to be followed through the succession. 
Leptospermum scoparium, and to a lesser extent, 
Kunzea ericoides and 
Erica lusitanica, the first woody dominants were, by 70 years, infiltrated by the more shade-tolerant 
Nothofagus solandri, dominant at 90 years, with no understorey. Understorey shrubs had been important in younger stands and the same species reappeared at 120 years and beyond. The succession is assigned to Bray's Intermediate model, but with affinites to the Relay Floristic model.

          
Species richness was high (c 35) in the 
Leptospermum scoparium dominated stands and fell to its lowest (14) in the 90 year pole stand, regaining values around 23 in the submature and mature forests. Species diversity and equitability, from the Shannon-Wiener index, using Species % Crown Space weighting, was highest in the 14 year and 70 year stands. These two stands had the highest values of Crown Space %, and were both in a transitional state, the 14 year stand from grassland to scrub, and the 70 year stand from scrub to young forest. Species diversity was lowest during the succession in stands dominated by 
Nothofagus solandri. There was a trend similar in this succession to that towards deciduous mediterranean 
Quercus forest, in that diversity was highest in seral stages and dropped at the climax forest. Both the Lake Pounui and mediterranean forests are in climates with seasonal moisture stress, and on poor soils. Their successions show trends in diversity contrary to those found in cool humid climates on young soils.

          

Key words: diversity, fire, 
Leptospermum, Nothofagus, point-height intercept, soil change, successional models, Wairarapa.

        

        

          

            
Introduction
          

          

            
The indigenous shrubs or small trees 
Leptospermum scoparium, and 
Kunzea ericoides are often involved in succession after fire, on temperate forest sites in New Zealand. Widespread land reclearing, after 1945 until the mid eighties, has reduced the areas of such scrub and low forest and near centres of population firewood extraction continues.

            
The aims of this study on sites of burnt 
Nothofagus solandri var 
solandri forest, all incorporating interactions in the vegetation / soil system were:

            


	1:
	
                To describe plant succession from a series of fire-originated stands, towards forest.
              


	2:
	
                To compare this succession with appropriate successional models.
              


	3:
	
                To determine variation in species richness, diversity and equitability of vascular species through the succession.
              


            
Field work was done around Lake Pounui in 1973 and 1979 by senior students of the Botany Department of Victoria University of Wellington, who also did the preliminary computations.

          

          


          

            
Previous Work

            
After destruction of temperate New Zealand forests by fire, succession from scrub back to forest is very often started by the ericoid leptophyll (Specht, 1979) shrubs, 
Leptospermum scoparium and 
Kunzea ericoides. Leptospermum scoparium is more common on lower fertility soils and 
Kunzea ericoides on higher fertility soils (Druce, 1957; Burroughs, 1973). Mirams (1957), however, documented a succession initiated by 
Leptospermum scoparium which is replaced by the longer-lived 
Kunzea ericoides, possibly as a result of forest floor nutrient increase from the 
Leptospermum scoparium litter.

            
Although most obvious in secondary vegetation, both plants grow too in apparently stable and self-perpetuating stands. Yin Ronghua 
et al. (1984) list such stands. 
Leptospermum scoparium is found on lake edges and in depression mires, demonstrating a tolerance for sustained waterlogging. It also grows in stable stands on ombrogenous mires and on very infertile soils, demonstrating tolerance to unbalanced nutrition. 
Kunzea ericoides formed prehistoric vegetation, on rain shadow plains of the South Island (Molloy 
et al. 1963). There is evidence, (Burrell, 1965) that extant stands of 
Kunzea ericoides in drier parts of western and central Otago are self perpetuating under semi-arid conditions. Both shrubs also form natural seral communities on terraces of aggrading lowland rivers within the forest areas of New Zealand. After flood destruction these seres often restart with either species, apparently dependent on closeness of seed-bearing plants (Adams, 1986).

            
Both 
Leptospermum scoparium and 
Kunzea ericoides have minute and copious seeds with over 100 per capsule for 
Leptospermum scoparium (Mohan 
et al. 1984). They are easily transported by wind. Dispersal from the range of self-perpetuating stands would explain the ubiquity of both species on burnt forest sites.

            
Stands of both species are frequently found initiating succession on areas from which forest has been absent for some time. This is the case either on land which has been grassed for farming, then abandoned because of soil fertility decline (Blaschke, 1988), or in areas where there has been more than one fire since the original forest (Druce, 1957), and where distance from seed trees, and soil degradation, prevent direct re-establishment of forest.

            
There have been several detailed accounts of succession on former forest sites, involving 
Leptospermum scoparium and 
Kunzea ericoides. Druce (1957) described 
Leptospermum scoparium dominating the first four decades on repeatedly burnt sites of 
Nothofagus truncata with later forest being dominated by 
Weinmannia racemosa. In the same area, on richer soils, 
Kunzea ericoides was seral after destruction of a mixed forest. Wassilieff (1980) described succession following fire in 1893 on tephra overlying calcareous sediments, north of Napier. Here 
Leptospermum scoparium went from pure dominance, to co-dominance with 
Kunzea ericoides in 22 years. The latter became dominant 45 years after the fire. The demise of 
Leptospermum scoparium was attributed to insect damage. Wassilieff (1983) described in detail the successional pathways on a range of soils in the Marlborough Sounds area. On soil parent materials chemically similar to those of Druce (1957) she found a similar fertility relation and chronology of succession, between 
Leptospermum scoparium and 
Kunzea ericoides, over a wider range of local climates.

          

          

            
Successional Models

            
The studies outlined in the preceding section all carry the assumption of succession as described by Clements (1916) in which one species, or group of species, follows another in the succession and where the preceding species alters the environment to the advantage of the following species. This model is now called Classical (Bray, 1989).

            


            
It is only recently that New Zealand ecologists have attempted to fit local species composition data to later North American models proposed:

            


	1:
	
                The Initial Floristic Composition model of Egler (1954)
              


	2:
	
                The Relay Succession model of Drury and Nisbet (1973), which is an amplification of Clement's principles.
              


	3:
	
                The Facilitation and Inhibition models of Connell and Slatyer (1977)
              


	4:
	
                The Resource Ratio model of Tilman (1985)
              


            
Bray (1989) presented a concise review of successional models 1-3 (above), and tested them against data from secondary 
Leptospermum scoparium-Kunzea ericoides vegetation, leading to podocarp forest, in high precipitation climates of N.W. Nelson. His results came from areas where seed-bearing podocarps are close to the studied seral stands and where bird populations are apparently sufficient in variety and number to carry tree seeds into successional vegetation. He found that all the successions (his Figs. 3–7) did not fit models 1-3 (above). He classified all the successions as Intermediate, a new term. In his Intermediate model there is a mixture of species positions in successions, some according with the Relay Floristic model and some with the Initial Floristic Composition model. Bray's criterion for the Intermediate model being applicable is “a sequence of species arrivals, with the latest one establishing before the demise of the earliest” (Bray, 1989).

            
There is variously Facilitation and Inhibition (Connel and Slatyer 1977) in Bray's successions. Inhibition is shown, apparently, by early arrivals of tree species, with their disappearance soon after and a later renewed continued establishment of the same species.

