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ABSTRACT 
 

Forensic Palynology has helped to solve crimes ranging from fraud to murder. Pollen is 
ubiquitous, almost indestructible and microscopic in size.  It is often sticky and easily 
carried, undetected, from one place to another. As pollen is unique to a plant species, 
combinations of pollen types (pollen assemblages) present in soil or other samples can 
identify the type of environment, and often the exact location, from which a sample 
originated.  Although Forensic Palynology has been used routinely in New Zealand for 
over 25 years, is commonly used in the United Kingdom and has been used in several 
cases in Australia in the past ten years, little research has been done in this field. 

In Australia, police require an initial broad palynological analysis of samples 
from a crime scene prior to approving a more detailed analysis. This project investigates 
palynological samples from two superficially similar environments that could 
potentially be a crime scene and alibi location, in order to determine if they can be 
broadly distinguished from each other. 

Two Perth metropolitan wetlands, Herdsman Lake and Eric Singleton Bird 
Sanctuary, were chosen for study as potential sites for assaults and clandestine burials.  
Four sites within each wetland, with correspondingly similar vegetation communities, 
were sampled at surface level in different seasons. At three sites, 50 cm cores were 
taken and sampled at seven levels to simulate shallow grave profiles. Samples were 
prepared and analysed using standard palynological techniques. Surface and core (grave 
profile) pollen assemblages were compared site by site within each wetland, and with 
the corresponding site of the other wetland. The grave profile assemblages for each core 
were combined and averaged to represent mixed ‘burial assemblages’, and similarly 
compared across and within wetlands.  

Palynological analysis established that the surface soil samples were 
characteristic of wetland environments. The different vegetation sites in each wetland, 
and the corresponding vegetation site in the other wetland, were broadly palynologically 
distinct. The season in which samples were collected was difficult to determine. Grave 
profile assemblages generally differed from surface samples at each site, and broadly 
differed across and between the two wetlands, but the differences in the ‘burial 
assemblages’ were less marked.  

The findings of this study confirm that broad palynological analysis can 
differentiate between two wetlands at surface level and downhole, and that samples at 
different depths in a grave should be separately analysed. Collection of control samples 
from similar and possible alibi environments is essential.  Caution should be taken when 
palynologically interpreting the season in which a crime was committed.  
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INTRODUCTION  
 

Forensic Palynology uses the study of pollen, spores and other microscopic acid-

resistant plant bodies (Milne, Bryant and Mildenhall, 2005) to confirm or deny a link 

between people, objects and/or places associated with crimes. The use of this emerging 

science to help solve a myriad of different crimes including fraud, assault, rape and 

murder involves comparing control (comparator) samples collected from crime scenes 

with forensic (evidentiary) samples collected from suspects, victims, their belongings 

and other items of interest. The forensic importance of pollen and spores relies on the 

fact that they can be morphologically identified to a particular plant taxon (Bryant 1989 

calls pollen ‘Nature’s fingerprints of plants’), are almost indestructible, are microscopic 

and therefore easily carried undetected from one place to another, and are also produced 

in enormous numbers.  Pollen carries the male sex cells of plants and is dispersed by 

wind or animals.  Most pollen and spores become part of dust, soil and sediment. The 

combination of pollen grains (the pollen assemblage) present in a soil sample differs 

from place to place, depending on the local and regional vegetation, and can be used to 

help identify a particular location (Mildenhall, 1990; Bryant and Mildenhall, 1998; 

Milne, Bryant and Mildenhall, 2005).   

Forensic Palynology is a much under-utilised forensic tool.  Bryant, Jones and 

Mildenhall (1990) report that not many legal or law enforcement personnel in the 

United States of America, Canada or the United Kingdom knew of or utilised Forensic 

Palynology.  Today there are still very few practitioners of this evolving forensic 

science worldwide, with most case work being conducted in New Zealand and the 

United Kingdom and a lesser amount in the United States of America and Australia 

(e.g. Mildenhall, 1982, 1988, 1990, 1998, 2003, 2004, 2006a, b; Horrocks and Walsh, 

1999; Soham Trial Transcript, 2003; Wiltshire, 2006a, b; Wiltshire and Black, 2006; 

Bryant et al., 1990; Bryant and Jones, 2006; Stanley, 1992; Milne, 2000, 2005).   

Although the profile of forensic palynology is growing worldwide, little formal 

research has been conducted and what has been undertaken has primarily come from 

New Zealand (Horrocks and Walsh, 2001; Horrocks et al., 1997, 1998, 1999).  In 

Australia, Bruce and Dettmann (1996) reported the forensic potential of palynological 

analysis of Queensland soils, but there is no other published forensic palynological 

research in Australia and little else worldwide. Much of what is published is highly 

theoretical or based on small data sets (Wiltshire, 2006a). Therefore, current knowledge 

and understanding of pollen as forensic evidence has been derived chiefly from 
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casework experience (Wiltshire, 2006a), not independent rigorous and empirical 

research.    

  Research provides data which can be used to reinforce claims made by 

scientists in a court of law in their capacity as expert witnesses. Australian courts 

readily accept DNA evidence with very little question because it is now a well-

researched and recognised science which is routinely used. However, the courts are 

wary of evidence from newly emerging forensic sciences, including palynology (Bryant 

and Mildenhall, 1998; Milne, pers. comm.). There is a vital need, worldwide, to help 

convince police of the potential value of Forensic Palynology in criminal investigations, 

and for research in it to reassure the judiciary that the science is valid and to back up 

expert witnesses’ claims.  

The most common refutation to forensic palynological evidence is the 

defendant’s claim to having been in an environment similar to that of the crime scene, 

or near similar plants (e.g. case 4, in Mildenhall, 1990). Palynologists know that even 

though sites may be similar, their pollen assemblages can be markedly different. 

Statements to this effect may be difficult for a judge or jury to comprehend, but 

Horrocks and Walsh (1999) palynologically differentiated a crime scene from an alibi 

scene although they were only seven metres apart.  Further research in this area is 

essential to future casework.  

Pollen assemblages obtained from surface soil samples are commonly very 

different from those obtained from below surface. Assemblages at surface level reflect 

the present or recently present vegetation, whereas the assemblages obtained from 

below surface level (i.e. a grave profile) reflect past vegetation. Therefore, it is highly 

likely that a pollen assemblage from soil on implements used to dig a grave in one 

location will be markedly different from pollen assemblages obtained from a grave 

profile in a similar environment. These differences help to differentiate one location 

from another, but without corroborative research it may be difficult for judges and juries 

to accept this fact. Research in this area is needed to help validate such findings in 

future court cases, and also to convince criminal investigation officers of the importance 

of using palynology even when a crime and alibi location appear to them to be closely 

similar.   

In a criminal investigation, prior to committing to a detailed palynological 

analysis of all pertinent samples, police generally require an initial broad analysis of a 

small number of samples (Milne, pers. comm.). This study will examine the broad 

similarities and differences in pollen profiles obtained from two vegetationally similar 
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Perth metropolitan wetlands. Wetlands have been selected for study as they are usually 

quiet, secluded and unlit areas and have the potential to be host to an array of unlawful 

activities including rape and clandestine burials. 

 

The aim of this study is: 

• to determine if surface and grave profiles from similar wetland environments 

can be broadly palynologically differentiated. 

 

 To achieve this, two Perth metropolitan wetlands that appear vegetationally 

very similar, but have very different histories of use are selected as research areas. 

Herdsman Lake to the northwest of the Perth CBD is a large nationally important 

wetland (Jaensch, 1992) and the Eric Singleton Bird Sanctuary to the east of the CBD is 

a small wetland that has been modified by incorporation into landscaped parkland. 

Pollen assemblages from four sites within each wetland, and different locations within 

these four sites, will be examined. For each site, surface samples collected at different 

times of the year will be palynologically analysed, and from three sites in each wetland, 

samples from 50 cm deep cores will also be studied to simulate grave profiles. 

This thesis is organised as follows: Chapter 1 contains general background 

information regarding the science of palynology, with emphasis on Forensic 

Palynology.  Chapter 2 outlines the materials and methods and Chapter 3 records the 

vegetation data collected for the two research areas. Chapters 4, 5 and 6 present and 

discuss the results obtained from the analysis of soil and core samples taken within the 

two wetlands. The final chapter (Ch. 7) contains a more detailed discussion, and 

conclusions as to the forensic importance of the findings are drawn. Following the main 

text are the references consulted, a glossary of palynological terms, photographic plates 

and Appendices 1 – 16 which contain the raw data collected for analysis in this thesis. 
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1. BACKGROUND 
 
 

1.1 Palynology 
The Macquarie dictionary defines palynology as ‘the study of fossil pollen in peat 

deposits, the stratification of which provides information about past changes in the land 

flora’ (Macquarie, 2001).  Modern pollen also, along with ‘spores and other acid-

resistant microscopic plant bodies collectively known as palynomorphs’ (Milne, Bryant 

and Mildenhall, 2005), provide information which scientists of many disciplines utilise 

in their field of study. For example: 

 

• geologists date rocks by examining pollen trapped within them and use this 

knowledge in the oil, mining and water exploration industries (e.g. Riding, 

2005);  

• geographers use palynology to further their knowledge of ancient climates (e.g. 

Lloyd and Kershaw, 1997); 

• botanists study historic plant life, plant evolution and phylogeny using 

palynology (e.g. Milne and Martin, 1998); 

• archaeologists and anthropologists gain knowledge about ancient cultures, their 

diets, and their living habits, all by studying pollen (e.g. Oeggl, 2001);  

• medical scientists use palynology to aid in their allergy research (e.g. Newman, 

1984); and recently 

• forensic scientists are using palynology to aid investigators of criminal cases 

(e.g. Mildenhall, Wiltshire and Bryant, 2006). 

 

Every hay fever sufferer or asthmatic knows that pollen is ubiquitous.  It is in the 

air, on the ground, and on almost every surface in-between.  Large quantities of pollen 

or spores are produced by all living plants in order for them to reproduce. Pollen grains 

carry the male sex cells of flowering plants (angiosperms) and cone bearing plants 

(gymnosperms).  Spores are the asexual reproductive cells of lower order plants such as 

ferns, mosses and fungi. Pollen is produced in a plant’s anthers and a single anther in 

some plant species carries many thousands of pollen grains. Different modes of 

transport for pollen are employed to carry these reproductive cells to the female part of 

a plant of the same species.  Some pollen grains travel very short distances from the 

parent plant, with the help of animal or insect vectors, and some pollen grains travel 
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many kilometres away, aided by the wind. Generally, the mode of transport determines 

the physical characteristics of each pollen type. Each plant species produces its own 

pollen which is unique to that species and after careful analysis most pollen grains can 

be identified to the plant genus or species level. Bryant (1989) called pollen ‘Nature’s 

Fingerprints of Plants’ due to the uniqueness of some of its characteristics, be it size, 

shape or surface ornamentation. 

 Unfortunately for the criminal, pollen is very small, microscopic in fact, so it can be 

carried inadvertently to or from a crime scene, on clothing, tools, vehicles or any other 

object. It is also extremely robust being capable of surviving in soil for millions of 

years.  A trained palynologist examines all of the pollen present in a sample (the pollen 

assemblage) and then determines the type of plant environment from which it came.   

This chapter describes how the science of palynology, with emphasis on 

Forensic Palynology, has evolved.  It will discuss the production of pollen, its means of 

dispersal, morphological features which help in identification and also the importance 

of interpreting a pollen assemblage.  Previous research in the field and some past cases 

where forensic palynology has been employed are also outlined. 

 

1.2 Forensic Palynology 
Forensic palynology ‘is the science of deriving evidence for court purposes from pollen 

and spores’ (Horrocks and Walsh 1999).  Locard’s Exchange Principle is based on the 

premise that on every contact between people, people and objects, people and places, 

and objects and places, there is an exchange of something.  Something is left behind and 

something is taken away.  Pollen and spores may be that something.  Their ubiquity, 

microscopic size, durability and morphological ‘fingerprint’ make pollen and spores 

potentially excellent pieces of trace evidence.  Palynological comparison of control 

(comparator) samples with forensic (evidentiary) samples can: 

 

• link a suspect to a victim, an object, or a scene of crime (e.g. Mildenhall, 

2006b); 

• prove or disprove a suspect’s alibi (e.g. Mildenhall, 2004); 

• corroborate or refute a victim’s statement (e.g. Horrocks and Walsh, 1999); 

• aid an investigation by narrowing down a list of suspects and by limiting the size 

of a search area (e.g. Milne, 2000);  

• prove or disprove authenticity of antiques, paintings or important documents 

(e.g. Jarzen, 1998); 
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• prove provenance of illegal drugs (e.g. Stanley, 1992); and  

• authenticate provenance and type of honey (e.g. Jones and Bryant, 2001). 

