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Frontispiece 

Slippery foe for water unit staff 

"They are small, they are slimy - and they are in a water treatment plant near 

you. Dunedin City Council water department staff are waging a war on 

bryozoans, a tiny but tenacious foe whose numbers grow by the day in the 

tanks and pipes of the southern reservoir water treatment plant.. ............. " 

(Mayston, 2002 p. 5) 

"On the sludge patrol.... Dunedin City Council 

water process technician Ken Shaw examines a 

pile of bryozoan, a tiny animal which forms weed

like colonies in water tanks, at the southern 

reservoir water treatment plant... " 

(Mayston, 2002 p. 5) 

(Mayston, 2002 p. 5) 
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Abstract 

Freshwater bryozoans grow at Southern Reservoir, a water treatment station 

in Dunedin, New Zealand fouling surfaces in the microstrainer hall and 

requiring expensive and time consuming maintenance. Preventing or 

minimising germination is a potentially useful way to control bryozoan 

infestation. Germination trials were conducted to assess the effect of 

temperature, dry storage, and various chemicals on floatoblast germination. 

Plumatella vaihiriae is newly described from Southern Reservoir. A second, as 

yet unidentified, Plumatellid species was discovered through the presence of 

floatoblasts (Piumatella n. sp.). Storing dry floatoblasts of Plumatella n. sp. 

decreased germination. Storing dry floatoblasts of P. vaihiriae for 63 days or 

more prevented germination entirely. Sodium hydroxide, acid clean in place 

(CIP) and sulphuric acid were most successful of those chemical treatments 

tested in preventing germination of P. vaihiriae floatoblasts. Exposure to 

alkaline CIP and a combination of CIP solutions decreased germination of P. 

vaihiriae floatoblasts. Pre-heating acid CIP to 35°C prevented germination of P. 

vaihiriae floatoblasts. Exposure to alkaline CIP solutions at temperatures of 

35°C and 50°C increased germination of P. vaihiriae and Plumatella n. sp. 

floatoblasts. The zooid wall provided protection for floatoblasts of P. vaihiriae 

from exposure to acid CIP. 

On initial release from the zooid P. vaihiriae floatoblasts produced in winter 

and early summer are obligate dormants entering a diapausal state for at least 

three weeks. As summer approaches P. vaihiriae floatoblasts become thermo

quiescent and germinate once temperatures increase. 

Dunedin City Council (DCC) water department staff must adhere to strict 

cleaning policies when moving both people and equipment between Southern 

Water Treatment Station and other water treatment stations and reservoirs. P. 

vaihiriae and Plumatella n; sp. floatoblasts could better sustain the effects of 
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an acid environment during transport within a vector such as a water bird 

more so if eaten whilst within the zooid and remaining within the zooid walls 

during transport. 

Keywords: Bryozoa, Plumatellids, Paludicella articulata, Plumatella 
repens, Plumatel/a vaihiriae, hibernacula, floatoblasts 
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CHAPTER 1: INTRODUCTION 

1.1 Background 

As early as the 1800's municipal authorities noticed freshwater bryozoans 

colonising water pipes in parts of Europe and in the United States (Harmer, 

1913). The growth of bryozoans caused some interference to the normal 

supply of water, clogging pipes and reducing bore size, thus making it more 

expensive to deliver water through the system. In more recent times 

freshwater bryozoans have been widely reported in a variety of other aquatic 

habitats. Biofouling by freshwater bryozoans is widely reported throughout the 

world (Table 1.1). 

In the city of Dunedin (latitude 45° 53' S. longitude 170° 30' E.), Otago, New 

Zealand, the freshwater bryozoans Paludicel/a articulata (Ehrenberg, 1831) and 

Plumatella. sp. grow in Southern Reservoir Water Treatment Station (Figure 

1.1 and 1.2). 

Southern 
Reservoir • 

Figure 1.1 Location of Southern Reservoir, Dunedin, New Zealand 
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Table 1.1 Examples of reported biofouling caused by freshwater 
bryozoans 

SPECIES LOCATION EQUIPMENT REFERENCE 
AFFECTED 

Paludicel/a articulata United Kingdom Water pipes Harmer, 1913 

Aberdeen, Scotland Water pipes Harmer, 1913 

Ross Creek Reservoir, Water treatment Hamilton, 1902 
Dunedin, New Zealand reservoir & su2Qiy_ ta_Q_ 

Southern Reservoir, Water treatment Wood eta/., 1998 
Dunedin, New Zealand reservoir 

Pectinate/fa magnifica Iowa, USA River Geiser, 1937 
Unspecified Hydroelectric plant Pennak, 1978 

intakes and grates 
Fredericel/a sultana Batley, UK Water pipes Harmer 1913 

Plumatella emarginata Bhopal, India Water supply mains Shrivastava & Singh, 
1986 

Torquay & Newton Water pipes Harmer, 1913 
Abbot, UK 

Plumatella casmiana Arkansas, USA ~uaculture cages Greenland eta/. 1988 
Plumatella (Hyaline/fa) S. Carolina, Hawaii, Wastewater treatment Wood & Marsh, 1999; 

vaihiriae Wisconsin, Arizona, stations, Prawn Bailey-Brock & 
USA aquaculture pond Hayward 1984 

Plumatella fungosa Loire River, France Cooling circuits, Power Aprosi, 1988 
plant 

Lydbury, UK Water pipes Harmer, 1913 

Various lakes, Denmark Nylon fishing nets Jonasson, 1963 

Plumatella repens Brighton, Dunedin, New Farm pipes Wood eta!., 1998 
Zealand 

Patea, New Zealand Farm pipes Wood eta!., 1998 

Alabama, USA Fish farm drainpipes Dendy, 1963 
and boat hulls 

Lake Esrom, Denmark Gauze metal insect Jonasson, 1963 
traps 

Bryozoans unspecified Sacramento, California, Cement storage tanks, Bushnell, 1974 
USA city water supply 

Boston, USA Water pipes Whipple, 1910 

Genera: Plumatella, Unspecified Water pipes, trap nets Pennak, 1978 
Fredericella, Paludicel/a 

Staff at Southern Reservoir reported problems with bryozoans in April 1996, 

February 1997, January 1998, March 2001, and December 2001 (pers comm 

Peter Brownie, 2003). The operation of the plant is, at times, affected by 

colonies of these animals to such an extent that in 2002 bryozoans were 

considered a "severe" biofouling problem by the Dunedin City Council (DCC) 

Water treatment supervisor (pers comm Peter Brownie, 2003). 
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While colonies of freshwater bryozoans are found in the reservoir (Fig. 1.2 B 

and C) biofouling caused by freshwater bryozoans is currently confined to the 

microstrainer chambers (Fig 1.2 D). 

Figure 1.2 Southern Water Treatment Station: (A) Aerial view 
Southern Reservoir area: (1) Reservoir, (2) Microstrainer Hall, (3) 
Treatment station, (4) Area currently forested, (5) Deforested areas; 
(B) Southern Reservoir; (C) Southern Reservoir; (D) Inside 
Microstrainer Hall 

As a result of the problems encountered at Southern Reservoir the DCC 

sought advice and ways to reduce the fouling . The DCC and consultants AMS 

Research are undertaking a multi-staged research programme, of which this 

research is a part, to identify ways in which to remedy the biofouling problem 

encountered at Southern Reservoir. The programme began with an extensive 

literature review of P. articulata and bryozoan biofouling in general. 

Subsequently several other species were identified in the wider geographical 
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area through survey of water treatment facilities, streams and other water 

bodies (Smith and Batson, 2005). The growth of populations of freshwater 

bryozoan colonies has been monitored over several years (Smith, 2005). 

The effect of ultrasound vibration, ultraviolet light, acidification and high flow 

velocity on the settlement of freshwater bryozoans has been previously tested 

(Smith, 2002). Other work on the genetic affinities of the Dunedin P. 

articulata population continues. 

Colonies of bryozoans grow on the inside of inflow water pipes, on the walls 

of the microstrainer hall and on floats at Southern Reservoir (Fig 1.3). 

Figure 1.3 Fouling caused by freshwater bryozoans on a ladder 
inside the microstrainer chamber, Southern Reservoir (Photo by A. 
M. Smith) 

The microstrainer hall is a 16.9 m by 9.1 m hall containing three individual 

chambers (Fig 1.2: D). Each chamber (4.7 m by 4.6 m) contains a revolving 

cast bronze barrel covered in finely woven stainless steel mesh (0.01 mm 

diameter) that removes debris. Each of these microstrainers is 3 m long and 3 

m in diameter. Water flows through the microstrainers at variable rates 
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depending on the demand. Often one microstrainer is being maintained while 

the other two are operational. These factors mean the velocity of water 

running through the chambers (usually 0.0021276 m.sec-1
) can change as 

much as ten-fold depending on the operational situation (pers comm P. 

Brownie, 2003). Bryozoan material may detach from the sides of the 

microstrainer tanks during times of high water velocity or demand. As winter 

approaches temperatures decrease and colonies die off. Dead and detached 

bryozoan material is then carried to the microstrainers where it causes 

clogging and physical damage. Bryozoan material in water pipes reduces the 

efficiency of the microstrainers, the bore size of the pipes and reduces water 

·delivery efficiency. 

Dead bryozoan material can pass through the microstrainers and be 

subsequently distributed through the local public water supply to residential 

areas (Jones, 1998 p.5 and 2001 p.4). On occasion residents in the local area 

report decreased water pressure and concerns over fibrous material (dead 

colonies of bryozoans) blocking washing machine filters and other fittings 

(Jones, 1998 p.5 and 2001 p.4). Smith (2001 and 2005) estimated that the 

mean annual production of bryozoan material growing in Southern Reservoir is 

between 540 and 1630 kg per year. These growth rates cause major fouling 

problems. 

The presence of bryozoans in Southern Reservoir increases workload and 

maintenance costs for the DCC. The annual maintenance cost as a direct result 

of the infestation of bryozoan colonies is reported by Mr P Brownie of the DCC 

Water Department to be between $5000 and $6000 New Zealand dollars 

(Mayston, 2002 p.5). Staff at Southern Reservoir scrape and water-blast 

bryozoan material from colonised surfaces in the microstrainer hall as part of 

the regular maintenance schedule (Figure 1.4). While cleaning procedures 

provide temporary relief to the problem they have not, in the past, prevented 

new colonies forming in the summer. 
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Figure 1.4 DCC staff waterblasting to clear bryozoan material inside a 
microstrainer chamber, Southern Water Treatment Station (aerial 
view) (Photo by A.M. Smith) 

In the Southern Hemisphere, P. articulata has only been recorded at Ross 

Creek Reservoir (Hamilton, 1902) and Southern Reservoir, both water supply 

reservoirs in Dunedin, New Zealand (Wood et a!., 1998; Smith and Batson 

2005). Early last century P. articulata was reported in Ross Creek Reservoir 

(Hamilton, 1902) and fragments were reported as occurring in tap water 

originating from Ross Creek. Neither Wood eta!., (1998) nor Smith and Batson 

(2005) found P. articulata at Ross Creek Reservoir. 

Just why did bryozoans at Southern Reservoir begin to flourish around 1996? 

Contemporaneous felling of the surrounding conifer forest may have caused 

environmental changes around the time of the onset of biofouling (See Figure 

1.2:A). 
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Surveys have noted the presence of other freshwater bryozoan species 

(Fredericella sultana and Plumatella emarginata) (Smith and Batson, 2005) at 

the concrete-lined reservoir at Southern Reservoir (Fig. 1.2 B and C) yet 

fouling in the microstrainer halls has only been recorded due to colonies of P. 

articulata and Plumatella repens. P. articulata and P. repens may have been 

transported in pipes or other equipment from Europe used in the construction 

of Southern Reservoir. A solution to the problem of biofouling may lie in the 

control of reproductive units of the invading species, namely statoblasts and 

hibernacula. 

Freshwater bryozoans can be among the most commonly encountered 

invertebrate species in freshwater habitats and yet are often unnoticed in 

environments in which they flourish. Most of the published work has focused 

on Phylactolaemates with few authors working with members of the 

Gymnolaemates such as P. articulata (Toriumi, 1952; 0kland and 0kland, 

2000). Bryozoans are much understudied world-wide and very little work has 

been conducted on freshwater bryozoans in New Zealand. 

There are very few bryozoan researchers in New Zealand, and all of them work 

primarily with marine species. Authors have studied the biodiversity (Gordon, 

1999) and biofouling nature (Gordon and Mawatari, 1992) of marine bryozoans 

in New Zealand. Some survey work (Wood et a!., 1998; Smith and Batson, 

2005) and some investigations into the growth patterns in Southern Reservoir 

itself (Smith and Batson, 2000; Smith and Batson, 2005) have been 

conducted. It is of particular importance that the species flourishing at 

Southern Reservoir undergo detailed investigation, not only to find methods 

which might restrict their impact on the Dunedin public water supply, but also 

to make a contribution to the paucity of knowledge of these organisms in New 

Zealand. 
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1.2 Taxonomy of Freshwater Bryozoans 

Phylum BRYOZOA {Polyzoa or Ectoprocta) 

The Phylum Bryozoa contains some 5000 described living species (Gordon, 

1999) both marine and freshwater with possibly several thousand species yet 

undescribed. Of the three extant classes Stenolaemata are exclusively marine, 

Phylactolaemata are exclusively freshwater and Gymnolaemata are 

predominantly marine apart from a few species in the suborder Ctenostomata 

which occur in fresh or brackish water. 

Class GYMNOLAEMATA 

Members of the class Gymnolaemata are distinguished by box-like, sac-like or 

tubular zooids with their long axis roughly parallel to local colony growth. The 

two extant orders of this class are distinguished by the composition of zooid 

walls. The order ctenostomata have uncalcified membranous walls and a 

terminal orifice (Wood, 2001b) (Fig. 1.5). 

CLASS 
GYMNOLAEMATA 

Mostly marine 
Some freshwater 

I 
I I 

ORDER Many Marine Orders 
CTENOSTOMATA 

I 
SUBORDER 

PALUDICELLINA 

I 
SUPERFAMILY 

PALUDICELLOIDEA 

I 
FAMILY 

PALUDICELLIDAE 

J 
Paludicella articulata 

(Ehrenberg, 1831) 

Figure 1.5 Taxonomy of Paludicella articulata 
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Ctenostomata includes the family Paludicellidae, of which Paludice!la articulata 

is a member. There are at least 250 species of the order Ctenostomata (Fig. 

1.5), five of which inhabit freshwater exclusively while the others can be found 

in both fresh and brackish water. 

Class PHYLACTOLAEMATA 

There are around 87 species of bryozoans that inhabit fresh and brackish 

water. With improvements in identification methods, particularly the use of 

scanning electron microscopy (SEM), the number of recognised 

phylactolaemate species has nearly doubled since Bushnell's (1973) published 

list of 39. There are now around 77 described species in the exclusively 

freshwater class Phylactolaemata. The class Phylactolaemata includes three of 

the species present at Southern Reservoir: Fredericella sultana, Plumatella 

emarginata, and Plumate!la repens. Both Plumate!la repens and Plumate!la 

rugosa (Fig. 1.6) and both are found at Southern Reservoir (Batson and Smith, 

2001). These two variations are distinguished under SEM by analysis of 

statoblast morphology and were confirmed as separate species by Wood and 

Okamura (2005). F. sultana is one of four species of the genus Frederice!la in 

the family Fredericellidae. 

CLASS 
PHfLACTOL/JEMATA 
Exclust1etf freshwater 

FAMILY 
PL lK'IIATELLID/JE 

28SPECIES 

Figure 1.6 Taxonomy of Plumatella repens 
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There are currently some 28 species in the genus Plumate!la and while some 

are currently under taxonomic revision the identified species from the genus 

Plumatella is summarised in Table 1.2. 

Table 1.2 Species in the genus Plumatella 

Species Area recorded 
Plumatella agilis Marcus, 1942 Brazil, India, Indonesia, Australia, 

Africa Caribbean 
Plumatel!a bigemmis Annandale, 1919 India 
Plumatella bombayensis Annandale, 1910 India 
Plumatel!a bushnelli Wood, 2001 Nth Carolina 
Plumatel!a casmiana Oka, 1907 Europe, Chile 
Plumatel!a crassipes Wiebach, 1974 Brazil 
Plumatel!a emarginata Allmann, 1844 Europe, New Zealand 
Plumatel!a fruticosa Allmann, 1844 Europe 
Plumatel!a fungosa Pallas 1768 Europe 
Plumatel!a ganapati Rao, Agrawal, Diwan and India 
Shrivastava, 1985 
Plumatel!a geimermassardi Wood and Okamura, 2004 Ireland, Norway, Italy 
Plumatel!a javanica Kraepelin 1906 Indonesia India China 
Plumatella kaltanensis Vinogradov, 1995 Russia 
Plumatel!a lendenfeldi Ridley, 1887 Indonesia, Australia 
Plumatel!a longigemmis Annandale, 1915 India, Australia 
Plumatel!a marcusi Wiebach, 1970 Brazil 
Plumatella marlieri Wiebach, 1970 Africa 
Plumatel!a mukaii Wood, 2001 USA, India, Indonesia, Japan, Chile 
Plumatel!a nodulosa Wood, 2001 USA 
Plumatel!a nitens Wood, 1996 USA 
Plumatel!a patagonica Wiebach, 1974 Chile 
Plumatel!a philippinensis Kraepelin, 1887 Philippines 
Plumatella orbisperma Kellicott, 1882 USA 
Plumatel!a princeps Kraepelin, 1887 Germany 
Plumatel!a recluse Smith, 1992 USA 
Plumatel!a relevata Vinogradov, 1995 Russia 
Plumatel!a repens Linnaeus, 1758 Widespread 
Plumatel!a reticulata Wood, 1988 USA (Ohio), Israel 
Plumatel!a rieki Wood, 1998 Australia 
Plumatella rugosa Wood and Okamura, 2005 New Zealand, UK 
Plumatella similirepens Wood, 2001 USA 
Plumatella siolii Wiebach, 1970 Brazil 
Plumatella tanganyikae Annandale, 1911 Africa 
Plumatella toanensis Hozawa and Toriumi, 1940 India 
Plumatella velata Wood, 1998 Australia 
Plumatella vorstmanni Toriumi, 1952 Indonesia 
Plumatella vaihiriae Hastings, 1929 Tahiti, Argentina, Hawaii, USA, 

Australia (unconfirmed) 
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The species Plumatella vaihiriae has recently undergone taxonomic revision 

from the genus Hyalinella to Plumatella on the basis that members of the 

genus Hyalinella should not include species that produce sessoblasts (Ricciardi 

and Wood, 1992). The genus Plumatella undergoes constant revision as 

technology improves and survey is completed. During a large portion of this 

work the identification of species present was problematic (more detail in 

identification section). 

1.3 General Biology of Freshwater Bryozoans 

Bryozoans are colonial invertebrates composed of many genetically identical 

interconnecting zooids that share certain fluids and tissues and are, therefore, 

physiologically unified in a single colony. Each zooid comprises independent 

food gathering structures, mouth, gut, muscles, nervous and reproductive 

systems (Figure 1.7). The zooid is enclosed within an exoskeleton, or 

zooecium. The zooecium incorporates strands of circular muscles to help 

regulate the internal pressure of the coelomic fluid. The active part of the 

zooid is able to withdraw into the zooecium (Hutchinson, 1993). 

The polypide is the system of organs suspended in the common coelomic fluid 

(Wood, 2001b). Rows of cilia on the peritoneum beat forming eddies which 

circulate the coelomic fluid throughout the polypides of the colony. The 

polypide comprises a crown of ciliated tentacles called the lophophore, which 

is used for filter feeding, a digestive tract and musculature. During feeding this 

crown of tentacles extends but if disturbed or not feeding the co-ordinated 

action of a series of muscle fibres will retract it into the orifice. 

The centrally-located mouth occurs at the base of the tentacles and often has 

a special triangular flap of tissue, or epistome, which hangs over the mouth 

and can be moved to alter the shape of the mouth. It is thought that the 

epistome has some type of chemosensory function (Wood, 1983). The 

epistome is absent in Gymnolaemates. Ingested food particles move through a 
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recurved digestive tract extending from mouth to anus and are mixed by 

peristaltic contractions. 

A single central nerve ganglion from which several strands of nervous tissue 

extend is located in the mesocoel between the mouth and anus and provides 

for the sensory control of each polypide. Special sensory cells occur on the 

lophophore tentacles and the epistome (if present) is especially well innervated 

(Wood, 1983). 

A strand of tissue called a funiculus suspends the polypide within the body 

cavity connecting the gut caecum to the peritoneum (Wood, 1983). It is here 

that spermatogenesis and the production of statoblasts occurs (Wood, 1983). 

Anus 

Testis 

lophophore 

Developing 
stotoblosr 

Figure 1.7 Structure of a Plumatella zooid (Modified from Pennak, 
1978 p. 258). 
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As suspension feeders bryozoans feed on acellular algae, protozoans, bacteria, 

organic detritus and small metazoans (Bushnell, 1974; Taticchi, 1989) by 

creating currents with beating cilia that carry particles into the mouth. The size 

of particles ingested by different species is determined, in part, by the 

dimensions of the lophophore (Taticchi, 1989). 

Insect larvae are predators of bryozoans (Bushnell, 1966; Bushnell and Rao, 

1979) and have been observed eating both live polypides and statoblasts of P. 

repens. Gastropods (Bushnell, 1974) and fish (Dendy, 1963) are also thought 

to selectively prey on bryozoans. Prawns have been observed feeding on P. 

vaihiriae in prawn ponds in Hawaii (Bailey-Brock and Hayward, 1984). Many 

other organisms have been found with bryozoan statoblasts in their guts, 

probably as an incidental food source. Investigating the dispersal mechanisms 

of bryozoans, Brown (1933) attempted to feed statoblasts to a variety of 

animals and found that turtles, salamanders and ducks would ingest 

statoblasts. The potential of these organisms as vectors for transporting 

resting stages of freshwater bryozoans is also of interest and is discussed later. 

1.4 Reproduction 

Just how freshwater bryozoans quickly colonise new locations and are able to 

dominate the fauna of certain habitats is related in part to their reproductive 

abilities. Freshwater bryozoans can reproduce sexually and asexually (Fig. 1.8). 

Sexual reproduction in the Gymnolaemates leads to the development of larva 

totally unlike those of the Phylactolaemates. Very little is known of the larval 

ecology of ctenostome bryozoans. 

All freshwater bryozoan zooids are able to reproduce asexually and show much 

greater variety in modes of asexual reproduction than their marine 

counterparts (Woss, 1996). Reproductive strategies include the production of 

buds, fragmentation, and fission (Woss, 1996). Asexual formation of buds is 

employed to survive unfavourable conditions and minimise the lasting effects 

on the population from colony death as a result of these conditions (Silen, 
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1977). The time taken for statoblasts to germinate varies from one day to 

several weeks. 
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Figure. 1.8 Lifecycle of a phylactolaemate bryozoan (Polypide and 
larva figures from Pennak, 1978; Statoblast from Bailey-Brock and 
Hayward, 1984). 
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Freshwater bryozoan species at Southern Reservoir employ a variety of 

asexual reproductive strategies (Table 1.3). 

Table 1.3 Asexual reproduction and colony growth in freshwater 
bryozoans reported from Southern Reservoir 

Feature Buds Colony growth pattern Dormant state 
produced 

Paludicella Hibernacula Colonies germinate in early Probably quiescent 
articulata summer and grow steadily. In (Inferred from Bushnell and 

winter colonies die off Rao, 1974) 
coinciding with a sharp 
temperature decline (Smith, 
2005). Colonies grow at a 
mean rate of 0.6mm per day 
per day (radial) (Smith, 2005) 

Fredericella Piptoblasts Colonies germinate as early as Unclear. Colonies may also 
sultana (only one late winter (40C) and grow overwinter (Woss, 1996) 

or two per steadily once temperatures 
zooid) reach 8-12°C (Raddum and 
(Wood and Johnsen, 1983). In winter 
Backus, colonies die off coinciding with 
1992) sharp temperature decline 

Plumatella Statoblasts: Colonies germinate in early Quiescent (Bushnell, 1966; 
repens Both summer and grow steadily. Hutchinson, 1993); Require 

floatoblasts Colonies die off in winter. Grow three weeks of diapause 
and at mean rate of 1.4mm per (Wood, 1973) 
sessoblasts day per day (Smith 2005) 

Plumatella Statoblasts: Asynchronous germination Statoblasts probably require 
emarginata Both over several weeks as a short obligate period of 

floatoblasts temperatures increase above dormancy. Summer 
and 70C. Colonies germinate in dormancy provides refuge 
sessoblasts early summer and grow from predators (Callaghan 

steadily. Colonies die off in & Karlson, 2002) 
winter (Callaghan, 1996). 

The time of year in which samples are collected for analysis can have an 

important impact on germination patterns of statoblasts in laboratory cultures. 

Brown (1933) compared germination times of statoblasts taken in early spring 

with those taken after overwintering. Plumatella repens floatoblasts collected 

in autumn produced ancestrulae most abundantly after 17 to 20 days while 

overwintered samples produced peak germination after five days. Observations 

of Pectinate/fa magnifica statoblasts showed a similar pattern where 

germination of overwintered samples peaked at five days whereas samples 

taken in autumn peaked at 60 days. Brown (1933) concluded this germination 

pattern showed a need for an obligate period of dormancy in P. magnifica. 
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This response may also be noticed in P. repens statoblasts that have not 

overwintered. A more detailed discussion of the reproductive strategies of 

freshwater bryozoans is provided in the appendix (A. 1). 

1.5 Distribution 

The ability to produce dormant resting stages enables freshwater bryozoans to 

survive in habitats that are seasonal. The geographical distribution of 

freshwater bryozoans may be dependent on the ability of dormant resting 

stages to attach to animals, vehicles, clothing or equipment, be transported to 

a new location and subsequently colonise that new location. 

The reported geographical range of many freshwater bryozoan species has 

changed markedly since Bushnell published the first wide-ranging 

zoogeographical discussion of freshwater bryozoans in 1973. Bushnell (1973) 

discussed the narrow geographical range of many genera including Paludicel/a 

and the cosmopolitan nature of some species including Plumatella repens and 

Fredericella sultana. As more and more workers conduct surveys of freshwater 

bryozoans, geographical range extensions occur often. In one of the most 

recent surveys, for example, the first records of Plumatella patagonica and F. 

sultana were made in Chile (Orellana, 2003). 

The recent detailed investigation of freshwater bryozoan distribution by Wood 

(2001c) found that species once thought to be F. sultana were actually 

Fredericel/a indica and those thought to be P. repens have been re-identified 

as Plumatella nitens, Plumatella nodulosa, Plumatella orbisperma, Plumatella 

recluse, Plumatella rugosa and Plumatella similirepens. The widely documented 

and once thought to· be widely distributed P. repens has, in the past, acquired 

the role of foster species to which unknown species from the family 

Plumatellidae have been assigned (Smith, 1992). Many samples previously 

identified as P. repens have undergone re-examination using SEM and have 

now been identified as other Plumatellids. Thus the range of P. repens itself 
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has narrowed and it is now considered unknown in North America (Wood, 

2001c) but common in Europe (Mundy, 1980, 0kland eta!., 2003). 

Clearly advances in microscope technology will reveal misidentifications in the 

literature and lead to a reduction in the range of several species. Several 

species of freshwater bryozoans, once thought to be nearly cosmopolitan in 

distribution (notably P. repens and F. sultana) are now thought to have 

relatively narrow and surprisingly static distribution patterns (Wood, 2001c). Of 

the Plumatellids only Plumateffa casmiana can now be considered cosmopolitan 

in distribution (Wood, 2001c). The surprisingly narrow distribution of most 

freshwater bryozoans would lead to the assertion that freshwater bryozoans, 

once thought to be easily dispersed, may not be. The fact that Paludicella 

articulata has been reported in only one city in New Zealand for over a century 

tends to support this view. Of course the distribution data for freshwater 

bryozoans are limited by the fact that surveys are few and identification may 

be flawed in some cases. 

P. articulata is widely distributed in the Northern hemisphere, being found in 

mainly cool climates above 45° latitude (Europe, Asia including Japan, and 

North America) (Wood eta!., 1998; Figure 4.1). P. articulata enjoys near pan

temperate distribution in the Northern hemisphere (Wood, 2001b). In contrast, 

P. repens is no longer considered a cosmopolitan or distributionally dominant 

species (Wood, 2001c). 

F. sultana has been reported in northern regions of Europe, Asia and North 

America. While F. sultana has been reported in Australia and is likely to exist 

there, its presence can not currently be supported by known specimens 

(Wood, 1998). F. sultana was first noted by Dendy in 1906 growing on a leaf 

in Christchurch (Dendy, 1906). F. sultana was the most commonly 

encountered species in the New Zealand survey conducted by Wood et a/. 

(1998), occurring at 62% of the sites surveyed. It was not, however, found at 

Southern Reservoir at that time. Between January and February of 2002 live 
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colonies of F. sultana were encountered in Southern Reservoir by Smith and 

Batson (2005). F. sultana was not found in the microstrainer hall during the 

various surveys. 

