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Message from The Editor: 

Hi FUPS members. It has been quite some 

between issues once again, but what we 

lose in inter-issue quantity we make up for 

with quality in this issue that’s for sure! 

Starting out we have an article by Jamie 

Wood from Landcare Research New Zea-

land on poo. Wait, what was I saying about 

quality? But seriously, it’s a great piece on 

nutting out questions to do with coextinc-

tion of parasites when their hosts, in this 

case Moa, go extinct. Who’d of thought 

copralites could be interesting on top of 

being just plain funny. 

Associate Professor Joe Dortch from UWA 

then gives us a rundown of what he’s up to 

in the extreme southwestern corner of the 

country, and then there are two trip reports, 

the first on the Nullarbor 2011, and the 

next one by Nathan Phillips, one of our 

keen young lab volunteers. 

The intra-issue quality then leaps to strato-

spheric proportions (who says editors can’t 

be bribed?) with the magnum opus Arman 

et. al. Trowelidae phylogeny up the back. 

I’m not sure how this got past peer review, 

but it was probably by the same method of 

bribery (i.e. beer) that got me to change 

stratographic (i.e. bottom of the pit) to 

stratospheric. It is presented in its unedited 

glory. Editors shouldn’t mess with perfec-

tion, or so I am told. 

No beer review this issue. I’ve been wait-

ing on a few people that have promised 

pieces and, not excusing my own slackness 

after busy days, thought it best we got this 

one out. In that vein, we are looking for 

articles and news pieces from people will-

ing to have a crack. Send submissions to 

myself or Aidan (emails on last page). 

Cheers for Beers, 

Grant Gully 
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Megafaunal Microfaunas and       

Coextinction 

By Jamie Wood. 

While I was an undergraduate studying zoolo-

gy I decided to take a paper in parasitology. I 

knew we were in for a treat when the first 

lecture was preceded by the disclaimer that 

"after taking these classes I guarantee you 

will never again eat meat that is anything less 

than charred"! One of the professors delight-

ed in bringing along jars of specimens to lec-

tures, often containing large coiled up worm-

like creatures. A close inspection of the labels 

on the jars revealed the true horror of the ani-

mals within, and would usually read some-

thing along the lines of "...from intestine of 

male aged 42, Dunedin Hospital, August 

1957". In fact, if any Hollywood writers were 

stuck for ideas for their next terrifying block-

buster, they would be well-advised to seek 

inspiration in Google image searches related 

to parasites. But not just human ones. Take 
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Cymothoa exigua for example, a bizarre isopod 

that effectively destroys, and then replaces, the 

tongue of a snapper fish. It's the stuff of night-

mares - Go online and check it out! 

But parasites are a fact of life for most wild ani-

mals. Vertebrates play host to a diverse parasite 

microfauna (including nematodes, trematodes, 

coccidians, hepatazoons, lice, and mites) many 

of which may be host-specific, or in other words 

can only survive on, or in, a single host species. 

These parasite-host relationships are so tightly 

linked that the evolutionary histories of various 

parasite groups can strongly reflect those of 

their hosts. But having lives so intertwined with 

particular host-species creates obvious issues, 

for example, if those species were to go extinct.  

The process of coextinction has important im-

plications for estimating how many species are 

at risk of extinction. Koh et al. (2004, Science 

305, p. 1632) provided the first detailed esti-

mate for the significance of the process. By us-

ing mean host-specificity rates they calculated 

that for 3,206 endangered vertebrate species, at 

least 1,266 species were 'co-endangered' (this is 

probably a significant underestimate as their 

analysis did not include many parasite groups). 

A comprehensive review of coextinction was 

published by Dunn et al. (2009, Proc. R. Soc. B 

276, p. 3037), which in the title raised the ques-

tion "are most endangered species parasites 

and mutualists?" An overarching theme from 

both these papers is that although the process of 

coextinction may be a hugely significant con-

tributor to biodiversity loss, there is actually 

very little empirical data with which to quantify 

the process. Can we look back into the past for 

an answer? 