 

Remarkably, with such a comprehensive list of potential forensic applications, 

palynology remains a very under-utilised forensic tool. New Zealand leads the world in 

using pollen evidence in court; however the recent successful presentation of 

palynological evidence in American, British and now Australian courts shows that this 

science is slowly gaining acceptance.  Forensic Palynology has been successfully used 

alone and in conjunction with other sciences to help solve a myriad of different crimes 

including murder, rape, assault, fraud, burglary and illicit drug crimes.   

 

 

1.2.1 Examples of Case Histories employing Forensic Palynology 
Forensic Palynology is a relatively new science, being less than fifty years old. One of 

the first cases to be officially reported occurred in Austria in 1959 (see below).  

 

Case 1. A man disappeared during a trip along the river Danube, near Vienna, and 

police suspected that he had been murdered.  A suspect emerged, but without a body the 

police were unable to act.  It was suggested that mud on the suspect’s boots may be able 

to pinpoint a location along the river’s banks where the alleged murder occurred.  A 

palynologist, Dr Wilhelm Klaus, analysed the pollen retrieved from the mud and 

determined that only one very small area along the river bank would yield such a pollen 

assemblage.  The suspect was told of the findings and he was so shocked by the news 

that he confessed and led police to the body (Erdtman, 1969). 

 

Case 2. In 1982 Dr Dallas Mildenhall was instrumental in creating New Zealand legal 

history when he used palynological evidence to prove that deer antlers, seized from a 

suspected thief two years earlier, had been stolen from a deer farm and not taken from 

free ranging deer as the defendant had stated (Mildenhall, 1982, 1988).  The pollen 

assemblage on the deer antlers, and the wool bales in which they were found, was found 

to be palynologically similar to samples taken from the deer farm.  The assemblage was 

very different to that expected from, or found in, the forest where the defendant had 

stated he had obtained the antlers from.  

 



 8 

Case 3. The provenance and travel history of a sample of the illicit drug cocaine, seized 

by police in New York, was determined by Edward A. Stanley of the New York City 

Police Department (Stanley, 1992).  He analysed the pollen assemblage present in the 

sample and found that it represented three different plant environments; a South 

American forest where the coca plants were grown and dried, a north central area of the 

United States where the drug was probably ‘cut’ (diluted), and another location in the 

USA where the cocaine was either ‘cut’ again or contaminated during the analysis.  

 

Case 4. The heirs of a couple killed in a light aircraft crash tried to sue the makers of the 

aircraft and the makers of the plane’s engines following the discovery of a botanical 

mass in a part of one of the plane’s engines.  The pollen content of the mass was 

analysed and it was determined to have been deposited post crash by insects. The plane 

parts had been stored outdoors and the majority of pollen found was from the same 

species of plant as those growing at the storage site. Almost no wind-pollinated pollen 

was found in the mass and this would have been expected if the engine had sucked the 

mass in during flight.  This analysis corroborated other evidence which found other 

plant remains and the jury found in favour of the defendants (Lewis, 1997; Graham, 

1997). 

 

Case 5. In New Zealand, Horrocks and Walsh (1999) analysed pollen in soil samples 

from an alleged rape victim’s clothes.  They found that the pollen assemblage was very 

similar to a sample taken from the victim’s alleged crime scene, and very different to 

one obtained from the suspect’s alibi scene, even though the two scenes are only seven 

metres apart.  

 

Case 6. In the United Kingdom, Dr Patricia Wiltshire’s most famous palynological 

evidence was given in the Soham trial of Ian Huntley, a school caretaker, accused of 

killing two schoolgirls in his home and disposing of their bodies elsewhere. Using her 

botanical expertise she determined the route Huntley used to dispose of the bodies, his 

return route when he attempted to burn them, and matched pollen from the bodies’ 

deposition site to pollen found on a petrol canister at his home.  Dr Wiltshire also 

determined the time interval between deposition and discovery after conducting 

botanical experiments to establish how long trampled weeds at the site needed to 

regenerate (Soham Trial Transcript, 2003). 
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Case 7. An Australian forensic palynologist, Dr Lynne Milne, used her expert 

knowledge of pollen morphology to determine the differences between pollen of two 

Acacia species to help bring a murderer to justice. The suspect’s clothing and the 

victim’s car contained pollen from the Acacia species found at the body deposition site, 

an hour’s drive from where the victim and suspect lived. This species did not occur in 

their town of residence or the suspect’s alibi area (Milne, 2005).  

 

These are just a few of the cases that have successfully used Forensic 

Palynology to help solve a crime.  Many other applications of the use of Forensic 

Palynology are discussed in various publications, for example, Mildenhall, 1990, and 

Bryant, Jones and Mildenhall, 1990. 

 Slowly law enforcement agencies are becoming knowledgeable about this 

relatively new science, however, Bryant and Mildenhall (1998) point out that a 

‘potentially valuable piece of evidence – forensic pollen evidence’ was ignored in the 

O.J. Simpson case leaving the controversy regarding the presence or not of Mr Simpson 

at the crime scene, unanswered.  The killer of Mr Simpson’s estranged wife and friend 

apparently hid under bushes in the garden at the scene of the crime.  Had a forensic 

palynologist been consulted, a pollen assemblage would have been obtained from 

control (comparator) soil samples from beneath the bushes where the killer hid. This 

sample could have been compared to a pollen assemblage obtained from forensic 

(evidentiary) samples from Mr Simpson’s clothing (the missing/non-existent shoes 

notwithstanding).  

Mildenhall (1998) states ‘there is a strong case for the automatic collection of 

control samples at crime scenes in case Forensic Palynology is subsequently needed to 

help identify, link, and place suspects at a crime location’.  Wiltshire [Online] notes that 

‘the forensic palynologist should be treated as part of the investigating team as early as 

possible in order to give appropriate advice and to avoid missing opportunities’.  

 

1.3 Research 
Research in the field of Forensic Palynology is sparse.  Following the success overseas 

of cases outlined earlier, the potential use of palynological analyses of Australian 

surface soils was recognised by Bruce and Dettmann (1996). They collected and 

analysed surface soil samples from different vegetation communities in different 

localities in Queensland at various times of the year. They found that each vegetation 

community produced a distinctive pollen assemblage, and that similar vegetation 
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communities from different localities also produced dissimilar pollen assemblages.  

Seasonal differences in pollen assemblages were also noted.  This early Australian 

research confirmed that an association between an item, a suspect, and a crime scene 

may be palynologically determined in an Australian setting. Bruce and Dettmann (1996) 

also advocated the establishment of a pollen and spore reference databank.  Little other 

research in Forensic Palynology has been done in Australia.  

In New Zealand researchers Horrocks et al. (1997, 1998, 1999) have conducted 

several experiments to demonstrate the usefulness of Forensic Palynology. In 1997, 

hash oil extracted from a single cannabis source was filtered through 12 common 

household fabrics.  The oil was then palynologically examined to determine if the 

filtering effects of the fabrics changed the pollen content of the oil.  Results showed 

that, with a few minor differences where large pollen grains were lost, the pollen 

content of the oil remained similar to unfiltered oil from the same source.  This research 

could prove useful in cases where a common source of cannabis needs to be established, 

even though the cannabis has been treated differently. 

In 1998, Horrocks et al. palynologically examined surface soil samples from the 

same localised area and from different areas with a similar vegetation community.  This 

research was conducted to assess the forensic value of using soil samples to link people 

and objects to a particular scene.  As with the research conducted by Bruce and 

Dettmann (1996), the results showed that localised surface soil samples demonstrated 

similar pollen assemblages, whereas surface soil samples from different areas with a 

similar plant community exhibited dissimilar pollen assemblages.  

In 1999, Horrocks et al. compared pollen assemblages found in soil, from 

footprints made in the same soil, and from soil on the shoes that made the footprints.  

They concluded that all assemblages were similar and could be used to link a suspect’s 

shoes to a particular crime scene. 

There is a need for more research in the field of Forensic Palynology.  Most 

journal articles concerning Forensic Palynology describe actual cases.  A recent search 

of the literature revealed that of 14 articles in press on the subject, only one is research 

based (Montali et al., 2006). 

  As more and more cases are presented to the courts, expert witnesses will need 

to convince jurors and the judiciary of the validity of their science and therefore the 

evidence. It is essential for expert witnesses to be able to state that their opinion is 

supported by research.  For example, the absence of spores in soil taken from a shovel 

used to dig a grave in a Bracken stand does not necessarily rule out the shovel having 
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been used in that location (Ch. 4).  It would be beneficial when giving evidence to point 

out that research has proven that to date this is the case. 

The present research aims to show the differences and similarities of potential 

burial or assault sites in two superficially similar environments and will contribute to 

the palynological knowledge of two wetlands in the Perth metropolitan area. All of the 

palynomorph data will be added to a pollen database currently being established. 

 

 
1.4 Identifying Pollen and Spores 
Like all of the biological sciences, palynology employs a methodical approach to 

describe and classify pollen grains and spores.  The terminology used should be a 

‘written picture of the pollen grains’ (Reitsma, 1970).  Over time the terminology used 

by palynologists has evolved (Wodehouse, 1935; Erdtman, 1943, 1969; Faegri and 

Iversen 1950; Kremp, 1965).  Punt et al. (1994) produced ‘The Glossary of Pollen and 

Spore Terminology’ which is now considered the primary text and is continually 

updated (http://www.bio.uu.nl/~palaeo/Engels/engels.html). 

 

1.4.1 Pollen Production and Dispersal 
Of great significance to the forensic palynologist is the fact that the production and 

transportation of pollen grains differs for different plants (Mildenhall, 1990; Milne et 

al., 2005).  Pollen from some plants occurs only in soil near the parent plant in low 

numbers, whereas pollen from other plants may dominate a pollen assemblage even 

though the parent plant is distant from the soil sample’s source. The mode of pollen 

dispersal employed by any given plant correlates roughly to the number of pollen grains 

or spores produced by it.  There are five methods of dispersal:  

 

• by water (Hydrophilous) – 1000s of grains per anther are produced; 

• by self (Autogamous) - <100 grains are produced per anther; 

• closed (Cleistogamous) - <100 grains are produced per anther; 

• by insect or animal (Zoophilous) - <1000 grains are produced per anther; and  

• by wind (Anemophilous) – 1000- <100,000 of grains are produced per anther 

(Milne et al., 2005). 

 

Hydrophilous plants use water to disperse their pollen.  The pollen grain walls are thin 

walled and contain little sporopollenin so are rarely preserved in sediment or survive 



 12 

palynological processing.  The pollen grains may be found in water samples but usually 

are of little forensic value.  Plants that pollinate themselves (autogamous or 

cleistogamous) shed little pollen, but if this type of pollen is found in a soil sample it is 

forensically important. For example, the area in which a serial rapist lived and worked 

was determined by the presence of wheat pollen and stubble found on shoes he left at a 

crime scene (Milne, 2000). Wheat, like most cereals plants is cleistogamous i.e. the 

flowers do not open, but a few anthers may emerge (Milne et al., 2005).  Pollen grains 

produced by plants that rely on insects, animals or the wind (zoophilous and 

anemophilous) for dispersal predominately feature in soil samples and are discussed in 

more detail below. The following summaries of pollination and dispersal methods are 

compiled from numerous references including Mildenhall (1990) and Milne et al., 

(2005).  

 

• Zoophilous plant pollen:  This type of pollen requires a vector, such as an insect 

or animal, to transport it from the male anthers to the female stigma of another 

plant of the same species.  As this is a very efficient method of pollination, 

pollen is produced in small numbers. The pollen produced is generally highly 

ornamented, and if not carried away by a vector, does not travel far from the 

parent plant (approx. 1-2 m).  Direct contact with a flowering plant, or the soil 

close to a plant, is the only method to acquire this type of pollen on shoes, 

clothing or other items of interest.  This makes the discovery of this type of 

pollen highly significant. Most flowering plants produce this type of pollen. 