Seven freshwater bryozoans had been described in New Zealand by 1999, four 

of which have been previously identified as living in and around Dunedin city 

(Batson and Smith, 2001). Wood eta/. (1998) conducted New Zealand's first 

extensive survey of the distribution of freshwater bryozoans, over a period of 

fifteen days in 1995 at several locations around New Zealand. During the 

survey Wood et a/. (1998) recorded the existence of five bryozoan species 

namely F. sultana, P. repens, Plumatella emarginata, P. articulata and one 

unnamed Plumatellid species (Fig. 1.8). Of these, only P. articulata, Plumatella 

repens typica, Plumatella emarginata, and the unnamed Plumatellid species 

were found in the Dunedin area. The unnamed Plumatellid was late confirmed 

as P. bushnelli (Wood, 2001a). 

Since then, the only other detailed survey of freshwater bryozoans in the 

Dunedin area found P. emarginata, F. sultana, P. articulata and P. repens 

(Smith and Batson, 2005) all of which were present at Southern Reservoir. 

While P. articulata was reported in Ross Creek Reservoir in 1902 (Hamilton, 

1902) it was not found there during a more recent survey of New Zealand 

(Wood eta/., 1998). Wood eta/. (1998) did, however, encounter P. articulata 

in Southern Reservoir, the only other record of this species in Australasia to 

date. 

P. repens occurs in New Zealand in a variety of !otic and lentic habitats. 

Hamilton (1902) first reported the species in a Hawkes Bay river and in 

streams in and around Dunedin. P. repens occurred at 33% of the sites 

surveyed by Wood et a/. (1998) and was the second most commonly 

encountered species (Fig. 1.8). P. repens was not, however, found in either 

Southern Reservoir or Ross Creek during that survey. A further survey of 22 
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sites in the wider Otago area found P. repens at one site only, namely, 

Southern Reservoir (Smith and Batson, 2005). 

Figure 1.9 Distribution of freshwater bryozoans in New Zealand 
(modified from Wood eta/. 1998 p. 643) 

1.6 Identification 

Variations in the geographical distribution pattern of different bryozoan species 

are due, in part, to the ability of the disseminules, statoblasts, to sustain harsh 

environmental conditions and to be carried in or on other animals or water 

currents to colonise remote locations. Considering the potential biofouling 
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impact from bryozoans and the diverse dispersal mechanisms they utilise, the 

factors that may inhibit the successful establishment of new populations are of 

particular interest. 

Identifying the geographical range of freshwater bryozoans is problematic 

given the difficulties in identifying samples to species level. Genetic differences 

in freshwater bryozoan species have been demonstrated using enzyme 

electrophoresis (Thorpe and Mundy, 1980) but this method is time consuming 

and costly. While colonies of many freshwater bryozoans can be distinguished 

using the naked eye, taxonomists tend to rely on morphological differences 

amongst statoblasts for absolute identification. Among the Plumatellids positive 

identification is especially difficult in those species similar to Plumatella repens: 

Plumatella fungosa, Plumatel!a collaroides, Plumatella osbisperma, Plumatel!a 

javanica, Plumatel!a philippinensis, Plumatella recluse, Plumatella vorstmani 

and Plumatel!a vaihiriae (Wood, 1996). Studying significant morphological 

features such as bumps and ridges, length and width and the sizes of the 

annulus and fenestra is a common method to confirm species identification 

(Wood, 1996). Plumatellids especially require identification under dissecting 

microscope and often identification is only possible through examination of 

statoblasts using SEM. These analyses have led, in recent times, to discovery 

of new Plumatellid species such as Plumatel!a bushnelli, Plumatella nodulosa, 

and Plumatella similirepens (Wood 2001a). Museum collections that have 

undergone re-identification using analysis under SEM include statoblasts 

described in Australia as Hyalinella vaihiriae being re-described as Plumatella 

velata and Plumatella rieki (Wood, 1998). 

There may also be a level of morphological difference in statoblasts that does 

not indicate a different species but is merely a result of variation in the 

environmental differences between habitats (Bailey-Brock and Hayward, 

1984). 
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Given the difficulties in making positive identification of freshwater bryozoans 

to species level the use of SEM to confirm identification is essential. A great 

portion of this work involved confirming the species that were worked on using 

microscope, SEM, identification keys and seeking expert advice. 

Zooecia of P. repens are often packed with up to twenty oval-shaped 

statoblasts (Batson and Smith, 2001). P. repens sessoblasts possess a flat 

ragged cross-section as compared with their floatoblasts. Under SEM the 

floatoblast suture line is marked by two crooked rows of large toothlike 

tubercles (Wood, 2001a). In P. rugosa the surface walls of the annular cells 

are concave, giving the annulus a rough, reticulated appearance clearly 

obvious under SEM. P. repens possesses a smooth annulus. A summary of the 

morphological differences between Paludicella articulata and P. repens is 

provided in Table 1.4 below. 

Table 1.4 Identification of Plumatella repens and Paludicel/a 
articulata 

Feature Paludicella articulata Plumatella repens 
Colony Light green to olive brown; Dark green to red brown; Pale 

Sparsely branched, delicate transparent to opaque sparsely 
thread-like zooids join end to branching growths (thicker and 
end branching at right angles darker than Paludicella articulata); 
from lateral buds (Ricciardi & Up to 10cm spanning several metres 
Reiswig, 1994) of substrate 

Zooid 1.1 - 2.2mm long; 0.15 - 2-3mm long, O.Smm wide (Wood, 
0.27mm wide; Club-like 1983); Orifice forms terminally 
(Ricciardi & Lewis, 1991); 
Tapered at the end; Orifice is 
square and forming frontally 
(Rogick, 1959) 

Lophophore shape Circular U-shaped . 
Tentacle number 16 to 18 (Pennak, 1978) At least 50 (Batson & Smith, 2001) 
Reproductive unit Hibernacula: Brown smooth Floatoblasts: 0.31mm - 0.45mm 
size and shape elongate or irregularly shaped long; 0.23 - 0.51mm wide; round & 

(Toriumi, 1952) oval; pale brown annulus, dark 
brown fenestra 
Sessoblasts: 0.33 - 0.47mm long; 
0.33 - 0.39mm wide; oval; light to 
dark brown 

Epistome Lacking (Mundy, 1980) Present 
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Freshwater bryozoans are often mistaken for freshwater macrophytes or 

decaying organic matter. Although frequently unnoticed, freshwater bryozoan 

colonies are often present in lakes, ponds and rivers. Colonies of P. articulata 

cement themselves to substrata in lakes, streams and marshes on stones, 

leaves, logs and aquatic plants (Bushnell, 1974). P. articulata colonies form 3-4 

em thick clumps and can be found associated with freshwater sponges, 

macrophytes, and caddisfly larvae (Ricciardi and Lewis, 1991). 

P. repens colonies are thicker and darker than P. articulata (Fig. 1.9) and are 

open and creeping (Wood, 1983). 

Fig. 1.10 Colonies of Plumatella repens (left) and Paludicella 
articulata (right) (from Batson and Smith, 2001 p.6) 

1.7 Water treatment at Southern Reservoir 

For the Dunedin City Council (DCC), and particularly the water department 

staff that maintain Southern Reservoir, the concern is not with which species 

are present but with the manner in which they interfere with normal plant 

operations. The DCC seeks to minimise the presence of freshwater bryozoans 

and their effect on plant operations and consequently the Dunedin residential 

water supply. 
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Southern Reservoir was built in 1923 and is one of several raw water storage 

reservoirs that supply the Dunedin water treatment stations. It stores water for 

the Southern Water Treatment Station. Southern Reservoir is fed by the 

Silverstream catchment and also by water pumped from the Taieri River at a 

borefield near Outram (southeast of Dunedin city) (Fig. 1.10). 

Southern Reservoir has a volume of 204,090m3
• The treatment plant itself has 

a throughput capacity of 60,000m3 a day (Dunedin City Council website, 2003). 

SILVERSTREAM CATCHMENT TAIERI RIVER 
40% approx 60% approx 

,~ 

I SOUTHERN RESERVOIR I 
'(' 

MICROSTRAINER HALL 
Microstraining 

~ ,if 

SOUTHERN WATER NEW TREATMENT STATION 
TREATMENT STATION New membrane technology 
Chlorination & fluoridation Alkaline and acid clean in place 

( ( 

I HOUSEHOLDERS SUPPLY I 
Fig 1.11 Schematic representation of water supply at Southern 

Reservoir 

The Southern Water Treatment Station treats water using microstraining, 

chlorination and fluoridation. The microstraining process does not remove 

micro-organisms smaller than 0.01 mm or dissolved chemicals. Fluoride is 
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added to the water in a concentration of 0.85 parts per million. Disinfecting by 

chlorination is the final step of the treatment process. 

In 2003 the DCC embarked on a project to upgrade much of the city's water 

treatment facilities. This project has included construction of a new treatment 

plant situated north of the Southern Water Treatment Station and installation 

of a series of detention and water storage tanks. The microstrainer hall itself 

will no longer be utilised in the treatment process. Water will instead be piped 

directly from the reservoir to an inlet at the newly constructed plant. 

The DCC has selected a new treatment regime for the plant using MEMCOR 

CMF-S SlOT microfiltration membrane submodules (Fig. 1.11). The 

microfiltration membrane hollow fibres are packaged into modules arranged in 

a back-flushable filtration system (Fig. 1.11). 

Figure 1.12 MEMCOR microfiltration system: Left: Microfiltration 
membrane hollow fibres and their modules; Right: Modules arranged 
into filtration system (Vivendi Water Systems, 2003) 

Each module consists of around 14500 hollow polypropylene fibres (Fig. 1.11 

left). Fibres are O.lmm in diameter and one metre long. Untreated water is 

drawn through 0.2 1-1m diameter pores in the walls of the fibres. 
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Membranes are treated with two chemical solutions. These solutions are 

known as acid and alkaline 'Clean in Place' (CIP) treatments and are used, 

either individually or in series, one after the other (Table 2.3). The term 'clean 

in place' is commonly used in the food technology, beverage and cleaning 

industries. The term refers to the process of cleaning and sanitising equipment 

in its assembled state without the need for dismantling and cleaning of 

individual parts. 'Cleaning in place' significantly reduces the time it takes to 

maintain equipment and the overall cost. 

While there is likely to be some variation in the way in which the treatments 

are conducted at the new plant, the 20 steps that will usually be used by the 

DCC are provided in Table 1.5. When using acid or alkaline CIP individually, 

steps 2 to 10 or 11 to 20 are deleted from the process. 

Table 1.5 Steps in the dual clean in place cleaning sequence to be 
used at Southern Reservoir {MF refers to microfiltration) 

Step Activity 
1 Backwash MF module to remove as much solid matter 

as possible 
Acid CIP 2 Drain MF module 

3 Fill modules with acid CIP (preheated to 35 - 40°C) 
4 Recirculate acid CIP solution (15 minutes) 
5 Soak with acid CIP solution (15 minutes) 
6 Repeat step 4 & 5 twice (60 minutes) 
7 Fill cell with raw water 
8 Rinse- filtering to waste (15 minutes) 
9 Backwash twice ( 4 minutes approximately) 
10 Final rinse (3 minutes) 

Alkaline CIP 11 Backwash 
12 Drain MF module 
13 Fill module with alkaline CIP (preheated to 35 - 40°C) 
14 Recirculate alkaline CIP solution (15 minutes) 
15 Soak with alkaline CIP solution (15 minutes) 
16 Repeat step 14 & 15 twice (60 minutes) 
17 Fill module with raw water 
18 Rinse- filtering to waste (15 minutes) 
19 Backwash twice ( 4 minutes approximately) 
20 Final rinse (3 minutes) 
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The membrane technology was specifically selected for its ability to remove 

giardia and cryptosporidium rather than to solve the problem caused by 

bryozoans. It is not known yet whether either or both of the chemical 

treatments (acid and alkaline CIP) will affect bryozoan settlement, germination 

or growth. 

1.8 Aims 

The overall aim of this research is to determine the effect of environmental 

conditions, state of dormancy and chemical control strategies on the 

germination of hibernacula of Paludicel/a articulata and statoblasts of the 

Plumatellids present in Southern Reservoir. 

The specific aims are: 

A) To confirm identification of species present at Southern 

Reservoir. 

B) To develop a reliable and simple method for germinating 

statoblasts and hibernacula in vitro. 

C) To examine the effects of storage time, drying, and chemical 

treatment on germination. 

D) To determine the effect of current chemical water treatment 

regimes and pre-heating on germination levels of hibernacula 

and statoblasts (both within zooids and individually). 

E) To determine whether Plumatellid colonies are obligate or 

facultative dormants. 
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1.9 Thesis Structure 

In Chapter 2, I discuss field and laboratory methods used in this study, 

including the development of a germination technique. In Chapter 3, I present 

the results of the study. In Chapter 4, I discuss and interpret the effects of 

treatment regimes on germination and comment on the nature of dormancy in 

the species tested. I discuss biological fouling within New Zealand and the 

significance of endemic and exotic fouling species to the biodiversity of New 

Zealand. I also discuss the impact of and extent of freshwater bryozoan 

biofouling world-wide. I conclude by discussing the potential of species at 

Southern Reservoir to colonise distant locations, and the potential ability of 

biological controls to minimise the biofouling problem. In Chapter 5, major 

findings of this study are summarised and suggestions for future research are 

proposed. A glossary is provided at the end of the reference section. 
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CHAPTER2:METHODS 

2.1 Identification techniques 

From early November 2001 onwards living colonies of Paludicella articulata and 

a Plumatel!a species (previously identified as Pfumatel!a repens, see Batson 

and Smith, 2001) were collected from surfaces (walls, ladders, pipes, ceiling) 

in the microstrainer chambers at Southern Reservoir. Colonies were 

transported from Southern Reservoir to the laboratory in untreated raw water. 

Observation of these colonies confirmed that the lophophores of both species 

were extended and actively feeding. 

Identification of samples to species level was made through examination under 

dissecting microscope and SEM using the keys of Rogick (1959), Ricciardi and 

Reiswig (1994) and Wood et a/. (1998). Smooth, elongate hibernacula had 

formed on colonies of P. articulata. 

Hibernacula with one or two attached zooids were carefully dissected from 

colonies split into subsamples of several 100 and stored refrigerated at 7°C. 

No sessoblasts were identified during this work and all of the data were 

collected from tests on floatoblasts. The term 'floatoblast' is used when 

referring to results from this study. References to the work of others uses the 

term statoblasts as used in the original texts. 

Several thousand floatoblasts of the Plumatel!a species were collected from 

samples by skimming the surface of the samples with a fine mesh sieve 

(180!Jm). Each sample was then split into three subsamples (several hundred 

floatoblasts in each) and stored refrigerated at 7°C. Confirming the identity of 

floatoblasts required analysis using SEM and comparison with SEM images 

from Bailey-Brock and Hayward (1988) and Wood and Marsh (1999). 
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Floatoblasts were prepared for viewing under SEM by attaching them with 

carbon tape to aluminium stubs and spattering for 2 minutes at 2kv with gold 

and palladium. Floatoblasts were then viewed in a Cambridge Stereoscan s-
360 scanning electron microscope. Floatoblasts stored in distilled water and 

SEM images were also sent to Dr T Wood, Wright State University, to assist 

with identification. 

In late June 2002 the water temperature at Southern Reservoir dropped to 6°C 

and the bryozoan colonies died. The second microstrainer was then drained 

and waterblasted by DCC staff to remove dead bryozoan material. Several 

more living samples were taken at this time and stored refrigerated for use in 

germination experiments. 

2.2 Development of germination in culture 

Developing a germination method was the first aim of this study and several 

methods were attempted. A method was developed that was reliable, simple 

and enabled daily data collection. During August 2002 samples of Plumatella 

sp. Stored refrigerated since collection in November, December 2001, January 

and June 2002 were split into subsamples of several hundred floatoblasts. P. 

articulata samples were split into subsamples of one hundred hibernacula. 

Since it is possible that colonies from different surfaces, and different colonies, 

may exhibit different germination rates, samples were collected from a variety 

of surfaces of the microstrainer hall including ropes, concrete walls, and upper 

and lower surfaces. 

Samples of several hundred floatoblasts or hibernacula were attached to glass 

microscope slides using double-sided tape and immersed in each of the three 

aquaria (31L X 29W X 40D em) filled with tap water. There were 12 slides 

suspended in each tank from plastic clips attached to a line of string along the 

length of the tank (Fig 2.1). Each tank was aerated continuously. 
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Temperatures in each tank were maintained using Mariner Automatic 

thermostat heaters at initial temperatures of l0°C, l5°C and 20°C. 

Temperatures were increased over the next few days by one degree per day 

from l0°C to 20°C in tank 1, l5°C to l7°C in tank 2 and l0°C to 20°C in tank 3. 

A 

Key 

I Slide (from above) A Clip 

'~-· ~~" Water level 

zl I Slide (lateral view) 

Figure 2.1 Schematic representation of aquaria. A: Lateral view; B: 
From above 
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Raising water temperatures was utilised in an attempt to break dormancy of 

statoblasts and hibernacula. Southern Reservoir temperatures increased from 

7°C to 8°C from November to December 2000. Hibernacula and floatoblasts 

were inspected every two days for signs of germination. No germination was 

recorded during the 29 days of observation of these samples. 

In September 2002 a second germination experiment was run using filtered 

raw water from Southern Reservoir. All other methods were identical to the 

initial experiment. In this experiment some floatoblasts germinated 

successfully. Once the floatoblast valves had split it was difficult to inspect 

them in the tanks as some floatoblasts detached from the slides. For this 

reason it was also difficult to make accurate quantitative assessments of 

germination levels. 

In September 2002 whole colonies of P. articulata were attached to the slides 

and immersed in tanks as above to try to germinate attached hibernacula. No 

hibernacula germinated using this technique. 

Further tests were performed using floatoblasts of Plumatella sp., hibernacula 

and whole colonies of P. articulata contained in vials. Screw top vial lids were 

drilled and a central circular disc removed (Fig. 2.2). 

Figure 2.2 Vials used for germination experiments. Lid shows insert 
of micropore filter (hatched section). 
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Rounds of micropore Nybolt (1801-lm) were glued to the inside of each lid to 

allow water circulation but prevent loss of organisms through the opening (Fig 

2.2). 

All tanks were maintained at 20°C in a temperature controlled room. This 

method involved a great deal of handling of the samples from vial to slide and 

back again. In this experiment some floatoblasts germinated but it was difficult 

to inspect them under microscope without disturbing or damaging them. 

During 2002 a new set of experiments was undertaken germinating 

floatoblasts in petri dishes kept at constant temperatures of around 20°C. 

Floatoblasts were immersed in dishes filled with distilled water. The water 

within the dishes was not aerated or circulated and remained relatively 

undisturbed during the germination trials. 

Floatoblasts collected on 20 June 2002, 8 November 2002 and 16 December 

2002 were rinsed in distilled water at least three times, and stored at 7°C in 

distilled water. Samples were later split into subsamples and placed into 

covered petri dishes in 2 em deep distilled water. Petri dishes were kept at 

temperatures of between 16°C and 23°C (mean 20°C) in darkness in a 

temperature-controlled room. Germination occurred within one or two days, 

and this method allowed easy observation of floatoblasts with minimal 

disturbance to other specimens. This method (Fig 2.3) was used in all 

subsequent germination experiments. 

Floatoblasts were observed and counted under dissecting microscope in petri 

dishes. Each dish was divided into quarters and counted twice to ensure 

accuracy. Some floatoblasts were attached to the walls and the bottom of the 

dishes while others floated freely around the dish. Freely floating floatoblasts 

could move into other quadrants of the dish during counting and potentially be 

counted twice. To avoid this problem, the fluid in the dish was allowed to 

settle after moving it and kept as still as possible during counting to minimise 
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movement in and out of sections. Observation of the dish edges and central 

area were made from the bottom of the dish up to the top of the sides to 

ensure settled, floating and attached floatoblasts were counted. Those 

floatoblasts that were ripped, torn or otherwise physically damaged were not 

included in the data set. 

STOCK SAMPLES COLLECTED FROM 

SOUTHERN RESERVOIR 

Floatoblasts sieved off and rinsed three 
times with distilled water 

Stored in distilled water at 7°C 

U' 

Split into three subsamples 
Maintained at 16 to 23°C in darkness 

Observed daily 

Figure 2.3: Flowchart of germination methodology 

Germination levels of three randomly selected samples were counted three 

times each in a non-sequential order at a rate comparable to normal counting 

of samples. Initially errors of up to 22% were made. After much practice the 

counting error was reduced to less than 5%. The germination technique 

explained above was used in all subsequent germination tests as a standard 

technique. 

Floatoblast and hibernacula germination trials using this germination technique 

were conducted in January and February of 2003 using samples collected in 

June, November and December 2002. Liberated floatoblasts and colonies of P. 

articulata with attached hibernacula, that had been stored since collection, 

were used in these trials. Samples were observed daily for changes in colour, 

morphology and germinating activity. The number of floatoblasts were counted 
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in which valves had split and polypides had evaginated. The data collected 

provided a pattern of germination on a temporal scale which provided 

opportunities to observe the germination process and calculate levels of 

germination. 

During the development of a reliable germination technique a small number of 

large unidentified floatoblasts were noticed in many samples. Subscripted 

numbers indicated whether the figures were a sample of Plumatella 

floatoblasts (species1) or large unidentified floatoblasts (species2). These 

floatoblasts (species2) were counted alongside the Plumatella (species1) 

floatoblasts in the hope that identification could be made at a later date. 

During the development of a reliable germination method freshwater bryozoan 

floatoblasts were observed germinating. The observations are recorded in the 

results section. 

2.3 Assessment of germination and ancestrulation 

Germination is defined in Collins Dictionary of Biology (Hale eta!., 1995) as the 

beginning of the growth of a seed, spore or other structure that is dormant. 

Floatoblasts develop through a series of stages as they open and begin to 

grow. It is important to use terminology that identifies germinating activity as 

a whole and the various stages within that germination process. Oda (1979) 

defined 'germination' proper as splitting of the statoblast valves and called 

protrusion of the polypide 'evagination'. In the work conducted by Mukai 

(1977), almost all germinating statoblasts evaginated within a few days and he 

used 'germination' to mean both 'germination' and 'evagination' as defined by 

Oda (1979). A statoblast in which the valves split, however, does not always 

contain a germinal mass and therefore splitting of the valves is not necessarily 

an indication of germinating activity. 

'Germination' as defined by Mukai (1977) will be employed here to incorporate 

both splitting of the valves and the evagination of the ancestrula. 'Germinated' 
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floatoblasts do not include those that split but contain no germinal mass. 

'Mean germination' indicates the mean number of floatoblasts per hundred 

that had germinated at the end of the test rather than the germination rate 

(mean number of germinated floatoblasts per day). 

In this study germinating activity was defined using a simple six-tiered coding 

system (Table 2.1). Where a pair of floatoblast valves split, but were 

completely empty immediately after splitting, or did not split at all, the 

floatoblast was recorded as 'non-germinating' (N1 or N2 in Table 2.1). Where 

valves split to reveal a germinal mass which did not proceed to evaginate they 

were recorded as 'split' (51 or 52 in Table 2.1). Where that germinal mass 

proceeded to evaginate and develop into an ancestrula it was deemed to be 

'ancestrulated' (E1 or E2 in Table 2.1). Germination (G1 or G2) would therefore 

encompass split valves with a germinal mass (5) and those split valves which 

evaginated to form an ancestrula (E), and defines the total germinating activity 

of the sample. 

Table 2.1 Codes used to calculate the developmental stage reached 
by floatoblasts 

CODE STATE OF STATOBLAST 

N1 Plumatella floatoblast (species1) does not germinate (valves do not split or 
valves split with no germinal mass present) 

s1 Plumatella floatoblast (species1) germinates, germinal mass is visible but 
does not protrude, no ancestrula develops 

E1 Plumatella floatoblast (species1) germinates and active polypide protrudes 
with tentacles visible and active 

N2 Large unidentified floatoblast (species2) does not germinate (valves do not 
split or valves split with no germinal mass present) 

$2 Large unidentified floatoblast (species2) germinates, germinal mass 
protrudes no ancestrula develops 

E2 Large unidentified floatoblast (species2) germinates and active ancestrula 
protrudes 

It was observed that some germinal masses detached from split floatoblast 

valves and floated around the container. The mass might later develop into a 

viable ancestrula. These samples were counted as either 'split' or 'ancestrula' 
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depending on the stage they reached. The floating empty valves were 

removed to prevent them from being counted as non-germinated. The number 

of germinal masses that detached from the floatoblast valves was very small. 

The proportion of germinated floatoblasts that proceed through the 

development stages to develop into an ancestrula is important in 

characterising whether a particular treatment enables valves to split, revealing 

a germinal mass but then prevents further development into a viable 

ancestrula and thus would prevent colony establishment. The term viability (V) 

was employed to indicate the percentage of the germinated floatoblasts (G) 

that proceeded through their development and evaginated {(E/G)XlOO}. 

Viability is termed V1 or Vz for species1 and speciesz respectively. 

To determine levels of germination (G), ancestrulation (A) and viability (V) 

calculations were used as shown in Table 2.2. 

Table 2.2 Method used to calculate germination, ancestrulation and 
viability (Using codes from Table 2.1) 

RESPONSE CALCULATIONS 
% Germination of a Plumatella floatoblast (G1) = {(E1 + 51)/(Nl + E1 + 51)} * 100 

% Ancestrulation of a Plumatella floatoblast (A1) = {E1/CN1 + E1 + 51)} * 100 

%Viability of a Plumatella floatoblast (V1) = {E1/CE1 + 51)} * 100 

%Germination of a large unidentified floatoblast (G2) = {(E2 + 52)/(N2 + E2 + 52)} * 100 

% Ancestrulation of a large unidentified floatoblast = {E2f(N2 + E2 + 52)} * 100 
(A2) 
% Viability of a large unidentified floatoblast (V2) = {E2i(E2 + 52)} * 100 

2.4 Effects of water treatment on germination 

2.4.1 Effect of cold storage time on germination 

Floatoblasts of the Plumatella species (species1) and the large unidentified 

species (species2) were collected from the microstrainer hall at Southern 

Reservoir, washed in distilled water to remove other organisms and debris, 

and stored in the refrigerator at 7°C in distilled water. After being stored for 
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periods of 36, 94, 124, 129 and 153 days, selected subsamples of floatoblasts 

(species1: n = between 63 and 552, mean = 198; species2: n = between 0 and 

70, mean = 30) and hibernacula were subjected to the standard germination 

technique. Samples were observed daily for changes in appearance. Five 

treatment regimes with three replicates in each resulted in a total of 15 

samples. 

2.4.2 Effect of dry storage on germination 

Floatoblasts of Plumate!la species (species1) and the large unidentified species 

(species2) collected from the microstrainer hall at Southern Reservoir in 

December 2002 were rinsed in distilled water. Samples were then air dried on 

absorbent paper for between one and two hours at a laboratory temperature 

of 20°C before being transferred to a refrigerator (7°C). Air-drying was 

selected as the method of drying as it is more representative of the drying that 

is likely to occur in the natural environment and was also the method 

employed in the extensive investigations conducted by Rogick (1938, 1940 and 

1941) and Brown (1933). Air drying is also most similar to the drying that 

would occur if the DCC Water Department decided to implement drying as a 

treatment to control bryozoans by emptying certain parts of the station for 

periods of time. 

After periods of 1 day, 3 days, 11 days, 29 days and 89 days, the samples 

were re-hydrated in distilled water and germinated using the standard 

germination technique. Three replicate samples of randomly selected 

floatoblasts (species1: n = between 59 and 552, mean = 185; species2: n = 

between 0 and 71, mean = 26) were immersed in distilled water and placed in 

petri dishes at 18°C in the dark. Control samples (which had been stored 

refrigerated but not dried) were germinated at the same time. Observations of 

the appearance of the floatoblasts were made initially every day for 2 to 4 

days and then every two days after that. Six different treatments with three 

replicates each resulted in a total of 18 samples. 
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2.4.3 Effect of chemical treatments on germination 

From March 2003 onwards samples of floatoblasts were treated with Clean in 

Place (CIP) (Table 2.3) chemicals and their individual components. After 

subjecting floatoblasts to the standard germination technique their subsequent 

germination levels and patterns were recorded (Fig. 2.3). 

Table 2.3 Concentration of chemicals tested 

Chemical Abbreviation Concentration pH 

Sulphuric acid H2S04 306f.JM 1 
EDTA sodium salt EDTA 0.05% 34.5f.JM 10 
Hydrogen peroxide H202 1763.6f..!M 5 
EDTA sodium salt EDTA 0.14% 96.61-!M 10 
Sodium hydroxide NaOH 0.012M 12 
Memclean C (water >60%, Memclean C 4 
sodium gluconate 10 to 
<30%, Citric acid <10%, 
Alkypolyglucoside <10%, 
Modified asphatic polyether 
<10%) 

CIP solutions were supplied through the DCC by Veoli Water Systems. Usually 

a stock solution was made and used for several experiments. Floatoblasts were 

immersed in chemical solutions immediately after the solutions were heated. 