The Late Pleistocene and Holocene extinctions 

are intensively studied events. Whether associ-

ated with dramatic climatic events, or the spread 

of modern humans, there is no doubt that thou-

sands of species have been lost across the globe 

during the past 50,000 years. Take a look at a 

list of extinct Quaternary fauna from any land-

mass, and it will more than likely be dominated 

by vertebrates, including charismatic megafauna 

such as mammoth, cave bears, and diprotodons.  

The reason for this is clear. As palaeontologists 

we deal mostly with bones, which are hard, and 

make good fossils. In New Zealand for exam-

ple, we can easily find and excavate the bones 

of the large extinct moa, from numerous caves 

and swamps throughout the country. Through 

studying the bones we know for certain that 

there were 9 different species of moa that went 

extinct soon after the arrival of humans in the 

13th Century AD. But, as Bush & Kennedy 

pondered (1994, Int. J. Parasitol. 24, p.1333) 

"when the moas of New Zealand went extinct 

over a century ago, did they take with them par-

asite metapopulations or are those parasites 

found today  in other ratites (e.g. the kiwi, emu, 

cassowary, rhea and ostrich)?" The same could 

be asked about any of the vertebrate species that 

disappeared around the world during the late 

Quaternary. 

Parasitic nematode eggs from moa coprolites. Scale bars are 15 microns.  
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Recently, we have begun to examine this ques-

tion using a large sample of moa coprolites ex-

cavated from caves and rock shelters across 

New Zealand's South Island (see Beer and 

Bones 'Ancient DNA' special issue). In addition 

to containing remains of an extinct animal's 

food, coprolites also contain a record of the ani-

mal's parasites, particularly the gastrointestinal 

fauna. Usually this is in the form of eggs, but 

more rarely larvae or fragments of adult para-

sites may be found. The study of prehistoric 

parasites is known as 'palaeoparasitology', and 

in the last ten years studies have reported para-

sites from the coprolites of a wide range of ex-

tinct animals, including the Shasta ground sloth, 

and even dinosaurs. However, all these studies 

have examined limited samples from a single 

extinct species. The New Zealand moa copro-

lites provide the first opportunity for a large-

scale palaeoparasitology study of an entire meg-

afaunal group, and may offer an important case 

study for helping to quantify the process of co-

extinction. 

First attempts were less than enthusing. Follow-

ing methods used for modern parasite studies, I 

rehydrated samples of coprolite and tried float-

ing parasite eggs in a saturated salt solution 

without any luck. As mentioned in the 'Ancient 

DNA' issue of Beer & Bones, we have been 

using coprolites to study the diet of moa. Part of 

this involves identifying and counting pollen 

grains preserved in the coprolites. Small sam-

ples of each coprolite are boiled in potassium 

hydroxide, acetylised to remove organic materi-

al, and the pollen rich residues mounted on mi-

croscope slides for analysis. One day we tried 

omitting the acetolysis step, to see whether this 

allowed fragments of leaf cuticle to be identi-

fied. Almost straight away we started seeing 

oval objects on the slides which could be nema-

tode eggs. We sent photographs to a parasitolo-

gist who confirmed that's what they were. Ex-

amination of more coprolites revealed an array 

of different parasite egg types, which although 

interesting, are not usually diagnostic of genera, 

or even families. 

Analysis of moa coprolites continues to provide a huge amount of information about these 

extinct birds, including aspects of diets, habitats, niche partitioning, and parasites. 
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Next, we designed some DNA primers for in-

vertebrates and tried extracting parasite DNA 

from the coprolites. This was highly successful, 

and we found the DNA to be relatively well-

preserved (with fragments at least 400 base 

pairs long), probably due to the resistant, pro-

tective wall many of the eggs have. The DNA 

sequences allowed us to place the parasites 

within a phylogenetic framework, and begin to 

identify what parasites once afflicted moa. The 

data are still in the process of being analysed, 

but some interesting results are already appar-

ent. Firstly, there may be evidence for Gond-

wanan links between parasite taxa. A Cryptos-

poridium sequence from a moa coprolite is most 

closely related to a species sequenced from os-

trich. Also, some DNA and eggs from the moa 

coprolites are likely to be attributable to the 

nematode family 'Kiwinematidae', which has 

only been recorded from the deeply endemic 

New Zealand kiwi and tuatara, and an African 

mole rat. Second, there appears to be some evi-

dence for host-specificity, and thus potential 

coextinction. Several of the parasite taxa, in-

cluding a fluke worm (trematode), were record-

ed only in coprolites from the upland moa 

(Megalapteryx didinus). 