 

• Anemophilous plant pollen and spores: Plants that produce this type of pollen 

use the wind to transport their pollen. This is a very inefficient means of 

pollination as the majority of the vast numbers of grains produced do not find 

their intended target, namely a plant of the same species.  The grains are usually 

less ornamented than zoophilous plant pollen and vary in size and shape in order 

to aid them in their aerodynamic dispersal.  Literally littered everywhere the 

majority of grains fall within 25 m of the parent plant with the remainder 

travelling further away.   Knowledge of the vegetation in the region surrounding 

a crime scene therefore is important.  Predominant in soil samples, this type of 

pollen and spores are of forensic significance when in unique combination with 

other types of pollen which may pinpoint a particular location.  Grasses, pine, 
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eucalypts and ferns are amongst those plants that produce this type of pollen or 

spores. 

Plants do not necessarily need to be flowering or producing pollen and spores at 

the time a crime is committed to be detected in a soil sample.  If deposited in a suitable 

environment (i.e. acidic and anaerobic) the outer walls of pollen and spores may survive 

for millions of years and can be detected in samples stored correctly for many years.  

Washing clothing will not remove all pollen or destroy it either (Milne, 2005).  This is 

because the surface sculpture of the pollen grains allows it to adhere to and become 

embedded in the clothes’ fabric. 

 

1.4.2 Morphological Characteristics of Pollen and Spores 
In general each plant species produces morphologically unique pollen grains or spores.  

The major characteristics that are used to describe pollen and spores are size, shape, 

aperture type, wall structure and sculpture (surface ornamentation). 

 

Size:  Most pollen grains and spores measure between 20 µm and 70 µm, although 

some can be as small as 5 µm and some as large as 200 µm.  The size range of the 

different species within a plant family or genus may be quite diverse, but within a 

particular species the range will be limited. Once a family or genus has been 

established, a particular species may be determined by a size range in conjunction with 

other morphological characters.  

 

Shape: Pollen grains are symmetrical and their shape may be any of a number of 

geometrical designs; for example triangular, spherical or elliptical.  There are also 

differences in shape within these basic groups.  A triangular pollen grain may have 

convex or concave sides for example. Shape cannot be used in isolation as an 

identifying characteristic, but is species specific and is used in conjunction with other 

morphological characters. 

 

Aperture Type:  Pollen grains hold the male genetic cells within them and these need to 

be released in order to fertilise the female ova. Openings to allow the escape of the male 

genetic cells are in the pollen wall.  The openings are known as apertures.  Apertures 

(some grains only have one) are either circular (pores) or are slit-like (colpi).  Some 

grains have both types of aperture.  The number, size and type/s of apertures present 

help in the identification process. 



 14 

Wall Structure: The pollen wall may comprise three layers but it is the outermost layer, 

which is of most significance in the identification process (Fig. 1).  The relative 

thicknesses of the layers within the wall are the primary characters for differentiation of 

species. Wall structure is species specific but for some closely related species electron 

microscopy may be required to differentiate them. Transmitted light microscopy (TLM) 

is sufficient to view and describe most pollen or spore walls.   

 

Sculpture: The ornamentation found on the outer layer of the pollen grain is referred to 

as the sculpture (Fig. 1.1).  The ornamentation may be protrusions from, or depressions 

in, the surface (Milne et al., 2005).  The terminology used to describe the different types 

of sculpture is very descriptive and includes terms such as reticulate (lace-like), echinate 

(spine-like) and granulate (sand grain-like).  Whether ornate or plain the amount of 

sculpture present is the same for all grains within a particular species.  Insect or animal-

pollinated plants produce pollen with usually very ornate sculpture, whilst some wind-

pollinated plants produce grains with very little surface ornamentation. The 

morphological features of reference pollen grains is listed in Appendix 4. 

 

 

 
 

Figure 1.1 Pollen wall sculpture and structure.  Adapted from Jarzen & Nichols (1996) 

 



 15 

1.4.3 Pollen analysis 
In any palynological sample there are other microscopic bodies present besides pollen 

and spores which may include, for example, fungal spores, dinoflagellates, diatoms and 

foraminiferal linings.  In this study these other bodies are not included in the count but 

together with pollen grains and spores they make up the palynomorph assemblage.  

Pollen analysis involves the examination and identification of the pollen and spore types 

present in an assemblage to the lowest taxonomic level possible and calculation of the 

percentage occurrence of these grains.  

 A count of the first 200 grains encountered is recorded and a scan of one or 

more slides is made to ensure no other pollen or spore type has been missed.  The 

relative percentage of pollen and spore types present in an assemblage is often 

indicative of the type of environment from which the sample came. From a forensic 

viewpoint this is useful knowledge. For example, a suspect’s muddy shoes may elicit a 

pollen assemblage that indicates he or she has been in a woodland environment and not 

near the beach where a body was found. Knowledge regarding which type of pollen 

grains are to be expected in an assemblage is also useful.  This is achieved by 

conducting a vegetation survey (Ch. 3) of the local and regional environments of a 

crime scene.  Unexpected pollen in a control sample may indicate contamination or the 

introduction of pollen by other means (e.g. an annual plant not noted in the vegetation 

survey because it has died off but its pollen remains) but may be very useful when 

found as a forensic marker.  

 In a forensic exhibit however, the assemblage present will be a mixture of 

pollen acquired over the lifetime of a particular item and often needs to be matched to a 

particular place or person without any knowledge of the environment involved.  For 

example, if the pollen assemblage obtained from a body’s nasal cavities was very 

dissimilar to the assemblage obtained from the body deposition site it may indicate the 

deceased person stopped breathing somewhere else and was transported to the 

secondary site.  The pollen assemblage obtained from the nasal cavities may indicate a 

particular type of plant environment where the deceased was last breathing, and this in 

turn may aid investigators. 

It is rarely possible to use traditional statistical analyses for palynological data 

due to the large number of variables that need to be taken into account (Horrocks and 

Walsh, 1998). These include the differing pollen production and dispersal methods for 

each of the many plant species that potentially can contribute to a pollen assemblage, 

and the preservation potential of grains from certain species in relation to their 
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environment of deposition. When samples to be compared are from different locations 

and environments, the number of variables increases. However, statistical analysis has 

been conducted in studies with limited variables. These  include  the comparison of 

pollen data from replicate samples (Bruce and Dettmann, 1996), and the comparison of 

solely airborne pollen from corpses with data from existing airborne pollen calendars 

(Montali et al., 2005).  

For palynological evidence to be presented in court, Horrocks and Walsh (1998) 

suggest a ‘likelihood ratio’ to illustrate the significance of the evidence ranging on a 

scale from evidence ‘increasingly supporting non-association’ to evidence ‘increasingly 

supporting association’ with a crime (e.g. strongly supports, weakly supports).  

 

 

1.4.4 Preservation 
Pollen walls are composed to a large extent of sporopollenin, a very durable biopolymer 

that resists degradation.  Only oxidising acids and prolonged exposure to aerobic 

conditions will degrade the pollen and spore walls.  Pollen and spores deposited in soil 

and buried in favourable conditions can survive for millions of years.  Care must be 

taken when storing samples to ensure they are kept in an acidic and anaerobic 

environment.  Since pollen and spores preserve so well they can be found on exhibits, if 

stored correctly, many years after a crime has been committed. 

 

 

 

 



2. MATERIALS and METHODS 
 

2.1 Research Areas 
The two Perth metropolitan wetlands chosen for this research project have similar extant 

vegetation, but very different histories of use.  Herdsman Lake Regional Park (HL) has 

a complex history of agricultural and other use and the Eric Singleton Bird Sanctuary 

(ESBS) was previously a rubbish dump. Figure 2.1 shows the location of these wetlands 

relative to each other and the Perth CBD. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 

N 

1 km 

B 
A 

Figure 2.1 Location of Herdsman Lake (A) and Eric Singleton Bird Sanctuary (B). Map adapted 

from UBD Perth Street Directory, 2005, 47th edition.  

 

Permission to take samples from these wetlands was granted by officers of the 

organisations that manage them: the Herdsman Lake Operations Officer of the 

Department of Conservation and Land Management (CALM) and the Environmental 

Co-ordinator of the City of Bayswater.  

Terminology used throughout this work relating to sample sites is: 

Research Area or Wetland = Herdsman Lake Regional Park (HL) or Eric Singleton 

Bird Sanctuary (ESBS). 

Site = a place within a wetland with a distinct vegetation habitat e.g. HL Site One 

(Paperbark swamp). 

Location = a place within a site e.g. lake edge or path edge, HL Site One 
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2.1.1 Herdsman Lake Regional Park 
The following information is taken in part from ‘Parks for People’ Draft Interpretation 

Plan for Herdsman Lake Regional Park 2003 by the Department of Conservation and 

Land Management (CALM) and also in part from Jaensch (1992) in ‘A Directory of 

Important Wetlands in Australia’ by the Department of the Environment and Water 

Resources. 
Located approximately 7 kilometres northwest of the Perth CBD, and 

surrounded by residential and industrial areas, is Herdsman Lake (HL); ‘part of a chain 

of wetlands that extend north south within the Spearwood Dune System.’ Herdsman 

Lake (WA080) is considered a wetland of ‘national importance’ and measures 2.5 km 

by 2 km (250 ha.) and together with surrounding areas measures almost 370 hectares 

(Fig. 2.2). 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
Figure 2.2 Location of Herdsman Lake Regional Park. Map adapted from www.whereis.com.  

Herdsman Lake has undergone significant modification since indigenous Australian 

Aboriginal people, who call the area Ngurgenboro, utilised the area as a food and water 

source.  Following European settlement the area has been used as a cattle grazing 

ground, as a market garden and a catchment for run off from surrounding market 

gardens. It has also been mined for the diatomaceous earth which lies below the lake 

bed.  

The creation of two drains (Balgay Branch Drain and the Herdsman Main Drain) 

which cross the lake helps prevent it from becoming contaminated by the water within 

them.  Many smaller drains flow directly into the lake from a catchment area that 

 18

http://www.whereis.com/


contains urban housing, light industry and market gardens.  The innermost area of the 

wetland is dry in the summer months but a moat has been dredged around the fringes of 

the lake to create some deep permanent water bodies. 

Within the Herdsman Lake Regional Park are recreational areas, bush walking 

tracks and a Wildlife Centre which caters for education on conservation and 

environmental matters.  The dominant vegetation of HL is Bulrush (Typha orientalis), 

which invaded the area as a consequence of the former use of the lake for agriculture, 

but there is also Swamp Paperbark (Melaleuca rhaphiophylla) and Flooded Gum 

(Eucalyptus rudis) woodlands and grassed areas.  Many species of wildlife inhabit HL, 

particularly waterbirds. 

 

2.1.2 Eric Singleton Bird Sanctuary 
The following information is taken in part from an environmental management plan 

submitted to the City of Bayswater in 1990 by Brian J. O’Brien and Associates Pty. Ltd. 

and from signage at the site. 

Located approximately 6 kilometres northeast of the Perth CBD, in a residential 

area, the Eric Singleton Bird Sanctuary (ESBS) is a 4 hectare lake (Fig. 2.3). The 

sanctuary is situated within 40 hectares of parkland known as Riverside Gardens. The 

lake and gardens lie on the floodplain of the Swan River which runs along the southern 

edge of the complex. The western edge of the ESBS is bordered by the Bayswater Main 

Drain (a very large stormwater drain).  

 

 

 

 

 

 

 

 

 

 

 

 

  
Figure 2.3 Location of Eric Singleton Bird Sanctuary. Map adapted from www.whereis.com 

Eric Singleton 
Bird Sanctuary
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The ESBS is a former natural paddock/occasional wetland. Early European 

settlers probably used the paddock as a market garden in the drier months and 

abandoned it in winter when it became a swamp. The lake was artificially created by 

piling rubbish on three sides of the occasional wetland but not in it.  The rubbish dump 

operated from 1972 until 1981.  It is unclear as to what soils were deposited in which 

location during the creation of the ESBS,  but local sand and clay is known to have been 

used to  protect the banks from erosion and the lake from pollution. The water level of 

the lake is maintained by rainfall, runoff and bore top-up.  

The original Swamp Paperbarks (Melaleuca rhaphiophylla) and Flooded Gums 

(Eucalyptus rudis) have largely not survived but there has been successful 

reintroduction of these and other native vegetation. The weeds present are thought to 

have been introduced with the rubbish.  The surrounding gardens are mainly grassed 

areas for recreational use. Aptly named, the ESBS is a haven for many species of birds. 

 

2.2 Vegetation Survey 
A vegetation survey of both research areas (HL and ESBS) was conducted with the kind 

assistance of Ms. Cate Tauss, a botanist, formerly with the Western Australian 

Herbarium and currently with Ecologia Environmental Consultants.   