Floatoblasts that had been collected in December 2002 and March 2003 and 

stored wet at 7°C were treated with CIP chemicals and assayed using the 

standard germination technique. The method used attempted to replicate as 

closely as possible the regime to be used at Southern Reservoir in terms of 

soaking and rinsing periods and temperatures (Table 1.5). Establishing this 

methodology, however, was problematic as the DCC will vary the pre-heating 

temperatures and soaking periods and treat the membranes solely with 

alkaline CIP at times. Subsamples (species1: n = between 44 and 599, mean = 

277; species2: n = between 0 and 68, mean = 16) were separately immersed 

in either acid CIP, alkaline CIP, 0.1% sulphuric acid, 0.25% hydrogen 

peroxide, or 2% sodium hydroxide solutions (as supplied) that had been pre

heated to 35°C. After a soaking period 60 minutes floatoblasts were rinsed 
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continuously for 25 minutes with distilled water. Control samples were soaked 

in distilled water pre-heated to 35°C and soaked for 60 minutes. Control 

floatoblasts were then rinsed in room temperature distilled water for 25 

minutes. Three of the sub-samples were also treated firstly with acid CIP pre

heated to 35°C for 60 minutes, rinsed continuously with distilled water for 25 

minutes, then secondly with alkaline CIP solution pre-heated to 35°C for 

another 60 minutes, and then again rinsed continuously with distilled water for 

25 minutes. Further control samples were soaked in 35°C distilled water for 60 

minutes, rinsed for 25 minutes, soaked again for 60 minutes in 35°C distilled 

water and finally rinsed continuously again for 25 minutes in distilled water at 

room temperature. 

All chemicals were mixed as supplied to Dunedin City Council and pH 

measurements were taken using a Meterlab PHM210 pH meter. To make acid 

and alkaline CIP solutions the supplied chemicals were combined in the 

following ratios: 

Acid CIP 

Alkaline CIP 

Sulphuric acid 0.1% 

EDTA 0.05% 

Distilled water 99.85% 

Hydrogen peroxide 0.25% 

EDTA 0.14% 

Sodium hydroxide 2% 

Memclean C 0.2% 

Distilled water 97.41% 

Subsequent to all treatments, samples were put into petri dishes containing 

distilled water and maintained at a temperature of 18°C in darkness. 

Floatoblast morphology, colour and the state of germination were observed 

every two days. The number of floatoblasts in each sample ranged from 

species1 between 17 and 333, mean = 82; species2 between 0 and 70, mean 
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= 8). Six different chemical treatments with three replicates each and three 

control replicates for both December and March samples resulted in a total of 

42 sub-samples. 

Other components (EDTA and Memclean C) of the CIP solutions were tested 

on floatoblasts. In a second set of experiments selected floatoblasts from the 

December 2002 sample were treated using acid CIP, alkaline CIP, a combined 

acid and alkaline CIP treatment, hydrogen peroxide, sulphuric acid, sodium 

hydroxide, Memclean C 0.2%, EDTA 0.05% and EDTA 0.14%. The same 

heating, soaking and rinsing regime was followed as in (a) above. Untreated 

samples that had been rinsed for the same periods in pre-heated distilled 

water were used as controls. Nine different treatments with three replicates 

each and three control replicates resulted in a total of 30 sub-samples. 

2.4.3.1 Pre-heating temperature and soaking time 

To investigate the effect of increasing or decreasing the preheating 

temperature of chemicals on germination, floatoblasts were treated with acid 

and alkaline CIP solutions heated to either 20°C, 35°C or 50°C for 10, 20, 60 or 

90 minutes and subsequently rinsed for 25 minutes in distilled water (sample 

sizes were species1 between 17 and 333, mean = 82; species2 between 0 and 

70, mean = 8). Untreated control samples were soaked in distilled water 

heated to 20°C, 35°C or 50°C for 10, 20, 60 or 90 minutes and subsequently 

rinsed for 25 minutes in distilled water. After treatment floatoblasts were 

assayed using the standard germination technique. 24 treatments with three 

replicates each and 12 control treatments with three replicates in each resulted 

in a total of 108 sub-samples. 

2.4.3.2 Effect of chemical treatment on germinating ability of 

floatoblasts inside zooid wall 

Parts of colonies of Plumatella species were treated with acid and alkaline CIP 

and a combination of the two as outlined above. Floatoblasts were then 
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dissected out of the dead zooid walls, rinsed in distilled water and placed in 

petri dishes at 18°C in the dark. Observations were made every two days and 

any changes in appearance and germinating activity recorded. Three sub

samples were untreated and used as controls. 

2.5 Statistical analysis 

Significance of differences: As the data obtained were not normally 

distributed they were transformed to log 10 and analysed to examine the 

differences due to the treatments using General linear Analysis of Variance 

Models (Minitab 12.1). All tests of probability using this software are based on 

F-statistics. To examine any differences between the treatments Tukey 

pairwise comparisons were made (using Minitab 12.1). 

Confidence intervals: The data were log transformed (Base 10) to normalise 

the variables. When constructing confidence intervals simply backtransforming 

the means will introduce some level of error and the geometric mean rather 

than the arithmetric mean will be resolved. To correct this problem, and 

thereby report arithmetric means, confidence intervals were constructed using 

Cox's method as described by Zhou and Gao (1997). Zhou and Gao (1997) 

report this method as best for moderate and large sample sizes. The sample 

size in all experiments in this work was 3. Cox's method produced the smallest 

interval width amongst the three methods evaluated by Zhou and Gao (1997). 

On that basis it was selected as the best overall method to calculate 

confidence intervals for these data sets. The following calculations were used 

for all statistical calculations. 
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Confidence intervals: Where Y = Log10 (x+l) and n = sample size (in all 

cases = 3). 52 = variance. 

Statistic Calculation 

95% 

Zctyl{ :2+ } Confidence 
Mean(Y) ~2 54 

interval for ± 

Mean (Y) 2 2(n-1) 

Regression 

Regression analysis was performed using Minitab 14 where a clearly monotonic 

relationship was evident. Linear regression analysis was performed using a log

log equation to estimate the level of treatment required to prevent 

germination. Regression graphs show the 95% confidence interval limits. 
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CHAPTER 3: RESULTS 

3.1 Identification of resting stages 

During collection of freshwater bryozoan samples at Southern Reservoir 

floatoblasts of a Plumatella species very similar to Plumatel!a repens (species1), 

hibernacula of Paludicella articulata, piptoblasts of Fredericella sp, and, 

unexpectedly, another type of quite large floatoblast (species2) were collected 

(Fig. 3.3). 

Figure 3.1 SEM: (A, B & C) Floatoblasts of Plumatella vaihiriae; (D) 
Hibernaculum of Paludicella articulata 

Floatoblasts were initially identified as P. repens and experiments were 

undertaken on that basis. During the course of the work, samples were 

compared with plates and identification keys from various authors and also 

sent to Dr Timothy Wood of Wright State University. Later SEM images were 

taken of both types of floatoblasts (Fig. 3.1 and 3.3). The larger floatoblasts 

(species2) were also examined using SEM after removing a portion of the 
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annulus. In an attempt to confirm species identification comparison was made 

with SEM figures from other authors who have described Plumatellids (Bailey

Brock and Hayward, 1988; Wood and Marsh, 1999; Batson and Smith, 2001 

and Wood, 2001b) (Fig . 3.2). 

Identification of freshwater bryozoans to species level is usually done by 

comparing the morphological traits of statoblasts under SEM. Morphological 

differences can not, however, always be relied upon to show species 

differences. There may also be a level of morphological difference in 

statoblasts that is the result of variations in the habitat. These variations have 

been reported for Plumatella vaihiriae floatoblasts collected in Tahiti (Hastings, 

1929) and Hawaii (Bailey-Brock and Hayward, 1984) and for North American 

and European forms of F. sultana (Wood and Backus, 1992). Genetic 

differences between species that show no morphological variation can be 

demonstrated using enzyme electrophoresis (Thorpe and Mundy, 1980; Wood 

and Backus, 1992). 

Floatoblasts in this work ranged in length from 0.32 mm to 0.37 mm. The 

mean length (0.33 mm) was much larger than one might expect for P. repens 

floatoblasts. The mean length of samples was similar to that noted for P. 

vaihiriae (Bailey-Brock and Hayward, 1984; Wood and Marsh, 1999). 

Floatoblasts of P. vaihiriae taper at the poles and both the annulus and 

fenestra are heavily reticulated (Bai ley-Brock and Hayward, 1984) (Fig. 3.2 C). 

Valves of P. vaihiriae floatoblasts are strongly convex ventrally and nearly flat 

dorsally in a pronounced lateral asymmetry. This feature is variable from 

sample to sample (Wood and Marsh, 1999). The sessoblast surfaces are 

densely pitted, oval and coloured light to dark brown (Wood and Marsh, 1999). 

Dense pitting on both the annulus and fenestra, is present in floatoblasts 

found at Southern Reservoir. 
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Figure 3.2 Comparison of various floatoblasts: A: Plumatella vaihiriae 
(Bailey-Brock & Hayward, 1984 p.202) Mean length = 0.39 mm 
(n=SO); B: Species1 (this study) Mean length = 0.33 mm (n=SO); C: 
Plumatella vaihiriae (Wood & Marsh, 1999 p.610) Mean length = 0.29 
mm (n=SO); D: Plumatella repens (Batson and Smith, 2001 p.15) 
Length: 0.31-0.39 mm 

Plumatella rugosa statoblasts also possess some reticulation on both the 

annulus and fenestra. Dense pitting, however, as seen in these samples, is 

more characteristic of P. vaihiriae and at present is unknown in any other 

species (pers comm T. Wood, 2003). While P. vaihiriae floatoblasts described 

by other authors are very similar in size and surface texture to floatoblasts 

from Southern Reservoir there are some morphological differences. The 

tapering at the apex seems to be more pronounced and pointed in samples 

from Bailey-Brock and Hayward (1988) and Wood and Marsh (1999) (Fig. 3.2). 

On the balance of information, and considering the available literature, 

species1 is identified as P. vaihiriae (Fig. 3.2). 
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The discovery of P. vaihiriae floatoblasts is the only supported record of this 

species in New Zealand. This investigation is the only extensive analysis of the 

nature of germination in this species. Colonies from which these floatoblasts 

arose live with P. repens and P. articulata (previously identified in Southern 

Reservoir). Further identification of the colonies of this species within Southern 

Reservoir would be useful. Due to the extensive water quality data that has 

been collected routinely for several years by the DCC Water Department, 

environmental conditions suitable for P. vaihiriae can also be reported (Table 

4.1). 

Species2 remained unidentified after collection and floatoblasts of this species 

were allowed to remain in samples and underwent treatment and data 

collection alongside P. vaihiriae floatoblasts (Fig 3.3). 

Figure 3.3 SEM: {A, B, C & D) Floatoblasts of unidentified species 
from Southern Reservoir {Species2) 
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The floatoblasts ranged in length from 0.42 mm to 0.64 mm and 0.30 mm to 

0.33 mm in width (Fig. 3.3). Some consideration was given to whether they 

were Plumatella velata, a species known from Australia . They were considered 

not to be so due to a larger ventral fenestra and serrated suture cord (pers 

comm T. Wood, 2003). The number of species2 floatoblasts in the petri dish 

was usually very small (mean = 14% of total) and thus hindered statistical 

analysis. 

This meant that the data gained for this species are insufficient to form robust 

conclusions. Regardless of the limited extent of the data, the results from 

treating and germinating species2 floatoblasts provides some information 

regarding the nature of germination and the effects of various treatments on 

the germinating abil ity of this species. 

At present, as the species is not similar to any other described species, it will 

be listed as Plumatella n.sp. I n the future confirming identification of these 

samples will allow the data to be utilised to make some comments regarding 

the reproductive biology and environmental requirements of this species. 

3.2 Development of germination techniques 

I n general the pattern of germination of freshwater bryozoans depends on 

ambient temperature levels (Oda, 1979). Germination patterns are therefore 

most often seasonal with most species beginning to germinate in spring. This 

germination pattern can be seen at Southern Reservoir and is represented by 

the area coverage of colonies (Fig 3.4). 

Colonies become established in summer as temperatures continue to increase. 

As temperatures decrease, colonies begin to die. Colonies will release 

statoblasts throughout the year. Live polypides, however, often respond to the 

decreasing temperatures by releasing many statoblasts just prior to the death 

of the colony. There is usually a period of a few weeks of delay between 

temperatures changing and the response in bryozoans. 
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Fig. 3.4 End of month bryozoan colony cover plotted against mean 
monthly water temperature at Southern Reservoir (Area covered 
data from Smith, 2005; temperatures provided by DCC water 
department) 

In the germination trial in which floatoblasts were attached to slides within 

tanks some floatoblasts did germinate. First indications of germination occur 

when the chitinous valves split along the equator revealing the germinal mass 

(Fig. 3.5). Seventeen days after attaching floatoblasts to slides some had 

begun to split and a visible germinal mass appeared between the valves. This 

method was not particularly accurate in establishing germination levels or the 

rate of germination as observing floatoblasts was problematic as previously 

discussed. 

Using the standard germination technique described in the method section 

floatoblasts placed in water in petri dishes maintained at 18 to 20°C began to 

germinate on the second and third day after incubation. The germination level 

of Plumatella vaihiriae floatoblasts ranged from 12 to 27% using this method. 

48 



As the valves opened wider a viscous clear-white mass of germinating material 

was visible between them (Figure 3.5:A). 

A B 

3751Jm 2641Jm 

c D 

2381Jm 

Figure 3.5 Germinated floatoblasts: A, B and C: Plumatella vaihiriae; 
D: Plumatella n. sp. 

80% of the floatoblast samples had split valves by the end of the first 24 hour 

period. During these next few days the germinal mass would protrude further 

from the valves forming a club-like shaped opaque mass (Fig 3.5:8). 

Floatoblasts of P. vaihiriae germinated at levels between 10% and 63% (mean 

= 35% ). There is a wide variation between these values which may indicate 

some problems with accuracy. It is possible that the fact that experiments 

were conducted at various times of the year confounded the results 

somewhat. 
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This germinal mass later developed into a polypide. Subsequently an 

ancestrula would extend out (evaginate) and an active lophophore would 

begin to search for food items (Fig 3.6). 

A B 

230 IJm 2421Jm 

D 

2421Jm 2351Jm 

Figure 3.6 Plumatella vaihiriae lophophore extending out in four 
stages: (A) Completely withdrawn; (B) Beginning to extend; (C) 
Extending further; (D) Fully extended 

Lophophore tentacles were sensitive to touch, retracting quickly when probed 

or otherwise disturbed. The lophophore would also retract into the polypide 

wall after 10 to 20 seconds under light. No formal tests were conducted to 

confirm whether light or the heat from the light produced the response in 

lophophores. 

The germination levels of P. vaihiriae and Plumatella n. sp. floatoblasts 

collected in November and December usually peaked on day two of each 

germination experiment and dropped quickly on day three to gradually 
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decrease until no more floatoblasts germinated from day eight onwards (Fig 

3.7). 
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Figure 3.7 Mean germination of samples of 100 Pfumatella vaihiriae 
floatoblasts over time. Temperature was 20°C. Experiment conducted 
on 20th January 

Floatoblasts were observed for a period of 29 days. It is possible, though 

extremely unlikely, that some floatoblasts germinated after the 29th day. 

Germination data were collected for Plumatella n.sp. in all experiments. 

Floatoblasts of Plumatella n.sp. followed the same germination patterns as P. 

vaihiriae with mean germination peaking at day two and sharply dropping 

away from then on to cease at day eight or nine (Fig 3.4). 

Floatoblasts collected from samples in June (winter) exhibited significantly 

lower germination levels than those collected in November and December (Fig. 

3.7). The temperature at the time of collection is likely to have some influence 

on the subsequent germination levels (June 2002 6°C, Nov 2001 13°C, 

December 2001 15°C and January 2002 17°C). Samples collected in June, 
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November and December did not germinate in experiments conducted 

immediately after collection, within a few days or after a few weeks. All 

samples did germinate in experiments conducted on the 20th of January 

(between one and six months after they were collected). It should be noted 

that the methodology varied somewhat in these experiments as a method 

conducive to counting of floatoblasts under microscope was developed. 

During experiments conducted in January, June samples germinated at low 

levels (mean = 8%; SO 2.3) compared to samples from both November (mean 

= 49%; SO 7.8) and December (mean = 56%; SO 8.4). Experiments 

conducted in March with floatoblasts collected in March also germinated at 

levels lower than those collected in December and placed under the same 

experimental conditions (March samples: mean = 7%, SO 3; December 

samples: mean = 77%, SO 6.7). At no time during germination experiments 

and observations of live colonies were any hibernacula of Paludicella articulata 

or piptoblasts of Fredericella sp. observed germinating. 

3.3 Effect of treatments on germination, ancestrulation and viability 

Germination is reported as the mean number of floatoblasts that had 

germinated on the final day of data collection in each experiment. All raw data 

are available in the appendix. All figures below show Cox's corrected means. 

95% error bars are provided in graphs. All tables show Cox's corrected means 

(backtransformed from Log10) with standard deviations calculated using the 

raw data. Calculations are provided in the methods section. In all cases n = 3. 

In testing the effect of chemicals on floatoblasts control samples underwent 

the same pre-heating and soaking treatments as treated samples. In all cases 

there was no difference in the germination, ancestrulation and viability levels. 

So that figures and tables are simple to interpret only one control value is 

shown. Statistical significance is indicated as shown with asterisks (**** 

indicates p < 0.001; *** indicates p < 0.01; ** indicates p < 0.05; NS = not 

significantly different from the control; N/ A = significance unable to be 

calculated). 
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On some occasions extremely variable data sets containing values of 100%, 

100% and 0% occurred. It would be misleading to report the mean as 67% 

(the arithmetic mean) in these cases. Where a series of data had extremely 

high variance the result is recorded as mean not calculated (MNC) as explained 

in the method section. These data sets naturally displayed high standard 

deviation and as the mean is not reported neither is the standard deviation, 

indicated by N/A. This result occurred only occasionally when calculating the 

mean for viability or ancestrulation. In these cases further study using greater 

replication would yield a clearer understanding of the nature of viability and 

ancestrulation. 

3.3.1 Effect of refrigerated wet storage time on germination 

3.3.1.1 Plumatella vaihiriae 

P. vaihiriae floatoblasts that had been stored in distilled water refrigerated over 

periods of 94 to 153 days were observed to be no different in morphology or 

colour from freshly collected floatoblasts (storage = 0 days). During 

germination experiments stored floatoblasts germinated and evaginated in a 

similar manner to those that had not been stored. There was no observable 

delay in the germinating activity of samples and germination followed the 

same patterns as noticed in freshly collected samples. Evaginated polypides 

responded to touch and moved in the same manner as those that had not 

been stored. 

Table 3.1 Mean germination (G1), ancestrulation (A1), and viability 
(V 1) of Plumatella vaihiriae floatoblasts after refrigerated wet 
storage 

Days stored G1 so A1 SD V1 so 
0 57 9.5 57 9.5 100 0.0 

94 77 6.7 75 5.0 98 2.2 
124 39 4.3 23 18.1 MNC N/A 
129 12 2.3 12 2.1 99 1.5 
153 33 8.2 42 19.1 MNC N/A 

Significance **** ** N/A 
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There was very strong evidence that germination decreased as the period of 

wet refrigerated storage increased (GLM ANOVA: p<0.001) (Fig 3.8). There 

was an increase in germination levels after 94 days of wet refrigerated 

storage. The germination level subsequently dropped. Tukey tests revealed 

that storing floatoblasts for 124 days or more was likely to lead to significantly 

decreased germination levels (p = 0.0059) (Table 3.1). Mean ancestrulation of 

P. vaihiriae floatoblasts also decreased significantly with increasing storage 

periods (GLM ANOVA: p < 0.05). Viability data showed high residual error. 

Further investigation is necessary to make reliable comment on the effect of 

storage time on viability of the floatoblasts of P. vaihiriae. 

100 

I 80 

c 

60 I 0 

~ 
c .E 
Qj 

<.9 
~ 0 

40 

I I 
20 

I 
0+,--------~------~------~--------~----~ 

0 40 80 120 160 200 

Days stored refrigerated in distilled water 

Figure 3.8 Effect of refrigerated wet storage on mean germination of 
Plumatella vaihiriae floatoblasts 

3.3.1.2 Plumatella n. sp. 

Floatoblasts of Plumatella n. sp. that had been stored refrigerated in distilled 

water for a period of between 94 and 153 days showed no visible differences 

in their colour or morphology compared with freshly collected floatoblasts. The 

development of those floatoblasts that germinated and evaginated was 
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identical to those that had not been stored. There was no recorded delay in 

the process of germination compared with floatoblasts that had not been 

stored. Lophophores of those floatoblasts that evaginated were sensitive to 

touch and actively searching for food just as in the fresh samples. There were 

no floatoblasts of Plumatella n. sp. in the control sample in this experiment so 

comparison with samples that had not been stored was impossible. Low 

sample sizes made statistical analysis of significant differences impossible for 

this data set (Table 3.2). 

Table 3.2 Mean germination (G2), ancestrulation (A2), and viability 
(V2) of Plumatella n. sp. floatoblasts after refrigerated wet storage 

Days stored G2 SD A2 SD 
0 No sample N/A No sample N/A 

94 10 4.0 8 5.0 
124 0 0.0 0 0.0 
129 1 1.8 1 1.8 
153 2 2.0 0 0.0 

3.3.2 The effect of drying on germination rate 

3.3.2.1 Plumatella vaihiriae 

v2 SD 
No sample N/A 

MNC N/A 
0 0.0 

MNC N/A 
0 0.0 

In terms of morphology and colour, air-dried and rehydrated P. vaihiriae 

floatoblasts were no different from those maintained in distilled water. Prior to 

rehydration floatoblasts were, however, visibly thinner than those that were 

not dried. There were no visible differences in the floatoblast activity or in the 

colour of the distilled water in which they were submerged compared with that 

of the control samples. 

Drying floatoblasts of P. vaihiriae did not affect the timing or pattern of 

germination. As in the control samples, any floatoblasts that germinated did so 

in the first two or three days following immersion in water. 

There was very strong evidence that germination decreased as the period of 

dry refrigerated storage increased (GLM ANOVA: p <0.001) (Fig 3.9). The 

control samples had significantly greater germination levels than the dried 
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samples (Table 3.3). Data for ancestrulation and viability showed high residual 

error. 

Table 3.3 Mean germination (G1), ancestrulation (A1), and viability 
(V1) of Plumatel/a vaihiriae floatoblasts after refrigerated dry storage 

Days stored G1 SD A1 SD V1 SD 
dry 

0 40 4.3 MNC N/A MNC N/A 
1 12 8.0 0 0.7 3 3.5 
3 17 6.5 0 0.4 3 4.1 

11 4 1.4 0 0.0 0 0.0 
29 0 0.0 0 0.0 0 0.0 
89 0 0.0 0 0.0 0 0.0 

Significance **** N/A N/A 

10 
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Days stored dry 

Figure 3.9: Effect of dry refrigerated storage on the mean 
germination of Plumatella vaihiriae floatoblasts 

Using a log-log linear regression model the number of days of dry refrigerated 

storage that will prevent germination falls between the 95% confidence 

interval limits of 62.95 and 63.19 (Figure 3.10). Given the very good At of data 

56 



to the regression line certainty of the prediction is strong (R2 = 86.1%). The 

predicted average period of dry refrigerated storage that will reduce 

germination to zero is just over 63 days (63.07). 
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Figure 3.10: log-log regression for germination of Plumatella 
vaihiriae floatoblasts after dry refrigerated storage 

3.3.2.2 Plumatella n. sp. 

Floatoblasts of Pfumatella n. sp. that germinated and evaginated did so in a 

similar time period to all other samples. There was no visible discolouring of 

floatoblasts that were stored after air drying although the floatoblasts were 

visibly thinner. There were too few floatoblasts within the sample to enable 

reasonable statistical analysis (Table 3.4). 
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Table 3.4 Mean germination (G2), ancestrulation (Az), and viability 
(V2) of Plumatella n. sp. floatoblasts after refrigerated dry storage 

Days G2 so A2 so V2 SD 
stored dry 

0 0 0.0 0 0.0 0 0.0 
1 1 1.0 1 1.0 MNC N/A 

3 10 5.1 10 5.1 100 0.0 
11 0 0.0 0 0.0 0 0.0 
29 4 5.3 4 5.3 MNC N/A 

89 No sample N/A No sample N/A No sample N/A 

3.3.3 Effect of chemical treatment on germination of floatoblasts 

3.3.3.1 Effect of chemicals 

3.3.3.1.1 Plumatella vaihiriae 

The timing and nature of germination and ancestrulation of chemically treated 

floatoblasts was the same as that for the untreated floatoblasts and in other 

germination tests. Floatoblasts showed no observable signs of degradation 

after soaking in any of the chemical solutions. They did, however, show some 

changes in colour. After soaking in acid CIP floatoblasts appeared pale 

compared with untreated samples and tended to accumulate in groups of 

between two and twenty within the dish. 

Those floatoblasts treated with sodium hydroxide were darker than all others 

while those treated with alkaline CIP became pale. Unlike untreated samples, 

floatoblasts treated with alkaline CIP and sodium hydroxide tended not to 

adhere to the sides of the container but floated freely about the container. 

Bubbles were produced in the dishes in which floatoblasts were treated with 

alkaline CIP or sodium hydroxide. 

Treating floatoblasts with sulphuric acid, sodium hydroxide, a combination of 

CIP treatments or acid CIP decreased mean germination levels, ancestrulation 

and viability (ANOVA: p :5 0.001) (Fig. 3.11, Table 3.5). 
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Table 3.5 Mean germination {G1), ancestrulation {A1), and viability 
{V1) of Plumatella vaihiriae floatoblasts after treatment with various 
chemicals 

Treatment pH range G1 so s A1 so s V1 so s 
Control 7 12 2.3 N/A 12 2.1 N/A 99 1.5 N/A 

EOTA O.OSOfo 10 19 3.5 NS 11 4.9 NS 56 23.3 NS 
EOTA 0.14°/o 10 12 5.4 NS 4 9.4 NS MNC N/A NS 
Memclean C 4 13 4.6 NS 9 4.8 NS MNC N/A NS 

Hydrogen peroxide 5 5 2.1 NS 1 0.9 NS MNC N/A NS 
Alkaline CIP 10 2 2.6 NS 0 0.0 *** 0 0.0 ** 

Acid then alkaline CIP 2-10 0* 0.1 **** 0 0.0 *** 0 0.0 ** 
Sodium hydroxide 12 0* 0.0 **** 0 0.0 *** 0 0.0 ** 

Acid CIP 2 0* 0.0 **** 0 0.0 *** 0 0.0 ** 
Sulphuric Acid 1 0* 0.0 **** 0 0.0 *** 0 0.0 ** 
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Figure 3.11: Effect of chemical treatment on mean germination of 
Plumatella vaihiriae floatoblasts {* = those treatments resulting in 
significantly reduced mean germination levels compared to control 
levels) 
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Exposure to acid CIP, alkaline CIP, a combination of CIP, sodium hydroxide, 

and sulphuric acid (Fig. 3.12) decreased ancestrulation and viability compared 

to the controls and the EDTA 0.05% treated samples. 

100 D Evagination 

DViability 

80 
::K Significantly less 

60 
e Unable to calculate viability (highly variable) 

40 • 
20 

)K 

Control EDTA EDTA Memclean Hydrogen Caustic CIP Acid and Sodium Sulphuric Acid CIP 
0.05% 0.14% C peroxide Caustic CIP hydroxide acid 

Figure 3.12: Effect of chemical treatment on mean ancestrulation and 
viability of Plumatella vaihiriae floatoblasts 

3.3.3.1.2 Plumatella n. sp. 

Floatoblasts of Plumatella n. sp. soaked in acid CIP appeared paler compared 

to the untreated samples and tended to aggregate in the dish. Residual errors 

were not normally distributed, and this fact combined with the low number of 

floatoblasts in each sample meant that results could not be statistically 

analysed (Table 3.6). 

60 



Table 3.6 Mean germination (G2), ancestrulation (A2), and viability 
(V2) of Plumatella n. sp. floatoblasts after chemical treatment. 

Treatment pH Gz so Az so Vz so 
range 

Control 7 1 1.8 1 1.8 MNC N/A 
EOTA 0.050/o 10 2 1.6 2 1.6 MNC N/A 

Memclean C 4 0 5.3 0 5.3 MNC N/A 
EOTA 0.140/o 10 4 0.0 4 0.0 0 0.0 

Hydrogen peroxide 5 0 0.0 0 0.0 0 0.0 
Alkaline CIP 10 No sample N/A No sample N/A No sample N/A 

Acid & alkaline CIP 2-10 No sample N/A No sample N/A No sample N/A 
Sodium hydroxide 12 No sample N/A No sample N/A No sample N/A 

Acid CIP 2 No sample N/A No sample N/A No sample N/A 
Sulphuric Acid 1 No sample N/A No sample N/A No sample N/A 

Soaking floatoblasts in sodium hydroxide resulted in darkened floatoblasts that 

tended not to adhere to the sides of the container when compared with the 

untreated samples (similar to those treated with alkaline CIP). 