            
Bray's work was not the first attempt to fit New Zealand succesions to overseas models. Two previous studies on succession involving manuka and kanuka were those of Wassilieff (1982) and Adams (1986). Neither were able to assign succession to Initial Floristic composition or Relay Floristic models. Their results suggest too the Intermediate model of Bray (1989).

            
Mark 
et al. (1989), described succession in a superhumid climate, on a series of landslides of increasing age, on a slope uniform in substrate, aspect and slope. The observations had been over a period of 24 years and earlier chronology was derived from ring counts. They assigned the succession to the Relay Floristic model, with facilitation by early 
Leptospermum scoparium in establishment of forest dominated by 
Nothofagus menziesii, with 
Weinmannia racemosa and smaller amounts of 
Nothofagus solandri var. 
cliffortioides and 
Podocarpus hallii. Mark 
et al. took account of the resource-ratio model of Tilman (1985) as incorporating a temporal gradient of availability of limiting resources, and they postulated that nitrogen and light levels could be relevant to the succession they described.

          

          

            
Species Diversity

            
Generalisations about species diversity abound. In relation to environment, species diversity is believed to be low in extreme conditions and high in optimum conditions. In relation to succession Whittaker (1974), believed that diversity is highest in a climax forest while Margalef (in Odum, 1971) postulated that diversity would peak in mid-succession towards forest.

            
“Species richness”, the number of species in a sample area, is the simplest expression of diversity, but does not take into account variations in plant abundance in each sample. Such variations can include monospecific dominance, a common situation in development of forest stands and one which either greatly reduces the importance of other plants, or excludes them. Dominance can also be shared by several species, both in the canopy, and below. This can be a common condition early in a succession. This variability in sharing of resources is expressed by using a quantity-weighted index of diversity.

            


            
Whittaker (1972) summarised the development of quantity-weighted diversity indices including the Shannon-Wiener information index (H′), chosen for the present study. H′ functions as a measure of equitability between the species in a stand of vegetation. When H′ is high, there is sharing between many co-dominant species of the space available and if H′ is low, one, or very few, species dominate the stand.

            
In New Zealand there have been few studies published on species diversity in terrestrial vegetation. Three of these studies use simple species richness as an index.

            
Williams (1982), using simple species counts of insects and vascular plants found for some off-shore islands of New Zealand, that biogeographical models (MacArthur and Wilson 1967) were satisfied for distance from New Zealand, island area and altitude.

            
Wilson and Sykes (1988) in indigenous and adventive vegetation found that invasion of adventives had little effect on species diversity in indigenous and adventive vegetation. Mark 
et al. (1989) described a succession of 
Nothofagus menziesii forest, in which the number of vascular species peaked in mature forest, agreeing with Whittaker (1974). Wilson, Lee and Mark (1990) used quanitity-weighted diversity to show differences in species diversity between vegetation on ultramafic and schist soils in S.W. New Zealand.

          

        

        

          

            
Description of the Study Area
          

          

            
Topography, Geology and Climate:

            
Lake Pounui (NZMS260:R27/ 867835) is at c. 15m altitude, and surrounded on three sides by low rolling hills and plateaux, up to 120m altitude. These surfaces are slightly warped Pliocene to Pleistocene silts and gravels derived from the uplift of the axial Rimutaka and Tararua mountains. Soils on flat to convex slopes show evidence of one or more periods of loess deposition (Kamp and Vucetich 1982)

            
The Rimutaka mountains, to the N.W. of Lake Pounui, rise to 1000m, and cause foehn winds, whose drying effects create a greater seasonal moisture deficit than is expressed by the annual 1576mm of rain, recorded as a mean over 52 years, at Waiorongomai, 10 km to the north of Lake Pounui. The mountains to the northwest of Lake Pounui are c. 300m higher than those northwest of Waiorongomai, so the rainfall there may be higher than at Lake Pounui. At Waiorongomai winter rainfall peaks at 357mm, in June. The driest month is February, with 242mm. The warmest month, February, has a mean maximum of 21.7°C, and the coldest, July has a mean minimum of 4.6°C. Ground temperatures show a mean of 28.7 days of frost, from March to November. [Temperatures for an 11 year period. All climate data comes from N.Z. Meteorological Service (1981)].

          

          

            
Forest Vegetation:

            
The remaining forest is extensive to the north and west of Lake Pounui. On plateaux and ridges 
Nothofagus solandri var. 
solandri (black beech) forms pure stands, with a sparse understorey. Lower down the slopes 
Nothofagus truncata (hard beech) becomes increasingly important. At the foot of slopes are scattered podocarps, 
Prumnopitys taxifolia and 
Dacrydium cupressinum. On valley floors the soil is far moister than on higher land and is of fine gravel interbedded with buried organic soils. Here there is a swamp forest with 
Syzygium maire and a few 
Dacrydium dacrydioides left after logging in the 1940s (P.F. Jenkins, 
pers.comm.)

            
On the plateaux to the north and east of the lake and on their slopes down to the lake, most forest was burnt, possibly in early farming attempts. The first farming in the Wairarapa valley dates from 1844 (Bagnall 1976). Fire associated



with pig hunting (Donald Cameron 
pers.comm.) has been repeated around and above the lake and has resulted in a mosaic of successively younger seral vegetation. The dominant plant in this mosaic of vegetation is, in younger stands, 
Leptospermum scoparium. Older stands show increasing dominance by 
Nothofagus solandri var. 
solandri, a result of the proximity to many of the stands of seedbearing 
Nothofagus solandri var. 
solandri.

          

        

        

          

            
Methods
          

          

            
Nomenclature

            
Plant names follow Allan (1961), Moore and Edgar (1970), Connor and Edgar (1987) and Webb 
et al. (1988).

          

          

            
Field

            
Stand physiognomy was identified from aerial photographs, and ground inspection gave detail on height, species composition and possible successional order of stands. Sampling was restricted to the upper ridges and spurs, on convex or flat slopes, to sample only the soils on reasonably intact loess. Within such a stratification, the locations of individual stands were randomly selected to give representative coverage of all stand sizes.

            
Quadrats of 3m × 12m were laid out in scrub across the slope. Vegetation and site data were collected within rectangular quadrats laid across slope, following Godron (1968). The quadrats were 3m × 12m in scrub, and 5m × 20m in forest. Around the quadrats extra areas were searched for species presence, giving totals of 112m
2 in scrub and 216m
2 in forest.

            
Within each quadrat 100 PHI (Point - Height Intercept) stations were laid out systematically and recorded, following Park (1973). Contacts up to 2m height, were recorded against one corner of a 1cm
3 metal pole at every 10cm vertically. Above 2m, optical intercepts were recorded by a gimbal-hung crosswire sight, their heights being measured by hypsometer and measured baseline. These higher intercepts were at height intervals of 20cm up to 4m height and 1m above 4m.

            
Soil pits were dug at each site and samples collected for analysis.