Knowledge of the vegetation present at each of the sites was deemed necessary 

in order to obtain pertinent reference pollen, and to establish which pollen may be 

expected in a sample. Four sites displaying distinct vegetation characteristics within 

each research area were chosen, surveyed and vegetation at each site was documented.  

The survey was conducted during the winter months of 2004 and full lists of vegetation 

noted, along with site descriptions, are provided in Chapter 3.  Information detailing 

plant habitats and flowering periods is taken from FloraBase – the Western Australian 

Flora. 

 

2.3 Sample Collection and Storage 
2.3.1 Reference Samples 
Using the methodology described by Jarzen and Jarzen  (2006), two reference pollen 

samples each from 46 of the 76 plant species identified in the vegetation survey were 

collected from corresponding dried plant specimens held at the Western Australian 

Herbarium. A further five pollen samples were taken directly from living plants in the 

research areas.  Reference pollen slides of a further 17 plant species from the University 

of Western Australia’s Balme collection and from the private collection of Dr. Lynne 
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Milne were consulted.  Reference pollen for eight plant species was unable to be 

accessed either because there was no plant specimen at the Herbarium or the pollen 

from the species does not survive the palynological preparation process. Various 

websites and books portraying pollen photomicrographs were consulted but no images 

of the eight plant species required were found.  

 

2.3.2 Soil and Sediment Samples  

• Surface Samples 
Surface soil samples were collected from several locations within each of four sites 

in each wetland at different times of the year. Samples were collected using the 

methodology described by Adam and Mehringer (1975); i.e. by taking 10 - 15 

‘pinches’ from only the top 1 cm of soil in a grid-like fashion.   These ‘pinches’ 

were then amalgamated in a clean container dedicated to each individual sample.  

This homogenous mix of soil from numerous spaced pinches ensures the pollen 

assemblage is more representative of the circumscribed area than if the sample was 

taken from one locale within the site. Clean gloves were used for each sample in 

order to avoid cross-contamination. Wet samples were treated with a few drops of 

Ethanol, to retard fungal growth, before storage in a cold room at 4oC.  Moist soil 

samples were dried in an oven before storage at room temperature. 

 

 

• Core Samples   
One 50 cm core was taken at each of three 

sites in each wetland.  No cores were 

taken at Site Two of either research area 

as the ground was considered too hard for 

the coring equipment available. The 

locations of the core samples were chosen 

as would be burial sites of a body in an 

imaginary crime.  Each core was obtained 

by hammering vertically into the ground a 

1 m length of  polythene pipe (Fig. 2.4), 

measuring 10 cm in diameter, to a depth  

Figure 2.4 Equipment used to collect cores. 

screw top 
bung

hammer

handlepipe

screw top 
bung

hammer

handlepipe
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of 50 cm. Water was then poured into the pipe to fill the void.  A special screw top 

bung was inserted into the top of the polythene pipe and tightened, to form a seal, 

before the pipe containing the core was lifted out of the ground using the lifting 

handles. Once above ground the bung was removed and the water was then carefully 

decanted, the excess pipe sawn off and both ends of the pipe were then capped. The 

pipes were marked to show which end was surface level. The cores were then 

stored, inside the pipes, in a cold room (4oC) at the School of Earth and 

Geographical Sciences, UWA. 

Cutting of each core was achieved by removing the end caps and securing the 

pipe in a specially constructed open ended box (Fig. 2.5A). A router was applied 

along the full length of the pipe; the pipe 

was then rotated through 1800 and the 

router was applied again. A sharp blade 

was used to cut through the pipe at the 

indentations made by the router, and a 

fine toothed saw was then used to divide 

each core into two halves (Fig. 2.5B).  

Approximately 2 cm2 of sediment 

present in each core was  taken at 

surface level and then at depths of 5 cm, 

10 cm, 20 cm, 30 cm, 40 cm and  50 cm 

(Fig. 2.5C).  To avoid possible 

contamination, as the saw had passed 

through the entire length of the core, the 

top 2 mm of sediment from each cut 

edge was discarded.  

 

 
 
 
 
 

Figure 2.5A - C. Core cutting equipment. A. Router atop polythene pipe which is held in a 
specially constructed box.  B.  Two halves of core that has been cut.  C.  Tape measure 
alongside a cut core shows depths sampled. 
 

 

 

A 

B 
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2.4 Sample Preparation 
The aim of the palynological preparation process is to destroy or remove almost the 

entire non-pollen fraction in a sample and to concentrate the pollen fraction that remains. 

As the palynological process destroys all but the pollen, if possible, at least a half of the 

sample is retained for repeat processing, if necessary, or for different types of analyses 

(e.g. mineralogy) by other scientists.  Combining scientific disciplines has proved 

beneficial in a number of cases (e.g. Brown, Smith and Elmhurst, 2002; Mildenhall, 

2003). The palynological process removes all of the internal protoplasm of the pollen 

grains and leaves only the empty ‘shell’ whose surface ornamentation is, along with other 

features detailed later, examined in an attempt to identify the plant that produced the 

pollen to the lowest taxonomic level possible.   

The techniques used to prepare the samples for light microscopy are largely 

based on those described by Phipps and Playford (1984).  During the preparation 

process each sample was monitored to determine if some of the steps described needed 

to be repeated or omitted altogether.  Soil and sediment samples required all seven steps 

of the modified preparation process outlined below.  Pollen taken directly from 

reference collections or fresh anthers required only steps 4 – 7.  Eyring (1996) stated 

that the techniques employed need to “free it”, “clean it”, and “mount it”.  ‘It’ being the 

pollen present in the sample.  

Possible contamination of all samples was avoided by the use of clean 

equipment dedicated to one sample only, and by the use of beaker covers and disposable 

pipettes where possible.  Safety measures required in the preparation of samples were 

employed including the use of fume cupboards and protective clothing. 

 

• Reference Samples 
A minimum of five mature pollen bearing anthers was collected for processing from 

reference or field collections. In total, 92 pollen reference samples were processed.  

 

• Soil and Sediment Samples 
The amount of soil from the surface samples considered adequate for processing 

was judged to be the amount required to cover the bottom of a 250 ml beaker.  

Twice as much was required for samples containing a lot of sand.  A 2 cm2 plug of 

sediment from each of the seven depths of the cores was processed. In total, 42 

surface soil and 42 sediment samples were processed.  
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2.4.1 Palynological Processing Steps 
 
STEP 1:  Pre-HF Treatment 

STEP 2:  Silicate Removal 

STEP 3:  Fluoride Removal 

STEP 4:  Acetolysis 

STEP 5:  Alkali Treatment 

STEP 6:  Removal of Extraneous Material from Residue 

STEP 7:  Slide Making 

 

Following completion of each step, samples were washed in hot or cold distilled water 

(DW) followed by three minutes centrifugation at 3000 rpm (except where noted).  

Supernatant fluid was discarded after each spin. Soil and sediment samples were 

prepared in beakers and 50 ml centrifuge tubes and reference samples were prepared in 

10 ml tubes. 

 

STEP 1: Pre-HF Treatment 
Large organic matter such as twigs and leaves in surface soil samples was removed 

manually prior to treatment.  The sediment in the cores required disaggregation, by 

crushing with a glass rod, prior to processing.  Calcium and magnesium carbonates were 

then removed from the samples by heating in 50% hydrochloric acid (HCl).  Time on 

the hotplate was determined by the cessation of a positive ‘frothing’ reaction. 

 

STEP 2: Silicate Removal 
A minimum of two days soaking in cold 50% hydrofluoric acid (HF) was required to 

‘digest’ the clay, quartz, and other silicates in most of the samples.  Some samples 

required further soaking (up to six days) with the addition of fresh HF to maximise the 

removal of silicates.   

 

STEP 3: Fluoride Removal 
Fluorosilicate compounds, which are a by-product of the reaction of HF with silica, 

were removed by heating the samples to boiling point in 50% HCl. The samples were 

then washed three times with hot DW to ensure the complete removal of the 

fluorosilicates.  
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STEP 4: Acetolysis 
Acetolysis dissolves some of the cellulose present in a sample and clears pollen of its 

protoplasm and darkens pollen grains, which allows for better visualisation of apertures 

and surface morphology. Moist or wet samples required dehydrating with a minimum of 

two washes in glacial acetic acid (CH3COOH) before coming in contact with the 

acetolysis mixture.  This mixture is made up of 1 part concentrated sulphuric acid 

(H2SO4): 9 parts acetic anhydride [(CH3CO)2O]. Samples were placed in 50 ml or 10 ml 

centrifuge tubes with 20 ml or 5 ml of acetolysis mixture and placed in a hot water bath 

for 4 minutes, agitated, then heated for a further 4 minutes.  Glacial acetic acid was then 

added to the mixture to stop the acetolysis reaction.  The samples were then centrifuged, 

the supernatant fluid discarded and a further two washes in CH3COOH with 

centrifugation in between was performed. The resultant residue was then washed with 

DW and centrifuged three times. 

 

STEP 5: Alkali Treatment  
Soil and sediment samples required removal of organic fines (fine humic material) from 

the residue. This was achieved by heating the sample in a hot water bath, in a 10% 

solution of sodium or potassium hydroxide (NaOH or KOH), for three minutes.  The 

residue was then rinsed with DW until the supernatant appeared clear.   A few drops of 

concentrated HCl were added to the residue and heated for a minute to ensure the pollen 

grains were kept in an acidic environment. 

Reference samples did not require this step, however large or fresh anthers were given 

an alkali treatment as described above to soften them before the acetolysis treatment.  

 

STEP 6: Removal of Extraneous Material from Residue 
To concentrate the pollen fraction in the residue further the samples were passed 

through a nylon sieve with an aperture diameter of 150 microns (µm). Some samples 

required another hot HCl treatment followed by DW washes to free the residue of any 

clumped particles. 

 

STEP 7: Slide Making 
Three slides were made for each sample.  The mounting medium used was Eukitt®, 

which has the advantage of preserving and permanently fixing the pollen grains in 

position, unlike glycerine jelly and silicone oil favoured by some palynologists.  No 

staining of pollen grains was undertaken. 

 25
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2.5 Microscopy and analysis 
Microscopic examination of all of the slides was conducted in the University of Western 

Australia’s School of Earth and Geographic Sciences Microscopy Laboratory.  Of the 

reference pollen slides examined a minimum of 10 grains, on each of the two slides of 

each species made, were measured, recorded and their size averaged. Other basic 

morphological features were also noted (Appendix 4.).  

 Slides made from the soil and sediment samples were examined to characterise 

the pollen assemblage in each sample. This was arrived at by counting and identifying 

200 pollen grains, and further scanning the slides to identify additional pollen types 

present not encountered during the count. A total of 200 grains is considered 

representative of a complete pollen grain assemblage (Bryant, 2000). Most slides 

produced a count of 200 grains or more, but some produced less, and some no count at 

all. The resulting data from individual surface and core samples (grave profile) was 

compared within and across sites and wetlands. The data from all samples within each 

core was combined to form composite burial assemblages for comparison.  

The same Olympus BX60 transmitted light microscope (TLM) was used for all 

of the slides examined and pollen grains were then photographed at 1000x actual size 

(except where noted) using an Olympus DP11 digital camera attached to the TLM.  

Photomicrographs made were formatted using the Adobe®Photoshop®7.0 programme 

and selected ones are illustrated in Plates 1 - 5.  Reference pollen sample 

photomicrographs made were kept as a permanent record to assist in the identification 

process and to add to a future database of locally sourced pollen grains.   

Photomicrographs of unidentified pollen were also made and compared to 

photomicrographs of the reference pollen and in most cases identification was made at 

least to family level.    

Traditional statistical analysis has not been carried out on the data due to the vast 

number of variables (see Ch. 1, p. 15).   
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3. VEGETATION 
 

3.1 Vegetation Survey 
The four sites chosen within the two wetlands, Herdsman Lake (Figs. 3.1-3.5) and the 

Eric Singleton Bird Sanctuary (Figs. 3.6-3.10) represent different vegetation 

communities and were surveyed and the vegetation present documented (Table 3.1).  

This was done in order to determine which pollen types to expect in assemblages from 

surface soil samples at each site, (downhole pollen assemblages are not necessarily 

influenced by vegetation at the surface). The site vegetation descriptions that follow are 

as they appeared at the time of the vegetation survey in June and July 2004. 

The total number of plants identified at both research areas was 76 plant species 

representing 35 plant families and 61 plant genera. 