3.3.3.2 The effect of pre-heating temperature and soaking periods on 

germination levels 

3.3.3.2.1 Plumatella vaihiriae treated with acid CIP 

Samples treated with acid CIP at 35°C or above (regardless of the soaking 

duration) resulted in significantly reduced mean germination compared to 

those treated with acid CIP pre-heated to only 20°C (chemical treatments and 

controls) (Table 3.7). 

Table 3.7: Mean germination (G1) of Plumatella vaihiriae floatoblasts 
after treatment with acid CIP at various pre-heating temperatures 
and soaking periods 

ACID 10 SD s 20 SD s 60 SD s 90 SD s 
CIP min min min min 

Control 33 8.2 N/A 33 8.2 N/A 33 8.2 N/A 33 8.2 N/A 
20°C 21 7.1 NS 28 12.4 NS 18 9.1 NS MNC 7.3 NS 
35°C 0 0.0 **** 0 0.6 **** 0 0.0 **** 0 0.0 **** 
50°C 0 0.0 **** 0 0.0 **** 0 0.0 **** 0 0.0 **** 

In fact only one of the samples treated with acid CIP heated to 35°C or higher 

resulted in any germination of floatoblasts at all (Fig. 3.13). 
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Figure 3.13: Effect of pre-heating temperature of acid CIP chemicals 
on mean germination of Plumatella vaihiriae floatoblasts with 95°/o 
confidence intervals 

Ancestrulation and viability levels varied a great deal amongst the replicates 

(Table 3.8 & 3.9). None of the samples treated with acid CIP raised to a 

temperature of 35°C or above evaginated (and therefore viability was zero) 

(Fig. 3.14 & 3.15). 

Table 3.8: Mean ancestrulation (A1) of Plumatella vaihiriae 
floatoblasts after treatment with acid CIP at various pre-heating 
temperatures and soaking periods 

ACID 10 SD s 20 so s 60 SD s 90 SD s 
CIP min min min min 

Control 24 19.1 N/A 24 19.1 N/A 24 19.1 N/A 24 19.1 N/A 
20°C 1 0.9 *** 0 0.0 **** 1 1.2 **** 2 2.8 *** 
35°C 0 0.0 **** 0 0.0 **** 0 0.0 **** 0 0.0 **** 
50°C 0 0.0 **** 0 0.0 **** 0 0.0 **** 0 0.0 **** 
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Figure 3.14: Effect of pre-heating temperature of acid CIP chemicals 
on mean ancestrulation of Plumatella vaihiriae floatoblasts 

Table 3.9: Mean viability (V1) of Plumatella vaihiriae floatoblasts 
after treatment with acid CIP at various pre-heating temperatures 
and soaking periods 

ACID 10 SD s 20 SD s 60 s SD 90 SD s 
CIP min min min min 

Control 65 48.8 N/A 65 48.8 N/A 65 N/A 48.8 65 48.8 N/A 
20°C 6 3.6 NS 0 0.0 *** 25 NS 19.3 25 19.3 NS 
35°C 0 0.0 *** 0 0.0 *** 0 *** 0.0 0 0.0 *** 
50°C 0 0.0 *** 0 0.0 *** 0 *** 0.0 0 0.0 *** 
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Figure 3.15: Effect of pre-heating temperature of acid CIP chemicals 
on mean viability of Plumatella vaihiriae floatoblasts 

3.3.3.2.2 Plumatella vaihiriae treated with alkaline CIP 

The effect of alkaline CIP treatment on the mean germination of P. vaihiriae 

floatoblasts was very different from that of acid CIP. Treating floatoblasts with 

alkaline CIP at high temperatures (50°C) for short periods of time significantly 

reduced the mean germination levels compared to untreated samples (Table 

3.10). Once the soaking period was increased to 60 minutes or more, 

however, the mean germination level increased significantly. Floatoblasts 

subjected to alkaline CIP at pre-heating temperatures of 50°C for 60 minutes 

or more had significantly increased mean germination levels compared with 

the controls. Those subjected to 35°C for 90 minutes also had significantly 

higher mean germination levels than the controls but to a lesser extent (Fig. 

3.16). 

There was a great deal of variation in the ancestrulation levels and viability of 

samples treated with alkaline CIP (Figures 3.17 and 3.18). None of the 

samples treated with alkaline CIP at 20°C for 20 minutes or at 35°C or greater 
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for any period of time evaginated (and therefore viability was zero) (Table 

3.11 & 3.12). 

Table 3.10: Mean germination (G1) of Plumatella vaihiriae 
floatoblasts after treatment with alkaline CIP at various pre-heating 
temperatures and soaking periods 

ALKALINE 10 so s 
CIP min 

Control 33 8.2 N/A 
20°C 21 2.2 NS 
35°C 2 2.1 *** 
50°C 2 0.9 ** 
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Figure 3.16: Effect of pre-heating temperature of alkaline CIP 
chemicals on mean germination of Plumatelfa vaihiriae floatoblasts 

While germination levels were high (53 to 76%) after treatment with alkaline 

CIP pre-heated to 50°C for periods of soaking of 60 minutes or more the 

number of germinated floatoblasts that subsequently developed into viable 

polypides was very low. Of the samples treated with alkaline CIP only 

floatoblasts treated with 20°C alkaline CIP for 10 minutes developed into an 
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ancestrula. No floatoblasts treated with alkaline CIP heated to 35°C or 50°C 

were viable in terms of producing an ancestrula. 

When considering the level of variation present the only treatments in which 

all samples resulted in some level of ancestrulation above zero were: 20°C for 

10 to 20 minutes, and 35°C and 50°C for 60 to 90 minutes. 

Table 3.11: Mean ancestrulation (A1) of Plumatelfa vaihiriae 
floatoblasts after treatment with alkaline CIP at various pre-heating 
temperatures and soaking periods 

ALKALINE 10 SD s 20 SD s 60 SD s 90 SD s 
CIP min min min min 

Control 24 19.1 N/A 24 19.1 N/A 24 19.1 N/A 24 19.1 N/A 
20°C 2 1.6 **** 0 0.0 **** 0 0.0 **** 0 0.0 **** 
35°C 0 0.0 **** 0 0.0 **** 0 0.0 **** 0 0.0 **** 
50°C 0 0.0 **** 0 0.0 **** 0 0.0 **** 0 0.0 **** 
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Figure 3.17: Effect of heating temperature of alkaline CIP chemicals 
on mean ancestrulation of Plumatella vaihiriae floatoblasts 

Only those floatoblasts treated with alkaline CIP pre-heated to 20°C for 10 

minutes evaginated and therefore were considered viable (Table 3.12). 
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Samples thus treated showed a great deal of variation in their viability from 

between 0% and 52%. 

Table 3.12: Mean viability (V1) of Plumatella vaihiriae floatoblasts 
after treatment with alkaline CIP at various pre-heating 
temperatures and soaking periods 

ALKALINE 10 so s 20 so s 60 SO s 90 so s 
CIP min min min min 

Control 65 48.8 N/A 65 48.8 N/A 65 48.8 N/A 65 48.8 N/A 
20°C 15 6.9 *** 0 0.0 **** 0 0.0 **** 0 0.0 **** 
35°C 0 0.0 **** 0 0.0 **** 0 0.0 **** 0 0.0 **** 
50°C 0 0.0 **** 0 0.0 **** 0 0.0 **** 0 0.0 **** 
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Figure 3.18: Effect of pre-heating temperature of alkaline CIP 
chemicals on mean viability of Plumatella vaihiriae floatoblasts 

3.3.3.2.3 Plumatella n. sp. 

Data were obtained for Plumate!la n. sp. floatoblasts subjected to only very 

few of the treatment regimes. For this reason and because of the fact that 

where there were floatoblasts in a sample the number was low statistical 

analysis was impossible. Similarly to the data obtained for Plumatella vaihiriae, 

treating floatoblasts of Plumatella n. sp. with alkaline CIP at high temperatures 
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and long soaking periods resulted in the highest mean germination of the 

treated samples (Table 3.13). The highest mean germination recorded was for 

the alkaline treatment heated to 50°C and soaked for 60 minutes. While the 

mean germination recorded was 12% the standard deviation for this treatment 

was particularly high (33.0). 

Table 3.13: Mean germination (G2) of Plumatella n. sp. floatoblasts 
after treatment with acid and alkaline CIP at various pre-heating 
temperatures and soaking periods (NS = no sample) 

ACID 10min SD 20 min SD 60 min SD 90min SD 
Control 1.97 2.0 1.97 2.0 1.97 2.0 1.97 2.0 

20°C 6 3.5 2 2.2 4 4.3 NS NA 
35°C NS NA NS NA NS NA NS NA 
50°C NS NA NS NA NS NA NS NA 

ALKALINE 10 min SD 20min SD GO min so 90 min so 
20°C 8 4.7 96 4.9 NS NA NS NA 
35°C NS NA NS NA 0 0.0 NS NA 
50°C 0 0.0 NS NA 12 33.0 NS NA 

3.3.4 Effect of chemical treatment on germinating ability of 

floatoblasts treated inside zooid wall 

3.3.4.1 Plumatella vaihiriae 

P. vaihiriae zooids treated with CIP solutions quickly released many 

floatoblasts. These floatoblasts were often very dark in colour but showed no 

changes in morphology. 

Some of the floatoblasts treated with alkaline CIP split but none had a 

germinal mass between the valves. No germinal masses were observed 

floating freely around the dish as sometimes happened with valves that split 

but had no germinal mass attached. Floatoblasts subjected to both acid and 

alkaline CIP were black in colour and none split during germination 

experiments. 

Untreated floatoblasts germinated at significantly higher levels than 

floatoblasts treated with alkaline CIP or a combination of acid and alkaline CIP 
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(Table 3.14). Those floatoblasts treated with either alkaline CIP or the dual 

treatment (acid then alkaline CIP) did not germinate at all. 

Due to the high variation in ancestrulation and viability levels in the control 

samples significant differences between the mean for the control and the 

treatments were unable to be calculated. 

Table 3.14 Mean germination (G1), ancestrulation (A1) and viability 
(V1) of Plumatella vaihiriae floatoblasts after chemical treatment 
while inside the zooid 

Treatment pH range G1 SD s A1 SD s V1 SD s 
Control 7 40 8.2 N/A MNC 19.1 MNC MNC 48.9 MNC 

Acid CIP 1.78 29 5.9 NS 21 13.2 N/A 68 29.4 N/A 
Alkaline CIP 10.25 0 0.0 **** 0 0.0 N/A 0 0.0 N/A 
Acid & then NA 0 0.0 **** 0 0.0 N/A 0 0.0 N/A 
Alkaline CIP 

Mean germination levels of P. vaihiriae floatoblasts subjected to acid CIP were 

significantly greater than those treated with alkaline CIP or a combination of 

acid and alkaline CIP solutions in series (GLM ANOVA; p < 0.001) (Fig. 3.18). 

Those floatoblasts treated with alkaline CIP or acid and alkaline CIP in series 

resulted in no ancestrulation and therefore zero viability. 
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A total of 147 samples, each containing several hundred floatoblasts, were 

tested for germination, ancestrulation and viability after being exposed to wet 

refrigerated storage, dry refrigerated storage, and chemicals. The germination 

method refined here was successful, particularly in regard to P. vaihiriae. 

While some treatments had little effect on germination, others significantly 

decreased or increased germination, ancestrulation and viability levels (Table 

3.15). 

Table 3.15 Summary of results 

Factor Plumatella vaihiriae Plumatella n. sp. 
Germination 10-63%, mean = 35%; peaking at day 0-10%, mean = 2; 

two peaking at day two 
Temperature range for 13- 20°C 13- 20°C 
germination 
Effect of wet Germination decreases after 124 days Unclear 
refrigerated storage 
Effect of dry No germination after 63 days Unclear 
refrigerated storage No ancestrulation after 11 days 
Effect of chemicals Germination decreased by: Unclear 

• Sodium hydroxide 
• Sulphuric acid 
• Acid CIP 
• Combination of alkaline & acid CIP 
Viability decreased by: 
• Sodium hydroxide 
• Sulphuric acid 
• Acid CIP 
• Combination of alkaline & acid CIP 
• Alkaline CIP 

Effect of alkaline CIP Germination: Unclear 
• Increased if pre-heated to 35°C or 

higher for at least 20 mins 
• No effect at 20°C 
Viability: 
• Decreased if heated to 20°C or higher 

Effect of acid CIP Germination: Unclear 
• Decreased if heated to 35°C 
• Prevented at 50°C 
Viability: 
• None at 35°C or over 

Tolerance to pH levels Germination: Unclear 
• Decreases at pH ~ 11 
• Decreases at pH :::; 5 
Viability: 
• Prevented at pH ::::: 11 

• Prevented at pH :::; 2 
Effects on floatoblasts Acid CIP: Unknown 
treated inside the • Germination and viability unaffected 
zooid Alkaline & combination CIP: 

• Decreases germination and viability 
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CHAPTER 4: DISCUSSION 

4.1 Identification 

This is the first report of Plumate!la vaihiriae in New Zealand indicating an 

extension of the geographical range of the species. P. vaihiriae was not 

described in any previous survey of the Otago area (Wood eta!., 1998; Smith 

and Batson 2005). The lack of a report of P. vaihiriae prior to this point is 

probably due to the difficulty associated with confirming identification of 

Plumatellids to a species level as discussed earlier. The large bryozoan colonies 

fouling the microstrainer hall at Southern Reservoir may not be Plumatella 

repens as previously thought but may in fact be P. vaihiriae. 

While identification has been tentatively made as P. vaihiriae it has been based 

entirely on the appearance of floatoblasts. It would be useful to compare these 

images with type material held at the London Museum. There is still a 

possibility that the statoblasts are produced from a yet undescribed species. 

Statoblast morphology is useful in determining species identification, absolute 

certainty, however, is often not known unless genetic analysis is completed 

(Thorpe and Mundy, 1980). It would be useful to confirm the identification 

using electrophoretic examination to identify any genetic variation (Thorpe and 

Mundy, 1980; Wood and Backus, 1992). Locating and identifying colonies of P. 

vaihiriae would also be of interest. 

Having identified floatoblasts from Southern Reservoir as P. vaihiriae, data can 

be summarised confirming the tolerance of their floatoblasts to environmental 

conditions and treatment strategies (Table 4.1 and 3.15). 

P. vaihiriae colonies occur at Southern Reservoir. Thus the environment at this 

location is favourable for the establishment and growth of colonies. The water 

quality of Southern Reservoir is reported in Table 4.1 and compared to water 

quality conditions in other locations in which P. vaihiriae has been reported. 
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Table 4.1 Conditions in habitats from which Plumatella vaihiriae has 
been reported 

Water parameter Water quality at Southern Conditions in reported 
Reservoir habitats of Plumatella 

vaihiriae {Bailey-Brock & 
Hayward, 1984; Wood & 
Marsh, 1999; Hastings, 1929) 

Water temperature 5-20°C 21-31°C 
water hardness 21- 56 g.m3 Not recorded 
Ca and Mg content 19 - 54.4g.m3 Not recorded 
(alkalinity) 
pH 5.3-8.2 5.6- 8.9 
Salinity conductivity 86 - 184 ~s.cm-1 Not recorded 
water colour -7.5 - 45.6 °H (degrees Hazen) Not recorded 
Turbidity 0.4 - 13.3 NTU Not recorded 
Light available Occupies dark areas, unlikely to Occupies light and dark areas 

be light dependent 
Nutrient loading Oligotrophic to mesotrophic Thrives in highly eutrophic waters 
Habitat Concrete lined chamber Streams and lakes 

P. vaihiriae has an interesting distribution. The species has so far been 

described from few places world-wide, namely Tahiti (Hastings, 1929), 

Argentina (Cazzaniga, 1988), Hawaii (Bailey-Brock and Hayward, 1984), and 

several states of North America including Arizona, Wisconsin and South 

Carolina (Wood and Marsh, 1999). There is also an unconfirmed report by 

Lacort from Australia (noted by Wood and Marsh, 1999) (Fig. 4.1). 

Unlike both P. repens and Paludicella articulata, P. vaihiriae has not been 

reported from Europe. P. repens and P. articulata appear to have a similar 

geographical range comprising Canada and Europe in the northern hemisphere 

and New Zealand in the southern hemisphere. Naturally the geographical 

range of the organisms is somewhat dependent on the limited number of 

surveys conducted. 

The habitats themselves are narrowly defined rather isolated and small water 

bodies including three wastewater treatment plants, one pond, and a small 

stream. The habitats were all eutrophic in comparison with Southern Reservoir 

which is considered to be between oligotrophic (Smith and Batson, 2000) and 

mesotrophic. 
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Europe: Mundy, 1980; ¢kland 

et at 2003; Milan, 1992; 

Sharapova & Protasov, 1997; 

Kaminsky, 1984; Mauch, 1991 

Canada: Ricciardi & Reiswig, 

1994 

Chile: Orellana, 2003 

New Zealand: Wood et at, 1998 

Tahiti: Hastings, 1 '?29 

Argentina: Cazzagniga, 1988 

Hawaii: Bailey-Brock & Hayward, 

1984 

N. America: Marsh & Wood, 2001; 

Wood & Marsh, 1999 

New Zealand: This study 

N. America: Wood & Marsh, 2001; 

Bushnell, 1966; Backus, 1981 

Canada: Ricciardi & Reiswig, 1994 

Europe: Mundy, 1980; Woss, 1994; 

Harmer, 1913; Kaminsky, 1984; 

Mauch, 1991; Tatfichi, 1989; Milan, 

1992; Vinogradov, 1990; 0kland & 

0kland, 2000; Sharapova & 

Profasov, 1997 

Japan&. Korea: Toriumi, 1952 

Figure 4.1: World distribution of A: Plumatella repens; B: Plumatella 
vaihiriae and C: Paludicella articulata 

P. vaihiriae has been described as having rapid growth and large colonies 

(Wood and Marsh 1999). It is no surprise, therefore, that the species causes 

fouling in the anthropogenic or artificial structures upon which it lives (Wood 

and Marsh 1999) and even on other organisms such as the prawns in Hawaiian 

aquaculture ponds (Bailey-Brock and Hayward, 1984). P. vaihiriae is known to 

clog filters and colonise walls (Wood and Marsh, 1999). 
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Small populations of P. vaihiriae have been reported from a few widely 

scattered locations in Tahiti, Argentina, Hawaii, and North America. Of these 

. sites the only site in which a large population of P. vaihiriae has been recorded 

is in North Carolina (Wood, 2001c). 

Wood and Marsh (1999) described colonies of P. vaihiriae both in situ and from 

colonies reared in the laboratory. The tubular branching colonies of P. vaihiriae 

are easily mistaken for those of P. repens. Zooids vary in colour from 

transparent to light amber. The zooids tend to twist and fuse into rope-like 

strands. Zooids have no keel or internal septa and are characterised by rapid 

growth patterns (Wood, 2001c). The descriptions of P. vaihiriae provided by 

Wood (2001c) also fit the observations of colonies found intertwined at 

Southern Reservoir during the course of this study. 

The presence of the Plumatella n. sp. leads one to wonder about the presence 

of other species in New Zealand. Further work is indicated confirming 

identification of this species as it may well be P. velata. The Plumatella n. sp. 

floatoblasts were present in samples in very small numbers (just over 21 

floatoblasts per dish) compared with P. vaihiriae (over 200 per dish). The 

threat of Plumatella n. sp. as a potential fouler in the system should be 

evaluated using larger sample sizes. Identification of live colonies of both P. 

vaihiriae and Plumateffa n. sp. and further investigation to establish genetic 

affinities and confirm species identification is required. 

4.2 The nature of germination 

As a relatively unknown species world-wide the reproductive biology of 

colonies of Plumatella vaihiriae has undergone little study (Wood and Marsh, 

1999). The reproductive units themselves were, until now, poorly understood. 

A successful and straightforward method for germinating freshwater bryozoan 

floatoblasts such as that used here will help greatly in the study of the 

reproduction and ecology of P. vaihiriae. 
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It has been noted that where P. vaihiriae is present it tends to dominate the 

bryozoan fauna by producing huge numbers of statoblasts and exhibiting very 

rapid growth (Wood, 2001c). In one wastewater plant the bryozoan biomass 

produced by this species was carried away by the truckload (Wood and Marsh, 

1999). It has been suggested that P. vaihiriae has huge reproduction rates to 

compensate for the scarcity of natural populations (Wood, 2001c). It is yet to 

be determined whether P. vaihiriae dominates the bryozoan fauna at Southern 

Reservoir. The mean germination rate of 35% for P. vaihiriae floatoblasts 

during this work is low compared with that of some other Plumatellids in other 

studies (P. emarginata 97% Callaghan, 1996; P. repens 75% Bushnell, 1966). 

It is possible that P. vaihiriae is not the most dominant coloniser of the species 

present at Southern Reservoir. Calculating the percentage of each species 

present on colonised surfaces at Southern Reservoir may enable this question 

to be answered. 

In Southern Reservoir it is likely that P. vaihiriae produces large numbers of 

statoblasts. P. vaihiriae appears to germinate easily once conditions are 

suitable. Further work germinating statoblasts of P. vaihiriae would enable 

determination of the optimal conditions for maximum germination. 

There is no available information describing the germination of sessoblasts of 

P. vaihiriae. Further survey of the area to locate sessoblasts and test the 

various control strategies on them would be of use to complete the description 

of germination of the P. vaihiriae at Southern Reservoir 

4.3 Controlling germination of floatoblasts and hibernacula 

The resistance of the reproductive units of freshwater bryozoans at Southern 

Reservoir to various environmental stresses is of particular interest to those 

trying to limit the population. Any attempt to control biofouling caused by 

these communities must effectively limit germination or ancestrulation of the 

resting stages. 
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Many authors have analysed the effects of various treatments on the 

germination of statoblasts. Little is known regarding the factors that induce the 

formation of hibernacula of freshwater species such as P. articulata or about 

the factors which promote their germination. In marine and mesohaline water, 

the formation of hibernacula of Arachnidium, Valkeria and Bowerbankia species 

is mainly due to restrictions in available food and not related to changes in 

temperature or salinity (Jebram, 1975). Hibernacula resist freezing and some 

drying but how long they can remain viable under such stresses is poorly 

understood. Essentially nothing is known concerning the length of time 

hibernacula remain viable or what chemical or physical factors shorten or 

terminate the viability of hibernacula. 

Unfortunately hibernacula of P. articulata did not germinate in this work and 

the nature of their reproduction and thus controlling their germination remains 

unclear. Ctenostome larvae are an important mode of reproduction in Thailand 

(pers comm. T Wood, 2005). It is possible that this P. articulata does not 

germinate at Southern reservoir but instead spreads by fragmentation or the 

production of larvae during sexual reproduction. 

It is of some concern that no germination data could be gathered for P. 

articulata as a contributing fouler. This concern is somewhat dampened by the 

knowledge that Plumateffa spp. are usually by volume, a more significant 

fouler than P. articulata in the microstrainer hall at Southern Reservoir. On 

occasion, however, as in the summer of 2004/5, P. articulata can bloom 

enough to outnumber Plumatella spp. in the microstrainer chambers. It is 

somewhat unusual that the laboratory conditions in which floatoblasts readily 

germinate do not also allow hibernacula of species living in the same habitat to 

germinate. 

Hibernacula of P. articulata do not act as disseminules, as is the case with 

statoblasts, but rather they remain attached to the parent colony and 

reproduce when conditions allow. Leaving intact colonies within the hall from 
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year to year will, then, be a contributing factor in the establishment of future 

colonies. This knowledge, combined with the difficulty encountered attempting 

to germinate hibernacula makes it likely that controlling P. articulata 

population levels is perhaps a simpler proposition than controlling populations 

of Plumatellids. Certainly P. articulata has been noted as a poor coloniser in 

comparison with Plumatellids in some locations (Woss, 2001). Future work 

developing a robust and reliable germination methodology for P. articulata 

hibernacula may allow these questions to be resolved. 

In contrast, there is substantial published information for some species 

(including Plumatel!a repens and Plumatel!a emarginata) describing the 

production of statoblasts and their tolerances to physical and chemical factors. 

Plumatel!a vaihiriae, however, has been identified and described relatively 

recently and is found in only a few scattered locations. Only one other study 

(Wood and Marsh, 1999) has been conducted on the effect of environmental 

factors on P. vaihiriae statoblasts or colonies. 

4.3.1 Temperature 

Temperature is considered as a dominant factor in the reproductive biology of 

freshwater bryozoans. Changing environmental factors, such as temperature, 

affects both the timing of release of statoblasts from the colony and the 

germination of statoblasts themselves. 

Freshwater bryozoans can be either stenothermal or eurythermal with respect 

to their germination potential. There is much variation in the optimal 

temperature range within which freshwater bryozoans will germinate (Table 

4.3). Colonies of Fredericella sultana show great tolerance to extremely low 

temperatures, still growing at 2°C over several consecutive months (Wood, 

1973). 

In this study floatoblasts of P. vaihiriae and Plumatella n. sp. were found to 

germinate at temperatures as low as 13°C. Floatoblasts of P. vaihiriae have 

germinated in temperatures as high as 31 °C (Bailey-Brock and Hayward, 
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1984). This temperature range falls within the previously established range for 

P. repens (Bushnell, 1966) (Table 4.3). 

Table 4.2 Reported temperature range within which selected 
statoblasts germinate 

Species Temperature range for Survival in extremely low 
germination temperatures 

Fredericel/a sultana Between 0°C and 35°C, optimal Survive at 2°C under ice and 
at 20°C or less (Bushnell, 1965, remain viable (Bushnell, 1966) 
1966 & 1974) 

Fredericella indica 9 - 19°C (0kland & 0kland, Unknown 
2001) 

Pectinatella casmiana Unknown Readily germinable after 
freezinq (Bushnell & Rao, 1974) 

Pectinatella gelatinosa Optimal 25°C (Mukai, 1974) No decline in germination after 
60 days freezing (Mukai, 1974) 

Pectinatella magnifica 9- 2rc (Brown, 1933) Remain viable after freezing 
(Brooks, 1929) 

Plumatella emarginata Greater than rc, optimal at Does not tolerate freezing 
18°C (Callaghan & Karlson, (Bushnell, 1974) 
2002; Callaghan, 1996) 

Plumatella repens 13 - 35°C (Bushnell, 1966) No decline in germination after 
50 hours freezing (Brown, 
1933) 

Plumatella vaihiriae 13 - 31°C (this study; Bailey- Unknown 
Brock & Hayward, 1984) 

Plumatella n. sp. 13 -20°C, (this study) Unknown 

Exposure to temperature extremes for short periods of time can also affect 

germination. Mukai (1974) exposed undried statoblasts of Pectinate/fa 

gelatinosa to 50°C for between five minutes and two hours with no 

germination resulting. Most of those statoblasts originally exposed for 20 

minutes or less, however, germinated after subsequent storage in the 

laboratory for five months. 

Statoblasts of many species are capable of remaining viable after being frozen 

(Bushnell and Rao, 1974). Brown (1933) found freezing P. repens for 50 hours 

at minus 10°C had no effect on their ability to germinate or viability. 

Pectinate/fa magnifica statoblasts were not substantially affected by freezing at 
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minus 12°C for less than 17S days, and still germinated at 24% after 300 days 

of freezing (Brooks, 1929). Mukai (1974) found that there was no decline in 

germination of wet P. ge!atinosa statoblasts kept at minus 20°C for sixty days. 

Given that many Plumatellids tolerate some degree of freezing it is possible 

that the species present in Southern Reservoir will also tolerate freezing. 

The presence of statoblasts of P. repens, P. vaihiriae and Plumatella n. sp., 

and P. acticulata hibernacula leads me to conclude that their statoblasts and 

hibernacula tolerate low temperatures in the microstrainer hall that can drop 

as low as S°C in the winter months. The lowest temperature in which 

freshwater bryozoan colonies will grow at Southern Reservoir is 9°C (Smith, 

200S). Statoblasts, however, germinate and produce new colonies after three 

to four months in temperatures that can drop as low as S0C. 

As a sole method of controlling establishment of freshwater bryozoan colonies, 

manipulating temperature would be unlikely to prevent germination. 

Controlling temperature as a means of controlling bryozoan growth in a large 

area such as Southern Reservoir would be impractical and uneconomical and 

· does not present a practical solution to the problem encountered at Southern 

Reservoir. 

4.3.2 Wet refrigerated storage 

While increasing temperature is clearly a major factor in germinating 

statoblasts, maintaining statoblasts at low temperatures in a wet state is 

conducive to maintaining dormancy in statoblasts. Statoblasts of certain 

bryozoan species will germinate after very long periods of storage. Storage of 

statoblasts in a refrigerator is reported to be an excellent method to maintain 

their viability for long periods of time, even years. Refrigerated storage (2 -

6°C) was an effective method for keeping P. magnifica statoblasts in a viable 

state for long periods (Oda, 1979). Storing floatoblasts of P. vaihiriae wet at 

low temperatures is analogous to the conditions naturally experienced during 

the winter months in temperate climates and simulates conditions experienced 

during the period of dormancy. After 94 days of wet refrigerated storage the 
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germination levels actually increased. This germination pattern would be seen 

in statoblasts that remained dormant over three of four months during winter 

and then germinated to coincide with the start of the summer season. 