            
In each scrub stand, discs were taken from ten larger 
Leptospermum scoparium plants and growth rings counted to age the plants, and to ascertain to the approximate date of initiation of woody growth. In 
Nothofagus solandri var. 
solandri stands 5mm diameter cores were extracted from ten trees. This aging was less reliable as an estimate of stand initiation date, as it was not known whether the earlier fires were followed directly by 
Nothofagus solandri var. 
solandri or successionally through 
Leptospermum. Nothofagus does not seed every year (Poole, 1987), so scrub stands may occupy the site for up to 40 years (Druce, 1957) in similar conditions to those at Lake Pounui.

          

          

            
Laboratory

            
The PHI results were analysed on the programme “PHI” (Hall and Frost, 1984). One of the first operations in “PHI” is to render all height class readings to a uniform scale, based on the minimum height interval, following Park (1973). This process may appear to give an exaggerated measure of species intercepts higher in the vegetation, but has to be accepted as a limitation of the technique.

            
The number of intercepts per height interval were extracted from the PHI output and plotted by “Cricket Graph” on a MacIntosh 512 computer to give vertical profiles for the main species of the succession.

            


            

              
Crown Space Percent (CS%)
            

            
Crown space percent is defined (Park, 1973), as:


[image: ]
where vegetation space is the space beneath the uppermost intercepts of the stand sampled. CS% is an estimate of density of foliage.

            

Species Percent Crown Space, (S%CS) (Park, 1973) was also extracted from the PHI output:


[image: ]

            
S%CS is an estimate of quantity of each species in a sample and was used as the weighting factor for calculation of the Shannon-Wiener quantity weighted diversity index, H′:


[image: ]
The modification


[image: ] was suggested by Shirley Pledger, Mathematics Department, V.U.W., (
pers. comm.) as a means of reducing the influence of species simply present and not encountered by PHI.

          

          

            
Diversity terminology

            
Following Williams 
et al. (1969), “Species Richness” will be used for total species content of each sample, S in the equation above. Diversity will refer to the quantity-weighted diversity index, H′, above.

          

          

            
Soils

            
Soil pits were dug at each quadrat site and described (Taylor and Pohlen 1970), including estimates of gravel and larger mineral particles.

            
Bag samples were collected:

            


	1)
	
                for sieving to estimate the percentage of material > 2mm
              


	2)
	
                to determine pH
              


	3)
	
                to determine the organic matter by loss on ignition.
              


            
Undisturbed core samples were collected from youngest, medium-age and oldest quadrats, for determination of macroporosity % volume (>60u diameter). All the above analyses were done by methods in Staff of Soil Bureau (1972).

          

        

        

          

            
Results
          

          

            
Stand Description and Fire History

            
Table 1 summarises details of quadrat sites and composition. The following descriptions add detail on special features of the stands and an outline of fire history. The 200, 90, 70 and 50 year stands were on the relatively weakly dissected upper slope, above the southeast shore of the lake. Their fire history is interrelated because



of ease of fire movement along a slope exposed to both northwest and southeast winds. The 120 and 30 year stands above the northwest shore were on spurs, still wind exposed, but separated by several sharp gullies.

            

200 year 
Nothofagus solandri var. 
solandri forest. This forest is assumed to be part of the original forest. Its age is greater than 200 years, but heartrot prevented full aging. The only tree seedlings are those of 
Nothofagus solandri var. 
solandri which appears self-perpetuating. This stand, being on a spur, is prone to wind disturbance of the litter, leaving quite large patches of exposed topsoil and localised concentrations of litter, especially in the angles of superficial tree roots.

            

120 year 
Nothofagus solandri var. 
solandri forest: This forest possibly originated from fire soon after the first farming contact in 1844 (Bagnall, 1976).

            

90 year 
Nothofagus solandri var. 
solandri pole stand: This stand is on upper slopes above that studied near the lake shore by Bagnall (1972) and appears continuous with it. He aged, from stem discs, trees which started growth in 1891 (88 years old at 1979). The stand studied in the present paper contained very suppressed 
Leptospermum scoparium, which gave the 90 year age. It is probable that the upper slope stand did not regenerate directly to 
Nothofagus solandri var. 
solandri, but that exposure and distance from the older seed trees existing near the lake shore caused development of a scrub stand which was then invaded by 
Nothofagus solandri var. 
solandri.

            

70 year stand: 
Leptospermum scoparium, Nothofagus solandri var. 
solandri. This stand probably originated from a second fire in the 90 year old stand. It was on the same face above the lake and 900m downwind, in a prevailing wind. It was cleared for farming within a few years of being studied.

            

50 year stand: 
Leptospermum scoparium. Abutting the 90 year stand with a sharp margin, this scrub stand originated after probably three fires, one of which orginated the 90 year stand, one caused the 70 year stand and one on the site of the present stand.

            

30 year stand: 
Leptospermum scoparium, Erica lusitanica. Closer to the public road than other stands, the species composition of this stand reflects this in the presence of 
Erica lusitanica, which grows along cuttings on the road. The absence of any remnant trees suggests there have been several fires, but distance from any clear burn margins does not allow any estimate of their number.

            

70 year stand: 
Leptospermum scoparium, Nothofagus solandri var. 
solandri. This stand probably originated from a second fire in the 90 year old stand. It was on the same face above the lake and 900m downwind, in a prevailing wind. It was cleared for farming within a few years of being studied.

            

50 year stand: 
Leptospermum scoparium. Abutting the 90 year stand with a sharp margin, this scrub stand originated after probably three fires, one of which orginated the 90 year stand, one caused the 70 year stand and one on the site of the present stand.

            

30 year stand: 
Leptospermum scoparium, Erica lusitanica. Closer to the public road than other stands, the species composition of this stand reflects this in the presence of 
Erica lusitanica, which grows along cuttings on the road. The absence of any remnant trees suggests there have been several fires, but distance from any clear burn margins does not allow any estimate of their number.

            

14 year stand: This quadrat was located on a recently abandoned corner of a paddock. The land had been cleared of the 50 year scrub which it adjoins, then grassed, but abandoned as pasture when a section was cut off by a straight fence. It may



have been burnt four times. Sheltered by the adjacent older 
Leptospermum it would have been a favoured sheep “camp’, and is likely to have had an initially more fertile soil. With pasture extension it has been destroyed.

          

          

            
Animal damage:

            
Stands from 50 to 120 years showed some sign of animal damage, particularly to 
Pseudopanax arboreus and larger leaf 
Coprosma spp. Such damage was ascribed to possum (
Trichosurus vulpecula) and red deer (
Cervuus elephus).

          

          

            
Soils

            
The analyses performed were limited, but can be interpreted in terms of some general principles about soil changes following fire. Fires have several main effects on soils (Barbour 
et al., 1980). The upper, richer, horizons lose nitrogen and potassium by volatilization and other nutrient elements become more soluble, making them at first more available to plants, but also more liable to rain water leaching. Neary 
et al. (1978) reported substantial losses of nitrogen, phosphorus and potassium into streams, from felled and burnt mixed podocarp-beech forest in Westland. Physically, fire can burn the humus layer and leave the soil below disaggregated by heat. This renders it less porous and prone to erosion until plant cover is restored. This erosion also causes truncation of the mineral soil profile, leaving the lower less fertile, with less porous horizons for plant growth. Repeated fire on the same site will continue the soil deterioration process.