This is a promising preliminary study, and we 

aim to build upon it in two ways: 1) carrying 

out detailed examination of desiccated moa skin 

and feather specimens to look for ectoparasites 

(lice and mites); and 2) carry out a DNA survey 

of dung from living New Zealand birds (of both 

phylogenetic relatives to moa such as kiwi, and 

ecological equivalents, i.e. herbivorous birds) to 

test whether we can detect extant examples of 

any of the moa coprolite parasites. From this we 

should be able to estimate how many of the par-

asite taxa are likely to have become 'coextinct', 

and work towards a more complete understand-

ing of human impacts on New Zealand's biodi-

versity. 

Jamie Wood. 

 

Archaeology and palaeontology in the caves 

of the Leeuwin-Naturaliste Region, south-

western Australia. 

Joe Dortch 

South-western Australia’s limestone caves have 

attracted palaeontological and archaeological 

interest for decades. Starting with Ernie Lun-

delius (University of Texas) in the 1950s, and 

continuing with the work of Duncan Merrilees 

and Charlie Dortch (both of the Western Aus-

tralian Museum) in the 1970s, researchers have 

shown that the finely stratified floor deposits in 

these caves document various Late Pleistocene 

environmental and cultural changes, particularly 

through the changing proportions of the remains 

of various extant and extinct marsupials and the 

evidence for human occupation of these caves. 

The centerpiece of this record is at Devil’s Lair 

(DL), where a 7 m sequence reveals deposition 

of animal bones from c.67,000 years ago (67 

ka) and Aboriginal occupation from about 47 ka 

to about 12 ka when the cave’s entrance is 

thought to have collapsed and sealed the cave 

(Balme et al. 1978, Dortch 1979, Turney et al. 

2001). Australia’s oldest known hearth 

(fireplace) lies near the base of this occupation 

sequence, and is dated to about 41.5 ka.  

Several other researchers concurrently and sub-

sequently reported archaeological and palaento-

logical records from other nearby caves (e.g. 

Porter 1979, Archer et al 1980, Lilley 1993, 

Dortch 2004, Prideaux et al. 2010). Among the-

se, two records document changes at the start, 

middle and end of the Late Pleistocene glacia-

tion, Tight Entrance Cave (TEC; >135 ka to 35 

ka) and Tunnel Cave (TC; 24 ka-present). The 

latter site is notable for a sequence of c.20 

hearths built by Aboriginal people over a series 

of occupations from c.20,000 to 12,000 BP. The 

combined depositional records of the Leeuwin-

Naturaliste Region caves provide an unbroken, 

detailed view of the Late Pleistocene, a unique 

resource for research into environmental and 

cultural change. This high-rainfall region, alt-
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hough well-insulated from climatic fluctuations 

affecting much of Australia, covers a climatic 

gradient from north to south. Changes docu-

mented in palaeontological records therefore 

allow for exploration of the interactions be-

tween climate, people, flora and fauna. 

Research in the last 10 years, outlined at the 

recent CAVEPS conference in Perth and in the 

post-conference fieldtrip, includes the following 

developments: 

 Inferences about faunal turnover and an-

thropogenic impacts based on the TEC 

vertebrate record (Prideaux et al. 2010) 

 Fire history based on size fraction analy-

sis of TEC charcoal (Prideaux et al. 2010) 

 Stable isotope records of climatic change 

from TEC landsnail shell (Prideaux et al. 