Germination levels of P. vaihiriae floatoblasts sharply decline after 124 days of 

wet refrigerated storage and continue to do so for longer periods. In other 

species (Pectinatella sp.) similar results have been reported as due to the 

presence of fungus (T. Wood pers comm., 2005). No fungal hyphae were 

observed in petri dishes during this study. 

It is unclear whether the proportion of floatoblasts that are likely to produce 

viable new colonies (viability) is significantly affected by the length of the 

storage period. Viability was highly variable in the floatoblast samples that had 

been stored wet refrigerated. In some samples no floatoblasts evaginated after 

124 days of wet refrigerated storage while in others all of the floatoblasts in 

the sample evaginated. 

While wet refrigerated storage clearly decreases germination of floatoblasts of 

P. vaihiriae they will still germinate after 153 days. Viability of P. vaihiriae 

floatoblasts remains as high as 99% after 123 days of wet cold storage. It is 

no surprise, therefore, that while germination decreases with the period of wet 

refrigerated storage it still remains at levels that would enable establishment of 

new colonies when temperatures subsequently increase. The decrease in 

viability would be unlikely to result in major decreases in the establishment of 

bryozoan colonies at Southern Reservoir. Greater sample numbers would be 

required to confirm whether changing the period of wet storage affects 

viability levels or not. 

Germination levels of Plumatella n. sp. floatoblasts decrease with increasing 

periods of wet refrigerated storage. The small sample sizes, however, limit the 

reliability of these results. Further work needs to be done to establish an 
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accurate picture of the response of this species to periods of wet refrigerated 

storage. 

The many millions of floatoblasts produced in any one season at Southern 

Reservoir have the potential to produce many millions of new colonies. 

Floatoblast germination needs, therefore, to be prevented entirely to stop 

colonisation of the species altogether. Periods of time of over five months 

keeping floatoblasts at low temperatures would need to be utilised to stop 

colonisation by freshwater bryozoans entirely. As the germination levels of P. 

vaihiriae are still reasonably high after five months, wet refrigerated storage is 

unlikely to be a feasible control method. 

4.3.3 Dry refrigerated storage 

While wet storage tends to replicate winter conditions faced by statoblasts and 

enable them to remain dormant for a period of time, desiccation often has 

negative consequences for statoblasts. 

The germinating responses of different bryozoan species to periods of dry 

storage are variable indeed. Some statoblasts will germinate after very long 

periods of desiccation yet other species, such as some species of the genus 

Pectinatella (Brown, 1933) will not germinate after any drying in certain 

circumstances (Table 4.4). 

The resistance of statoblasts of Pectinatella magnifica to desiccation is 

considerably less (Rogick, 1940; Brown, 1933) than other species such as 

Lophopodel/a carteri which can retain their ability to germinate after years of 

dry storage (Rogick, 1941). Exposing P. magnifica statoblasts to air for only 

ten minutes causes germination levels to drop below 20% (a loss of over 78%) 

(Oda, 1979). 
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Table 4.3 Reported tolerance of statoblasts to periods of dry 
refrigerated storage 

Species Tolerance to dry storage 

Fredericella spp Germination gradually declines with dry storage (Roqick, 1941) 
Lophopodella spp Maintain viability for up to four years of drystorage (Rogick, 1941) 
Lophopodella carteri 70% viable after four years stored dry (Rogick, 1941) 
Pectinate/fa casmiana 70% viability after one year dry storage (Bushnell & Rao, 1974) 
Pectinatella magnifica Loses 78% germination after ten minutes of drying (Oda, 1979) 
Plumate!la spp Germinate after four months of dry storage (Rogick, 1940, 1941) 
Plumatella repens typica No germination after 704 days of dry storage (Rogick, 1941) 
Plumatella vaihiriae Germinate but do not evaginate after 11 days of dry storage 

Germination likely to be prevented after 63 days of dry storage (this 
study) 

Plumatella n. sp. Unclear although germination seems to decrease with increasing 
drying periods (this study) 

Unfortunately the variation in methodological aspects of previous 

investigations (collecting, drying and germinating techniques) make it 

impossible to directly compare those results with results from this study. Some 

similarities in methodology do, however, exist between Brown (1933), Rogick 

(1938, 1940, 1941), Oda (1979) and this study, allowing general inferences 

and comparisons to be made. 

Similarly to the results of this study, Rogick (1938, 1940, 1941) and Brown 

(1933) found that germination of statoblasts of F. sultana and P. repens 

gradually declined with increasing periods of desiccation. As little as twenty

four hours of dry storage significantly decreases germination levels of both P. 

vaihiriae and Plumateffa n. sp. floatoblasts. Ancestrulation of P. vaihiriae 

floatoblasts is entirely prevented after only 11 days of dry refrigerated storage. 

There is also variation in the length of time statoblasts of the same species 

from different regions will remain viable after dry storage. Bushnell and Rao 

(1974) found a difference in statoblasts of P. repens collected from Colorado 

and other midwest United States regions. They conclude that statoblasts 

collected in humid regions probably remain viable longer than the same 

species collected from arid or semi-arid areas. 
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Brown (1933) found that the method of drying was an important factor in the 

response of statoblasts to various periods of drying and dry storage. 65% of P. 

repens statoblasts dried in the open air for two days germinated and yet only 

2.2% of samples collected in a dry state from drift macrophytes germinated 

(Brown, 1933). Statoblasts of P. repens attached to drift macrophytes on 

shores of lakes and other water bodies have been found to germinate at levels 

as low as 7% (Smyth and Reynolds, 1995). Statoblasts of a Plumatellid species 

dried outside exhibited a gradual decline in their germination levels over 90 

days of dry storage. After 120 days of dry storage they were considered dead 

(Brown, 1933). It is unknown, however, how long the samples collected from 

drift macrophytes were exposed to drying and to what degree. 

The viability of statoblasts in a dried state can be somewhat dependent on the 

temperature in which they are stored desiccated. This fact is true for 

desiccated statoblasts of Hyaline/fa punctata which appears to maintain their 

viability better in cooler temperatures (10°C) than at room temperatures (22 -

30°C) (Rogick, 1941). 

Drying decreases the germination potential of some freshwater bryozoans, and 

yet in others it may aid in the awakening of statoblasts from dormancy. Hydro

quiescence is a state in which statoblasts are inhibited from germinating under 

dry conditions but will germinate once moisture is reintroduced into the 

environment. Oda (1979) found that drying P. magnifica statoblasts for several 

days decreased germination. Interestingly, though, exposure to air for six 

hours was better than lowering ambient temperatures at breaking statoblast 

dormancy and resulted in greater germination levels than that of wet 

statoblasts. 

Some Plumatellids are particularly vulnerable to air-drying and floatoblasts of 

both P. vaihiriae and Plumatella n. sp. follow this trend. Plumatella vaihiriae 

floatoblasts have only weak resistance to desiccation. Statoblasts of 

Pectinatella magnifica stored dry will germinate simply after the introduction of 
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water (Oda, 1979) and are therefore described as hydro-quiescent. Merely 

introducing water into the environment did not enable germination of 

floatoblasts P. vaihiriae after 29 days of dry refrigerated storage. This species, 

therefore, cannot be described as hydro-quiescent. The critical period of dry 

refrigerated storage that will prevent germination in P. vaihiriae floatoblasts is 

63 days or longer. 

At the end of winter, colonies of freshwater bryozoans die off and many 

millions of floatoblasts are released. These floatoblasts float on the water 

surface or collect around the edges of the chambers within the hall (Fig. 4.2). 

Figure 4.2 Statoblast 'tideline' around walls of the microstrainer 
chamber at Southern Water Treatment Station 

Lowering the water level causes many floatoblasts to attach to the walls of the 

chambers in a strip clearly visible in emptied chambers (Fig. 4.2). Floatoblasts 

have been observed collecting in 10cm wide, 1 to 3mm thick strips around the 

walls of each of the three microstrainer chambers at Southern Reservoir. 

By carefully synchronising the lowering of the water level within the halls with 

the release of floatoblasts from the zooids and then maintaining the chamber 

at a water level that causes the majority of the floatoblasts to continue to 

desiccate for 63 days or more, germination levels of P. vaihiriae floatoblasts at 

Southern Reservoir and possibly Plumatella n. sp. would be decreased. This 

procedure would manage the level of colony establishment rather than entirely 
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preventing the establishment of colonies. While it would still involve some 

maintenance the method would prevent the need for expensive and labour

intensive work involved in water-blasting the colonies off the walls once they 

have established, as is the present maintenance practice. In similar 

circumstances emptying farm ponds decreased the subsequent establishment 

of populations of P. repens, Plumate!la casmiana and P. magnifica (Dendy, 

1963). The present maintenance method sometimes results in dead bryozoan 

material being washed through the system to clog the washing machines and 

taps of Dunedin residents. By preventing colonies from establishing in the first 

place this problem could be avoided. 

It is entirely possible that during the drying period floatoblasts could detach 

from the walls of the microstrainer chambers and blow into the water. The 

rehydrated floatoblasts could then germinate. It is yet to be determined 

whether floatoblasts could be kept dry for 63 days or longer while remaining 

attached to the walls of the chambers. 

Floatoblasts of P. vaihiriae have a poor ability to resist desiccation compared to 

some other species such as L. carteri (Rogick, 1941). Floatoblasts of P. 

vaihiriae are therefore unlikely to be able to expand their distribution easily 

through transportation in a dry state. Smyth and Reynolds (1995) make the 

point that such low germination levels may be representative of natural 

germination levels of those populations and still be high enough to maintain 

the survival of the species during dry conditions or dispersal. 

It is important to realise that it would only take one floatoblast to be 

transported to a new habitat with conditions conducive to germination within 

eleven days for a new colony to be established. 

Plumatellid colonies can double in size in three to five days (P. repens: 

Bushnell, 1966; Wood, 1973). P. vaihiriae is noted as a particularly strong and 

swift coloniser (Wood and Marsh, 1999). It is not unreasonable to suggest that 
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P. vaihiriae could establish new colonies in water sources within the greater 

Dunedin area through transportation on such things as vehicles and clothing. 

The sooner the floatoblasts were immersed in water the more likely they would 

remain viable and therefore establish a colony in the new location. 

4.3.4 Chemical control 

While it has long been known that statoblasts of several freshwater bryozoan 

species can resist harsh environmental conditions such as cold and desiccation, 

relatively little is known about their resistance, or that of hibernacula, to 

various chemicals. 

Investigation into the effects of various chemicals on bryozoans has tended to 

focus on the ecology of freshwater bryozoans and the effect of pollutants, such 

as heavy metals, herbicides and pesticides. Henry et a/. (1989) found F. 

sultana, P. emarginata, and Pfumatella fungosa were able to live and 

reproduce effectively in high concentrations of heavy metals and PCBs. Some 

bryozoan species, in fact, thrive in polluted areas. Dendy (1963) observed 

Plumatellids growing abundantly in areas affected by fertilizer run-off and 

concluded that not only did the species not suffer physiologically from 

exposure to fertilizer chemicals, but they thrived in the presence of these 

chemicals and the conditions that resulted from their addition. 

Tolerance of freshwater bryozoan taxa to pollutants and chemicals is variable. 

Plumatellid species seem to be more tolerant to certain pollutants than some 

other families. Bushnell (1974) noted that colonies of F. sultana were sparse in 

highly polluted waters whereas P. repens colonies were abnormally healthy 

and thriving. Bushnell (1974) also investigated the effects of organochlorides 

and organophosphorus pesticides and herbicides on P. casmiana and P. 

repens. Results showed that while both species had some tolerance to certain 

concentrations of herbicides they were indicators of pollution by means of their 

absence rather than presence in such affected environments. 
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Several comparisons of the sensitivity of bryozoans and other animals have 

been made. Working with P. emarginata, P. magnifica and L. carteri Pardue 

and Wood (1980) found that zooids were more sensitive to copper, cadmium, 

chromium and zinc than many other invertebrates and fish. 

The sensitivity of colonies to certain chemicals may or may not, however, 

translate into sensitivity of their statoblasts or hibernacula to those specific 

chemicals. Given that statoblast valves are hard, sclerotized and able to 

withstand other harsh conditions such as freezing and desiccation it is likely 

that statoblasts are not nearly as affected by exposure to chemicals as zooids 

are. Bushnell (1974) studied the tolerance of P. casmiana colonies and 

statoblasts to mercury, copper, cadmium and arsenic. Preliminary evidence 

showed that bryozoan colonies were more sensitive to chemical exposure than 

other animals. Findings showed, however, that statoblasts remained viable 

after prolonged exposure to levels of the chemicals that would be acutely 

lethal to freshwater bryozoan colonies and most other organisms. 

Rao and Dad (1979) tested the effects of several herbicides on colonies and 

statoblasts of bryozoans and some fish. Four herbicides used (Pianavin, 

Bladex, Tafazine, 2, 4-D) had little or no effect on Plumatella, Hyalinella and 

Lophopodella species when used separately. When mixed with Mercuric 

Chloride and Bladex, however, Planavin caused colony losses after 84 hours of 

exposure. Low concentrations of many herbicides were found to have no 

immediate lethal effects on statoblasts of P. casmiana, L. carteri, and H. 

punctata. In comparison with other invertebrates, bryozoan colonies appeared 

to be more tolerant to these pesticides (Rao and Dad, 1979). 

The response of freshwater bryozoan species to chemicals is specific to the 

particular treatment. Shrivastava and Singh (1986) found that statoblasts of P. 

casmiana, L. carteri and H. punctata were generally more susceptible to the 

pesticides than other animals tested including freshwater fishes and 

gastropods. This result was unusual as one might expect that since statoblasts 
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have resistance to levels of freezing, drying and other stresses they might 

show more resistance to pesticides than fish or gastropods. Shrivastava and 

Singh (1986) found that from several pesticides tested Endrin was most 

effective at reducing germination of P. casmiana and L. carteri and that 

statoblasts of H. punctata were most resistant of the species tested. 

Of the chemicals tested in this study sodium hydroxide, sulphuric acid, acid 

CIP, and a combination of acid CIP followed by alkaline CIP prevented 

germination of P. vaihiriae floatoblasts. Floatoblasts exposed to these same 

chemicals or to alkaline CIP did not evaginate. EDTA (34.51-JM and 96.61-JM) 

and Memclean C solutions had no effect on germination levels of P. vaihiriae or 

Plumatella n. sp. floatoblasts. 

Germination of P. vaihiriae floatoblasts dropped significantly as pH levels fell 

below 5 or rose above 11. Ancestrulation and therefore the probability of 

colony establishment (viability) dropped dramatically as the pH was raised 

above 10 and became extremely variable when the pH was lowered to below 

7. Viability was prevented entirely after treatment at pH levels of 11 and 2 

(Table 4.5). 

Table 4.4 Effects of pH on germination and viability levels of 
Plumatella vaihiriae and Plumatella n. sp. floatoblasts { D= levels 

decrease, 11 = level increase, ._. = range) 

pH range 1 2 3 4 5 6 7 8 9 10 11 
Southern Reservoir .. • 
pH range 
Plumatella vaihiriae 
germination JJ 11 
Plumatel/a vaihiriae variable JJ 
ancestrulation 
Plumatella vaihiriae JJ JJ 
viability 
Plumatella n. sp. JJ 
germination 
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The pH at Southern Reservoir averages 7.1 and is restricted to between 6.5 

and 8 in any one year and is therefore well within the preferred levels for 

germination and ancestrulation of P. vaihiriae floatoblasts. Maintaining the pH 

level at less than 7 could help to decrease viability of P. vaihiriae floatoblasts. 

Plumatella n. sp. floatoblasts do not reach ancestrulation and therefore viability 

is zero at pH levels of between 3.75 and 5.34. The effect of the pH level on 

the germination of Plumatella n. sp. floatoblasts requires further testing with 

greater replication. 

Exposure to chemicals may also have positive effects on the germination of 

statoblasts. Bushnell (1974) noted that the effects of sodium compounds were 

mixed, ranging from being fully lethal, in the case of sodium arsenite, to 

possibly stimulating germination in the case of sub-lethal levels of sodium 

arsenite and sodium molybdate. Oda (1979) found soaking statoblasts of P. 

magnifica in ethyl ether, chloroform, xylol, toluene, ethyl alcohol, or methyl 

alcohol for a period of one week inhibited germination. Pre-treatment with 

benzene, however, did not inhibit germination. In Mukai's work (1977) 

treatment with various organic solvents was neither harmful nor did it 

accelerate germination. Various sodium salts, nitrates and chlorides had no 

effect on germination while silver, mercury and copper ions were particularly 

toxic. 

Treatment with potassium hydroxide, sodium hydroxide and hydrochloric acid 

can release the annulus and the remaining statoblast remains viable. Annulus

devoid statoblasts are susceptible to acids and alkalis at intermediate 

concentrations, which causes the denaturation of the germinal mass (Mukai, 

1977). Potassium hydroxide and sodium hydroxide have been used in the 

preparation of statoblasts for microscopy to split the valves and allow removal 

of the germinal mass for microscope observation (Wood and Backus, 1992). 
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Like Mukai (1977), I found that exposing floatoblasts to sodium hydroxide did 

not remove the annulus. In this work sodium hydroxide prevented germination 

of P. vaihiriae and Plumatel/a n. sp. floatoblasts entirely and none were 

observed with split valves containing a germination mass. Floatoblasts thus 

treated tended not to aggregate or adhere to the sides of petri dishes. This 

result may suggest that any surface mucous or adhesive compounds that 

usually aid adhesion to surfaces had been removed. It is possible that treating 

floatoblasts with sodium hydroxide may decrease the ability of freshwater 

bryozoans to colonise surfaces by stopping them from adhering to surfaces. 

The effect of exposure to chemicals on statoblasts is a complex interaction 

between the exposure period, chemical concentration, and presence of other 

chemicals and physio-chemical factors in the water. Chemical exposure can 

both serve to inhibit and provoke germination and can have mediating effect 

on the effects of other chemicals. The effect of chemical exposure on 

statoblast germination is also species specific. Some factors that must be 

considered when designing a chemical regime that will best control 

germination of statoblasts is the concentration of chemicals, soaking period 

and temperature. In some cases pre-treatment with certain chemicals may 

even increase germination. It has been long understood that exposure to 

certain acids will provoke germination in plant seeds. 

Quiescent statoblasts are similar to the seeds of plants in that they are tough 

dormant structures that germinate as the result of a specific environmental 

cue. Mukai (1977) notes that some acids and alkalis show inhibitory effects at 

intermediate concentrations but not at higher or lower concentrations as long 

as the pre-treatment period is short. Pre-treatment of Pectinate/fa gelatinosa 

statoblasts using intermediate concentrations of sodium hydroxide, 

hydrochloric acid and sulphuric acid inhibited germination while higher and 

lower concentrations often had little or no effect or, in the case of sulphuric 

acid, increased germination (Mukai, 1977). The decrease in germination was 

often accompanied by a delay in germination. Mukai (1977) also comments 
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that pre-treating statoblasts with high concentrations of chemicals has a 

'protecting' effect on the inhibitory effects of intermediate concentrations of 

other chemicals and is not chemical specific. 

In this study some alkaline CIP treatment regimes resulted in germination 

levels that were greater than the control germination levels. It is likely that one 

or more of the components in alkaline CIP promotes germinating activity of P. 

vaihiriae floatoblasts at temperatures of 35°C or higher (Table 4.6). 

Table 4.5 Chemical treatment regimes that resulted in germination 
levels that were similar to or greater than untreated Plumatella 
vaihiriae floatoblasts 

Treatment Soaking period (minutes) Relative to control rate 
Alkaline CIP 20°C 10 Within 60% 

Alkaline CIP 20°C 20 Within 80% 

Alkaline CIP 20°C 60 Within 60% 

Alkaline CIP 35°C 60 Within 60% 

Alkaline CIP 35°C 90 Greater 

Alkaline CIP 50°C 60 Greater 

Alkaline CIP 50°C 90 Greater 

The chemical conditions of the medium in which statoblasts remain dormant 

may also have an important bearing on the survival of the species. P. vaihiriae 

has been observed to stop feeding and exhibit signs of respiratory stress in 

conditions of low dissolved oxygen (Wood and Marsh, 1999). Wood and Marsh 

(1999) suggested anaerobic conditions might be a potential method to kill 

colonies of P. vaihiriae and that soaking statoblasts in an anoxic media could 

also probably control bryozoan growth in other Plumatellids. As a potential 

control method deoxygenation needs further investigation. 

Trying to control bryozoans that foul various environments through the use of 

chemicals is complex. Wood and Marsh (1999) note that Plumatellid colonies 

can be killed by five hours of exposure to 1 mg r1 of sodium hypochlorite and 

92 



that hydrogen peroxide is particularly effective in killing statoblasts but not 

practical on large scale. Shock chlorination was suggested as a method of 

controlling P. vaihiriae in wastewater plants in North America (Wood and 

Marsh, 1999). The species-specific effect of chemicals is again obvious in 

terms of the effect of chlorine. Chlorination at the highest legally allowable 

levels was tested on P. fungosa and found to have no effect (Aprosi, 1988) but 

is thought to be able to control other Plumatellids (Wood and Marsh, 1999). 

While chlorine may well be lethal to some bryozoans, dead colonies would be 

transported through pipes to households causing clogging of pipes and fittings 

further down the residential water delivery system. As a method of controlling 

statoblast germination shock chlorination requires further investigation. 

While hydrogen peroxide is a component of the alkaline CIP solution to be 

used at the new treatment plant it did not significantly decrease germination 

levels in tests and is therefore unlikely to control freshwater bryozoans if 

employed as the solitary treatment method. 

The most effective way to use the CIP solutions to control germination of P. 

vaihiriae and probably Plumatella n. sp. floatoblasts, once they are free from 

the zooid, is by dosing with acid CIP heated to at least 35°C. When using 

alkaline CIP care must be taken to avoid long soaking periods at pre-heating 

temperatures high (greater than 35°C) as these regimes may in fact increase 

germination levels. 

4.4 Effect of chemical treatment on germination of fioatoblasts inside 

zooid wall 

It should not be presumed that subjecting bryozoan colonies to certain 

chemical treatments, or indeed any treatment, will affect the statoblasts within 

them to the same degree. The zooid wall may provide some protection to the 

statoblasts. If the wall does provide protection from environmental conditions, 

then the timing of the release of statoblasts from the zooid is of particular 
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importance for the survival of the species. The timing of statoblast release is 

important in deciding the best possible time to treat the colonies and 

statoblasts to minimise both statoblast germination and colony establishment. 

The zooid wall of P. vaihiriae appears to offer some protection to the 

floatoblasts within it from exposure to low pH levels. To have the greatest 

impact on populations of both P. vaihiriae and Plumatella n. sp. the DCC Water 

Department should synchronise the use of treatment regimes with the release 

of floatoblasts of both species into the environment. At the end of winter as 

temperatures within the reservoir drop and floatoblasts are released, dosing 

with acid CIP raised to temperature of 35°C or higher will be the most effective 

chemical treatment regime to reduce or prevent floatoblast germination. 

Table 4.6 Summary of treatment effects able to reduce or prevent 
germination of Plumatella vaihiriae floatoblasts 

Wet storage Level required to Able to prevent Potential to use as 
decrease germination of a treatment 

germination Plumatella method for DCC 
vaihiriae 

floatoblasts 
Temperature < 5°C YES NO 
Wet storage 124 days or more Unlikely NO 
Dry storage 11 days or more YES NO 

After 63 days 
Acid CIP ;:::: 35°C for at least 10 YES YES 

minutes Best when 
floatoblasts have 

been released from 
the zooid 

Alkaline CIP < 35°C for 20 YES YES 
minutes or less Best in combination 

with acid CIP 
Sulphuric acid 3061JM YES YES 
Combination As per CIP YES YES 

CIP concentration 
Sodium 0.012M YES YES 

hydroxide 
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4.5 Dormancy 

Dormancy is a state exhibited by propagules to delay recruitment to a 

population. In doing so an organism can escape extremes of the environment 

thus increasing its chances of establishing and reproducing as the conditions 

improve. Reproduction is delayed during the period of dormancy and the 

organism becomes seasonal in its lifestyle. The organism therefore acquires a 

resistant dormant state. Invertebrate dormancy is not a single trait but a 

strategy that encompasses a wide range of physiological states. 

Many freshwater invertebrates such as rotifers, copepods and cladocerans 

produce resting stages that are able to withstand adverse environmental 

conditions. Like bryozoans Daphnia spp. produce resting eggs capable of 

withstanding degrees of drying and freezing. The copepods Diaptomus spp. 

produce special thick-walled resting eggs as an adaptation to adverse 

environmental conditions (Pennak, 1978). 

Dormancy requires an organism to predict adverse conditions (predictive 

strategy such as diapause) and/or react as a result of environmental changes 

(consequential strategy). There must be some level of synchronisation 

between life stages and environmental conditions. 

The ability to predict seasonal changes and enter dormancy is the most 

common strategy in seasonally predictable environments or those with 

unseasonal but common adversity. Organisms in more unpredictable 

environments rely on a consequential strategy in which they are able to react 

to unfavourable conditions as they occur. This strategy often includes dispersal 

of resting stages to more favourable environments. Consequential strategies 

are inherently risky as they rely on a direct response to adverse conditions. 

The advantage is that the organism is able to respond to favourable conditions 

for as long as possible, maximising resources and their reproductive effort. The 

dangers of responding slowly are obvious but are often apparently outweighed 
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by the advantages that can be gained by maximising the period of growth 

while conditions are favourable. 

Organisms may be facultative dormants (quiescent), that is, able to enter a 

period of dormancy if conditions require. Quiescence is a reversible state in 

which the organism can return to an active state as a result of particular cues 

from the environment. In general, dormancy of a propagule can be broken by 

a period of cold temperature, removal of a germination inhibitor (e.g. 

dehydration), exposure to a particular wavelength of light, or rupture of the 

exterior capsule. 

Obligatory dormants (diapausal) require a period of dormancy in their lifecycle 

for future reproduction and survival. Once diapause is started the organism 

can not recommence reproduction until the required period of dormancy has 

finished. Some rotifers will produce two physiologically and morphologically 

distinct kinds of eggs one of which enters obligatory diapause at no extra 

energetic cost to the organism (Pennak, 1978). 

Some correlations between habitat type and dormancy have been made 

showing dormancy is more common in taxa that include freshwater and 

terrestrial species than in groups that are entirely marine (Caceres, 1997). 

Plumatella repens is thought to use varying periods of diapause to extend the 

overall period within which statoblasts germinate in an attempt to avoid 

germinating during unseasonal changes in the environment (probably 

temperature spikes) and thus be more likely to ensure the species survives 

(Raddum, 1981). Plumatella emarginata may also 'spread the risk' by 

germinating asynchronously in response to unpredictable changes in the 

environment (Callaghan, 1996). The costs of such a strategy may be high for 

some organisms. It is possible that the organism may die during the period of 

dormancy or that energy is diverted away from reproduction requirements into 

maintaining the dormant stage. 
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Dormant states may also be entered to provide refuge from predation and has 

been documented for P. emarginata (Callaghan and Karlson, 2002). 

In bryozoans statoblasts or hibernacula fulfil the role of resistant dormant 

propagule. Endogenous physiological factors, such as the timing of 

reproduction and available food, may have an effect on the dormant nature of 

statoblasts. 

By considering the patterns of germination of bryozoan statoblasts collected at 

various times throughout the year and the effect of treatments such as dry 

storage and manipulation of temperature some comment can be made 

regarding the nature of dormancy of the species. By manipulating the 

environmental conditions in which. statoblasts exist, one should be able to 

determine whether a particular species exhibits true diapause or quiescence. If 

an inactive statoblast germinates in an environment that has been manipulated 

to have conditions that are favourable for germination regardless of the season 

it can be reasonably concluded that the species is facultatively dormant or 

quiescent. If dormancy of statoblasts can not be broken by manipulation of 

environmental parameters then the statoblasts are obligatory dormants or 

diapausal. 

The determination of the type or dormancy is not a simple undertaking. P. 

repens statoblasts have been reported as both quiescent (facultative 

dormants) (Bushnell, 1966; Hutchison, 1993) and as obligatory dormants 

requiring at least three weeks of dormancy (Wood, 1973). Pectinatel!a 

magnifica statoblasts produced in summer and early autumn do not germinate 

immediately in suitable conditions (Oda, 1979). They are therefore considered 

obligate dormants at that point. 

In this study germination levels of the Pfumatel!a vaihiriae floatoblasts taken in 

June (winter) were unexpectedly low. This result was unusual in that it was 
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expected that storage of the June samples would have little effect on the 

germination levels. If these floatoblasts were thermo-quiescent (able to 

germinate when temperatures become suitable) it would be expected that they 

would germinate readily in increased temperatures either in summer or as 

temperatures were increased through manipulation. If statoblasts are dormant 

during winter they would be expected to germinate readily in summer but not 

when temperatures increased in the laboratory. 

Thermo-quiescence is typical of many freshwater bryozoans which will tend to 

germinate readily when the temperature is increased. It seems that P. vaihiriae 

floatoblasts are not thermo-quiescent immediately after release from the zooid 

as increasing temperatures in several experiments within a few weeks of 

collection did not produce germination. What is more likely is that floatoblasts 

are initially dormant and remain so for three to four weeks (obligate 

dormants). Later, as the seasons change and temperatures slowly increase, 

floatoblasts gradually become more and more responsive to temperature and 

are therefore thermo-quiescent. 