          

          

            
Coarse mineral fraction:

            
The field result of coarse material estimates and the laboratory sieving, for the >2mm fraction, were combined, as a mean percentage of total coarse fraction. As the soils are from a loess cap, it would be expected that an intact profile, under forest, would have the least coarse material in its upper mineral horizons. With truncation of the soil profile following an increasing number of fires, the underlying stonier soil formed from colluvium would be further exposed. There is a slightly significant negative correlation between stand age and percentage of >2mm mineral particles (
r=0.67, P=0.10-0.05). The uppermost mineral horizon under younger vegetation does have more coarse material than under older vegetation, demonstrating truncation of profiles with greater fire frequency.

          

          

            
Loss on ignition:

            
This approximation to organic carbon content (Duchaufour, 1965), has the disadvantage that, as well as carbon being driven off by the 800°C temperature used, the water of constitution of the clays are lost. However the soils analysed were uniformly weakly weathered, with a dominant and consistent silt loam texture, so that the clay water would be relatively uniform.

            
Fig. 1A shows a significant correlation between stand age and the mean loss on ignition down the profiles (
r=0.83, P=0.05-0.01). An aberrantly high point at 14 years, is from the youngest 
Leptospermum scoparium stand, on a former pasture and likely to have a residual organic matter enrichment in the topsoil.

          

          

            
Soil Acidity:

            
Fig. 1B shows pH changes during succession. The horizons sampled in each case were the uppermost rooted organic horizons, the A
i from 
Leptospermum dominated stands, and the H from 
Nothofagus stands from 90 years on. In the first 50 years pH rises to 5.7, then with the increase in 
Nothofagus from 70 years, pH decreases to its lowest value, 4, in the H horizon of the 120 year 
Nothofagus stand. These pH values may be linked to the litter pH of the two main species involved:




Leptospermum scoparium litter, from the 120 year stand had a pH of 4.0. The H horizon of the mature stand has a higher pH, possibly because of the more open, wind-disturbed floor and consequent more active mineralisation of the organic layers.

            

Nothofagus solandri var. 
solandri is a species of moderately low nutrient return potential, which can be approximated by litter pH. Its litter has 91 m.eq.% alkalinity. This compares with 115 m.eq% from 
Vitex lucens, which grows on fertile soils and forms a null humus and 
Agathis australis with a litter alkalinity of 50 m.eq.%, forming a very acid mor humus, and podsolising strongly (Staff of Soil Bureau, 1968). In the present study, the pH of the H horizon under 
Nothofagus solandri var. 
solandri is except for the mature stand, in the range of 3.8 to 4.4. Such a range is comparable with the pH of H horizons beneath other soil leaching trees, pH 4.0 for 
Agathis austrlis, 4.1 for 
Nothofagus truncata (Staff of Soil Bureau 1968).

            
The difference in pH between the top organic horizon and the C horizon has been used (Fig. 2) as an indicator of leaching when the difference is negative and of enrichment when it is positive. It is positive in the four younger stands, still dominated by 
Leptospermum (Table 1, Fig. 3). With increasing 
Nothofagus the pH difference becomes negative, indicating leaching. This trend in soil leaching with time cannot be interpreted as a direct relation with time. In the present case, the older are the stands of vegetation, the fewer fires are likely, with consequently less soil impoverishment.

            
Confirmation of the presence of more type humus formation is found in the correlation between pH and loss on ignition of the uppermost organic horizons (
r=0.84, P=0.05-0.01). The more the organic matter has accumulated, the lower is the pH.

          

          

            
The Succession

            


          

          

            
Regeneration Mechanisms:

            
Of the trees and shrubs in this succession the only one known to resprout after stand damage is 
Weinmannia racemosa (Druce, 1957). The rest depend on seed reproduction. Of the trees and shrubs, only 
Pseudopanax arboreus has a seed adapted to bird carriage. The others have varying degrees of seed mobilty by wind, except 
Nothofagus solandri var. 
solandri. In common with other 
Nothofagus not only does this species have a heavy unwinged seed, capable of wind transport only for very short distances (McQueen, 1951, Wardle, 1984), it also seeds irregularly, in mast years, at times over 10 years apart. Regeneration of 
Nothofagus can also depend on any surviving advance growth on the forest floor (Poole, 1955). There is little likelihood, however, of survival of young 
Nothofagus in a scrub stand, where the main fuel plants are at the same level as the 
Nothofagus saplings.

            
Thus in the youngest stand (50 years) containing 
Nothofagus solandri var 
solandri, it is likely, because of repeated fires, that this tree entered the sere after 
Leptospermum scoparium, rather than initially, because of the absence of seed trees. Such an entry sequence is described by Bruce (1957), for 
Nothofagus truncata on areas burnt several times. The similarity of the present case to his example can help confirm the idea that the younger stands at Lake Pounui have been burnt more than once.

            
The taller, monopodial, shrubs and trees involved in this succession show varying reactions to light conditions in developing forest stands. There are three leptophyll (Specht 1979) shrubs to small trees which do not persist under any form of overhead cover: 
Leptospermum scoparium, Kunzea ericoides and 
Erica lusitanica (adventive). One nanophyll tree, 
Nothofagus solandri var. 
solandri, is more shade tolerant, as are the three mesophyll trees: 
Pseudopanax arboreus, Knightia excelsa and 
Weinmannia racemosa. Pseudopanax arboreus is unlikely to be aggressive under the existing possum and deer browsing conditions. 
Knightia excelsa and 
Weinmannia racemosa are usually



found in more mesic soil conditions, so the subsidiary role of these three species in succession here may equally be an expression of climate intolerance.

          

          

            
Species and Structural Changes in the Succession:

            
Fig. 3 shows that at 14 years grasses and herbs of open country are still important, but 
Leptospermum scoparium, (Fig. 4) forms a low dense canopy. 
Weinmannia racemosa is present, in small quantity and continues through the succession as a minor component. 
Coprosma rhamnoides and 
Dianella intermedia persist throughout the succession. The presence for the same time span as 
Leptospermum scoparium, of the understorey monocotyledon 
Leptospermum australe, also found in mires, can be related to the low macroporosity (Table 1:15% in the A horizon at 70 years) of the truncated soil profiles of the younger stands. The B horizon of intact loessal soils under 
Nothofagus truncata, can have macroporosity as low as 5% (Staff of Soil Bureau 1968).

            
At 30 years the shrub canopy, of 
Leptospermum scoparium and some 
Kunzea ericoides and 
Erica lusitanica is dense (Fig. 4) and only occasional 
Hypochoeris radicata remains from the old pasture. Two moderately shade tolerant trees are present at this early stage of succession. The first is 
Weinmannia racemosa, possibly resprouted. It was present in small quantity at 14 years, and persists until the submature 
Nothofagus solandri var. 
solandri forest at 120 years. Two small trees also appear spasmodically through the succession, with their first prominence at 30 years. The first, 
Kunzea ericoides is a seral shrub of sites more fertile than those dominated by 
Leptospermum scoparium (Druce, 1957, Burrows, 1973). The second, 
Pseudopanax arboreus frequently succeeds 
Leptospermum scoparium in moister edaphic conditions (Wassilieff, 1983; Blaschke, 1988), than those of upper slopes around Lake Pounui.