 

3.2 Herdsman Lake Sites 
  
 
 

 

 
 

 

 

 

 

 

 

 

 

 
Figure 3.1 Aerial view of 

Herdsman Lake showing 

Sites 1 - 4. Photograph 

courtesy of the Department 

of Land Information (DLI) 
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Herdsman Lake Site One 
 
This site lies at the south western edge of the lake in a Swamp Paperbark woodland 

(Fig. 3.2). The dominant vegetation is the Swamp Paperbark (Melaleuca rhaphiophylla) 

and the ubiquitous Bulrush (Typha orientalis).   The site was chosen as it is a quiet 

secluded spot which could potentially play host to an array of criminal activities. Of 

note at this site was the presence of a single Smooth Heliotrope plant, (Heliotropium 

curassavicum), which has only ever been recorded at one other Perth location. 

Subsequent visits to the site, however, failed to locate this plant again as its location was 

flooded. 

Seventeen plant species were identified at this site, representing 15 plant 

families and 17 plant genera. 

 

 
 
Figure 3.2 Herdsman Lake Site One.  Melaleuca rhaphiophylla  
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Herdsman Lake Site Two 
 
This site is on the western edge of the lake and is accessed by a pathway that travels 

through disturbed land (Fig. 3.3).  Mounds of soil are piled high along the pathway and 

have presumably come from a fairly new housing estate in the vicinity. Weeds are 

present at this site as well as the ubiquitous Typha orientalis. Melaleuca rhaphiophylla 

and Eucalyptus rudis are also well represented.  Although close to houses, the site is a 

secluded enough location in which to perpetrate a crime. 

Eighteen plant species were identified at this site, representing 14 plant families 

and 17 plant genera. 

 

 
 
Figure 3.3 Herdsman Lake Site Two.  Acacia saligna and Typha orientalis in the foreground. 

Melaleuca rhaphiophylla and Eucalyptus rudis in the background. 
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Herdsman Lake Site Three 
 
This site lies on the bank of the north western edge of the lake, in an area known as 

‘Popeye Park’ (Fig. 3.4).  Newly planted native sedges fringe the lake here and a 

grassed area with some native trees and shrubs are in the vicinity.  Once again Typha 

orientalis is a dominant plant at this site. 

Eleven plant species were identified at this site, representing five plant families 

and eight plant genera. 

 

 
 
Figure 3.4 Herdsman Lake Site Three.  Typha orientalis. (Photograph taken at core site with 

‘Popeye Park’ behind photographer). 
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Herdsman Lake Site Four 
This site lies opposite a light industrial complex off a busy road on the north eastern 

boundary of the HL Regional Park (Fig. 3.5).  The road is a convenient way to access 

this site and hypothetically a body could easily be transported here. The dominant 

vegetation at this site is Bracken (Pteridium esculentum) and the Swamp Paperbark 

(Melaleuca rhaphiophylla).   

Seven plant species were identified at this site, representing five plant families 

and seven plant genera. 

 

 
 
Figure 3.5 Herdsman Lake Site Four.  Surface soil sampling amongst Pteridium esculentum. 
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3.3 Eric Singleton Bird Sanctuary Sites (ESBS)  

 
 

 

 
 

Figure 3.6  

Aerial view of the Eric 

Singleton Bird 

Sanctuary showing 

Sites 1 - 4. Photograph 

courtesy of the 

Department of Land 

Information (DLI) 

 

Eric Singleton Bird Sanctuary Site One 
 
This site lies at the northern end of the ESBS, close to the entrance of the sanctuary, and 

is west of the drain (Fig. 3.7). It is accessed by a pathway to the river that divides the 

main lake from a small body of water known as ‘The Pool’.  The Swamp Paperbark 

(Melaleuca rhaphiophylla) dominates this site along with the ubiquitous Bulrush 

(Typha orientalis). This site was chosen as it has similar vegetation to HL site one.  

Although not so secluded this site is isolated enough to host criminal activity. 

Twenty nine plant species were identified at this site, representing 17 plant 

families and 28 plant genera. 

 

 

 

 

 

 
Figure 3.7 

Eric Singleton Bird 

Sanctuary Site One 

Melaleuca 

rhaphiophylla   

 

 



 33 

Eric Singleton Bird Sanctuary  Site Two 
 
This site lays south west and approximately 100 metres from Site One in a grassed area 

of Riverside Gardens (Fig. 3.8). The land appears to have been disturbed, and at the 

time of the survey had soil piled along its northern edge. Besides grass this site 

contained weeds and native vegetation as at HL Site Two. Access to this site is via an 

unlit car park.   

 Eighteen plant species were identified at this site, representing 12 plant families 

and 15 plant genera. 

 

 
 
Figure 3.8  Eric Singleton Bird Sanctuary Site Two.  *Arundo donax and *Ricinus communis. 
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Eric Singleton Bird Sanctuary  Site Three 
 

This site lies on the south eastern edge of the sanctuary on the bank of the main lake 

(Fig. 3.9).  The vegetation here appeared immature and signage nearby the site 

suggested that planting of trees and shrubs had taken place as part of a conservation 

programme. Parkland surrounds this site as at HL Site Three. 

Sixteen plant species were identified here, representing nine plant families and 

15 plant genera. 

 

 
 
Figure 3.9  Eric Singleton Bird Sanctuary Site Three.  Photograph taken at core site with 

parkland behind photographer. 

 

 

 

 

 

 

 



 35 

 

Eric Singleton Bird Sanctuary Site Four 
 
This site lies on the north eastern edge of the sanctuary (Fig. 3.10).  The vegetation here 

appeared to be a mixture of immature plants, as noted at Site Three, and fully matured 

trees and shrubs. Unfortunately no Bracken (Pteridium esculentum) was located here or 

anywhere at the ESBS, as at the corresponding site at HL.  Grassed parkland also 

surrounds this site. 

Twenty two plant species were identified here, representing 12 plant families 

and 17 plant genera. 

 

 
 
Figure 3.10  Eric Singleton Bird Sanctuary Site Four.  On the left of the pathway is a slope 

down to the lake and ESBS Core Site Four. 

 

Vegetation common to both research areas include 16 plant species representing 11 

plant families and 16 plant genera (Table 3.2). 
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Table 3.1 Vegetation Survey – Plants Species Identified 

   Herdsman Lake  Eric Singleton  

Family Species  HL1 HL2 HL3 HL4  ES1 ES2 ES3 ES4 

Aizoaceae *Tetragonia decumbens          

Anacardiaceae *Schinus terebinthifolia          

Apiaceae Centella asiatica          

Apiaceae *Foeniculum vulgare          

Araceae Colocasia esculenta          

Asteraceae *Conyza bonariensis           

Asteraceae *Hypochaeris glabra          

Asteraceae *Symphyotrichum subulatum          

Basellaceae *Anredera cordifolia          

Boraginaceae Heliotropium curassavicum          

Brassicaceae *Brassica tournefortii          

Casuarinaceae *Casuarina cunninghamiana          

Casuarinaceae Casuarina obesa          

Chenopodiaceae Suaeda australis          

Cupressaceae Callitris preissii          

Cyperaceae Baumea articulata          

Cyperaceae Baumea juncea          

Cyperaceae Baumea preissii          

Cyperaceae Bolboschoenus caldwellii          

Cyperaceae Carex fascicularis          

Cyperaceae Schoenoplectus validus          

Dennstaedtiaceae Pteridium esculentum          

Euphorbiaceae *Euphorbia terracina          

Euphorbiaceae *Ricinus communis          

Fumariaceae *Fumaria muralis          

Geraniaceae *Pelargonium capitatum          

Hamamelidaceae Liquidambar styraciflua         

Juncaceae Juncus kraussii          

Juncaginaceae Triglochin striata          

Lamiaceae Hemiandra pungens          

Meliaceae Melia azedarach          

Mimosaceae Acacia cyclops          

Mimosaceae Acacia pulchella          

Mimosaceae Acacia saligna          

Mimosaceae Paraserianthes lophantha          

Moraceae *Ficus carica.          

Myrtaceae Agonis flexuosa          

Myrtaceae Calothamnus quadrifidus          

Myrtaceae Chamelaucium uncinatum          

Myrtaceae Eucalyptus camaldulensis          

Myrtaceae Eucalyptus gomphocephala          

Myrtaceae Eucalyptus rudis          

Myrtaceae Kunzea glabrescens          
* Alien and naturalised to Western Australia 
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Table 3.1 (cont.) Vegetation Survey – Plants Species Identified  

    Herdsman Lake  Eric Singleton  

Family Species HL1 HL2 HL3 HL4  ES1 ES2 ES3 ES4 

Myrtaceae *Leptospermum laevigatum          

Myrtaceae Melaleuca huegelii          

Myrtaceae Melaleuca lanceolata          

Myrtaceae Melaleuca quinquenervia          

Myrtaceae Melaleuca rhaphiophylla          

Myrtaceae Melaleuca systena          

Myrtaceae Melaleuca teretifolia          

Myrtaceae Melaleuca viminea          

Onagraceae *Oenothera drummondii          

Oxalidaceae *Oxalis pes-caprae          

Papilionaceae *Chamaecytisus palmensis          

Papilionaceae Hardenbergia comptoniana          

Papilionaceae Jacksonia calcicola          

Papilionaceae *Lupinus cosentinii          

Papilionaceae Viminaria juncea          

Poaceae *Arundo donax          

Poaceae *Cynodon dactylon         

Poaceae *Ehrharta calycina          

Poaceae *Eragrostis curvula          

Poaceae *Melinis repens          

Poaceae *Paspalum dilatatum          

Poaceae *Paspalum distichum          

Poaceae *Pennisetum clandestinum)         

Poaceae Sporobolus virginicus          

Polygonaceae Persicaria decipiens          

Proteaceae Banksia grandis          

Proteaceae Banksia littoralis          

Proteaceae Hakea varia          

Rosaceae *Rubus ulmifolius          

Salicaceae *Salix babylonica          

Solanaceae *Solanum nigrum          

Typhaceae *Typha orientalis          

Verbenaceae Phyla nodiflora          
*Alien and naturalised to Western Australia 

 

 

• Sites One  
Of the 23 plant species identified, nine species are common to both sites.  The 

dominant vegetation at both sites is typical of a Swamp Paperbark environment.  

Melaleuca rhaphiophylla, Typha orientalis and Eucalyptus rudis are present along 

with Centella asiatica, and Persicaria decipiens which all thrive in wet 

environments.  
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Table 3.2 Vegetation common to both research areas 

 

   HERSDMAN   ESBS 

FAMILY SPECIES 1 2 3 4   1 2 3 4 

Apiaceae Centella asiatica               

Asteraceae *Conyza bonariensis                

Asteraceae *Symphyotrichum subulatum               

Cyperaceae Schoenoplectus validus                 

Euphorbiaceae *Euphorbia terracina                 

Euphorbiaceae *Ricinus communis                

Mimosaceae Acacia saligna             

Myrtaceae Agonis flexuosa               

Myrtaceae Eucalyptus rudis          

Myrtaceae Melaleuca rhaphiophylla           

Papilionaceae *Lupinus cosentinii                 

Papilionaceae Viminaria juncea                

Poaceae *Pennisetum clandestinum             

Polygonaceae Persicaria decipiens               

Solanaceae *Solanum nigrum               

Typhaceae *Typha orientalis             
*Alien and naturalised to Western Australia 

 

 

• Sites Two  
These sites border onto a wet environment but are typical of waste or disturbed land 

sites. Common to both sites are the opportunistic plants Ricinus communis and 

Lupinus cosentinii.    

                          

• Sites Three  
Both sites border the lakes, are surrounded by parkland, and have the Flooded Gum, 

Eucalyptus rudis and a grass, Pennisetum clandestinum in common. 

 

• Sites Four 
The dominant vegetation at HL is Bracken, Pteridium esculentum, and none was 

observed anywhere throughout the ESBS.  Two plants however are common to both 

sites namely the canopy trees Melaleuca rhaphiophylla and Eucalyptus rudis. 
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4. RESULTS – Surface Samples 
 

4.1 Introduction 
The pollen assemblages recovered from the surface soil samples at each location at 

Herdsman Lake and the Eric Singleton Bird Sanctuary are presented and discussed in 

this chapter.   