None of the collected floatoblasts of P. vaihiriae germinated immediately or 

even within a few weeks of the date of their collection whether collected in 

June, November, December or March. This finding supports the notion that, 

like P. repens, P. vaihiriae floatoblasts released during winter or early summer 

require a three to four week period of dormancy before then becoming 

thermo-quiescent. Samples from June germinated in the January experiments 

(although at low levels). November and December samples germinated in the 

January experiments at high levels and in the March experiments at lower 

levels. March samples germinated at low levels in the March experiments 

starting only two weeks after collection. 

It seems plausible that floatoblasts released in the middle of summer do not 

require a period of obligate dormancy like the earlier floatoblasts do. From a 

population survival point of view if floatoblasts are released in March and 
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temperatures are about to drop in May or June the population has enough 

time to produce colonies and subsequently many floatoblasts can be produced 

to overwinter and produce the next generation of colonies the following 

summer. 

Dormancy of some freshwater bryozoans can be broken by subjecting 

statoblasts to periods of drying and freezing. Decreasing temperatures have 

been thought to promote dormancy-breaking of resting stages of bryozoans 

( Cristatella mucedo: Braem, 1890) and other invertebrates such as sponges 

(Fell, 1995). 

Hydro-quiescence is a state in which statoblasts will germinate after the re

introduction of moisture following a period of desiccation. As dried floatoblasts 

of P. vaihiriae lose their capacity to germinate quickly with dry refrigerated 

storage and germination is not induced by the introduction of moisture. P. 

vaihiriae floatoblasts are therefore not hydro-quiescent. 

Table 4.7 Dormancy types of some freshwater bryozoans 

Facultative Lophopodella carteri (Mukai, 1974) 
dormants Plumatella vaihiriae (middle summer generation) (this study) 

Obligate Pectinatella magnifica (Brown, 1933) 
dorm ants Pectinatella ge/atinosa (Mukai, 1974) 

Plumatefla fruticosa (Bushnell & Rao, 1974) 
Plumatella repens for three to four weeks (Wood, 1973) 

Plumatella vaihiriae (winter & early summer generations) (this study) 

Unknown Plumatella n. sp. (this study) 

Chemo-quiescence occurs when certain chemical conditions promote 

germination. Certainly alkaline conditions combined with high temperatures 

seem to promote germination in P. vaihiriae floatoblasts. Whether the 

freshwater bryozoans at Southern Reservoir are chemo-quiescent or not is, 

however unclear. Further study of the response of P. vaihiriae or Plumatella n. 
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sp. floatoblasts to chemicals may provide an indication of whether these 

species are chemo-quiescent or not. 

Photo-quiescence occurs when statoblasts will not germinate in the dark but 

will germinate readily with the introduction of light. Given that P. vaihiriae 

floatoblasts germinate in darkness within the microstrainer hall and in 

germination experiments in this study, they do not exhibit photo-quiescence. 

The pattern of germination may be affected by many other factors not 

mentioned here. High statoblast density, the presence of predators, and simple 

bet-hedging by spreading the germination of offspring over a period of time 

have been suggested as a factors that might cause asynchronous germination 

of P. emarginata statoblasts (Callaghan, 1996). Further studies are required to 

determine the nature of dormancy and germination of Plumatella n. sp., 

sessoblasts of P. vaihiriae and hibernacula of Paludicel/a articulata. 

4.6 Biofouling: A broader perspective 

Biofouling by invading organisms in aquatic and terrestrial environments has 

become of increasing interest throughout the world as transport systems 

improve and expand enabling invading organisms to access new habitats. 

Biofouling is caused by both endemic and exotic species of macrophytes, 

invertebrates and vertebrates. The New Zealand Customs Service and 

Department of Conservation (DOC) are charged with minimising the risk of 

exotic species being introduced into New Zealand and protecting New 

Zealand's endemic biodiversity. 

Introduced species can not only displace endemic species but can cross with 

native organisms to produce a hybrid and thus decrease the endemic 

population. This phenomenon has been noticed in waterfowl in New Zealand. 

Mallard ducks (Anas platyrhynchos) were introduced into New Zealand from 

British stocks in the 1870's and American stock in the 1940's. The endemic 

Gray duck (Anas superci/iosa) has become hybridized with the introduced 

100 



Mallard ducks causing a decline in the Gray duck population (Rhymer and 

Simberloff, 1996). 

DOC notes that wetlands and coastal areas are amongst the most vulnerable 

communities in New Zealand (Department of Conservation website, 2004). 

There are many examples of freshwater organisms causing biofouling 

problems within New Zealand. DOC lists 22 fish species that have been 

introduced into New Zealand (Department of Conservation website, 2004). 

Some of these fish, such as Brown (Sa/mo trutta) and Rainbow trout 

(Oncorhynchus mykiss), are prized by recreational fishers and are the basis of 

growing tourism industries. In New Zealand, the Brown trout are predators of 

native galaxid fish and change invertebrate behaviour. The impact of Brown 

trout is noticed throughout the ecosystem causing an increase in algal biomass 

and production. The fish are also thought to cause changes to energy and 

nutrient flux (Simon and Townsend, 2003). Other fish such as Koi carp 

(Cyprinus carpio), Gambusia sp., Rudd (Scardinius erythrophtha/mus) and 

Catfish (Amerinusnebulosus sp.) are considered major pests by many as they 

compete for the food resources of endemic fish species and ravage native 

riparian zones. DOC is concerned with protecting endemic species by 

monitoring the populations of exotic fish and ensuring they do not cause 

ecological or economic harm. 

Excessive growth of exotic macrophytes in New Zealand lakes and rivers has 

been documented since the 1960's. Throughout the mid-1960's massive 

growth of Ceratophyllum demersum, Lagarosiphon major and other exotics 

caused closure and reduced generation in several of the power stations on the 

Waikato river. L. major causes problems for recreational water users including 

boaties and water skiers, clogs channels in lakes, causes power outages, and 

affects the operation of hydro-electric power plants (McGregor and Gourlay, 

2002). The invasive macrophytes reduce available habitat and light for 

endemic plant species (Schwarz and Howard-Williams, 1993) directly replacing 

or reducing native flora in some lakes (Howard-Williams and Davies, 1988). 
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Control methods that have been trialled to minimise the effect of L. major 

include mechanical harvesting, biological control (fish) and the use of 

herbicides. Each of these controls requires careful consideration before 

implementation to ensure no adverse effects on the ecosystem. Mechanical 

harvesting of macrophytes is expensive and in some cases the product is rich 

in unwanted chemicals such as arsenic (Chapman et a!., 1974). Herbicides 

such as Fluoridone and Diquat have had mixed results in controlling invasive 

macrophyte populations in the past (Wells and Coffey, 1984). 

Invading invertebrate species have also caused massive economic and 

recreational impacts around the world. Zebra mussels (Dreissena sp.) have 

caused profound economic hardship in North American freshwater lakes by 

restricting the flow of water through intake pipes and disrupting supplies of 

drinking, cooling, processing and irrigating water to the nation's domestic 

infrastructure (Fisher and Bernard, 1991). Mussels also attach to hulls, docks, 

locks, breakwaters and navigation aids, increasing maintenance costs and 

impeding waterborne transport. 

As filter feeders, Zebra mussels reduce the levels of phytoplankton in the 

water depleting available food for zooplankton and eventually juvenile fish the 

such an extent that the growth of game fish is affected causing huge losses to 

the commercial fishing industry (Fisher and Bernard, 1991). Interestingly Zebra 

mussels have been reported to reduce or even eliminate populations of 

freshwater bryozoans (Ricciardi eta!., 1997). 

The vulnerability of Zebra mussels to various controls methods, such as 

halogenation (Bidwell eta!., 1999) and anti-biofouling paints, continues to be 

assessed by scientists as central and local government departments seek a 

solution to the problem. The problem assumes additional complexity with the 

requirement that any control method utilised must not harm existing biota or 

negatively affect water quality in the system in which it is used. 
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The concept of biofouling is a surprisingly complex issue. Just what constitutes 

a 'pest' is debatable. There is no doubt that where an exotic species newly 

establishes itself in a habitat and causes some adverse effect on the survival of 

endemic species or cultural, social or economic hardship that the 'invading' 

species is a biofouling nuisance. Whether a species identified as a biofouling 

nuisance to be controlled or eradicated depends on many factors, not least the 

balance between the economic costs and benefits. 

Undaria pinnatifida is an example of an exotic invader that clearly competes 

with endemic species for habitat in marine environments (personal 

observation). Attempts within New Zealand to control the species have been 

limited to areas where some economic hardship is likely to result from its 

invasion such as wharves and aquaculture facilities. Likewise L. major is 

considered a pest primarily because of its effect on recreational boating 

activities and the economic repercussions it often has for power stations. 

Freshwater bryozoans seem to be notified as 'biofoulers' when they cause 

economic problems for business or local governments. Unbeknownst to most 

people they colonise and flourish in many waterways. Plumatella emarginata 

and Fredericella sultana live in several reservoirs and waterways throughout 

the Otago region including in Southern Reservoir (Smith and Batson, 2005) 

and yet until such time as they are noticed clogging pipes, filters or water 

ways they will not be described as biofoulers. 

Some 'invaders' may have beneficial repercussions for the environment and/or 

organisms within that environment. Freshwater bryozoans have been 

documented eating the bacteria Escherichia coli and may have a role in 

purifying water by decreasing microbial contamination (Richelle eta/., 1994). 

Whether the negative effect of bryozoans clogging the microstrainer chambers 

is offset by the potential benefits clarifying water is unclear. 

103 



While the presence of bryozoans and other suspension or filter feeders in 

water supplies may help to remove unwanted organisms from the water thus 

aiding the water treatment process, the negative economic impacts resulting 

from the presence of bryozoans is, however, far more apparent. 

It is not only exotic species that can be described as biofouling pests. In the 

case of New Zealand, DOC has a responsibility not only to minimise the risk of 

new invading species becoming established but also to protect endemic 

biodiversity. A discrepancy exists when an endemic organism establishes itself 

in a new habitat as a result of environmental conditions and is considered by 

some as a pest. What if that organism has been previously undescribed in the 

country? What if little is known of the biology of the organism? The negative 

impacts of the organism must then be weighed against the interests of science 

and the legal responsibility of DOC to protect biodiversity in New Zealand. 

These questions are particularly relevant when dealing with inconspicuous 

organisms whose importance (scientific and economic) is not yet known. 

It is questionable whether the problems caused at Southern Reservoir by 

Plumatella repens, Paludicella articulata, Plumatella vaihiriae and potentially F. 

sultana, P. emarginata and Plumatella n. sp. present a case of invasion and 

colonisation by exotic species or biofouling by an endemic species or both. 

Given the widespread distribution of P. repens in New Zealand it is likely that 

the species is endemic, whereas the very limited presence of P. articulata 

make it likely that it is an exotic species. Whether the freshwater bryozoan 

species at Southern Reservoir are endemic or exotic remains to be determined. 

Genetic affinities of P. articulata are currently being investigated and may 

provide some clarity of the issue for that species at least. 

When conditions within the habitat change in favour of an organism's 

environmental requirements it flourishes. Forested streams commonly exhibit 

lower mean pH values and have a tendency to record acid flushes (Biackie and 
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Newson, 1986). It is possible that prior to deforestation the Southern Reservoir 

had a lower mean pH and this acid environment somewhat controlled the 

establishment of bryozoan colonies. It is also likely that removal of the forest 

reduced populations of potential bryozoan predators through the removal of 

shade. If the removal of shade increased temperatures in Southern Reservoir 

these factors may have contributed to the increased freshwater bryozoan 

populations. The degree to which deforestation of the perimeter of Southern 

Reservoir affected the water quality and whether those changes played a role 

in the establishment of bryozoans is intriguing. Unfortunately given the 

retrospective nature of this question and the lack of water quality data prior to 

1996 the effect of deforestation cannot be investigated empirically. 

Many freshwater bryozoans colonise New Zealand streams and lakes. Those 

that have so far gone un-reported will be noticed if environmental conditions 

change to facilitate their establishment in larger numbers or as our ability to 

identify freshwater bryozoans develops. Increased interest in freshwater 

bryozoans and further survey of New Zealand's waterways will provide a better 

understanding of the freshwater bryozoan species present and their 

geographical distribution. 

If and when these species begin to affect the recreational or business activities 

of people in a detrimental manner they will be considered by some as 

biofouling pests. At that time those affected and the relevant government 

departments will decide whether their presence constitutes a biofouling 

problem that necessitates some form of control or not. 

In deciding whether the presence of freshwater bryozoans in Southern 

Reservoir is beneficial or detrimental to the system and what controls need to 

be put in place some important questions remain to be answered. 

Freshwater bryozoans are an important part of the diet of other invertebrates 

including crustaceans, gastropods, planarians and trichopters. The 

105 



relationships between freshwater bryozoans, their predators and their food 

source needs to be further investigated to assess how population changes 

would affect other organisms in the ecosystem. The zooecium of dead 

bryozoan colonies often forms an excellent substrate for ciliates, rotifers and 

other browsers (Pennak, 1978). Complete removal of the organism may 

decrease available substrate for these organisms. 

The beneficial affects of freshwater bryozoans in the system are not well 

understood. They may play a role in improving water purity both by feeding on 

unwanted organisms such as bacteria. There is also some indication that some 

freshwater bryozoans may be useful indicators of pollution by heavy metals 

(Henry eta!., 1989; Pardue and Wood, 1980) 

The scientific value of freshwater bryozoans is poorly known at this point. 

Some may be able to be utlised in other industries such as medicine and in 

fact be beneficial to humans. At present the symbiotic bacteria Bryostatin 

isolated from a marine bryozoan is thought to have some use in treating 

cancer, memory loss, dementia, and depression. Clinical trials are yet to prove 

the usefulness of Bryostatin conclusively. Several marine bryozoans found in 

New Zealand waters produce secondary metabolites that are antitumour and 

antifungal (Princeps and Morris, 1996). It is important not to eliminate all 

freshwater bryozoans (particularly those that have only been described in this 

particular system) in case they are potentially useful. 

4.7 Biofouling by bryozoans 

Freshwater bryozoans often go unnoticed and are thus under-reported in many 

countries. Bryozoans do not often feature in listings of freshwater fouling 

organisms causing concern in New Zealand (Gordon and Mawatari, 1992). This 

lack of attention is most likely due to a combined effect of lack of extensive 

survey in areas most likely to be colonised by bryozoans, a lack of specialised 

researchers in the area and the complexity associated with identifying 
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bryozoans to species level. Freshwater bryozoans are easily misidentified as 

macrophytes or some other organic matter, or even entirely overlooked. 

There are several reports of the effect of invading freshwater bryozoan species 

world-wide. Freshwater bryozoan species are recognised as causing moderate 

to severe biofouling in a wide range of environments around the world (Table 

1.1). Bryozoan colonies often appear as a thick mat of organic matter and 

have been referred to in the past as 'pipe-moss' (Williams, 1968), giving some 

indication of their ability to colonise pipes and other artificial substrates. In the 

1800's major cities in Europe and the United States regularly experienced 

blockages in the public water service. Fouling caused by these organisms can 

result in problems ranging from a mild nuisance to severe economic and social 

impacts. 

Widespread growth of bryozoans obstructing the filtering grids between the 

cooling tower and the condenser of the Chinon nuclear power plant on the 

Loire river caused its shut-down in 1984. The shutdown was both costly and 

potentially dangerous (Aprosi, 1988). 

Aquaculture facilities may also be adversely affected by bryozoan fouling, 

causing lost production and increased maintenance costs. Clogging of pond 

effluent pipes (Bailey-Brock and Hayward, 1984) and encrustation of 

aquaculture facilities can limit water exchange, possibly reduce animal 

production and result in significant costs to business. To investigate this 

problem, Greenland eta!. (1988) stocked several. cages with Channel catfish, 

Ictalurus punctatus, and recorded reduced growth in catfish proportional to 

the level of encrustation of Plumatella casmiana on the netting. Dendy (1963) 

reported on a fouling problem caused by Plumatella repens and P. casmiana in 

fish farm ponds. Establishment of a piggery hearby to the ponds increased 

nutrient loading to the ponds and probably caused the development of dense 

plankton communities in the formerly clear pond. Subsequently, bryozoans 
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established and repeatedly clogged drainpipes, and adhered to boats, 

increasing the cost of cleaning and maintenance. 

Within city water supplies the presence of bryozoans can reduce the effective 

diameter of pipes, interfere with circulation (Harmer, 1913), foul clarifiers and 

chlorine contact channels, and plug the nozzles of sand filters. Removal and 

subsequent disposal of bryozoan material is both time-consuming and 

expensive (Wood and Marsh, 1999). 

Problems due to colonisation of bryozoans in water treatment plants, cooling 

systems and other human made structures have been controlled using various 

methods. Sand filters were used to control the problem throughout Europe in 

the 1800's (Harmer, 1913). Sand filters, however, merely strain water> to 

remove unwanted material. As is the case with the microstraining barrels at 

Southern Reservoir, sand filters clog, require cleaning and eventually must be 

replaced. 

Statoblasts floating freely in wastewater treatment plants are suspected of 

sheltering coliform bacteria and thus reducing the efficacy of ultraviolet 

disinfection (Wood and Marsh, 1999). As suspension feeders, bryozoans may 

remove unwanted organisms from water thus improving its quality, however, 

their statoblasts have been positively correlated with levels of coliform bacteria 

possibly providing shelter on their surface indentations (Wood and Marsh, 

1999). The densely indented surfaces of floatoblasts of P. vaihiriae could 

provide an excellent surface for coliform bacteria to colonise. The effect of 

freshwater bryozoans at Southern Reservoir on the water quality is unknown. 

Three of the species present at Southern Reservoir (P. articulata, P. repens 

and P. vaihiriae) have caused extensive fouling of artificial substrates world

wide. P. articulata and P. repens were reported as two of several biofouling 

agents in water pipes in Europe during the 1900's (Harmer, 1913) requiring 

time-consuming removal of the material by hand and the implementation of 
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expensive sand filtration systems. P. vaihiriae has fouled wastewater treatment 

plants (Wood and Marsh, 1999; Hastings, 1929) and aquaculture ponds 

(Bailey-Brock and Hayward, 1984). Biofouling by bryozoans can be very costly 

and have serious implications for the management of the water treatment 

facilities within which they flourish. 

Limited success in controlling bryozoans elsewhere has been documented. 

Aprosi (1988) tested a number of possible control strategies in the Chinon 

nuclear power plant to try to control infestations of Plumatella fungosa. In 

that work, colony growth was inhibited when the water velocity was increased 

to 0.6 m.sec-1 and freshwater bryozoan colonies completely detached at 0.9 

m.sec-1
. Baffles were then added upstream of the plant increasing water 

velocity in the problem area which subsequently decreased the presence of 

bryozoans. Increasing flow-rates at Southern Reservoir may impede growth of 

freshwater bryozoan colonies but the dead material would then be washed 

through the system clogging pipes and fittings downstream. 

Controlling germination and growth of freshwater bryozoans is species specific. 

Even species of the same genera may be affected in different ways by various 

environmental conditions. P. fungosa was not affected by the highest allowable 

concentrations of chlorine or several anti-fouling paints. Despite this result it is 

thought that high levels of chlorine may control other Plumatellids including P. 

vaihiriae (Wood and Marsh, 1999). 

Aquatic environments contain a wide variety of organisms. Attempts at 

manipulating chemical conditions within the environment to control the 

population of one organism must take into account the likely effect on all 

organisms within the environment as well as the required levels of each of 

these conditions necessary to control the population. A good example of this 

phenomenon is the potential of decreasing the dissolved oxygen levels in 

environments to control bryozoan infestation. Maintaining bryozoans in anoxic 

conditions can kill colonies of P. fungosa (Aprosi, 1988) and is thought to have 

109 



potential to kill P. vaihiriae colonies (Wood and Marsh, 1999). Lowering the 

dissolved oxygen level could have profound effects on other organisms present 

requiring a higher level of dissolved oxygen for their survival. Thus lowering 

the dissolved oxygen level has potential to upset the whole ecosystem. The 

work that would be necessary to implement such a control method in a 

stream-fed reservoir, such as Southern Reservoir would be extensive and 

costly and cause disruptions to operations of the plants. These problems make 

lowering dissolved oxygen as a control strategy unfeasible at Southern 

Reservoir. 

4.8 Biological control 

The potential for manipulating water quality and using chemical treatments to 

control the germination of floatoblasts has been tested in this study. Other 

authors have investigated the use of biological controls. Introducing a 

biological control agent might be more acceptable to the Dunedin residents 

than introducing more chemical control methods into the water supply system. 

While using a biological to control pest populations has been successful in 

some terrestrial ecosystems, it has also had negative consequences for 

endemic species. 

In recent years proposals have been made to control pests in marine 

environments by increasing populations of the pests' natural predators. 

Assessments of these proposals seem to clearly indicate that management in 

marine aquatic environments using these methods is risky at best (Secord, 

2003). These assessments have been made using diverse case studies and it is 

reasonable to extend the assessment to freshwater environments and consider 

the use of biological control in freshwater as also potentially risky. 

Within New Zealand the potential of biological control methods to control the 

invading macrophyte Lagarosiphon major has been investigated and 

discounted (McGregor and Gourlay, 2002). Attempts to control other invading 

macrophytes have been made using Grass Carp usually with negative 
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consequences for the native fish, invertebrate communities and the riparian 

zone. 

Using myxosporidium parasites to control freshwater bryozoan infestations has 

been suggested as a possible biological control method (Canning eta!., 1997). 

Knowledge of the relationship between the host and parasite is, however, 

presently limited and requires further investigation. 

Bryozoan colonies living in close proximity to salmonids infected with 

proliferative kidney disease can be infected with Tetracapsuloides 

bryosalmonae, the causative agent of proliferative kidney disease (Tops and 

Okamura, 2003) and vice versa (Feist et a!., 2001). Of course this disease 

agent would only be of use as a biological control agent in environments 

already infected with the disease as its introduction would have negative 

consequences for the salmonid vector itself and thus affect recreational 

fishing, and possibly other organisms. 

The introduction of predators into the particular habitat in which bryozoans are 

flourishing might control colony growth. Introducing an exotic organism to 

predate and potentially control an invader or biofouling organism is 

problematic. One of the difficulties is that host specificity is difficult to 

guarantee. Zebra mussels have been shown to reduce colonies of Plumatella 

fungosa by reducing the available smooth surfaces that the bryozoan requires 

for colonisation (Ricciardi et a!., 1997). Clearly, however, introducing zebra 

mussels into the habitat is not a good solution as the mussel itself is likely to 

become a biofouling organism. It is probably more useful· to consider the 

ability of predators already present in the habitat to control pests. 

Southern Reservoir itself is purposely stocked for recreational fishing with the 

introduced species Brown trout (Salmo trutta) and Rainbow trout 

(Oncorhynchus mykiss) (Dunedin City Council website, 2003). The reservoir 

also may contain eels (Anguilla spp.), snails and various other invertebrates 

111 



(Smith and Batson, 2005). If it were possible to identify which species 

naturally prey on the fouling bryozoan species, increasing populations of these 

predators within the reservoir itself could reduce bryozoan populations 

downtream in the microstrainer hall. 

Very little is currently known about the potential predators of P. vaihiriae 

although Bailey-Brock and Hayward (1984) observed the prawn 

Macrobrachium rosenbergii feeding on the species. Other known predators of 

Plumatellids include trichopteran and chironomid larvae. At times when these 

larvae experience seasonal increases in their abundance they have been 

reported to affect the distribution of Plumatellids (Bushnell, 1966; Wood, 

1973). 

While predation may reduce the presence of colonies in the short term, it may 

also serve to alter the structure of other populations in the ecosystem and/or 

to increase dispersion of statoblasts allowing for spread of the problem to 

nearby waterways. It is also possible that, even if eaten, statoblasts may just 

be excreted in a viable state back into the system. A useful predator must, 

therefore, be one that is isolated in the reservoir itself to prevent dispersal and 

whose digestive processes damage the ingested material enough to prevent 

germination post-defecation. At the present time there is a paucity of 

information available to consider the use of biological controls as a practical 

solution to the problem experienced at Southern Reservoir. 

4.9 Relationships between bryozoan species 

Control of Plumate!la vaihiriae and Plumatella n.sp. populations at Southern 

Reservoir cannot be considered in isolation from the other species present and 

the wider ecological perspective. During January 2004 Paludicel/a articulata 

flourished to levels previously unknown at Southern Reservoir and in that 

season it became the dominant biofouler. In all previously observed seasons 

Plumatella repens was by far the greater contributor to the biofouling problem. 
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Just what caused this change is unknown as conditions within the 

microstrainer hall were consistent with previous years. 

Relationships between bryozoan species may provide some indication as to 

their ecological requirements and should be considered. Fredericel!a sultana, P. 

articulata, and P. repens have been found living in association with each other 

within pipeworks (Harmer, 1913) and in lakes (Taticchi, 1989). 

Plumatella emarginata has been noted in association with P. repens in Austria 

(Woss, 1994). P. emarginata is widespread in Dunedin occurring in six of the 

sites surveyed by Smith and Batson (2005) including Southern Reservoir itself, 

although not yet in the microstrainer hall. Bushnell (1966) found P. articulata 

and F. sultana often intertwined together and Woss (1994) concluded that the 

two had an affinity for a similar microhabitat. It is highly likely that either or 

both of P. emarginata or F. sultana could co-inhabit the microstrainer hall with 

P. repens and P. articulata and contribute to the biofouling problems there. 

Until now only P. repens and P. articulata were considered responsible for the 

biofouling problem in Southern Reservoir. Now it is likely that P. vaihiriae 

contributes equally or even more so than either of the aforementioned species. 

P. vaihiriae was found living closely in association with P. emarginata in Tahiti 

(Hastings, 1929). 

The presence of piptoblasts of F. sultana and colonies of P. emarginata in 

Southern Reservoir and the reported co-occurrence of P. repens (Bushnell, 

1966) and P. vaihiriae (Hastings, 1929) respectively with these species make 

the control of bryozoan colonisation and growth complex. As mentioned, 

control methods are somewhat species specific. Moreover one control method 

may in fact promote growth in another. For example freezing or drying may 

kill some species and yet break dormancy in others. 
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Further germination experiments to establish the environmental conditions 

necessary for germination of F. sultana and P. emarginata in Southern 

Reservoir would help to prevent the establishment of these species in the 

system in the future. More study is required to establish the relationships 

between the freshwater bryozoans present in the reservoir and microstrainer 

hall and the factors that promote growth of one species over another. 

4.10 Dispersal potential 

The ability of a freshwater bryozoan to colonise new locations is dependent on 

producing large numbers of propagules, having high rates of germination and 

employing a dependable method of distribution. 

Where even a few statoblasts are transported in or on other organisms and 

subsequently germinate, the species may spread and colonise a new area 

(Brown, 1933). Passive dispersal in this manner has been used to try explain 

the disjunct distribution of several bryozoan species including Plumatella 

vaihiriae (Wood, 2001c). All of the sites where P. vaihiriae has been described 

have been used occasionally by waterfowl. While these sites are linked by the 

east Asian avian flyway the sites were usually small and isolated and visited 

occasionally by ducks rather than being used as stopovers along long avian 

flyways (Wood, 2001c). 

Some duck species in New Zealand, including the Paradise shelduck (Tadorna 

variegata), move from their usual habitats to small lakes during the moulting 

period (Moon, 2002). Other ducks species, such as the endemic Blue duck 

(Hymenolaimus malacorhynchos) are sedentary. It is important to note that 

movements of many duck species in New Zealand are poorly understood. A 

better understanding of waterfowl movements within New Zealand may enable 

the geographical distribution of freshwater bryozoans to be correlated with 

waterfowl movements. 
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There are important parallels between the methods of dispersal of freshwater 

macrophytes in New Zealand and the pattern of their colonisation of rivers and 

streams and the dispersal and colonisation of freshwater bryozoans. Seeds of 

various plants have been shown to survive avian ingestion and in some cases 

the viability of the seeds is not affected (Santamaria et a!., 2002). Those 

macrophytes that tend to produce seeds that are ingested and dispersed by 

natural vectors such as waterfowl have rapidly colonised aquatic habitats 

throughout New Zealand. 

Macrophytes that do not produce seeds but propagate by fragmentation have 

dispersal patterns that are likely to be correlated to boat-based recreational 

activities such as fishing and water skiing (Johnstone eta!., 1985). 

In the case of bryozoans both methods of dispersal are possible. Statoblasts or 

parts of zooids may adhere to equipment and boats or ectozoochorously on 

the feathers, feet and beaks of waterfowl and be transported to a new 

location. As pointed out statoblasts can be ingested (Brown, 1933) and 

possibly transported endozoochorously to new habitats where they may 

germinate and establish as a new colony. It is somewhat surprising that more 

reports of the colonisation of freshwater bryozoans within New Zealand have 

not been made. 

Statoblasts have been found on the feet and bills of birds (Bushnell, 1973). 