            
The occurrence of the adventive, 
Erica lusitanica, reflects the closeness of the 30 year sample to roadside volunteer patches. It does not recur in the succession. Two shrubs of forest understorey, 
Leucopogon fasciculatus and 
Cyathodes juniperina appear as important components at 30 years. They persist (Fig. 3), in varying quantities throughout the succession.

            
At 50 years 
Nothofagus solandri var. 
solandri makes its first appearance, above and within the rising 
Leptospermum scoparium canopy and with its foliage inserted in gaps in the shrub canopy (Fig. 4). The establishment of 
Nothofagus solandri var. 
solandri has depended on provision of seed, possibly blown upslope from mature trees fringing the lake. Also, the soil condition at 50 years, with 14% organic matter in the A horizon and a fermenting litter 1.5cm deep, are amenable to 
Nothofagus establishment. Thus the 
Leptospermum scoparium cover has facilitated (
sensu Connell and Slatyer, 1977) the establishment of the forest.

            
In the 50 year stand all the main species of the mature forest are present, although the community is still dominated by shrubs. Fig. 4 shows the 
Nothofagus solandri var. 
solandri foliage infiltrating the scrub canopy at all heights. 
Nothofagus solandri var. 
solandri has sinuous, long juvenile branches which aid such infiltration.

            
By 90 years the 
Nothofagus solandri var. 
solandri canopy is dense and close to the ground (Fig. 5) and borne on closely spaced trunks. Light is perceptibly reduced. In relation to both younger and older stands, there is a reduction in species richness and in their quantities. It is in this stand that the main early seral shrub 
Leptospermum scoparium was last found as a few almost leafless suppressed stems.

            
The 120 year stand shows that with self-thinning and the further raising of the canopy from the ground (Fig. 5) there is a corresponding increase in two understorey plants 
Cyathodes juniperina and 
Leucopogon fasciculatus. There is also the reappearance of 
Gahnia pauciflora a plant which was found earlier in the upper layers of the 30 years stand.

            


            
The 200 year stand shows a canopy base about 7m clear of the ground (Fig. 5). The wind redistribution of litter, together with root competition in a shallow upperslope soil, would contribute to the spareseness of the understorey (S%CS Σ (understorey plants combined) = 0.84%).

          

          

            
Variations in CS% During the Succession

            
CS% shows its highest value in the 14 year stand of 62% (Table 1). This low (0.7m) vegetation was not yet tall nor dense enough for much shading out of lower foliage of 
Leptospermum scoparium, as well as having 
Dianella nigra at 15% CS%S. CS% then declines with age, with progressive rising of the scrub canopy, until at 70 years CS% reaches a second peak. In this stand (Fig. 8A) there is a dense canopy of leptophyll light demanding shrubs, and as well there is 34.5% S%CS of the more shade tolerant 
Nothofagus solandri var. 
solandri, both mingled with the shrub canopy, and below it.

            
When 
Nothofagus solandri var. 
solandri dominates, from 90 years, CS% remains low in the two pole stands, then rises, to 30% in the mature forest, whose 
Nothofagus solandri var. 
solandri trees have a deep and extensive canopy.

          

        

        

          

            
Species Diversity During The Succession
          

          

            
Species Richness:

            
In the present study, species richness is defined as the total number of vascular taxa, rooted in the soil. Fig. 6A shows this is variable during the succession. In the early seral stages, when 
Leptospermum scoparium dominates, there is first an increase in species richness, from the 14 year, low and dense stand, where (Fig. 4) there is little space beneath the 
Leptospermum scoparium canopy. As this canopy rises, species richness increases to its highest, to 35 taxa by 30 years. This level is maintained through to the 70 year stand, with an increasing proportion of sub canopy and canopy space being occupied by 
Nothofagus solandri var. 
solandri (Fig. 4). This taxon, at 90 years then dominates the space, (Fig. 5), with its more shade tolerant foliage, so much so that few plants can tolerate the dense shade. At this 90 year dense pole stand stage, species richness is at its lowest — 14 taxa. In the submature 
Nothofagus solandri var. 
solandri stand of 120 years, the opening out, by self-thinning, has allowed more light to reach the floor and species richness rises to 23. A similar value is found in the mature forest. This value is considerably lower than the 52 vascular species recorded by Mark 
et al. (1989) in mature 
Nothofagus menziesii forest, under a superhumid climate. This high species richness found in the succession studied led them to agree with Whittaker (1974) that a climax forest has the highest species diversity in a succession. Such is not the case in the Lake Pounui succession. There are several possible causes

            


	1)
	
                the soil leaching regime associated with 
Nothofagus solandri var. 
solandri limits the number of species capable of occupying the site;
              


	2)
	
                the climate is drier, and edaphic conditions on the spurs aggravate this effect on plant growth;
              


	3)
	
                the effects of browsing may have eliminated some species, particularly mesophyll shrubs.
              


          

          

            
Species Diversity and Equitability

            
The Shannon-Wiener index of diversity, (Fig. 6A) is calculated from the number of taxa, and the PHI species frequency, S%CS. Antilog H′ is also a measure of equitability, or degree of sharing of subaerial niche space, by the various taxa



composing a sample of vegetation. Fig. 6A shows that during the succession, the comparison of variations between the line for S, and that for H′ can demonstrate variations in degrees of dominance by the taxa involved.

            
At 14 years antilog H′ is slightly above 2, an expression of some sharing of dominance of 
Leptospermum scoparium with notably, 
Coprosma rhamnoides and 
Dianella nigra.

            
By 30 years antilog H′ is 1.73. The canopy of 
Leptospermum scoparium, Kunzea ericoides and 
Erica lusitanica, (combined on Fig. 4 because of morphological and ecological similarity), is dense and has little space beneath for development of an understorey. 
Leucopogon fasciculatus, Cyathodes juniperina and 
Gahnia pauciflora also contribute to this canopy, which is 2.5m high. Beneath it only 
Uncinia banksii and 
Lepidosperma australe exceed 1% S%CS each.

            
At 50 years the lower boundary of the 
Leptospermum scoparium canopy is now 1m above ground level. 
Nothofagus solandri var. 
solandri has now entered the community, and as 
Leucopogon fasciculatus and 
Cyathodes juniperina have S%CS values each over 10%. Antilog H′ has slightly increased its value on that of the 30 year stand, to 1.82.

            
At 70 years antilog H′ then rises steeply, to 2.85. Fig. 4 shows that the S%CS value of 
Nothofagus solandri var. 
solandri is double that of 
Leptospermum scoparium. As well 10 other species have S%CS values >1% and of these, 3 are >5% in S%CS.

            
By 90 years antilog H′ has fallen to 0.75. Fig. 5 shows a dense canopy of 
Nothofagus solandri var. 
solandri. It has space beneath it. but this canopy is so dense that little light reaches the ground. Foliage intercepts reach a maximum of 30 at any one level.