2010) 

 Vegetation history based on morphologi-

cal analysis of TC and DL charcoal 

(Burke 2004, Dortch 2004) 

 Identification of ancient DNA surviving 

in eggshell (Oskam et al 2010) 

 Identification of Aboriginal hunting pref-

erences and seasonality of site use, based 

on statistical correlations of faunal and 

archaeological remains (Dortch and 

Wright 2010, Dortch et al. 2011) 

 Evaluation of the significance of various 

carnivore contributions to cave deposits 

(e.g. Reynolds 2009) and the identifica-

tion of taphonomic processes in megafau-

nal bone accumulations (K. Forde, work 

in prep.)  

Much research remains to be done. For a start, 

there are potential archaeological studies of in-

ter-regional ochre and other raw material ex-

change based on geochemical provenancing; 

spatial analyses of campsite organization around 

hearths; and identification of bone tool use. 

There is also much potential for both basic and 

advanced palaeontological research that future 

students may wish to consider! Besides the 

studies mentioned above, many of which are 

still at early stages, new topics include the con-

struction of age profiles and seasonality in 

macropods (using stable isotopes and dental 

cementum), the identification of Pleistocene-

Holocene micro-habitat change from small ver-

tebrate remains at Tunnel Cave, and further in-

vestigations into prey selection and identifica-

tion of characteristic bone processing patterns 

by human hunters and non-human carnivores.  
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Nullarbor Field Trip 2011. 

By Grant Gully 

With our new off road trailer, that only arrived 

the night before we left, in tow we set off for 3 

weeks on the Nullarbor. At Eucla, we met up 

with the Westie crew led by Clay Bryce, Doco 

maker extraordinaire who was going to be film-

ing us and attempting remote beaming via satel-

lite of short films of our progress on a day by 

day basis out to the internet world, something 

very new and very cool. Since that stuff is docu-

mented for all to see on the Western Australian 

Museum website (see www.museum.wa.gov.au/

cave/), I’ll go into some of the stuff that re-

mained on the digital cutting room floor, wasn’t 

filmed, or happened after the media left, con-

centrating on how some new trip “nicknames” 

cropped up. 

Birds feature heavily in Laeana’s Breath Cave. 

It looks to be one of Australia’s richest Pleisto-

cene avifauna assemblages, part of which is be-

ing studied now by our new PhD student Elen 

Shute. On the Day 3 Birds update there is a 

short and sweet piece about a recently deceased 

wren, and a Kestrel that was rescued by Aidan 

“Bear Grylls” Couzens. The rescue itself wasn’t 

filmed because unlike his namesake, Bear didn’t 

stop to alert the media (literally) when he saw 

the little fella hunched up in a corner. As we tell 

the story, in true “Bear” style he ignored the 

obvious and easy safe route and instead brachi-

ated from stalactite to stalactite to reach it, pay-

ing no attention to the dangers below him. Eve-

ryone knows how rough Bear can be when he 

needs to be, and without doubt, to get to the bird 

he certainly had to pounce on it with the reflex-

es of a tiger. The trick was how to capture it 

without harming it. He looked deep inside and 

called upon the dainty touch of an effeminate 

18th century foppish dandy. No easy task when 

your muscles are chiselled from pure stalag-

MIGHT, but he managed to do it, and placed it 

gingerly in a bag for transport to the surface. 

Ladies, you may swoon now. 

Birds were cropping up everywhere. Gav was 

busy digging them up left right and centre. 

When he came across some fairly large distal 

elements he was tentatively thinking they might 

be wedge tailed eagle, of course the west Aus-

sies got all fired up about that. Initial appraisal 

of a few happy snaps sent to Trevor Worthy via 

satellite seemed to confirm the hypothesis, and 

thus a mild mannered palaeontologist emerged 

from Pit B transformed into...“Eagle Man”! Of 

course, my previous exploits then earned me, 

his faithful comic relief sidekick, the name 

“Wren Boy” able to flit from pit to pit in micro-

seconds the instant a skull is mentioned. The 

irony is that the “eagle” turned out on closer 

inspection of some better pictures to be 

Progura, an extinct giant malleefowl, closely 

related to the brush turkey. Apparently, “Turkey 

Guy” or “Super Fowl” hasn’t got the same ring 

to it. 