The genetic distribution of the bryozoan Cristatella mucedo in northern Europe 

follows the major waterfowl flyway in this region (Freeland et a!., 2000) and 

waterfowl may, therefore, be a factor in the distribution of the species. The 

hooks on Cristatella sp. statoblasts (Fig 1. 9 C) would seem perfectly suited to 

attach onto feathers and thus allow the statoblasts to be transported further 

afield. 
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The spineless nature of Plumatella statoblasts makes them less likely to 

become attached to objects or animals compared with statoblasts that have 

hooks or spines, such as Cristatella mucedo. 

It may be possible for Paludicella articulata, Plumatella vaihiriae or Plumatella 

n. sp. to be distributed ectozoochorously if either a colony or statoblasts were 

to become attached to a boat propeller, equipment or animals. 

Given that the distribution of P. articulata has not changed for a century 

between first reports by Hamilton (1902) and subsequent survey by Wood et 

a!. (1998) and Smith and Batson (2005) it is unlikely that the species can 

disperse easily. It is even less likely that P. articulata can easily disperse 

endozoochorously since hibernacula do not act as propagules and would need 

to be transported as part of a living colony. 

The effect of pH and desiccation on the viability of statoblasts has implications 

not only for the success of water treatment strategies but also on the potential 

of endozoochorous dispersal of bryozoan species to distant locations by 

waterfowl. 

Brown (1933) investigated the effect of exposure to the digestive enzymes of 

various animals on the viability of statoblasts using two species of fish, a frog, 

a salamander, three turtles, a Mallard duck (Anas platyrhynchos) and a 

muskrat. Brown recovered fecal matter from the various predators to 

investigate the number of statoblasts from those that were still intact post

defecation that were then able to germinate. Brown (1933) that the length of 

time in the gut had no discernible effect on the viability of statoblasts. It 

should be noted that the viability of the statoblasts was calculated by Brown 

(1933) using those that were collected intact post-defecation and not as a 

percentage of the total number of statoblasts ingested. Therefore the viability 

levels from this study cannot be compared directly with Brown's (1933) results. 
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Brown (1933) found that, of various animals studied, the digestive process of 

Mallard ducks resulted in the highest level of destruction of ingested 

statoblasts out of the animals tested. In Brown's (1933) work statoblasts 

stayed within the gut of the Mallard duck for 14 to 26 hours. It is likely that 

after 26 hours in the gut, grinding action and/or exposure to digestive fluids 

and processes would have destroyed many statoblasts. While the speed or 

timing of germination was not affected in Brown's experiments (1933), the 

actual germination level was. Complete failure to germinate was recorded in 

four experiments and recovered statoblasts germination at very low levels. 

Those statoblasts eaten by ducks germinated at between 0-4% of the control 

rates (Brown, 1933). 

The digestion of food is a combination of physical processes and chemical 

processes. When considering the viability of ingested statoblasts it is important 

to consider the amount of time statoblasts spend in each region of the 

digestive system. The longer statoblasts spend in the gizzard the more 

potential damage will occur through crushing, while more time in the stomach 

results in greater exposure to acid and digestive processes. The filter-feeding 

method typically used by ducks is relatively indiscriminate, and they typically 

ingest several types of food items during feeding. Ducks are able to hold 

consumed matter within their crop and subsequently regurgitate it. This 

process would greatly reduce the exposure to grinding action and the effect of 

digestive acids and therefore enhance the likelihood of statoblast survival. 

Floatoblasts in this study were subjected to low pH levels for only up to 90 

minutes, much less than the retention times of between 14 and 26 hours 

observed by Brown (1933). The pH of the avian gut is between 0.2 (minimum 

in the proventriculus) and 2.8 (maximum in the gizzard) (Santamaria et a!., 

2002). P. vaihiriae floatoblasts sustain exposure to pH of 1.78 for 60 minutes 

whilst within the zooid wall and then germinate at just over 28%, compared to 

an absence of germination in those treated in the same way but outside the 

zooid wall. 
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The protecting effect of the zooid walls would mean that if a duck were to 

ingest live zooids containing floatoblasts, those floatoblasts might experience 

some form of protection during the period of the time in the gut environment. 

Thus, they would maintain their viability more than released floatoblasts that 

had been ingested. The floatoblasts within bryozoan colonies eaten by ducks 

just before the winter die off of colonies would have a greater chance of 

surviving within the gut and therefore of being dispersed to remote locations 

than those statoblasts eaten after being released from the zooid. 

Brown's (1933) work and the results of this study enable some conclusions to 

be made relating to dispersal of bryozoans from Southern Reservoir. It is likely 

that grinding or digestive juices would destroy most statoblasts eaten by 

Mallard ducks. Very few statoblasts are likely to germinate post defecation. 

The potential of the species to establish at distant locations would be limited 

by this fact. For a statoblast to colonise a new location it would need to survive 

passage through the gut and then be deposited into an environment conducive 

to germination. 

Based on estimated average flight speeds of around 10 to 70 km.h-1 the 

maximum potential distribution range of bryozoans through endozoochorous 

dispersal is likely to be around 40 to 280 km (Charalambidou eta!., 2003). The 

likelihood of freshwater bryozoans establishing a new colony from one 

statoblast upon being deposited in a suitable new environment up to hundreds 

of kilometres away is low. Ducks may, however, eat several thousand 

statoblasts in one mouthful and fly between locations daily. There would 

therefore seem to be at least some potential for establishment of new colonies 

of freshwater bryozoans in distant locations. Quantifying the potential level of 

colonisation and the distances statoblasts could travel and remain viable 

requires further investigation. 

To fully assess the potential of endozoochorous and ectozoochorous transport 

of bryozoans by waterfowl, detailed feeding experiments and investigation into 
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the likelihood of colony establishment and survival upon transport to new 

locations is required. At present the biofouling problem at Southern Reservoir 

occurs in the microstrainer hall alone and therefore transportation on or in 

waterfowl is prevented. The more likely method of dispersal is on clothing or 

equipment of the water department workers. 

In Southern Reservoir it would be possible to control the biofouling using one 

or several of the control strategies tested in this work. These strategies must 

be carefully timed and managed considering specific aspects of the 

germinating biology of these species as established in this work. There are still 

far more questions than there are answers and much further work is required 

before the reproductive biology of these species is fully understood. 

4.11 A summary of germination control 

It is clear that any attempts to control the bryozoan infestation in Dunedin's 

water treatment stations must concentrate primarily on minimising germination 

of the statoblasts. Care must be taken to prevent the spread of colonies and 

statoblasts. The selected treatment method should enable the freshwater 

bryozoan infestation to be kept under control and minimise the cost of 

maintenance due to the infestation. A multi-pronged approach to controlling 

germination of bryozoan floatoblasts is indicated: 

1) Lowering water levels in the microstrainer chambers for a period of 63 days 

or more to desiccate floatoblasts. 

2) Exposing floatoblasts to acid CIP pre-heated to temperatures of 35°C or 

higher. 

3) Synchronising the use of treatment 2) above with the release of 

floatoblasts at the end of winter. 

4) Ensuring the pre-heating temperature of alkaline CIP is kept at 20°C or 

lower. 

5) Implementing procedures to ensure floatoblasts are not transported from 

Southern Water Treatment Station to any other facility. 
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CHAPTER 5: CONCLUSION 

5.1 Major findings 

This study has five major findings. Plumatella vaihiriae and an as yet 

unidentified species (Piumatella n. sp.) have been newly recorded at Southern 

Reservoir. A reliable method for the germination of both of these species has 

been developed. The germination of floatoblasts of both species has been 

presented and described. The tolerance of floatoblasts of P. vaihiriae to 

periods of dry refrigerated storage, wet refrigerated storage, chemicals and 

heated chemicals has been established. Suggestions are given for the control 

of bryozoan biofouling at Southern Reservoir. 

5.2 Newly identified species and their germination 

Species present as colonies in Southern Reservoir are confirmed to be 

Paludicella articulata and Plumatella repens. Other species unexpectedly found 

are identified as P. vaihiriae and an unidentified Plumatellid (Piumatella n. sp.). 

P. vaihiriae has been described in Tahiti, Hawaii, North America, South 

America, Australia (unconfirmed) and now New Zealand. The occurrence of P. 

vaihiriae in the system provides an extension to the known distribution of this 

species. As a newly described species in New Zealand's freshwater bryozoan 

fauna P. vaihiriae contributes to New Zealand's freshwater invertebrate 

biodiversity. 

Developing a reliable and simple method for germinating P. vaihiriae and 

Plumatella n. sp. has enabled germination stages to be observed and 

described. The germination of P. vaihiriae floatoblasts is swift as documented 

in samples from North America (Wood and Marsh, 1999). 

The presence of Fredericella sp. piptoblasts in the microstrainer hall and 

Plumatella emarginata in Southern Reservoir and their affinity for the same 

microclimate as P. articulata and P. vaihiriae respectively make it quite possible 

that these species could colonise Southern Reservoir and become a biofouling 
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problem in the future. Further tests investigating the ability of Fredericel/a sp. 

piptoblasts and Plumatella emarginata statoblasts to germinate and their 

response to control strategies are indicated. 

Unfortunately a reliable method of germinating hibernacula of P. articulata was 

not developed. Nevertheless finding a reliable method for germinating 

hibernacula and describing the way in which hibernacula develop into a zooid 

remains of interest. Germination of P. articulata hibernacula and growth of 

their colonies in New Zealand warrant further investigation. 

5.3 Tolerance Plumatella vaihiriae and Plumatella n. sp. floatoblasts 

Floatoblasts of Plumate!la vaihiriae and Plumate!la n. sp. will tolerate long 

periods of refrigerated wet storage without losing their potential to germinate. 

Wet storage at temperatures of around 7°C for 124 days or more will decrease 

germination levels of P. vaihiriae floatoblasts but does not prevent germination 

entirely. 

In contrast, short periods of refrigerated dry storage (24 hours) will decrease 

germination of P. vaihiriae and Plumatella n. sp. floatoblasts. 63 days or more 

of refrigerated dry storage is likely to prevent germination entirely and stop 

establishment of new colonies. Floatoblasts of P. vaihiriae and Plumatella n. 

sp. are not hydro-quiescent. It may be possible to significantly decrease 

germination and ancestrulation and, therefore, the establishment of colonies in 

summer by synchronising the lowering of the water levels within the chambers 

of the microstrainier hall with the release of floatoblasts as water temperatures 

drop. Then, by maintaining the water level below the strip of floatoblasts 

collected on the walls of the chamber and thereby subjecting floatoblasts to 

desiccation for 63 days or more germination may be reduced. 

Exposure to sodium hydroxide, acid CIP and sulphuric acid prevents 

germination of P. vaihiriae floatoblasts. Exposure to alkaline CIP and a 

combination of firstly acid and then alkaline CIP solutions decreases 
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germination and prevents ancestrulation of P. vaihiriae floatoblasts. 

Floatoblasts of P. vaihiriae and Plumatella n. sp. do not germinate after 

exposure to acid CIP raised to 35°C or higher. Exposure to alkaline CIP 

solutions at 35°C and higher increases germination and viability of P. vaihiriae 

floatoblasts. The zooid wall offers protection to floatoblasts of P. vaihiriae from 

exposure to acid CIP solutions. 

5.4 Suggestions for the control of freshwater bryozoans at Southern 

Reservoir 

Drying floatoblasts for a period of two months at Southern Reservoir by 

emptying the chambers is likely to result in major decreases in germinating 

activity but is unlikely to prevent it entirely until after at least 63 days. In 

terms of controlling the germination of P. vaihiriae floatoblasts and 

consequently the biofouling problem at Southern Reservoir it is unlikely that 

the DCC would find drying floatoblasts a practical solution given the disruption 

it would cause to normal plant operations. 

Bryozoan colonies could survive transportation in a dry state from Southern 

Reservoir to a remote location and then colonise that new location. The new 

treatment facility could, therefore, face colonisation by Plumatella vaihiriae or 

Plumatella n. sp. from dried transported floatoblasts. Given the ability of 

floatoblasts to adhere to surfaces, they could quite easily attach to clothing or 

equipment. Isolating clothes and equipment or introducing strict cleaning 

procedures is crucial to prevent colonisation at other water facilities. 

The 'intermediate protecting' nature of alkaline CIP is an important factor in its 

potential use as a way to control floatoblast germination. The DCC Water 

Department staff should utilise a combination of temperature and soaking 

period that is both practical for the plant and likely to prevent floatoblast 

germination. Care must be taken not to introduce alkaline CIP at temperatures 

above 20°C or, where that is impossible, to restrict soaking periods to 20 

minutes or less. When using the pre-heating temperatures of 20°C soaking 
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periods must be increased to 60 minutes or more. Using acid CIP at higher 

temperatures (35°C or greater) for long soaking periods (20 minutes or longer) 

is the best method to ensure zero germination of both P. vaihiriae and 

Plumatella n. sp. floatoblasts. 

It is reasonable to assume that preheating alkaline CIP solution to 

temperatures of 35°C or higher may increase total germination levels of 

Plumatella n. sp. floatoblasts. Combining these high temperatures with soaking 

periods of 60 minutes or more will have an even more marked effect 

increasing total germination. 

5.5 Dispersal of bryozoans to distant locations 

Paludicel/a articulata is unlikely to be dispersed endozoochorously or 

ectozoochorously as hibernacula must be attached to a living colony to remain 

viable. The geographical range of P. articulata has remained relatively static 

for nearly a century suggesting its ability to disperse is relatively restricted. 

Plumatella vaihiriae and Plumatella n. sp. floatoblasts could sustain drying and 

be transported ectozoochorously attached to equipment, clothing or animals 

but are less likely to attach in the first place than statoblasts with hooks such 

as spinoblasts of Cristatella mucedo or Pectinate/fa magnifica. P. vaihiriae and 

Plumatella n. sp. floatoblasts could withstand the effects of an acid 

environment during endozoochorous transport better if eaten as a colony and 

remaining within the zooid walls during transport. The ability to withstand the 

other effects of digestion such as grinding is yet to be determined. P. vaihiriae 

and Plumatella n. sp. are probably not restricted in location to Southern 

Reservoir but due to the relatively recent description of the species remain 

unreported in other locations. 

Waterfowl in Southern Reservoir may be predators of freshwater bryozoans 

and serve as dispersal mechanisms. Given the highly resistant nature of 

floatoblasts of the species present dispersal to others areas in the Dunedin City 
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catchment through this mechanism is entirely possible. The size of floatoblasts 

and the ability of colonies and floatoblasts to attach to various surfaces the 

DCC must be extremely careful of inadvertently transporting floatoblasts on 

clothing, boots or vehicles to other locations. 

5.6 Obligate or facultative dormants 

On initial release from the zooid Plumatella vaihiriae floatoblasts produced in 

winter and early summer are obligate dormants requiring a diapausal state for 

at least three weeks and probably more. This strategy is likely to be a survival 

mechanism that prevents floatoblasts from germinating during the early part of 

winter when temperatures tend to fluctuate. Remaining in diapause will 

decrease the potential for floatoblasts to germinate after an unseasonal 

increase in temperature and then subsequently die off as winter temperatures 

approach the minimum. 

As summer approaches P. vaihiriae floatoblasts are thermo-quiescent and 

germinate once temperatures increase. Floatoblasts produced in the middle of 

March are not diapausal. They are facultative dormants that can germinate 

immediately if conditions are conducive. There is no evidence of chemo

quiescence in these species. P. vaihiriae floatoblasts are not hydro-quiescent or 

photo-quiescent. 

5.7 Future directions 

Further surveys to locate and identify colonies of P. vaihiriae and Plumatella n. 

sp. would be of interest. Now that Plumatella n. sp. floatoblasts have been 

identified it would be of interest to examine the reproductive nature of their 

floatoblasts in more detail with larger sample sizes. Investigation into the 

ecology of Plumatella n. sp. is especially warranted. There are three areas that 

future work should consider. 

Firstly, a survey should be conducted of nearby waterways and the reservoir 

itself to identify the presence of living colonies of P. vaihiriae and Plumatella n. 
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sp. and investigate the ecology of both colonies and statoblasts. Secondly, 

there is now a need to evaluate the threat of biofouling from Plumatel!a n. sp. 

and to re-evaluate the control methods considered here using much larger 

sample sizes. Thirdly, further survey work needs to be done investigating the 

extent of P. vaihiriae and Plumatella n. sp. in New Zealand. 

It would also be of interest to develop a reliable germination method for 

Southern Reservoir samples of hibernacula of Paludicella articulata and 

piptoblasts of Fredericella sp. Once established a reliable germination method 

will allow an evaluation of the threat of Fredericel/a sp. as a biofouling species 

and the control methods considered in this work using appropriate sample 

sizes of Fredericel/a sp. 

Locating sessoblasts of all of the Plumatellids present, hibernacula of P. 

articulata and piptoblasts of F. sultana and testing control strategies on them 

would be an important step in identifying the species specific effects of various 

treatments. This work is necessary to ensure that a treatment that decreases 

germination in one species but increases it in another is not implemented at 

Southern Water Treatment Station 

Armed with these data the DCC Water Department may be able to move 

towards achieving its goal: limiting settlement and growth of freshwater 

bryozoans in water facilities using the most effective and appropriate 

treatment. 
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GLOSSARY 

Ancestrula: Primary zooid 

Ancestrulation: The process by which a primary zooid forms 

Annulus: The thickened edge of the intercalary cuticle where it is perforated 
by a lateral septular pore. 

Dormancy: A condition in which a form of metabolic or developmental 
depression occurs (Cckeres, 1997) 

Diapause (Obligatory dormancy): A form of dormancy that is maintained 
by an internal physiological response rather than an external environmental 
factor. Breaking of diapause requires a specific cue that may or may not 
correspond to favourable environmental conditions (Cckeres, 1997) 

Ectozoochorously: Outside the zooid 

Endozoochorously: Inside the zooid 

Floatoblasts: A statoblast with peripheral pneumatic annulus, having or 
lacking marginal hooks (Boardman & Cheetham, 1983). 

Funiculus: In gymnolaemates, mesenchymatous strands connecting the 
polypide with the zooidal wall (actually with the communication pores) 
(Hayward & Ryland, 1979). In phylactolaemates, tubular strand of tissue 
incorporating small muscle fibers spanning metacoel from caecum to 
peritoneum of colony wall (Wood in Boardman & Cheetham, 1983). 

Germination: The beginning of growth of a seed, spore or other structure 
that is dormant (Hale eta!, 1995). In relation to statoblasts when the valves 
separate and a yolky germinal mass is visible. 

Hibernaculum: An encapsulated external winter bud that forms on a zooid of 
the parent bryozoan colony. 

Lophophore: A food-gathering structure bearing many ciliated tentacles 
which may be either extended flower-like during feeding or collapsed and 
withdrawn into the colony interior. 

Piptoblast: A statoblast lacking both annulus and marginal hooks, often 
adhering to the body wall by small keel-like projections on the basal valve. 

Polypide: A complex of all major organ systems suspended in a common 
coelomic fluid, which circulates to all parts of the colony (Wood, 2001a). 

142 



Quiescence (Facultative dormancy): Forms of dormancy induced and 
maintained by adverse environmental conditions. Removing the external 
stimulus that caused it can break facultative dormancy (Caceres, 1997) 

Sessoblasts: A statoblast cemented through colony wall to substrate, usually 
with rudimentary annulus, but lacking marginal hooks or spines (Boardman & 
Cheetham, 1983). 

Statoblasts: An asexually produced encapsulated bud of a freshwater 
bryozoan that is released upon disintegration of the parent colony in autumn, 
usually remaining inactive through winter, and developing into an ancestrulae 
in spring 
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APPENDICES 

Appendix 1: Freshwater bryozoan reproduction 

Freshwater bryozoans can reproduce both sexually and asexually. In 

Phylactolaemates asexual reproduction is possible through the production of 

encapsulated structures called statoblasts produced during the process of 

budding on the funiculus from material derived from the colony wall (Fig. 1.9). 

B 

c D 

Figure 6.1 Statoblasts: (A) Sessoblast Plumatella longigemmis; 
(Wood, 1998) (B) Floatoblast Plumatella repens; (C) Spinoblast 
Cristatella mucedo; (D) Piptoblast Fredericella sultana (Provided in 
diagrammatic form and not to scale) 

Statoblasts consist of two chitinous valves pressed together forming a resistant 

cover. Statoblasts also serve two apparently conflicting roles, that of passive 

distribution (floatoblasts) both in water currents and inside the digestive tracts 

of fish, birds and reptiles (Bushnell, 1973) and that of position maintenance 

(sessoblasts and hooked spinoblasts) (Wood, 2001). Floatoblasts and 

spinoblasts are types of statoblasts with cavities (annuli) that can fill with air 

and thus provide buoyancy, with spinoblasts having spinous processes in 

addition. Sessoblasts are generally larger and adhere to the substratum and 

remain there after the parent colony dies. Piptoblasts occur in the family 
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Fredericellidae and may never be liberated from the colony but instead stay 

within the zooecial branch that serves as the disseminule in this genus (Wood, 

1973). 

Statoblast germination is firstly indicated by gradual separation of the 

statoblast valves along the equator revealing the germinal mass comprising a 

quantity of undifferentiated yolky cells. This germinal mass gradually grows 

and protrudes between the valves. The whitish cells are viscous and contractile 

often adhering to surfaces with which they come into contact. A founding 

zooid, or ancestrula, forms between the valves using the cell mass for food 

(Pennak, 1978). As the ancestrula grows the valves are forced further apart 

and the food source continues to be used until it becomes indistinguishable 

from the zooid itself. The ancestrula generally differs in size and other 

morphological characteristics from other zooids in the original colony 

(Hutchinson, 1993). Eventually the ancestrula is developed enough that the 

lophophore tentacles will extend in a search for food particles. 

Freshwater bryozoans are self-fertilizing hermaphrodites that can reproduce 

sexually through the production of free-swimming larval colonies that 

eventually settle on the substrata. The process generally occurs in summer 

(Woss, 1996) or spring in temperate regions (Hutchinson, 1993). 

Phylactolaemate bryozoans are sexually active during a single brief period of 

the year (Wood, 2001b). The funiculus is the site of sperm production while 

ova develop ventrally on the peritoneum within the zooid. Sperm later detach 

from the parent zooid to circulate throughout the common coelom. After 

fertilization a zygote develops into an embryo in a special sac on the body wall. 

The embryo develops into a planktonic ciliated 'larva', though Wood (2001b) 

notes this is technically a motile colony. After spending some time within the 

body cavity these larva are released into the environment where they 

eventually metamorphosize into a new colony (Rogick, 1959). 
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Sexual reproduction seldom occurs in Ctenostomates (Woss, 1996) with the 

formation of asexual hibernacula (Fig. 6.2) probably the usual means of 

propagation (Smith and Batson, 2000). Like statoblasts, hibernacula maintain 

the population during harsh conditions. Hibernacula are, however, unable to 

be released freely into the water and are therefore unlikely to act as 

disseminules for the population. A hibernaculum is an encapsulated external 

winter bud that forms on a zooid of the parent (Wood, 1983) consisting of 

masses of cells and yolk-like material protected by a thick sclerotized coat 

(Ricciardi and Reiswig, 1994). Toriumi (1952) observed that long clavate or 

spindle shaped hibernacula form from branches free of substrate, while 

irregular truncate hibernacula are formed adherent to the substrate. 

Hibernacula are irregularly shaped and are often club-shaped, resembling the 

zooid (Ricciardi and Reiswig, 1994). 

Figure 6.2 Hibernacula of Paludicella articulata; H= hibernaculum; 
Z=portion of zooid {modified from Pennak, 1978) 

Hibernacula remain on the substrate and an incipient polypide forms which 

breaks through the hibernacula in spring and represents the ancestrula of 

future colonies (Bushnell, 1966). 
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Once the initial zooid is formed colonies grow through the addition of new 

zooids through various patterns of budding. Among most Gymnolaemates the 

formation of a septum across the parental zooid creates a separate sac in 

which the new polypide develops (Wood, 1983). This sequence is reversed in 

Phylactolaemates where the incipient polypide appears first and gradually pulls 

away from the parental zooid as the colony wall enlarges (Wood, 1983). As 

either of these processes continues additional zooids will develop and 

eventually the colony takes shape. 

Colonies of freshwater bryozoans do not usually overwinter (Woss, 1996) but 

disintegrate during autumn. New colonies usually germinate from their 

overwintering stages in late spring or early summer (Woss, 1996; Bushnell, 

1974). 
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Key to raw data appendices (Appendix 2- 6) 

MNC = unable to calculate 
NS = no sample 
Codes used (as defined in Table 2.1 and Table 2.2 in the methods section) 

CODE STATE OF STATOBLAST 
N1 Plumatella floatoblast (species1) does not germinate (valves do not split or 

valves split with no germinal mass present) 

51 Plumatella floatoblast (species1) germinates, germinal mass is visible but 
does not protrude, no ancestrula develops 

E1 Plumatella floatoblast (species1) germinates and active polypide protrudes 
with tentacles visible and active 

N2 Large unidentified floatoblast (species2) does not germinate (valves do not 
split or valves split with no germinal mass present) 

52 Large unidentified floatoblast (species2) germinates, germinal mass 
protrudes no ancestrula develops 

E2 Large unidentified floatoblast (species2) germinates and active ancestrula 
protrudes 

RESPONSE CALCULATIONS 
%Germination of a Plumatella floatoblast (G1) = {(E1 + 51)/(N l + E1 + 51)} * 100 

% Ancestrulation of a Plumatella floatoblast (A1) = {E1/CN1 + E1 + 51)} * 100 

%Viability of a Plumatella floatoblast (V1) = {E1/CE1 + 51)} * 100 

%Germination of a large unidentified floatoblast (G2) = {(E2 + 52)/(N2 + E2 + 52)} * 100 

% Ancestrulation of a large unidentified floatoblast = {E2f(N2 + E2 + 52)} * 100 
(A2) 
% Viability of a large unidentified floatoblast (V2) = {E2f(E2 + 52)} * 100 
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Appendix 2: Raw data: Plumatella vaihiriae and Plumatella n. sp. 
floatoblasts stored wet refrigerated. 