            
At 120 years antilog H′ rises slightly to 0.98, the 
Nothofagus solandri var 
solandri canopy is taller than at 90 years, and is also deeper. Foliage intercepts here only reach a maximum of 17 in any one level. This is an expression of a more open canopy than at 90 years, here reflected by an understorey of 
Cyathodes juniperina and 
Leucopogon fasciculatus totalling 18.6 S%CS.

            
In the mature stand antilog H′ drops to 0.71, the lowest value in the succession. The canopy here is the largest encountered in this study and it has weighted equitability strongly towards one species, 
Nothofagus solandri var. 
solandri. This species has a maximum of 45 intercepts in any level of observation. Most of this canopy is more than 7m above the ground. There are seven species in the understorey, but their summed S%CS value is <1%. This sparsity of understorey can be ascribed to three factors,

            


	1:
	
                the presence of browsing mammals, red deer and possum,
              


	2:
	
                the strong wind disturbance of litter and arrested and localised pedogenesis;
              


	3:
	
                root competition, particularly for water on this upper slope stand.
              


          

          

            
Species Richness and Diversity in Relation to Stand Structure

            
Crown Space Percent is weakly postively correlated with antilog H′ (
r = 0.68, P = 0.10 − 0.05), and not correlated with species richness (
r = 0.3). Fig. 6B shows the relation between antilog H′ and CS%, as a grouping of the stands by dominance. The 
Nothofagus solandri var. 
solandri stands at 90, 120 and 200 years share low values of CS% and antilog H′. The low equitability is a consequence of monospecific dominance. The low CS% is a function of the single-stemmed self-pruning nature of the dominant tree.

            
Higher equitability is found in 
Leptospermum scoparium dominated stands, where there is more sharing of dominance by other woody species. Younger stands have higher equitability: at 30 years CS% is high, in a dense young stand, at 50 years there is some canopy opening of the aging 
Leptospermum scoparium, but at 70



years the canopy has reclosed, with the growth of 
Nothofagus solandri var. 
solandri. This 70 year stand is in transition from scrub to forest, hence its density, shown by its high CS%, and its high degree of sharing between different species of varying light tolerances. At 14 years, both equitability and CS% are high. This stand, like that of 70 years is in transition from one type of vegetation to another. The 14 year stand differs from all the others in its admixture of shrubs and herbs. Reiners 
et al. (1971), show two similar peaks of diversity at transitional stages in a primary succession and an early drop in equitability at a monospecific dominance stage.

          

          

            
Species Richness and Diversity in Relation to Soil Factors:

            
Species richness is positively and significantly correlated with pH of the upper organic, rooted, horizon, (
r = 0.80, P = 0.05 − 0.1). Such a correlation accords with general theory of species diversity, that the more difficult are the conditions the lower is the species richness (Whittaker, 1975).

            
Diversity, antilog H′, also showed a weak positive correlation with pH of the upper soil, and with the indicator of leaching, (pH difference between organic and C horizons). In both cases 
r = 0.75 (P = 0.10 − 0.05). These are indications worthy of further work, with more samples.

          

        

        

          

            
Discussion and Conclusions
          

          
Soil relations: 
Nothofagus solandri var. 
solandri dominates in high rainfall areas on drier sites on upper slopes and plateaux (Wardle, 1984, Blaschke, 1988), where more mesic plants with larger and softer leaves, likely to be mull-formers, cannot survive. 
Nothofagus solandri var. 
solandri can apparently perpetuate a leaching regime if undisturbed. After disturbance by fire on a 
Nothofagus solandri var. 
solandri site 
Leptospermum scoparium produces a less acid litter. Such behaviour on leached soils is parallel to that postulated for 
Betula, in remelanising podsolised soils beneath 
Calluna vulgaris, on former 
Pinus silvestris sites (Dimbleby, 1952), over a far longer timespan than is the case in the present study.

          
The rise of organic carbon with increasing stand age parallels the increase in soil organic matter recorded in chronosequence studies on primary successions (e.g. Crocker and Major, 1955). However, in the present study there is no continual temporal pedogensis, rather a series of younger starting points for soil reconstitution, on soils increasingly impoverished and truncated by repetition of fires.

          
Succession Models: The succession described in this paper can be compared with the results of Bray (1989). His “Old river terrace-manuka series” has community composition approximating that of the present study, in the pre-forest stages. The majority of trees in Bray's succession, all podocarps, enter the 
Leptospermum scoparium scrub about 20 years earlier than does 
Nothofagus solandri var. 
solandri at Lake Pounui. Trees entering Bray's succession earlier than 30 years are apparently suppressed by heavy shade, but reappear later, when conditions are more appropriate. This behaviour is interpreted by Bray as inhibition (Connell and Slatyer 1977). Similar behaviour is shown in the present study at 90 years, when the dense pole stand of 
Nothofagus solandri var. 
solandri not only shades out pioneer, light-demanding shrubs, but also reduces the quantity of shade tolerant shrubs to 1.2% SP%CS. These shrubs are usually capable of forming the understorey in more open, older forests. Although this is inhibition of the forest understorey, it cannot be considered as such for the dominating tree, 
Nothofagus solandri var. 
solandri. There is certainly facilitation in soil reconstitution, as judged by organic matter accretion (Fig. 1A) afforded by the early growth of 
Leptospermum scoparium. Facilitation was also postulated in succession from 
Leptospermum scoparium to 
Nothofagus menziesii forest, (Mark 
et al. 1989).

          


          
The present study differs from that of Bray (1989) in several respects:

          


	1:
	
              The climate in Bray's sites is wetter and the original forests near his study sites were richer in species, providing a greater variety of seeds able to establish in successions on moister soils.
            


	2:
	
              Bray's entry ages were determined by repeated observation over a period of years, and by coring established plants and there is thus a continuity in time. His entry ages are therefore more reliable than in the present study, based on a series of samples spatially separated and representing the effects of a varying number of fires at each site.
            


          
However, the similarity between Bray's results and the present study is strong enough to assign the Lake Pounui succession to his Intermediate model, with many species at Lake Pounui following the criterion set by Bray “that the latest species establishes before the demise of the earlier”. There is still closeness to the Relay Floristic model of Drury and Nisbet (1973). In the Lake Pounui succession the inhibition of understorey species by the dense 90 year old 
Nothofagus solandri var. 
solandri (Fig. 3) gives the impression of batons lost during a relay race, so this succession is not completely able to be called a relay.

          
The resource ration hypothesis of Tilman (1985) is also applicable to the present succession. Here the soil resource appears to be limited, except from the ash-bed effect shortly after fire. 
Leptospermum scoparium may help restore nutrients, as shown by the pH enrichment indication (Fig. 2). As the soil is reconstituted, 
Nothofagus solandri var. 
solandri enters, and becomes a “superior competitor”, (Tilman's term), because its use of light excludes 
Leptospermum scoparium.

          
Species Richness And Diversity: The variations in species richness and in diversity in this succession can be related to structural changes of the vegetation through the succession. At the early stage of low woody vegetation, at 30 years, with dominance by few species both S and antilog H′ are low; space and light are limited. The canopy of this early seral vegetation has relatively open foliage, and the species composing it do not tolerate shade. As the lower boundary of this shallow canopy of the vegetation gains height, there is space and light for a greater number of species and for their growth to share the available space, thus increasing equitability, expressed by the quantity - weighted diversity index antilog H′.