http://www.museum.wa.gov.au/cave/
http://www.museum.wa.gov.au/cave/
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Upstairs, Carey “Makin’ Shit Up As He Goes 

Along” Burke was doing just that - and doing it 

well - keeping everything organised and every-

one fed (i.e. the most important job), but Sam 

had obviously been taking notes on his “there’s 

nothing that can’t be fixed with the liberal ap-

plication of gaffa tape” technique, when he de-

cided to make a new pair of thongs out of gaffa 

and cardboard. You will have to guess why we 

started calling him Sam “Two Left Thongs” 

Arman after that. Carey had also bought enough 

cereal to feed an army. Apparently he hadn’t 

accounted for Roger “Cereal Killer” Mathews. 

Thanks Rog’ for the too much info justification/

explanation on your bowel movements as well 

*shudder*. 

The West Australian crew had to leave after 5 

days in the field, which was disappointing to 

say the least. Clay Bryce, Dave the cameraman, 

Nick Mayman, Dave the editor and Mihn Tran 

were great value, with many a story exchanged 

around the campfire. 

Big thanks need to go out to Nick “KI Caver” 

Heath and Paul “He’s like a rat up a drainpipe” 

Devine for their expertise in getting us in and 

out of the cave safely. They enabled us to pull 

out a lot more Protemnodon (giant extinct kan-

garoo) this trip, so much so, the term 

“Protefest” comes to mind. Another standout 

fossil this trip was some corvid (crow/raven) 

material including a beautiful skull extracted by 

Gav. Other than that there was plenty of roo, 

however my “undescribed species” skull turned 

out to be a filthy grey kangaroo once we got a 

look at the teeth. Our sample size has increased 

markedly, especially for the smaller material 

that awaits study. On that note there is ample 

opportunity for volunteer work and/or projects 

on this material, so don’t be shy about contact-

ing Gavin if this has piqued your interest. Sub-

ject to funding, there’s still a lot more to be 

done in the Thylacaleo Caves, so keep your ears 

open.  

Gull. 

 

My first expedition. Burra 2011. 

By Nathan Phillips 

On Friday 27th of May a group of Palaeontolo-

gists set off to Burra for a Paleontological expe-

dition. The group involved members of FUPS 

and the Museum of South Australia, these peo-

ple were Sam Arman, Aaron Camens, Aidan 

Couzens, Qamariyah Nasrullah, Mark Lawson, 

Bronwn Phillips, Kit Disney, Casey Farrell, Sa-

rah Simmons, Will Gelman, Rod Wells, Lyne 

Wells, Brad Dare, Paul Dare. 

When we (Mum, Dad my brother Jaden and I ) 

arrived at Red Banks the rest of the team had 

already started so we asked Sam and Aidan 

what was happening and they said we could 

either watch them complete a geographic survey 

using a total station and differential GPS or grab 

some flags and go searching for fossils, so we 

decided to join the others and search for fossils. 

We found plenty of areas to flag and while 

searching we came across an area where my 

brother located part of the mandible of a short 

faced Kangeroo (Sthenurus tindalei) and after 

following a small creek for a while he located 

another piece and this was great news because 

this species has never been found in this area 

(we never located the cranium or other parts of 

the skeleton). After that excitement, I discov-

ered a small pile of bone fragments which 

looked promising but Aaron told me there was-

n’t enough pieces. But he also said that it was 

something I should keep a look out for. Dad 

encouraged me to tag along with Aaron so I 

followed along and learnt more about looking 

for fossils. Finally I decided to head back to the 

cars for lunch where Mum got taught how to 

recognise spear heads. 

After lunch and more searching I decided to 

watch the others complete the geographic sur-

vey and while walking around the area Aaron 

pointed out the Diprotodon optatum femur to 

me which I had nearly trodden on. 