DAYS REP Nl 51 Al N2 52 A2 Et Gt V1 E2 G2 
STORED 

0 1 54 0 46 0 0 0 46 46 100 NS NS 
2 35 0 60 0 0 0 63 63 100 NS NS 
3 38 0 61 0 0 0 62 61 100 NS NS 

94 1 32 3 97 19 0 1 73 76 97 5 5 
2 13 3 68 34 5 0 81 85 96 0 13 
3 18 0 45 9 0 1 71 71 100 10 10 

124 1 151 80 0 30 0 0 0 35 0 0 0 
2 172 130 0 38 0 0 0 43 0 0 0 
3 328 51 173 61 0 0 31 41 77 0 0 

129 1 262 0 37 31 0 1 12 12 100 3 3 
2 229 1 37 21 0 0 14 14 97 0 0 
3 121 0 13 23 0 0 10 10 100 0 0 

153 1 142 40 4 70 0 0 2 24 9 0 0 
2 203 13 117 51 1 0 35 39 90 0 2 
3 58 1 32 48 2 0 35 36 97 0 4 

Sample size N1 N2 
Maximum 552 70 
Minimum 63 0 

Mean 198 30 

v2 

NS 
NS 
NS 
100 
0 

100 
MNC 
MNC 
MNC 
100 
MNC 
MNC 
MNC 

0 
0 
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Appendix 3: Raw data: Plumatella vaihiriae and Plumatella n. sp. 
floatoblasts stored refrigerated dry 

DAYS REP Nl 51 Al N2 52 A2 E1 G1 v1 E2 G2 v2 
DRIED 

89 1 86 0 0 15 0 4 0 0 0 21 21 100 
2 139 0 0 0 0 0 0 0 0 NS NS NS 
3 59 0 0 15 0 0 0 0 0 0 0 0 

29 1 135 0 0 16 0 0 0 0 0 0 0 0 
2 130 0 0 10 0 1 0 0 0 9 9 100 
3 95 0 0 17 0 0 0 0 0 0 0 0 

11 1 65 4 0 20 0 0 0 6 0 0 0 0 
2 95 4 0 20 0 0 0 4 0 0 0 0 
3 62 2 0 17 0 0 0 3 0 0 0 0 

3 1 235 26 2 18 0 2 1 11 7 10 10 100 
2 238 44 0 68 0 3 0 16 0 4 4 100 
3 88 27 0 24 0 4 0 23 0 14 14 100 

1 1 131 6 0 7 0 0 0 4 0 0 0 0 
2 205 18 0 11 0 0 0 8 0 0 0 0 
3 273 63 4 60 0 1 1 20 6 2 2 100 

0 1 151 80 0 30 0 0 0 35 0 0 0 0 
2 172 130 0 38 0 0 0 43 0 0 0 0 
3 328 51 173 61 0 0 31 41 77 0 0 0 

Sample size N1 N2 
Maximum 552 71 
Minimum 59 0 

Mean 185 26 
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Appendix 4: Raw data: Plumatella vaihiriae and Plumatella n. sp. 
floatoblasts treated with chemicals 

TREATMENT REP Nl 51 Al N2 52 A2 E1 G1 v1 E2 G2 V2 

Control 1 262 0 37 31 0 1 12 12 100 3 3 100 
2 229 1 37 21 0 0 13 14 97 0 0 MNC 
3 121 0 13 23 0 0 9 10 100 0 0 MNC 

Acid CIP 1 255 0 0 0 0 0 0 0 0 NS NS NS 
2 148 0 0 0 0 0 0 0 0 NS NS NS 
3 241 0 0 0 0 0 0 0 0 NS NS NS 

Alkaline 1 202 0 0 0 0 0 0 0 0 NS NS NS 
CIP 2 334 0 0 0 0 0 0 0 0 NS NS NS 

3 42 2 0 0 0 0 0 5 0 NS NS NS 
Acid& 1 416 1 0 5 0 0 0 0 0 0 0 MNC 

Alkaline 2 187 0 0 0 0 0 0 0 0 NS NS NS 
CIP 3 190 0 0 0 0 0 0 0 0 NS NS NS 

Sodium 1 384 0 0 0 0 0 0 0 0 NS NS NS 
Hydroxide 2 211 0 0 0 0 0 0 0 0 NS NS NS 

3 129 0 0 0 0 0 0 0 0 NS NS NS 

EDTA 1 171 15 0 15 0 0 0 8 0 NS NS NS 
0.14°/o 2 456 10 90 13 0 0 16 18 90 0 0 MNC 

3 115 12 0 4 0 0 0 9 0 0 0 MNC 
Memclean 1 194 42 0 38 0 0 0 18 0 0 0 MNC 

c 2 111 15 0 20 0 2 0 12 0 9 9 100 
3 419 2 38 19 0 0 8 9 95 0 0 MNC 

Hydrogen 1 329 6 4 13 0 0 1 3 40 0 0 MNC 
Peroxide 2 413 21 25 0 0 0 5 0 0 0 MNC 

3 315 18 6 68 0 0 2 7 25 0 0 MNC 
Sulphuric 1 298 0 0 0 0 0 0 0 0 NS NS NS 

Acid 2 307 0 0 0 0 0 0 0 0 NS NS NS 
3 281 0 0 0 0 0 0 0 0 NS NS NS 

EDTA 1 479 24 96 62 0 2 16 20 80 3 3 100 
0.05°/o 2 248 47 25 43 0 0 8 23 35 0 0 MNC 

3 217 21 19 62 0 1 7 16 48 2 2 100 

Sample size N1 N2 
Maximum 599 68 
Minimum 44 0 

Mean 277 16 

151 



Appendix 5: Raw data: Plumatella vaihiriae and Plumatella n. sp. 
floatoblasts treated with chemicals for various soaking periods at 
three preheating temperatures 

TREATMENT REP Nl 51 Al N2 52 A2 E1 G1 v1 Ez 

Control 1 142 40 4 70 0 0 2 24 9 0 
2 203 13 117 51 1 0 35 39 90 0 
3 58 1 32 48 2 0 35 36 97 0 

Acid 2a0
, 1a mins 1 106 15 1 42 3 0 1 13 6 0 

2 34 9 0 19 0 0 0 21 0 0 

3 85 30 2 37 2 0 2 27 6 0 

Acid 2a0
, 2a mins 1 112 42 0 10 0 0 0 27 0 0 

2 93 60 0 25 1 0 0 39 0 0 

3 113 19 0 28 0 0 0 14 0 0 

Acid 2a0
, 6a mins 1 22 6 0 15 0 0 0 21 0 0 

2 47 2 1 12 0 0 2 6 33 0 

3 85 24 0 10 1 0 0 22 0 0 

Acid 2a0
, 9a mins 1 36 4 0 3 0 0 0 10 0 0 

2 50 0 0 0 0 0 0 0 MNC NS 
3 36 4 2 5 0 0 5 14 33 0 

Acid 3S0
, 1a mins 1 27 0 0 0 0 0 0 0 MNC NS 

2 34 0 0 0 0 0 0 0 MNC NS 
3 45 0 0 0 0 0 0 0 MNC NS 

Acid 3S0
, 2a mins 1 47 0 0 0 0 0 0 0 MNC NS 

2 180 2 0 0 0 0 0 1 0 NS 
3 33 0 0 0 0 0 0 0 MNC NS 

Acid 3S0
' 6a mins 1 46 0 0 0 0 0 0 0 MNC NS 

2 78 0 0 0 0 0 0 0 MNC NS 
3 29 0 0 0 0 0 0 0 MNC NS 

Acid 3S0
, 90 mins 1 45 0 0 0 0 0 0 0 MNC NS 

2 61 0 0 0 0 0 0 0 MNC NS 
3 42 0 0 0 0 0 0 0 MNC NS 

Acid Sa0
, 1a mins 1 33 0 0 0 0 0 0 0 MNC NS 

2 64 0 0 0 0 0 0 0 MNC NS 
3 25 0 0 0 0 0 0 0 MNC NS 

Acid Sa0
, 2a mins 1 57 0 0 0 0 0 0 0 MNC NS 

2 112 0 0 0 0 0 0 0 MNC NS 
3 26 0 0 0 0 0 0 0 MNC NS 

Acid Sa0
, 6a mins 1 43 0 0 0 0 0 0 0 MNC NS 

2 67 0 0 0 0 0 0 0 MNC NS 
3 39 0 0 0 0 0 0 0 MNC NS 

Acid Sa0
, 9a mins 1 56 0 0 0 0 0 0 0 MNC NS 

2 45 0 0 0 0 0 0 0 MNC NS 
3 38 0 0 0 0 0 0 0 MNC NS 

Gz Vz 

0 MNC 
2 0 
4 0 
7 0 

0 MNC 
5 0 

0 MNC 
4 0 

0 MNC 
0 MNC 
0 MNC 
9 0 

0 MNC 
NS NS 
0 MNC 

NS NS 
NS NS 
NS NS 
NS NS 
NS NS 
NS NS 
NS NS 
NS NS 
NS NS 
NS NS 
NS NS 
NS NS 
NS NS 
NS NS 
NS NS 
NS NS 
NS NS 
NS NS 
NS NS 
NS NS 
NS NS 
NS NS 
NS NS 
NS NS 
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TREATMENT REP Nl Sl Al N2 52 A2 E1 G1 v1 E2 G2 v2 

Alkaline 20°, 10 mins 1 97 26 4 29 1 0 3 24 13 0 3 0 

2 113 28 3 15 1 0 2 22 10 0 6 0 

3 59 14 0 7 1 0 0 19 0 0 13 0 

Alkaline 20°, 20 mins 1 68 11 0 10 1 0 0 14 0 0 9 o· 
2 24 8 0 12 0 0 0 25 0 0 0 MNC 
3 61 39 0 12 1 0 0 39 0 0 8 0 

Alkaline 20°, 60 mins 1 37 7 0 6 0 0 0 16 0 0 0 MNC 
2 25 4 0 0 0 0 0 14 0 NS NS NS 
3 42 0 0 0 0 0 0 0 MNC NS NS NS 

Alkaline 20°, 90 mins 1 35 0 0 0 0 0 0 0 MNC NS NS NS 
2 29 2 0 3 0 0 0 6 MNC 0 0.00 MNC 
3 14 3 0 3 0 0 0 18 0 0 0.00 MNC 

Alkaline 35°, 10 mins 1 76 0 0 0 0 MNC NS NS NS 
2 152 1 0 10 0 0 0 1 0 0 0 MNC 
3 49 2 0 2 0 0 0 4 0 0 0 MNC 

Alkaline 35°, 20 mins 1 286 1 0 16 0 0 0 0 0 0 0 MNC 
2 31 0 0 0 0 MNC NS NS NS 
3 56 0 0 0 0 MNC NS NS NS 

Alkaline 35°, 60 mins 1 89 31 0 18 0 0 0 26 0 0 0 MNC 
2 59 14 0 9 0 0 0 19 0 0 0 MNC 
3 41 12 0 14 0 0 0 23 0 0 0 MNC 

Alkaline 35°, 90 mins 1 32 18 0 3 0 0 0 36 0 0 0 MNC 
2 17 14 0 0 0 0 0 45 0 NS NS NS 
3 43 30 0 1 0 0 0 41 0 0 0 MNC 

Alkaline 50°, 10 mins 1 236 7 0 2 0 0 0 3 0 0 0 MNC 
2 129 2 0 4 0 0 0 2 0 0 0 MNC 
3 93 1 0 6 0 0 0 1 0 0 0 MNC 

Alkaline 50°, 20 mins 1 55 0 0 0 0 0 MNC NS NS NS 
2 111 8 0 14 0 0 0 7 0 0 0 MNC 
3 58 2 0 4 1 0 0 3 0 0 20 0 

Alkaline 50°, 60 mins 1 17 60 0 2 0 0 0 78 0 0 0 MNC 
2 61 115 0 3 4 0 0 65 0 0 57 0 

3 41 128 0 8 0 0 0 76 0 0 0 MNC 
Alkaline 50°, 90 mins 1 50 95 0 8 0 0 0 66 0 0 0 MNC 

2 33 30 0 0 0 0 0 48 0 NS NS NS 
3 32 38 0 2 0 0 0 54 0 0 0 MNC 

Sample size N1 N2 

Maximum 333 70 
Minimum 17 0 

Mean 82 8 
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Appendix 6: Raw data Plumatella vaihiriae and Plumatella n. sp. 
floatoblasts treated with chemicals whilst inside the zooid 

TREATMENT REP Nl 51 Al N2 52 A2 E1 G1 V1 E2 G2 v2 

Control 1 151 80 0 30 0 0 0 35 0 0 0 0 
2 172 130 0 38 0 0 0 43 0 0 0 0 
3 328 51 173 61 0 0 31 41 77 0 0 0 

Acid 1 268 45 40 8 2 0 11 24 47 0 20 0 
2 203 36 38 34 3 0 14 26 51 0 8 0 
3 97 0 53 10 2 0 35 35 100 0 17 0 

Alkaline 1 156 0 0 4 0 0 0 0 MNC 0 0 MNC 
2 207 0 0 8 0 0 0 0 MNC 0 0 MNC 
3 111 0 0 0 0 0 0 0 MNC NS NS NS 

Both 1 254 0 0 0 0 0 0 0 MNC NS NS NS 
2 121 0 0 10 0 0 0 0 MNC 0 0 MNC 
3 212 0 0 3 0 0 0 0 MNC 0 0 MNC 

Sample size N1 N2 

Max 353 37 
Min 0 0 

Mean 184 8.4 
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Appendix 7: p values for Tukey test of differences between the 
means for germination, ancestrulation and viability levels of 
Plumatella vaihiriae floatoblasts after chemical treatment. Italics 
indicate non-significant differences. 

Control EDTA EDTA Mem C HzOz Combo Alkalin NaOH Acid H2S04 
0.05% 0.14% CIP e CIP CIP 

G N/A 0.9078 1 1 1 0.0000 0.0001 0.000 0.000 0.0000 
Control A N/A 1 0.1940 0.1003 0.0608 0.0066 0.0066 0.0066 0.0066 0.0066 

v N/A 0.9998 0.1970 0.1977 0.5580 0.0125 0.0125 0.0125 0.0125 0.0125 

EDTA G 0.9078 N/A 0.8259 0.9310 0.0172 0.0000 0.002 0.0000 0.0000 0.0000 
0.05% A 1 N/A 0.3192 0.1767 0.1111 0.0129 0.0129 0.0129 0.0129 0.0129 

v 0.9998 N/A 0.4657 0.4739 0.8797 0.0434 0.0434 0.0434 0.0434 0.0434 
EDTA G 1 0.8259 N/A 1 0.3564 0.0000 0.0000 0.0000 0.0000 0.0000 
0.14% A 0.1940 0.3129 N/A 1 0.9997 0.7966 0.7966 0.7966 0.7966 0.7966 

v 0.1970 0.4657 N/A 1 0.9987 0.9216 0.9216 0.9216 0.9216 0.9216 

Mem C G 1 0.9310 1 N/A 0.2342 0.0000 0.001 0.0000 0.0000 0.0000 

A 0.1003 0.1767 1 N/A 1 0.9397 0.9397 0.9397 0.9397 0.9397 

v 0.1977 0.4739 1 N/A 0.9989 0.9172 0.9172 0.9172 0.9172 0.9172 

Hz0 2 G 1 0.0172 0.3564 0.2342 N/A 0.0008 0.0276 0.0005 0.0005 0.0005 
A 0.0608 0.1111 0.9997 1 N/A 0.9842 0.9842 0.9842 0.9842 0.9842 

v 0.5580 0.8797 0.9987 0.9989 N/A 0.5366 0.5366 0.5366 0.5366 0.5366 
Combo G 0.0001 0.0000 0.0000 0.0000 0.0008 N/A 0.8259 1 1 1 
CIP A 0.0066 0.0129 0.7966 0.9397 0.9842 N/A 1 1 1 1 

v 0.0125 0.0434 0.9216 0.9172 0.5366 N/A 1 1 1 1 
Alkalin G 0.0001 0.002 0.0002 0.001 0.0276 0.8259 N/A 0.7051 0.7051 0.7051 
e CIP A 0.0066 0.0129 0.7966 0.9397 0.9842 1 N/A 1 1 1 

v 0.0125 0.0434 0.9216 0.9172 0.5366 1 N/A 1 1 1 
NaOH G 0.0000 0.0000 0.0000 0.000 0.0005 1 0.7051 N/A 1 1 

A 0.0066 0.0129 0.7966 0.9397 0.9842 1 1 N/A 1 1 

v 0.0125 0.0434 0.9216 0.9172 0.5366 1 1 N/A 1 1 
Acid G 0.0000 0.0000 0.0000 0.000 0.0005 1 0.7051 1 N/A 1 
CIP A 0.0066 0.0129 0.7966 0.9397 0.9842 1 1 1 N/A 1 

v 0.0125 0.0434 0.9216 0.9172 0.5366 1 1 1 N/A 1 

HzS04 G 0.0000 0.0000 0.0000 0.000 0.0005 1 0.7051 1 1 N/A 
A 0.0066 0.0129 0.7966 0.9397 0.9842 1 1 1 1 N/A 
v 0.0125 0.0434 0.9216 0.9172 0.5366 1 1 1 1 N/A 
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Appendix 8: p values for Tukey test of differences between the 
means for germination of Plumatella vaihiriae floatoblasts depending 
on soaking period and preheating temperature of acid CIP treatment. 
Italics indicate non-significant differences. 

Soaking 20°C 35°C 50°C 
(mins) p value p value p value 

Control 10 0.9917 0.0000 0.0000 
20 1 0.0000 0.0000 
60 0.7904 0.0000 0.0000 
90 0.0090 0.0000 0.0000 

Acid 20°C, 10 minutes soaking 10 N/A 0.0000 0.0000 
20 1 0.0000 0.0000 
60 0.9999 0.0000 0.0000 
90 0.1223 0.0000 0.0000 

Acid 20°C, 20 minutes soaking 10 1 0.0000 0.0000 
20 N/A 0.0000 0.0000 
60 0.9820 0.0000 0.0000 
90 0.0369 0.0000 0.0000 

Acid 20°C, 60 minutes soaking 10 0.9999 0.0001 0.0001 
20 0.9820 0.0002 0.0001 
60 N/A 0.0001 0.0001 
90 0.9820 0.0001 0.0001 

Acid 20°C, 90 minutes soaking 10 0.1223 0.0150 0.0150 
20 0.0369 0.0592 0.0150 
60 0.9820 0.0150 0.0150 
90 N/A 0.0150 0.0150 

Acid 35°C, 10 minutes soaking 10 0.0000 N/A 1 
20 0.0000 1 1 
60 0.0001 1 1 
90 0.0150 1 1 

Acid 35°C, 20 minutes soaking 10 0.0001 1 1 
20 0.0000 N/A 1 
60 0.0002 1 1 
90 0.0592 1 1 

Acid 35°C, 60 minutes soaking 10 0.0000 1 1 
20 0.0000 1 1 
60 0.0001 N/A 1 
90 0.0150 1 1 

Acid 35°C, 90 minutes soaking 10 0.0000 1 1 
20 0.0000 1 1 
60 0.0001 1 1 
90 0.0150 N/A 1 

Acid 50°C, 10 minutes soaking 10 0.0000 1 N/A 
20 0.0000 1 1 
60 0.0001 1 1 
90 0.0150 1 1 

Acid 50°C, 20 minutes soaking 10 0.0000 1 1 
20 0.0000 1 N/A 
60 0.0001 1 1 
90 0.0150 1 1 

Acid 50°C, 60 minutes soaking 10 0.0000 1 1 
20 0.0000 1 1 
60 0.0001 1 N/A 
90 0.0150 1 1 

Acid 50°C, 90 minutes soaking 10 0.0000 1 1 
20 0.0000 1 1 
60 0.0001 1 1 
90 0.0150 1 N/A 
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Appendix 9: p values for Tukey test of differences in mean 
ancestrulation of Plumatella vaihiriae floatoblasts depending on 
soaking period and heating temperature of acid CIP treatment. 
Italics indicate non-significant differences. 

Soaking 20°C 35°C 50°C 
(mins} p value p value p value 

Control 10 0.0012 0.0001 0.0001 
20 0.0001 0.0001 0.0001 
60 0.0005 0.0001 0.0001 
90 0.0017 0.0001 0.0001 

Acid 20°C, 10 minutes soaking 10 N/A 0.9871 0.9871 
20 0.9871 0.9871 0.9871 
60 1 0.9871 0.9871 
90 1 0.9871 0.9871 

Acid 20°C, 20 minutes soaking 10 0.9871 1 1 
20 N/A 1 1 
60 0.9996 1 1 
90 0.9734 1 1 

Acid 20°C, 60 minutes soaking 10 1 0.9996 0.9996 
20 0.9996 0.9996 0.9996 
60 N/A 0.9996 0.9996 
90 1 0.9996 0.9996 

Acid 20°C, 90 minutes soaking 10 1 0.9734 0.9734 
20 0.9734 0.9734 0.9734 
60 1 0.9734 0.9734 
90 N/A 0.9734 0.9734 

Acid 35°C, 10 minutes soaking 10 0.9871 N/A 1 
20 1 1 1 
60 0.9996 1 1 
90 0.9734 1 1 

Acid 35°C, 20 minutes soaking 10 0.9871 1 1 
20 1 N/A 1 
60 0.9996 1 1 
90 0.9734 1 1 

Acid 35°C, 60 minutes soaking 10 0.9871 1 1 
20 1 1 1 
60 0.9996 N/A 1 
90 0.9734 1 1 

Acid 35°C, 90 minutes soaking 10 0.9871 1 1 
20 1 1 1 
60 0.9996 1 1 
90 0.9734 N/A 1 

Acid 50°C, 10 minutes soaking 10 0.9871 1 N/A 
20 1 1 1 
60 0.9996 1 1 
90 0.9734 1 1 

Acid 50°C, 20 minutes soaking 10 0.9871 1 1 
20 1 1 N/A 
60 0.9996 1 1 
90 0.9734 1 1 

Acid 50°C, 60 minutes soaking 10 0.9871 1 1 
20 1 1 1 
60 0.9996 1 N/A 
90 0.9734 1 1 

Acid 50°C, 90 minutes soaking 10 0.9871 1 1 
20 1 1 1 
60 0.9996 1 1 
90 0.9734 1 N/A 

157 



Appendix 10: p values for Tukey test of differences in mean viability 
of Plumatella vaihiriae floatoblasts depending on soaking period and 
heating temperature of acid CIP treatment. Italics indicate non
significant differences. 

Soaking 20°C 35°C 50°C 
(mins) p value p value p value 

Control 10 0.1109 0.0020 0.0020 
20 0.002 0.0020 0.0020 
60 0.0754 0.0020 0.0020 
90 0.0754 0.0020 0.0020 

Acid 20°C, 10 minutes soaking 10 N/A 0.8632 0.8632 
20 0.8632 0.8632 0.8632 
60 1 0.8632 0.8632 
90 1 0.8632 0.8632 

Acid 20°C, 20 minutes soaking 10 0.8632 1 1 
20 N/A 1 1 
60 0.9306 1 1 
90 0.9306 1 1 

Acid 20°C, 60 minutes soaking 10 1 1 0.9306 
20 0.9306 0.9306 0.9306 
60 N/A 0.9306 0.9306 
90 N/A 0.9306 0.9306 

Acid 20°C, 90 minutes soaking 10 1 0.9306 0.9306 
20 0.9306 0.9306 0.9306 
60 1 0.9306 0.9306 
90 N/A 0.9306 0.9306 

Acid 35°C, 10 minutes soaking 10 0.8632 N/A 1 
20 1 1 1 
60 1 1 1 
90 0.9306 1 1 

Acid 35°C, 20 minutes soaking 10 0.8632 1 1 
20 1 N/A 1 
60 0.9306 1 1 
90 0.9306 1 1 

Acid 35°C, 60 minutes soaking 10 0.8632 1 1 
20 1 1 1 
60 0.9306 N/A 1 
90 0.9306 1 1 

Acid 35°C, 90 minutes soaking 10 0.8632 1 1 
20 1 1 1 
60 0.9306 1 1 
90 0.9306 N/A 1 

Acid 50°C, 10 minutes soaking 10 0.8632 1 N/A 
20 1 1 1 
60 0.9306 1 1 
90 0.9306 1 1 

Acid 50°C, 20 minutes soaking 10 0.8632 1 1 
20 1 1 N/A 
60 0.9306 1 1 
90 0.9306 1 1 

Acid 50°C, 60 minutes soaking 10 0.8632 1 1 
20 1 1 1 
60 0.9306 1 N/A 
90 0.9306 1 1 

Acid 50°C, 90 minutes soaking 10 0.8632 1 1 
20 1 1 1 
60 0.9306 1 1 
90 0.9306 1 N/A 
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Appendix 11: p values for Tukey test of differences in mean 
germination of Plumatella vaihiriae floatoblasts depending on 
soaking period and heating temperature of alkaline CIP treatment. 
Italics indicate non-significant differences. 

Soaking 20°C 35°C 50°C 
(mins) p value p value p value 

Control 10 1 0.0045 0.0152 
20 1 0.0004 0.0292 
60 0.2278 1 0.9769 
90 0.1556 1 0.9994 

Alkaline 20°C, 10 minutes soaking 10 N/A 0.0219 0.0680 
20 1 0.0020 0.1209 
60 0.6613 1 0.7355 
90 0.4567 0.9971 0.9348 

Alkaline 20°C, 20 minutes soaking 10 1 0.0143 0.0458 
20 N/A 0.0013 0.0835 
60 0.5464 1 0.8329 
90 0.3534 0.9995 0.9727 

Alkaline 20°C, 60 minutes soaking 10 0.6613 0.7841 0.9665 
20 0.4567 0.2232 0.9943 
60 N/A 0.6144 0.0179 > 

90 1 0.1427 0.0499 
Alkaline 20°C, 90 minutes soaking 10 0.4567 0.9241 0.9961 

20 0.3534 0.3777 0.9998 
60 1 0.4127 0.0082 
90 N/A 0.0735 0.0239 

Alkaline 35°C, 10 minutes soaking 10 0.0219 N/A 1 
20 0.0143 0.9979 0.9998 
60 0.7841 0.0184 0.0002 
90 0.9241 0.0018 0.0005 

Alkaline 35°C, 20 minutes soaking 10 0.0020 0.9979 0.9438 
20 0.0013 N/A 0.8440 
60 0.9241 0.0016 0.0001 
90 0.3777 0.0002 0.0001 

Alkaline 35°C, 60 minutes soaking 10 1 0.0184 0.0579 
20 1 0.0016 0.1041 
60 0.6144 N/A 0.7778 
90 0.4127 0.9986 0.9532 

Alkaline 35°C, 90 minutes soaking 10 0.9971 0.0018 0.0062 
20 0.9995 0.0002 0.0122 
60 0.4127 0.9986 0.9986 
90 0.0735 N/A 1 

Alkaline 50°C, 10 minutes soaking 10 0.0680 1 N/A 
20 0.0458 0.9438 1 
60 0.9665 0.0579 0.0006 
90 0.9961 0.0062 0.0018 

Alkaline 50°C, 20 minutes soaking 10 0.1209 0.9998 1 
20 0.0835 0.8440 N/A 
60 0.9943 0.1041 0.0012 
90 0.9998 0.0122 0.0036 

Alkaline 50°C, 60 minutes soaking 10 0.7355 0.0002 0.0006 
20 0.8329 0.0001 0.0012 
60 0.0179 0.7778 N/A 
90 0.0082 0.9986 1 

Alkaline 50°C, 90 minutes soaking 10 0.9348 0.0005 0.0018 
20 0.9727 0.0001 0.0036 
60 0.0499 0.9532 1 
90 0.0239 1 N/A 
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Appendix 12: p values for Tukey test of differences in mean 
ancestrulation of Plumatella vaihiriae floatoblasts depending on 
soaking and heating temperature of alkaline CIP treatment. Italics 
indicate non-significant differences 

Soaking 20°C 35°C 50°C 
{mins) 

Control 10 0.0009 0.0000 0.0000 
20 0.0000 0.0000 0.0000 
60 0.0000 0.0000 0.0000 
90 0.0000 0.0000 0.0000 

Alkaline 20°C, 10 minutes soaking 10 N/A 0.5042 0.5042 
20 0.5042 0.5042 0.5042 
60 0.5042 0.5042 0.5042 
90 0.5042 0.5042 0.5042 

Alkaline 20°C, 20 minutes soaking 10 0.5042 1 1 
20 N/A 1 1 
60 1 1 1 
90 1 1 1 

Alkaline 20°C, 60 minutes soaking 10 0.5042 1 1 
20 1 1 1 
60 N/A 1 1 
90 1 1 1 

Alkaline 20°C, 90 minutes soaking 10 0.5042 1 1 
20 1 1 1 
60 1 1 1 
90 N/A 1 1 

Alkaline 35°C, 10 minutes soaking 10 0.5042 N/A 1 
20 1 1 1 
60 1 1 1 
90 1 1 1 

Alkaline 35°C, 20 minutes soaking 10 0.5042 1 1 
20 1 N/A 1 
60 1 1 1 
90 1 1 1 

Alkaline 35°C, 60 minutes soaking 10 0.5042 1 1 
20 1 1 1 
60 1 N/A 1 
90 1 1 1 

Alkaline 35°C, 90 minutes soaking 10 0.5042 1 1 
20 1 1 1 
60 1 1 1 
90 1 N/A 1 

Alkaline 50°C, 10 minutes soaking 10 0.5042 1 N/A 
20 1 1 1 
60 1 1 1 
90 1 1 1 

Alkaline 50°C, 20 minutes soaking 10 0.5042 1 1 
20 1 1 N/A 
60 1 1 1 
90 1 1 1 

Alkaline 50°C, 60 minutes soaking 10 0.5042 1 1 
20 1 1 1 
60 1 1 N/A 
90 1 1 1 

Alkaline 50°C, 90 minutes soaking 10 0.5042 1 1 
20 1 1 1 
60 1 1 1 
90 1 1 N/A 
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Appendix 13: p values for Tukey test of differences in mean viability 
of Plumatella vaihiriae floatoblasts depending on soaking period and 
heating temperature of alkaline CIP treatment. 

Soaking 20°C 35°C 50°C 
(mins) 

Control 10 0.0041 0.0000 0.0000 
20 0.0000 0.0000 0.0000 
60 0.0000 0.0000 0.0000 
90 0.0000 0.0000 0.0000 

Alkaline 20°C temperature 10 minutes 10 N/A 0.0421 0.0421 
soaking 20 0.0421 0.0421 0.0421 

60 0.0421 0.0421 0.0421 
90 0.0421 0.0973 0.0421 

Alkaline 20°C temperature 20 minutes 10 0.0421 1 1 
soaking 20 N/A 1 1 

60 1 1 1 
90 1 1 1 

Alkaline 20°C temperature 60 minutes 10 0.0421 1 1 
soaking 20 1 1 1 

60 N/A 1 1 
90 1 1 1 

Alkaline 20°C, 90 minutes soaking 10 0.0421 1 1 
20 1 1 1 
60 1 1 1 
90 N/A 1 1 

Alkaline 35°C, 10 minutes soaking 10 0.0421 N/A 1 
20 1 1 1 
60 1 1 1 
90 1 1 1 

Alkaline 35°C, 20 minutes soaking 10 0.0421 1 1 
20 1 N/A 1 
60 1 1 1 
90 1 1 1 

Alkaline 35°C, 60 minutes soaking 10 0.0421 1 1 
20 1 1 1 
60 1 N/A 1 
90 1 1 1 

Alkaline 35°C, 90 minutes soaking 10 0.0973 1 1 
20 1 1 
60 1 1 
90 N/A 1 

Alkaline 50°C, 10 minutes soaking 10 0.0421 1 N/A 
20 1 1 1 
60 1 1 1 
90 1 1 1 

Alkaline 50°C, 20 minutes soaking 10 0.0421 1 1 
20 1 1 N/A 
60 1 1 1 
90 1 1 1 

Alkaline 50°C, 60 minutes soaking 10 0.0421 1 1 
20 1 1 1 
60 1 1 N/A 
90 1 1 1 

Alkaline 50°C, 90 minutes soaking 10 0.0421 1 1 
20 1 1 1 
60 1 1 1 
90 1 1 N/A 

161 