All surface samples were collected by amalgamating ‘pinch’ samples from the 

top 1 cm of soil (Adam and Mehringer, 1975) and prepared following the steps outlined 

in Chapter 2. Pollen was identified where possible to the lowest taxonomic level using 

reference photomicrographs, slides from reference collections and databases on 

international websites for comparison.  Where identification to species level has not 

been possible, pollen has been grouped into genera or classed as different types of a 

family either by number or size. 

 Difficulties encountered in the identification process were due to the orientation 

and folding and degradation of some of the pollen grains.  Although pollen is extremely 

durable some grains, if attacked by fungi or not buried in a suitable environment, will 

degrade overtime (Milne et al., 2005).  The degraded pollen usually retains its shape but 

loses its surface ornamentation, a major identification characteristic.   

 

4.1.1  Grouping of Major Families  

• Plates 1-5 illustrate selected photomicrographs of pollen grains from reference 

collections and soil and sediment samples. 

• Poaceae (grasses) pollen is characteristically non–descriptive.  It is spherical, 

monoporate and has very little or no surface ornamentation. Where identification 

to the generic level was not possible, grains have been grouped into Poaceae spp 

measuring <30 µm (Pl. 1e) and Poaceae spp measuring >30 µm (Pl. 1b-d).   

• Myrtaceae pollen is triangular and syncolporate or parasyncolporate (i.e. they 

have three pores and three merging colpi).  Where wall structure and surface 

ornamentation is indiscernible, pollen of the Myrtaceae family has been grouped 

into two genera: Eucalyptus spp (Pl. 2p) and Melaleuca spp. Myrtaceous pollen 

of uncertain affinity has been grouped into Myrtaceae spp (Pl. 2q, r). 

• For ease of comparison the Asteraceae family, which here has four distinctly 

different but unidentified genera within it, has been named Asteraceae Types 1- 

4.  
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4.1.2  Yield and Diversity Ratings 
In the following sample descriptions, the Yield Rating has been determined by the 

number of pollen grains found and the number of slides examined (Table 4.1). The 

Diversity Rating of each pollen assemblage has been scored according to the number of 

pollen types it contains (Table 4.2). 

 
Table 4.1 Pollen Assemblage Yield Rating 

YIELD RATING Number of GRAINS Number of SLIDES 

SPARSE 100 or less 3 

LOW 101 – 200 3 

FAIR 200 1 - 2  

RICH 200 + ½ - 1 

 
 
Table 4.2 Pollen Assemblage Diversity Rating 
DIVERSITY RATING Number of POLLEN TYPES 

POOR < 9 

MODERATE 9 – 18 

VERY DIVERSE > 18 

 

There is no Western Australian pollen databank to refer to, therefore many pollen grains 

remain unidentified and herewith are referred to as ‘Unidentified’. 

Tables 4.3 – 4.10 contain the relative percentage occurrence of pollen types for 

each surface soil sample in order of family.  Appendices 5 – 10 contain these results 

side by side for ease of comparison, separately listed in genus or species levels and 

family groups. Significant findings obtained from the data are discussed. Samples 

containing only rare (i.e. few) pollen grains were considered unreliably 

representative/accurate and are declared as being devoid of palynomorphs.   

  The pollen assemblages obtained from surface soil samples (such as these 

discussed below) may be used in a forensic case to compare with assemblages obtained 

from items recovered from a suspect.  Items placed on the ground by a suspect and then 

removed, for example, shoes, a shovel, bucket, blanket or clothing, will in most cases 

carry surface soil with it, which can then be palynologically analysed and compared 

with known pollen data from a given site.  
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4.2 Herdsman Lake 
 
Herdsman Lake Site One  
This site is a typical Swamp Paperbark woodland dominated by the Swamp Paperbark 

Melaleuca rhaphiophylla, (Pl. 2m, n) and the ubiquitous Bulrush Typha orientalis, (Pl. 

11n). 

Two surface soil samples (SU12, SU13) and one water sample (SU21) were 

collected at this site in May 2005 (autumn); one surface soil sample (SU40) and one 

water sample (SU41) were collected in October 2005 (spring). (Water samples were 

collected because the core was taken in water, see Ch. 5).  The surface soil samples 

were collected from either side of a pathway adjacent to the core site for a distance of 

approximately 20 m.  Sample SU12 was collected from a 2 - 3 m2 area of a bank 10 m 

from the core site. The water samples produced very few palynomorphs and are deemed 

devoid of palynomorphs.  Table 4.3 contains the percent occurrence of pollen and 

spores obtained from this site. 

 

Sample SU12 – Yielded a sparse (Table 4.1), moderately diverse assemblage (Table 

4.2) of well-preserved palynomorphs.  Fumaria muralis (Pl. 2f - h) dominates this 

assemblage (32%).  Prominent also is pollen of the Myrtaceae family (24%), including 

7% Melaleuca spp, and Typha orientalis (22%).  The remaining 22% comprises pollen 

of the Poaceae (grass) family, other taxa and unidentified grains. 

 

Discussion - As expected from the vegetation at this site, pollen of Typha orientalis 

and the Myrtaceae family are prominent in the surface soil pollen assemblage. The 

pollen of T. orientalis is dispersed by wind and Myrtaceae are generally zoophilous but 

also use wind as a means of pollen dispersal. However, it is the unusual occurrence of a 

high percentage (32%) of Fumaria muralis pollen in this assemblage that characterises 

it.  Most Fumariaceae species in southern Western Australia are not native but 

naturalised, annual weeds and are predominantly insect-pollinated. Fumaria muralis 

flowers from June to December (FloraBase), and although it was not identified during 

the vegetation survey in June, it probably grew at this location in a previous season and 

its pollen has remained at the site, or an anther was inadvertently collected which has 

skewed the result (Mildenhall et al., 2006). 

Site One at Herdsman Lake had the lowest pollen yield of all the sites sampled 

in both wetlands, with only one sample yielding a result. This site is naturally very 
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damp and often flooded. Any pollen that may have been on or near the pathway may 

have been washed from it prior to the samples being collected.  

 
Table 4.3 Percent occurrence of pollen and spores in surface samples from HL Site One. 

SAMPLE #   SU 12 SU 13 SU21 SU40 SU41 
LOCATION   bank path water path water 
DATE    May 2005 October 2005 
         
FAMILY GENUS/SPECIES      
Asteraceae Type 4 1     
Fumariaceae Fumaria muralis 32     
Casuarinaceae spp 2     
Myrtaceae Eucalyptus spp 4     
Myrtaceae Melaleuca spp 7     
Myrtaceae   spp 13     
Poaceae Pennisetum clandestinum 3     
Poaceae spp >30 µm 11     
Typhaceae Typha orientalis 22     
Unidentified  Unidentified 5     
TOTALS   100 0 0 0 0 
 

 

Herdsman Lake Site Two  
This disturbed land site borders the lake and is approached through a rapidly expanding 

residential area.  The vegetation here features the ubiquitous Typha orientalis, 

Melaleuca rhaphiophylla, other native trees and shrubs and weeds.  
Two surface soil samples (SU14, SU15) were collected in May 2005 (autumn) 

and one surface soil sample (SU39) was collected in October 2005 (spring).  Samples 

SU14 and SU39 were collected over a 2 m2 area of barren/disturbed ground and sample 

SU15 was collected along a pathway 2 m away from the other two samples for a 

distance of approximately 10 m. A fair yield (see Table 4.1) of well-preserved 

palynomorphs was recovered from all samples.  Table 4.4 contains the percent 

occurrence of pollen and spores obtained from this site. 

 

Sample SU14 - A moderately diverse assemblage dominated by Typha orientalis 

(65%).  Prominent also is Myrtaceae pollen (18.5%) with 9% of it being Melaleuca spp. 

The remaining 16.5% of the assemblage comprises grass pollen (4.5%), 

Chenopodiaceae (saltbush, 4.5%, Pl. 1o, p) and other taxa. 

 



 43 

Sample SU15 - A moderately diverse assemblage dominated by Melaleuca spp (25%) 

and Asteraceae Type 2 (23%).  T. orientalis (11%), grass pollen (9.5%) and other taxa 

make up the rest of the assemblage. 

 

Sample SU39 – Assemblage diversity poor. Myrtaceae family pollen dominates 

(79.5%) with 52% of it being Eucalyptus spp.  The remaining 20.5% of the assemblage 

comprises T. orientalis (12.5%), Poaceae (grass, 6.5%) and other taxa. 
 

Table 4.4 Percent occurrence of pollen and spores in surface samples from HL Site Two 

SAMPLE #   SU14 SU15 SU39 

DATE COLLECTED   May 2005 
Oct 

2005 

LOCATION   
lake 
edge 

path 
edge 

lake 
edge 

FAMILY GENUS/SPECIES       
Asteraceae Type 1 1.5     
Asteraceae Type 2   23   
Asteraceae Type 4   10.5   
Casuarinaceae spp 1.5     
Chenopodiaceae spp 4.5 2.5   
Mimosaceae Acacia spp   0.5   
Myrtaceae Chamelaucium uncinatum 0.5     
Myrtaceae Eucalyptus spp 2.5 11.5 52 
Myrtaceae Melaleuca spp 9 25   
Myrtaceae spp 6.5 5.5 27.5 
Pinaceae Pinus spp 0.5 1 0.5 
Poaceae Pennisetum clandestinum 2.5 3.5   
Poaceae spp <30 µm 1   2 
Poaceae spp >30 µm 4.5 6 4.5 
Typhaceae Typha orientalis 65 11 12.5 
Unidentified Unidentified 0.5   0.5 
Cryptogam spores spp     0.5 

  TOTALS 100 100 100 
 
Discussion - The two samples collected (SU14, May and SU39, October) from the 

same location near the lake’s edge are palynologically quite different. In May, Typha 

orientalis pollen is dominant (65%), whereas in October Myrtaceae pollen is dominant 

(79.5%).   These findings correlate with the flowering periods of the plants, for 

example, T. orientalis flowers November – January (FloraBase) so it is expected that 

more pollen would be found three months after the flowering period than a month 

before.  

 Plants of the Myrtaceae family flower at different times with Melaleuca 

rhaphiophylla flowering from July – January and Eucalyptus rudis, which is not at the 

site but in the region, flowering from July – September (FloraBase).  Surprisingly, 

Melaleuca spp. features in the May samples (SU14 [9%] and SU15 [25%]), taken from 
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a different location at this site) two months before the flowering period, but none is 

found in the October sample, which is in the middle of its flowering period.  Plants of 

the Myrtaceae family are both anemophilous and zoophilous and the high percentage of 

Eucalyptus spp. pollen in these samples demonstrates the need for knowledge of the 

vegetation in the region.   

  Sample SU15, collected in May from a 10 m stretch along a pathway five 

metres from the lake’s edge, is palynologically very different from samples taken at the 

lake’s edge. The pollen assemblage in sample SU15 is distinguished from those of the 

edge of the lake by the high percentages of Asteraceae (daisy) pollen (Type 2, 23%, Pl. 

2t - v) and Type 4, 10.5%) and by the presence of a single Acacia spp grain (Pl. 5c - f).  

Being insect pollinated, plants of the Asteraceae and Mimosaceae family produce small 

amounts of pollen which does not travel far from the parent plant.  This finding supports 

research by Horrocks and Walsh (1999) that demonstrated that two sites only seven 

metres apart can be palynologically differentiated. 

 

Herdsman Lake Site Three  
This site lies on the north western edge of the lake and is bounded by ‘Popeye Park’, a 

large grassed area, and fringed by trees and shrubs.  At the lake’s edge the dominant 

vegetation is the ubiquitous Typha orientalis and newly planted native sedges 

(Cyperaceae). 

Two surface soil samples (SU16, SU17) were collected in May 2005 (autumn) 

and one surface soil sample (SU38) was collected in October 2005 (spring).  Samples 

SU16 and SU38 were collected from the same location near the core site (the lake’s 

edge) over a 2 m2 area.  Sample SU17 was collected 10 m away, along a 10 m strip of a 

pathway that separates the park from the lake foreshore.  Most samples have a fair yield 

of well-preserved palynomorphs in moderately diverse assemblages with most of the 

grains identified.  Table 4.5 contains the percent occurrence of pollen and spores 

obtained from this site. 

 

 Sample SU16 - Grass pollen (45%), Typha orientalis (21%) and Myrtaceae family 

pollen (20.5%) dominate this assemblage.  The remaining 13.5% comprises 

Casuarinaceae and Pinus spp (Pl. 5h).  