After more searching we decided it was time to 
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head for the local Pub and while eating and 

waiting for our meals we arranged what was to 

happen the next day and find out what had been 

discovered during the day; 

Diprotodon optatum molar, dentary fragment 

Stenurus tindalei 2x dentaries 

Sthenurus andersoni 

Macropus sp. dentary 

Lastly we went to bed excited about what Col-

linsville had in store for the next day. 

On the second day we went to Collinsville after 

having breakfast. The plan was that we’d try to 

get the cars as close as possible to the specimen 

so we didn’t have to lug all the equipment to 

the area. Once we reached the main area I saw 

the fossil that got everyone excited. I was 

amazed at how complete the fossil was but for 

the start only three people who were trained for 

this sort of thing could work on it so I took my 

brother and we started searching for other fos-

sils. 

After searching and finding the odd fossil re-

main, Brad decided to join us in the search and 

together we made an excellent fossil hunting 

trio. Jaden and Brad would find some bones 

and I’d say if they were worth flagging or I 

might find some and they would decide wheth-

er to flag it. During the afternoon we met some 

others who were searching and they showed us 

a tunnel that they couldn’t get through but we 

could so we went through and when we 

reached the top and crossed a very narrow 

bridge we located a huge amount of very large 

bone fragments which we had to flag especially 

as we’d attracted the attention of the adults who 

said they were fossils. 

Soon it got too late to continue searching so we 

went back to the main area and once we got 

there Sam asked if anyone would like to exca-

vate around the key fossil so I took the oppor-

tunity and swapped with Sam in the dig which 

made me very excited because it was the first 

time I’ve ever taken part in a proper excava-

tion. Finally we all packed up our things and 

headed home while Sam and Aaron bunked 

down in the shearers quarters to continue the 

excavation the next day. 

I can’t wait for the next expedition so I can do 

it all again. 

 

Nathan Phillips. 

 

 

On the phylogenetic affinities of 

the Trowelidae (Inaninimalia: 

Toolomorphia). 

Arman, S., M. McDowell and J. Moore 

INTRODUCTION 

The Trowelidae is a group which has been ex-

tensively studied for over 120 years. Interest in 

this group was initially spurned by the utility of 

the group for palaeontological excavation, 

however in recent years the various evolution-

ary mechanisms exhibited by trowels has again 

brought the group to prominence as a textbook 

example of evolutionary processes. This study 

has revised much of this research and undertak-

en a thorough multi-disciplinary study to com-

pose the most thorough phylogeny of the Trow-

elidae to date, addressing a current paucity in 

well-resolved phylogenetic studies for this in-

fluential group. 

Trowelids were first described as an order by 

Oven (1877), however were synonymised with 

the Spadimorph in the landmark study of De 

Beer (1897) and reclassified as a family within 

that group where it has remained relatively un-

disturbed since (although see Wells et al. 1993 

for an alternative). Understanding relationships 

within the group has been less straightforward. 

The first substantial attempt was by Bentley 

(1910) who attempted to define the phylogeny 

on the basis of functional utility. This divided 

the Trowelidae into the subfamilies Digitinae 
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and Palminae. At that stage the Digitinae was 

composed of the genera Dentata (Dental Picks), 

Scribidus (Pencils) and Metacarpus (Pinkie Fin-

gers) in the so called 'three p's of pok-

ing' (Nemoy 1977, p966) and united on the ba-

sis of their being utilised in a 'probing nature for 

investigation of substrates' (Bentley 1910, p85). 

This was contrasted with the Palminae which 

Figure 1: It’s a tree. I promise.  
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was considered to be utilised more for scraping 

and spreading of materials (Bentley 1910). This 

more substantial group included the genera 

Trowel ('true' Trowels), Pseudotrowel (Plaster 

Applicators), Oviturn (Spatulas), Pan 

(Dustpans) and Pongping (Table Tennis Rac-

quets). 