          
The replacement of the shrub community by 
Nothofagus solandri var. 
solandri demonstrates the relative tolerance of this tree to moderate shade, in earlier stages in its infiltration of the scrub canopy. When 
Nothofagus solandri var. 
solandri dominates, the canopy is deep, excluding any understorey for some decades. It is in such stands that both species richness and equitability reach low levels. There is increased subcanopy space at 120 years and even more so in the mature stand with increases in species richness and diversity, but not as many species as in the 30 to 70 years shrub vegetation.

          
A close parallel to species richness and diversity trends to the present study is found in Houssard 
et al. (1980). Their study of succession to mediterranean deciduous 
Quercus forest was in a climate where moisture can be limiting in summer and where repeated fire and associated erosion have seriously truncated soils. The first tall shrub stage in the work of Houssard 
et al. shows a peak in species richness and diversity at 50 years. These values then drop steadily, to the 
Quercus pubescens forest, at 125 years, corresponding to a similar drop when forest is established, in the present study.

          
There is a marked contrast between the low species richness and diversity of later stage forest in climates and soils producing moisture stress (Houssard 
et al. and the present study) and the high species richness and diversity of forests in well watered climates on fresh and relatively fertile soils (Reiners 
et al. 1971, Mark 
et al. 1989). These differences can confirm that species richness and diversity are in fact associated with more optimal environmental conditions.
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Table 1. Details of quadrats used in the study of succession on spurs or plateau tops around Lake Pounui. The heights given are those of the top intercepts from Point Height Intercepts (PHI) and are not the top heights of plants. S%CS = Species % Crown Space, an estimate of relative foliar quantity of each species, derived from PHI.
              

                
	
                  
Field


No.
                
                
	
                  
Year of


Observation
                
                
	
                  
Aspect
                
                
	
Slope


Degrees)
                
	
Age at 1979


(Years)
                
	
Height


(m)
                
	
Main Species


In order of decreasing S%CS, down to 1%
                
	
Crown


Space %


For Stand
                
	
Soil


Macropore %


Top Mineral Hor.
              

              

                
	P 5
                
	1973
                
	SW
                
	16
                
	14
                
	0.7
                
	Leptospermum scoparium, Dianella nigra, Rytidosperma gracile, Coprosma rhamnoides, Helichrysum filicaule, Agrostis capillaris
                
	62
                
	10
              

              

                
	P 9
                
	1979
                
	NW
                
	18
                
	30
                
	2.5
                
	Leptospermum scoparium, Cyathodes juniperina, Erica lusitanica, Kunzea ericoides, Gahnia pauciflora, Lepidosperma australe
                
	38
                
	
              

              

                
	P 10
                
	1979
                
	NW
                
	16
                
	50
                
	3
                
	Leptospermum scoparium, Leucopogon fasciculatus, Cyathodes juniperina, Uncinia banksii, Nothofagus solandri, Knightia excelsa, Coprosma rhamnoides, Phormium cookianum, Weinmannia racemosa, Lepidosperma australe
                
	22
                
	
              

              

                
	P 8
                
	1973
                
	NW
                
	20
                
	70
                
	5
                
	Nothofagus solandri, Leptospermum scoparium, Leucopogon fasciculatus, Knightia excelsa, Kunzea ericoides
                
	41
                
	15
              

              

                
	P 13
                
	1979
                
	SW
                
	20
                
	90
                
	9
                
	Nothofagus solandri (Knightia excelsa, Weinmannia racemosa 
x 1% S%CS)
                
	20
                
	
              

              

                
	P 8.8
                
	1979
                
	SW
                
	20
                
	120
                
	15
                
	Nothofagus solandri, Cyathodes juniperina, Leucopogon fasciculatus
                
	17
                
	
              

              

                
	P 7
                
	1973
                
	SW
                
	20
                
	+ 200
                
	16
                
	Nothofagus solandri (Cyathea dealbata, Coprosma rhamnoides, Cyathodes juniperina, Olearia rani, Pseudopanax arboreus, Uncinia banksii all 
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[image: Fig. 1A. There is a positive correlation (r = 0.83, P = 0.10-0.05) between vegetation age and soil organic matter (mean for each profile), determined by loss on ignition. The youngest stand deviates from this trend as it was from a sheltered piece of former pasture, probably used as a sheep “camp”.]

Fig. 1A. There is a positive correlation (
r = 0.83, P = 0.10-0.05) between vegetation age and soil organic matter (mean for each profile), determined by loss on ignition. The youngest stand deviates from this trend as it was from a sheltered piece of former pasture, probably used as a sheep “camp”.


            

[image: Fig. 1B. Soil pH of the upper horizons: A horizons to 70 years, and H horizons beyond. The youngest four stands are dominated by Leptospermum scoparium and the older three stands by Nothofagus solandri var. solandri.]

Fig. 1B. Soil pH of the upper horizons: A horizons to 70 years, and H horizons beyond. The youngest four stands are dominated by 
Leptospermum scoparium and the older three stands by 
Nothofagus solandri var. 
solandri.


            


            

[image: Fig. 2. The difference in soil pH between the uppermost organically enriched horizons and the C horizons. When positive, this difference suggests enrichment of the upper horizons, when negative, it suggests leaching, as is the case beneath Nothofagus in the three older stands.]

Fig. 2. The difference in soil pH between the uppermost organically enriched horizons and the C horizons. When positive, this difference suggests enrichment of the upper horizons, when negative, it suggests leaching, as is the case beneath 
Nothofagus in the three older stands.


            


            

[image: Fig. 3. Principal species involved in the sucession after fires at Lake Pounui. All species with > 1% S%CS at any age are included. ========: species > 2% S%CS. ========: species < 2% S%CS, or present in the quadrats without being intercepted. The S%CS values for Nothofagus are included. This diagram shows an Intermediate successional model (Bray, 1989), with some inhibition, but only of understorey species, at 90 years.]

Fig. 3. Principal species involved in the sucession after fires at Lake Pounui. All species with > 1% S%CS at any age are included. ========: species > 2% S%CS. ========: species < 2% S%CS, or present in the quadrats without being intercepted. The S%CS values for 
Nothofagus are included. This diagram shows an Intermediate successional model (Bray, 1989), with some inhibition, but only of understorey species, at 90 years.


            


            

[image: Fig. 4. PHI profiles of number of intercepts, on the horizontal axes, in each height interval, on the vertical axes, in dm. On the left are Leptospermum scoparium at 14 and 30 years; for 50 and 70 years the graphs show a combination of Leptospermum scoparium, Kunzea ericoides and Erica lusitanica. On the right are profiles for N. solandri var. solandri. The percentage within each graph is the S%CS for each species or group of species.]

Fig. 4. PHI profiles of number of intercepts, on the horizontal axes, in each height interval, on the vertical axes, in dm. On the left are 
Leptospermum scoparium at 14 and 30 years; for 50 and 70 years the graphs show a combination of 
Leptospermum scoparium, Kunzea ericoides and 
Erica lusitanica. On the right are profiles for 
N. solandri var. 
solandri. The percentage within each graph is the S%CS for each species or group of species.