 

Sample SU17 - Grass pollen (56.5%) dominates this assemblage.  Prominent also is 

Myrtaceae pollen (12%), T. orientalis (11.5%) and Casuarina spp (11.5%).  
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 Sample SU38 - Myrtaceae pollen dominates this assemblage (50.9%).  Grass (19.9%) 

and T. orientalis (18.2%) are also prominent.  Fungal spores were noted in the sample 

but are not included in the count. 
 

Table 4.5 Percent occurrence of pollen and spores in surface samples from HL Site Three 

SAMPLE #   SU16 SU17 SU38 
DATE COLLECTED   May 2005 Oct 2005 
LOCATION   near core path near core 
FAMILY GENUS/SPECIES    
Apiaceae Centella asiatica  1  
Asteraceae Type 3  1  
Casuarinaceae spp 6.5 11.5 0.6 
Caryophyllaceae spp   1.2 
Chenopodiaceae spp 0.5  1.2 
Cyperaceae spp 1 0.5  
Myrtaceae Eucalyptus spp 6 5.5 21.2 
Myrtaceae Melaleuca spp 6 2 3 
Myrtaceae spp 8.5 4.5 26.7 
Pinaceae Pinus spp 4 2 6.1 
Poaceae Pennisetum clandestinum 9.5 3 3.6 
Poaceae spp <30 µm 6.5 11 1.8 
Poaceae spp >30 µm 29 42.5 14.5 
Typhaceae Typha orientalis 21 11.5 18.2 
Unidentified Unidentified 1.5 3.5 1.8 
Cryptogam spores spp  0.5  

  TOTALS 100 100 99.9 
 

Discussion - The pollen assemblages obtained from all the surface soil samples 

reflect the local vegetation with the addition of some wind dispersed pollen from the 

region.  Pollen of T. orientalis occurs in all samples (with little variation across the 

seasons) and wind dispersed pollen grains such as Casuarina spp and Pinus spp are 

present in moderate percentages. As expected, Poaceae (grass) pollen is prominent at 

this site, comprising up to 56.5% of the total pollen assemblage in May, but is reduced 

to 19.9% in October when Myrtaceae pollen is dominant (50.9%). This prominence of 

Myrtaceae pollen in October is similarly found in the surface soil samples at Site Two.  

Myrtaceae pollen is ubiquitous in southern Western Australia though and all samples 

contain it.  

 

Herdsman Lake Site Four  
This site is just south of Jon Sanders Drive on the north eastern boundary of the HL 

Regional Park.  An unsealed track runs from the road, and is bordered on the eastern 

side by the Teakle Road Drain and by a Swamp Paperbark and Eucalyptus rudis 
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woodland with a dense Bracken (Pteridium esculentum) understorey on the western 

side.   

Two surface soil samples (SU18, SU19) were collected at this site in May 2005 

(autumn) and two surface soil samples (SU36, SU37) were collected in October 2005 

(spring).  Samples SU18 and SU36 were collected over a 1 m2 area close to the core site 

(situated in a Bracken patch).  Samples SU19 and SU37 were collected along the track’s 

edge for a distance of approximately 20 m. Three of the four samples have a low yield 

of well-preserved grains in moderately diverse assemblages with most grains identified.  

Table 4.6 contains the percent occurrence of pollen and spores obtained from this site. 

 

Sample SU18 – Myrtaceae pollen dominates this assemblage (68.5%).  Prominent 

also is Typha orientalis (16%). 

 

Sample SU19 – Myrtaceae pollen dominates this assemblage (47%).  Grass pollen 

(17%), T. orientalis (14%) and Pinus spp (13%) are prominent also. 

 

Sample SU36 – This sample is devoid of any palynomorphs. 
 

Sample SU37 – Myrtaceae pollen dominates this assemblage (69%).  T. orientalis 

(11%) is also present.   
 

Table 4.6 Percent occurrence of pollen and spores in surface samples from HL Site Four 

SAMPLE #  SU18 SU19 SU36 SU37 
DATE COLLECTED  May 2005 Oct 2005 
LOCATION  core site  track core site track 
FAMILY GENUS/SPECIES     
Apiaceae Centella asiatica    1.5 
Asteraceae Type 1 0.5 1.5   
Asteraceae Type 4 0.5   2.5 
Casuarinaceae spp 2 2.5  3.5 
Chenopodiaceae spp  0.5   
Cyperaceae spp 1.5    
Myrtaceae Eucalyptus spp 29.5 9  26.5 
Myrtaceae Melaleuca spp 13 4.5  11 
Myrtaceae spp 26 33.5  31.5 
Pinaceae Pinus spp 2 13  4 
Poaceae Pennisetum clandestinum 1.5 7   
Poaceae spp <30 µm 1 3.5  3.5 
Poaceae spp >30 µm 3.5 6.5  2 
Typhaceae Typha orientalis 16 14  11 
Unidentified Unidentified 3 4.5  2.5 
Cryptogam spores spp    0.5 
 TOTALS 100 100 0 100 
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Discussion - Unlike assemblages obtained from the other sites at HL, Myrtaceae 

dominates all three samples regardless of the season.  Although this site is some 

distance from the lakes edge and the main body of Typha orientalis, pollen of T. 

orientalis is present in similar percentages in the May and October samples in both 

locations (11 – 16%). At the time of sample collection (2005) no T. orientalis grew near 

the site, but in 2007 it was found to occur in nearby Teakle Road Drain and regionally 

within the Swamp Paperbark woodland. Wind dispersed pollen from the region, for 

example Pinus spp and grass pollen, is present in all samples. 

Of prime interest in the surface soil samples is the total absence of Pteridium 

esculentum spores, even though these samples were taken in the midst of, or close by, a 

well-established stand of this species. Commonly referred to as Bracken, P. esculentum 

is a perennial fern native to the southwest of Western Australia (FloraBase) and most 

other temperate areas in the southern hemisphere. It is widespread in forests and along 

waterways in the southwest and common in moist sandy soils of the metropolitan area 

and hinterland (Marchant et al., 1987).  Bracken reproduces primarily by vegetative 

processes. Creeping rhizomes give rise to new fronds, but in late-summer-autumn 

mature fronds may produce spores which can travel by wind for a considerable distance. 

Bracken fronds usually die off each year, but the dead fronds can remain standing for 

several years, eventually contributing to the thick litter amongst the ferns that reduces 

the establishment of other plants (Tasmanian Department of Primary Industries and 

Water, 2002).  

 Rare spores of P. esculentum have been found in collections of airborne pollen 

in the Perth Metropolitan area (Milne, pers. comm.), but field observations and 

collections over several years from Bracken sites during different seasons, and 

collections from specimens held at the WA Herbarium, have not yielded any spores. 

Their absence in soil beneath the stands may be due to the thick litter, or that the fronds 

in well-established stands do not produce and disperse spores regularly. There is little 

information available on Bracken in Western Australia, but the Tasmanian Department 

of Primary Industries and Water (2002) notes that “Sporulation occurs in late summer-

autumn but its incidence varies markedly between sites and between years within sites.” 

They also note that spore germination in open situations is rare. As fern spores require 

moist conditions to germinate, and moist conditions are unlikely to occur in summer in 

the sandy soil where the bracken grows in the Perth metropolitan area, sporulation may 

be very rare, or not occur at all, in these Bracken stands.   

 



 48 

4.3 Eric Singleton Bird Sanctuary  
 
Eric Singleton Bird Sanctuary Site One  
This site is much smaller than HL Site One but is also a typical Swamp Paperbark 

woodland with the ubiquitous Typha orientalis. Here, a bitumen pathway borders a 

grassed verge which slopes down for 2 - 3 m to a small body of water known as ‘The 

pool’.  

Three surface soil samples (SU1, SU2, SU10) were collected in December 2004 

(summer) and two (SU22, SU23) each in June (winter) and October (SU29, SU30, 

spring) 2005.  Sample SU1 was collected over a 1 m2 area of the sloping bank, halfway 

between path and pool.  Samples SU2, SU23 and SU30 were collected along 10 m of 

the path’s edge and SU10, SU22 and SU29 were collected at the pool’s edge.  

All samples (except one, SU30) yielded a fair to rich assemblage of moderately 

diverse, well-preserved palynomorphs.  Low percentages of unidentified grains are 

present throughout.  Fungal spores are prominent in some samples but are not included 

in the count.  Table 4.7 contains the percent occurrence of pollen and spores obtained 

from this site. 

 

Sample SU1 - Myrtaceae pollen dominates this assemblage (60.5%) with 30.5% of it 

being Melaleuca spp (probably M. rhaphiophylla).   Prominent also is Typha orientalis 

(26%).   

 

Sample SU2 - Myrtaceae pollen dominates this assemblage (49.5%) with 22.5% of it 

being Melaleuca spp.  Prominent also is Poaceae (grass, 20%) and T. orientalis (14%).   

 

Sample SU10 - Myrtaceae pollen dominates this assemblage (70%) with 21% of it 

being Melaleuca spp.   Prominent also is T. orientalis (15.5%).   

 

Sample SU22 - Myrtaceae pollen dominates this assemblage (30.6%) with 19% of it 

being Melaleuca spp.  Prominent also is T. orientalis pollen (25.2%) and Poaceae 

(grass, 23.9%).    

 

Sample SU23 - Myrtaceae pollen dominates this assemblage (54.5%) with 31% of it 

being Melaleuca spp.  Prominent also is T. orientalis (26.5%) and grass pollen (9%).   
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Sample SU29 - Myrtaceae pollen dominates this assemblage (80.5%) with 39% of it 

being Melaleuca spp. The remaining 19.5% of the assemblage comprises T. orientalis 

(7.5%), grass (7%) and other taxa with all grains identified.  

 

Sample SU30 is devoid of any palynomorphs. 

 
Table 4.7 Percent occurrence of pollen and spores in surface samples from ESBS Site One 

SAMPLE #   SU1 SU2 SU10 SU22 SU23 SU29 SU30 
DATE COLLECTED   December 2004 June 2005 October 2005 

LOCATION   bank 
path 
edge pool pool 

path 
edge pool 

path  
edge 

FAMILY GENUS/SPECIES               
Anacardiaceae Schinus terebinthifolia         0.5     
Apiaceae Centella asiatica     1         
Asteraceae Type 1   1   1.8       
Asteraceae Type 2   3.5 1.5 2.5       
Asteraceae Type 4 0.5   0.5         
Brassicaceae Brassica tournefortii       2.5 0.5     
Caryophyllaceae spp     1.5         
Casuarinaceae spp   0.5   1.2 1.5     
Chenopodiaceae spp 1 0.5 0.5 0.6 1     
Cyperaceae spp 0.5     1.2   0.5   
Euphorbiaceae Ricinus communis       1.8 0.5 1.5   
Geraniaceae spp       0.6 0.5     
Mimosaceae Acacia spp 0.5     0.6       
Myrtaceae Eucalyptus spp 18 15 23 6.7 9.5 14   
Myrtaceae Melaleuca spp 30.5 22.5 21 19 31 39   
Myrtaceae spp 12 12 26 4.9 14 27.5   
Papilionaceae Chamaecytisus palmensis         1 0.5   
Pinaceae Pinus spp 3.5 0.5 2.5 3.7 3 2   
Poaceae Pennisetum clandestinum   3       2   
Poaceae spp <30 µm 4 9 2 18.4 5.5 5   
Poaceae spp >30 µm 2 8 1.5 5.5 3.5     
Proteaceae Banksia spp    0.5 0.5         
Proteaceae Hakea varia           0.5   
Typhaceae Typha orientalis 26 14 15.5 25.2 26.5 7.5   
Unidentified Unidentified 1.5 10 3 3.7 1.5     
TOTALS   100 100 100 99.9 100 100 0 
 

Discussion - The assemblages obtained from all of these surface samples are very 

representative of a wetland environment.  Of note is the abundance of Myrtaceae pollen 

especially Melaleuca spp (19 – 47.5%), which dominates the pollen assemblages of all 

but one of the samples.  The majority of this pollen type is likely from the Swamp 

Paperbark Melaleuca rhaphiophylla.  As expected, pollen of Typha orientalis is 

prominent also and Poaceae (grass) pollen is present in all samples in varying amounts.  

Pollen of Ricinus communis, the Castor Oil plant, which flowers July – September 

(FloraBase), occurs in the June and October samples but not in those of December. 
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Banksia spp. pollen (Pl. 4a - d) is present in the December samples although no plants 

of this type were noted at the time of the vegetation survey. 