Although highly influential and accepted for 

over 50 years, this approach was bought into 

question with the onset of molecular phyloge-

netic analysis. These recognised that many of 

the genera included in Bentley's classification 

had become adapted in that manner by second-

ary convergence. This was particularly true for 

the Digitinae, which was reduced to the single 

genus Dentata by the removal of the 'secondary 

pointers' (Zealsy 1970). Similarly, Pan and 

Pongping were removed from the Palminae, 

with Pan furthermore being reclassified as a 

subspecies of the common brush Cleanlefleur 

bristlii (Crossbow & Foot 1982). Palminae was 

later bolstered, however, when the large genus 

Barnsii (Chisels) were revealed, by a revision of 

the extinct Shankidae, to be more aligned with 

Palminae than its (largely assumed) previous 

designation within the Platycephalidae (Flat-

head Screwdrivers) (Prefect et al. 1982). Con-

siderable work at this time also saw many more 

groups of trowels to be recognised. This was 

largely due to the extensive work of taxono-

mists aided by the advent of the electron micro-

scope and saw the description of the majority of 

species currently recognised as trowelids (for a 

comprehensive review see Carrol 2002). 

Recent work has concentrated upon molecular 

and developmental attributes of the group. Ra-

ther than clarify the situation, this has largely 

confounded understanding of the group. A high-

ly influential molecular study demonstrated that 

not only does Barnsii align within the troweli-

dae, but that they can be aligned across sup-

posed subfamiliar boundaries with Dentata to 

the exclusion of all other major trowel genera 

(Kath & Kim 1998). Molecular techniques were 

also combined with ontogenetic studies, which 

again revealed an affinity between Barnsii and 

Dentata, as distinct from further affinities found 

between Trowel and Oviturn (Xio et al. 2000). 

Despite such conflicting results, there has been 

little work undertaken in recent years. This is 

particularly so for morphological projects, the 

so called 'first principles' of phylogeny, particu-

larly with the advent of recent advances in phy-

logenetic analysis. 

METHODS 

To undertake further analysis, a thorough litera-

ture review was conducted and over seven dis-

tinct characters identified to be of potential use 

in tracing phylogeny. After careful considera-

tion and about three hours of 'eenie meanie 

miney moe', this list was narrowed to 176 char-

acters thought to be of most use in defining phy-

logenetic relationships within this group (see 

Appendix 1). Molecular data were extracted 

from samples stored in Carey's Shed, Flinders 

University of South Australia. Full details of 

molecular extraction can be found at the online 

supplementary information. Molecular and mor-

phological data was then united in PhytClub 3.0 

where all phylogenetic analysis was undertaken. 

RESULTS 

The revised phylogeny of the Trowelidae pro-

duced in this study is presented in figure 1. 

Analysis confirms Barnsii Chisels as a distinct 

outgroup to all trowelids. The most plesiomor-

phic extant member of the Trowelidae is the 

Wooden Float Floatimber gullii. This taxon 

consists of a wooden blade connected in two 

places to a wooden handle like structure across 

its back and most likely evolved from members 

of the superfamily Lumberinitus (Flat Timbers) 

during the early Obcene. During the mid-late 

Moviecene this lineage split, giving rise to the 

metal blade floats in the family Trowelidae, 

possibly by heterochrony, effecting changes in 

the timing of the tools development. Early spe-

cies allied with this group had wooden handles 

connected to the blade in two places, but quick-

ly diversified into metal blades with a short 

wooden handle mounted on a metal shaft that 

connected to the working surface at a single 
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point. This innovation gave rise to a huge radia-

tion of floats and trowels during the Plasticene 

during which the group evolved a wide variety 

of shapes and sizes, but still primarily consisted 

of a metal blade attached to a short wooden han-

dle. Each of these new forms is thought to have 

resulted from selective pressure to specialise 

into morphologies that could variously excel at 

spreading, digging, scooping and placing nich-

es. The currently accepted phylogeny of trowels 

is discussed below. 

Floats 

The Palminae (Floats) has three genera all of 

which consist of large, flat rectangular blades 

and a handle connected in the middle of the 

blade either by one or two points. The flooring 

float (Floatifleur) and metal floats 

(Metromboidie) both occur in a variety of 

widths and lengths which allow them to fill 

wide-ranging niches. The third genus is the 

aforementioned plesiomorphic Wooden Float 

(Floatimber). Taxa of this genus have a shape 

that is intermediate between a float and a trow-

el. The posterior blade is rectangular whereas 

the anterior is pointed. The current morphology 

may represent a “missing link” or intermediate 

form, or may be the result of convergent evolu-

tion. 