            


            

[image: Fig. 5. PHI profiles of number of intercepts, on the horizontal axes, in each height interval, on the vertical axes, in dm. for N. solandri var. solandri. The percentage within each graph is the S%CS for each species or group of species.]

Fig. 5. PHI profiles of number of intercepts, on the horizontal axes, in each height interval, on the vertical axes, in dm. for 
N. solandri var. 
solandri. The percentage within each graph is the S%CS for each species or group of species.


            


            

[image: Fig. 6A. The variation of two indices of species diversity, of number of vascular plants with time: S, species richness, and antilog H′, the Shannon-Wiener quantity weighted diversity index (x 10 for comparability).]

Fig. 6A. The variation of two indices of species diversity, of number of vascular plants with time: S, species richness, and antilog H′, the Shannon-Wiener quantity weighted diversity index (x 10 for comparability).


            

[image: Fig. 6B. The relation between antilog H′ and Crown Space Percent (CS%), a measure of stand foliar density. There is low quantity-weighted diversity, H′, and low CS% in the pure N. solandri var. solandri stand, there is greater spread of CS% values in the Leptospermum stands. The quantity-weighted diversity index is highest in the densest stands, of high CS%, in communities at 14 and 70 years, which are in transition from one vegetation type to another.]

Fig. 6B. The relation between antilog H′ and Crown Space Percent (CS%), a measure of stand foliar density. There is low quantity-weighted diversity, H′, and low CS% in the pure 
N. solandri var. 
solandri stand, there is greater spread of CS% values in the 
Leptospermum stands. The quantity-weighted diversity index is highest in the densest stands, of high CS%, in communities at 14 and 70 years, which are in transition from one vegetation type to another.
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Wetland Plants in new Zealand
          
        

        
by 
Peter Johnson and 
Pat Brooke


DSIR Publishing, Wellington, 1989 (N.Z./Australia $49.95¢; student price $32.50; outside N.Z./Australia US$49.95¢).

        
This book and 
Threatened Plants of New Zealand by C.M. Wilson and D. R. Given are the first two in a new DSIR Field Guide series. They are paperbacks of rather unusual size format (15 cm × 25 cm). Presumably, the larger than normal page length, is a device to accommodate more text, in relation to illustrations, in which a page of text is accompanied by a page of illustrations. The latter, in 
Wetland Plants in New Zealand have been designed for a shorter page length.

        
This is a substantial book (319 pages) and one is immediately impressed by 
Pat Brooke's line drawings, which, to quote from the cover blurb, are “superb”. 531 wetland plants (native and naturalised) are illustrated and they are so good that the text is rendered almost superfluous, when one is making an identification. A few plants, which are described in the text, are not illustrated either because of their local distribution, or because they are more typically plants of dry soils, or because they represent “the inevitable afterthoughts”. Although it is clearly not possible to have the plant illustrated always on the page facing the text, when the two are not opposite each other, they are not far away!

        
Dr 
Peter Johnson is a plant ecologist at Botany Division (now part of the Department of Land Resources) and 
Pat Brooke is Botany Division's botanical artist. Her talents as a watercolourist too, are shown in the frontispiece, which depicts the Oioi (
Leptocarpus similis) a rush-like plant.

        
The illustrations and brief descriptions of each family and genus of wetland plants, together with a key to each species and a brief description, including their distribution and any noteworthy features e.g. the toxicity of particular plants, occupies about 85% of the book. As 
Peter Johnson notes in the 
Preface: “It seemed that although books were available to allow easy identification of certain groups of plants in New Zealand, especially trees and shrubs, ferns, alpines, common weeds, and selected aquatics, that there was no popular treatment to assist students, land managers, or anyone else interested in “gumboot country” to recognise and name the plants.” The book includes wetland plants of outlying islands in the New Zealand botanical region between 29° and 55°S. Only vascular plants are included, with the exception of the stoneworts, green algae of the family Characeae, which were included because they “superficially resemble flowering aquatic plants”.

        
The descriptions of wetland plants is preceded by a section entitled “Wetland Habitats and Vegetation” which is illustrated by 39 excellent photos, most in colour. Here one learns the differences between, for example, lacustrine and palustrine wetlands, peatlands, marshes, bogs, lagg, fens and swamps! This section is a valuable addition to the literature on wetland regions of New Zealand, especially as little has been written on this topic. Thus, in little more than a page, Dr Johnson gives a concise and clear account of the characteristic features of a typical New Zealand lowland swamp.

        
The descriptions of the wetland plants are divided into the following sections — Algae, Ferns and Fern Allies, Conifers, Monocotyledons and Dicotyledons. Within the flowering plants the order of the families “follow approximately the sequence of Hutchinson (1959), adopted also in many other works on the New Zealand flora, whereby families displaying features considered primitive precede those which, in an evolutionary sense, seem more advanced.” My only quibble about this order is why have the monocots 
preceding the dicots, when it is generally



agreed, with abundant evidence from anatomy, morphology and the fossil record, that monocots evolved 
from dicots? It is clear that an enormous amount of work has gone into preparing the text for this book and that it contains much new information, particularly with respect to the distribution of both native and naturalised plants.

        
A comparatively minor criticism of the book is that the illustrations contain enlargements of specific parts of many plants and these are not labelled. One can usually work out what these are, but not always. For example, looking at the two enlargements of parts of branchlets of 
Sarcocornia quinqueflora (formerly 
Salicornia australis) one might assume there are separate male and female inflorescences, when in fact, they show male and female phases of what are bisexual flowers. Contrast this with the meticulous descripions of the illustrations in 
Lucy Moore and Bruce Irwin's classic 
The Oxford Book of New Zealand Plants (1978). Apart from that I can only heap praise on 
Wetland Plants! Such a book has been long overdue and the author and artist have done a splendid job. A book of significant scholarship, which will foster interest in a group of habitats which have been called New Zealand's “shy places” and which are far from being inhospitable but rather “contain much to explore, discover, interpret, and enjoy.”

        

          

            
F.B. Sampson
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In Copyright


					
Where a text is in copyright, all text and images are copyright to the original authors and/or publisher. In copyright texts and images are made available for non-commercial use only. All forms of electronic or print re-sale or re-distribution are forbidden without written permission, please contact us.


					
Currently, a text is shown as in copyright when there is no Creative Commons License visible in the sidebar, and a link to this page is presented.


				

				

					
Creative Commons Share-Alike license


					
Where the original text is out of copyright it is our policy to provide the digitised version under a 
New Zealand Creative Commons Attribution Share-Alike License (CC BY-SA).


					
The Creative Commons Attribution Share-alike license allows anyone to re-use material in our texts under the following conditions:


					

		attribution to the source of the material is included by marking the material with the collection name ("The New Zealand Electronic Text Collection") and the link to the material as found on our website;


		the re-use of the material is licensed under the same license, allowing others to further re-use the material. This means that the re-use of the material must be marked with the same Creative Commons license.




					
Use of the Creative Commons Attribution Share-alike license allows us to make material freely available to the community for re-use, and also ensures that:
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