Trowels 

The majority of the remaining trowels 

(superfamily Digitnae) fall into two main 

groups. Subfamily Metrombodie comprises four 

genera which are nested and well-resolved. 

Brick trowels (Brickirombus and Trowel) have a 

slightly rounded, diamond-shaped blade. They 

are closely related to the smaller pointing 

(Brickirompointus) and the more plesiomorphic 

thinner tuck pointing (Brickitucrompointus) 

trowels.  

The remaining three digitines fall in to an as yet 

unresolved trichotomy, distinct to the metrom-

bodies. Gauging trowels (Gaugeriizout), have a 

distinctive rounded tip but retain the character-

istic V-shaped posterior blade shape. The so 

called Margin Trowel (Marginirombus margini-

us) looks superficially similar to the flooring 

float but with reversed characters making it dif-

ficult to place phylogenetically. Its posterior 

blade has the typical V-shape of a trowel, but 

the anterior blade is rectangular like a float. 

Some (Bentley 1910; Ezpikedupiztoole & 

Soonelavedugahol 1934) have argued that this 

monotypic genus represents a transitional stage 

between the floats and trowels but our findings 

of this genus within the Digitinae suggest the 

anterio-rectangular shape of this trowel to have 

evolved from a diamond trowel, independent of 

the floats. Trowelenotchid (Notch Trowels) con-

sist of square, rectangular, scoop and v-notch 

species. Though diverse in shape, they are unit-

ed by the possession of characteristic notching. 

The purpose of these notches is not well under-

stood but must provide some advantage to ex-

plain the diversity and success of the family.  

Despite their highly divergent form, the Plaster 

Applicators (Pseudotrowel) should also be con-

sidered trowels and are here considered distinct 

from all other members of the Digitinae. These 

unique tools have totally lost their wooden han-

dle and developed two differently shaped blades 

(an anterior pointed blade and a posterior rec-

tangular blade) on a totally metal body. This 

condition, where the posterior blade is thought 

be derived from modification of the shaft con-

necting the anterior and posterior portions of the 

organism, secondary to the loss of the wooden 

handle which enclosed it, is somewhat analo-

gous to cephalopod molluscs which have inter-

nalised or lost their calcareous shell.   

DISCUSSION 

The phylogeny described above provides the 

most complete phylogeny of the Trowelidae to 

date. Importantly it includes all known species 

of trowelids, allowing the groups divergence to 

be understood in detail. In recent years the high-

er level taxonomy of the phylogeny has been 

largely uncontested, with similarity across ma-

jor groups between studies (e.g. Zealsy 1970; 

Crossbow & Foot 1982; Xio et al. 2000). Dif-
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ferences become apparent at the lower levels, 

however, where the results presented here con-

trast to all previous studies. This largely reflects 

the comprehensive coverage of species and 

characters utilised in this study, allowing the 

full resolution of the majority of the Troweli-

dae. Previous authors (Prefect et al. 1982) have 

considered the evolution of this group to have 

occurred at a consistent rate through the history 

of the lineage. In this way, the evolution of 

trowels has been perhaps inappropriately com-

pared with that the Polymeridae (e.g. Anselmo 

et al. 1990) for whom such evolutionary plastic-

ity is well established. In contrast, the Plasticene 

radiation of the Trowels indicates that this di-

versity may in fact be due to a key event during 

that time. De Beer (1897) recognised that the 

Spadimorph-Palmimorph divergence represents 

a key point in the evolution of both these 

groups. Essentially it allowed for a high diversi-

ty in handle-blade articulation, predisposing the 

group to later diversification. Alternately it may 

be that the radiation of this group may have 

been driven by extrinsic changes to environ-

mental conditions; however, this cannot be de-

termined until the chronology of this evolution 

is better understood.  
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