 

Eric Singleton Bird Sanctuary Site Two  
This site is much larger than HL Site Two but also features disturbed land.  It backs 

onto the southernmost edge of the Melaleuca rhaphiophylla woodland at Site One, 

which banks away from it.  The dominant vegetation here is grass with some native 

vegetation and weeds.  
Two surface soil samples (SU8, SU9) were collected at this site in December 2004 

(summer) and two (SU24, SU25) each in June (winter) and October (SU31, SU32, 

spring) 2005. Samples SU8, SU24 and SU31 were collected over a 2 m2 area along the 

northern edge of the grassed area, adjacent to the bank down to the Melaleuca woodland 

at Site One, near a Schinus terebinthifolia (Pink Peppercorn) tree.  Samples SU9, SU25 

and SU32 were collected across the grassed area for a distance of approximately 20 m. 

 All of the assemblages are moderately diverse with mostly well-preserved pollen 

grains.  Fungal spores and charcoal fragments are abundant in some samples but are not 

included in the count.  Table 4.8 contains the percent occurrence of pollen and spores 

obtained from this site. 

 

Sample SU8 - A low yield.  Unidentified grains (28.4%) and Myrtaceae pollen 

(26.4%) dominates this assemblage.  Prominent also is Poaceae (grass, 11.8%), Typha 

orientalis (11.8%) and Pinus spp (7.8%). 

 

Sample SU9 - A low yield. Grass pollen (33.5%) and Myrtaceae (27.5%) dominate 

this assemblage.  Unidentified grains total 10%. 

 

Sample SU24 - A fair yield.  Myrtaceae (39.5%, some grains in different stages of 

degradation) and grass pollen (26%) dominate this assemblage. Prominent also is 

Ricinus communis (11.5%). Unidentified grains total 10%. 

 

Sample SU25 - A rich yield. Poaceae (grass) pollen dominates this assemblage (73%).  

Myrtaceae pollen is also well represented (14.5%). Unidentified grains total 2.5%. 

 

Sample SU31 – A low yield.  Grass (42.4%) and Myrtaceae pollen (32.4%) dominate 

this assemblage.   
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Sample SU32 - A low yield.  Grass pollen dominates this assemblage (63.5%). 

Prominent also is Myrtaceae pollen (15.5%).   

 
Table 4.8 Percent occurrence of pollen and spores in surface samples from ESBS Site Two 

SAMPLE #   SU8 SU9 SU24 SU25 SU31 SU32 
DATE COLLECTED   December 2004 June 2005 October 2005 
LOCATION   bank grass bank grass bank grass 
FAMILY GENUS/SPECIES             
Anacardiaceae Schinus terebinthifolia 9.8 3         
Apiaceae Centella asiatica         0.7   
Asteraceae Type 1   3.5   2 2.6   
Asteraceae Type 2 1     0.5     
Asteraceae Type 4           3 
Brassicaceae Brassica tournefortii 1           
Caryophyllaceae spp         0.7 0.5 
Casuarinaceae spp 1 1.5 5.5 1.5 2.6 1 
Chenopodiaceae spp 1           
Cyperaceae spp       1.5 2   
Euphorbiaceae Ricinus communis   2.5 11.5 1 4.6 4 
Mimosaceae Acacia spp     0.5       
Myrtaceae Eucalyptus spp 7.8 10.5 6.5 1 9.9 2 
Myrtaceae Melaleuca spp 4.9 6.5 5.5 6 8.6 4 
Myrtaceae spp 13.7 10.5 27.5 7.5 13.9 9.5 
Oxalidaceae Oxalis spp           5.5 
Papilionaceae Chamaecytisus palmensis     1   1.3   
Pinaceae Pinus spp 7.8 5.5 2.5 0.5 3.3 2.5 
Poaceae Cynodon dactylon       0.5     
Poaceae Eragrostis curvula     3 7.5     
Poaceae Pennisetum clandestinum       1 0.7 4.5 
Poaceae spp <30µm 10.8 21.5 12 39 29.1 34 
Poaceae spp >30µm 1 12 11 25 12.6 25 
Proteaceae Banksia spp    1         
Proteaceae Stirlingia spp.   2.5 0.5   1.3   
Typhaceae Typha orientalis 11.8 8 6.5 3 2   
Unidentified Unidentified 28.4 10 6.5 2.5 4 4.5 
Cryptogam spores spp   1.5         
TOTALS   100 100 100 100 99.9 100 
 

Discussion - The pollen assemblages obtained from all the surface samples at this 

site, as expected, contain high percentages of grass pollen (11.8 – 73%).  They also 

contain Melaleuca spp and Typha orientalis pollen, parent plants of which border this 

disturbed grassed land.  These findings highlight the importance of taking note of 

vegetation in the region when assessing locations in which to sample.  For example, 

should an alleged assault take place on the grass, samples from a suspect’s or victim’s 

clothing may not be expected to contain pollen from a Swamp Paperbark environment, 

as the swamp, although adjacent, is hidden and not readily apparent.  Schinus 

terebinthifolia pollen is only present in the samples taken in December although the 

plant flowers between February and March (only one S. terebinthifolia pollen grain was 
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found in a Site One sample collected in June). Ricinus communis and Stirlingia spp 

pollen (Pl. 4e - f) are present in samples taken in all three seasons. Sample SU8, 

collected from the bank area in December, contains an unusually high percentage of 

unidentified pollen grains (28.4%), likely to be from annual grasses and weeds.  

 
Eric Singleton Bird Sanctuary Site Three  
This site is on the south eastern side of the lake and is surrounded by parkland similar to 

that at HL Site Three. The vegetation is a mixture of mature and immature native plants 

and weeds. Some of the plants identified at this site had recently been planted as part of 

a revegetation project, and were immature at the time of the vegetation survey; these 

plants were not expected to have flowered and produced pollen. 

Three surface soil samples (SU5, SU6, SU7) were collected at this site in December 

2004 (summer), one (SU26) in June (winter) and October (SU33, spring) 2005.  

Samples SU6, SU26 and SU33 were collected from a 20 m slope to the lake’s edge; 

SU5 was collected from the bottom of the slope at the lake’s edge and SU7 from the top 

of the slope on the path’s edge.  

Less than 10 palynomorphs were found in the samples collected in June and 

October. This amount is too small to provide any reliable data, therefore these samples 

are considered devoid of palynomorphs. The December samples yielded a low to rich 

count of well-preserved grains in moderately diverse assemblages.  Table 4.9 contains 

the percent occurrence of pollen and spores obtained from this site. 

 

Sample SU5 - A rich yield. Brassica tournefortii pollen comprises 68% of this 

assemblage.  Chenopodiaceae pollen is also present (9%).   

 

Sample SU6 - A fair yield.  Brassica tournefortii pollen comprises 58.5% of this 

assemblage, with Myrtaceae (10%) and Typha orientalis pollen (9%) also present.   

 

Sample SU7 - A low yield. Brassica tournefortii pollen comprises 35% of this 

assemblage.  Prominent also is Myrtaceae (29.5%) and Typha orientalis pollen (9.5%).  

  

Sample SU26 is devoid of any palynomorphs. 

 

Sample SU33 is devoid of any palynomorphs. 
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Table 4.9 Percent occurrence of pollen and spores in surface samples from ESBS Site Three 

SAMPLE #   SU5 SU6 SU7 SU26 SU33 

DATE COLLECTED   December 2004 June 2005 Oct 2005 
LOCATION   lake edge slope path edge slope slope 

FAMILY GENUS/SPECIES           
Asteraceae Type 1   0.5 1.5     

Asteraceae Type 2 1.5 4 3     

Asteraceae Type 4 1         

Brassicaceae Brassica tournefortii 68 58.5 35     

Casuarinaceae spp 1 0.5 2     

Chenopodiaceae spp  9 0.5 1     

Cyperaceae spp 0.5         

Mimosaceae Acacia spp   0.5 1     

Myrtaceae Eucalyptus spp 2 4.5 4.5     

Myrtaceae Melaleuca spp 1.5   7.5     

Myrtaceae spp 1.5 5.5 17.5     

Pinaceae Pinus spp 2 5 4.5     

Poaceae spp <30 µm 1.5 4.5 3     

Poaceae spp >30 µm 1 1 3.5     

Typhaceae Typha orientalis 4 9 9.5     

Unidentified Unidentified 5.5 6 6.5     
TOTALS   100 100 100 0 0 
 

Discussion - The major feature at this site is the dominance of Brassica tournefortii 

pollen (Pl. 3a - d) despite plants of this species not being noted during the vegetation 

survey in the winter of 2004. An aggressive annual weed common to disturbed land 

(FloraBase),  B. tournefortii flowers from June-November. It may have grown at this 

site previously and been weeded out. Other features include the presence of 

Chenopodiaceae (saltbush) at the lake’s edge and the prominence of Myrtaceae pollen 

in the sample from the path’s edge.  Typha orientalis pollen features in all three samples 

in similar percentages. 

 

Eric Singleton Bird Sanctuary Site Four  
This site is on the north eastern side of the lake and is surrounded by the same parkland 

and vegetation as at ESBS Site Three, but the plants are more mature.  Typha orientalis 

and Melaleuca rhaphiophylla plants occur in the water at the lake’s edge.  
Three surface soil samples (SU3, SU4, SU11) were collected at this site in 

December 2004 (summer), one (SU27) in June 2005 (winter) and two (SU34, SU35) in 

October 2005 (spring). Samples were collected from the slope down to the lake’s edge 

(SU3), from footprints made 20m along the slope and 50 cm either side of them (SU4, 

SU27, SU34) and from the base of the slope at the lake’s edge (SU11).   Sample SU35 

was collected along a pathway that divides the slope from the parkland.  
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All samples yielded a low to rich, moderately diverse pollen assemblage of 

mostly well-preserved palynomorphs.  Table 4.10 contains the percent occurrence of 

pollen and spores obtained from this site. 

 

Sample SU3 – A fair yield.  Myrtaceae pollen (81%) dominates this assemblage with 

most of the Melaleuca spp grains degraded. There is no Typha orientalis pollen present. 

 

Sample SU4 – A fair yield.  Myrtaceae (80.5%) dominates this assemblage.  Typha 

orientalis (9%) and other taxa are present. 

 

Sample SU11 – A rich yield.  This assemblage comprises Myrtaceae (42%), grass 

pollen (17%), T. orientalis (12%) and other taxa. 

 
Table 4.10 Percent occurrence of pollen and spores in surface samples from ESBS Site Four 

SAMPLE #   SU3 SU4 SU11 SU27 SU34 SU35 
DATE COLLECTED   December 2004 June 2005 Oct 2005 
LOCATION   slope reg slope path lake edge slope path slope path regional 
FAMILY GENUS/SPECIES       
Amaranthaceae Ptilotus polystachus     0.6  
Apiaceae Centella asiatica   1.5    
Asteraceae Type 1 1 0.5 6.5  0.6  
Asteraceae Type 2 0.5    0.6  
Asteraceae Type 4    1.5   
Brassicaceae Brassica tournefortii   0.5  2.8  
Caryophyllaceae spp   1  0.6  
Casuarinaceae spp    0.5 0.6  
Chenopodiaceae spp 10 2 6.5 0.5 12.5 1.1 
Cyperaceae spp   2.5    
Euphorbiaceae Ricinus communis   2    
Fumariaceae Fumaria muralis  1   0.6  
Geraniaceae spp   1    
Liliaceae spp      4.6 
Mimosaceae Paraserianthes lophantha      0.6 
Myrtaceae Eucalyptus spp 26.5 46 15.5 24.5 10.2 19.4 
Myrtaceae Melaleuca quinquenervia    0.5   
Myrtaceae Melaleuca spp 39.5 15.5 13.5 24 19.3 34.9 
Myrtaceae spp 15 19 13 5.5 14.8 17.7 
Oxalidaceae Oxalis spp     0.6  
Papilionaceae Chamaecytisus palmensis      1.1 
Pinaceae Pinus spp 1  3.5 1 1.1  
Poaceae Eragrostis curvula    1   
Poaceae Pennisetum clandestinum 0.5    0.6  
Poaceae spp <30µm 2 3.5 5 10 10.2 8.6 
Poaceae spp >30µm 2.5 2 12 9 8.5 3.4 
Typhaceae Typha orientalis  9 12 18.5 11.9 1.7 
Unidentified Unidentified 1.5 1.5 4 3.5 4.1 7.6 
TOTALS   100 100 100 100 100.2 100.7 
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Sample SU27 – A fair yield.  Myrtaceae (54.5%), grass (20%) and T. orientalis 

(18.5%) dominate this assemblage. 

 

Sample SU34 – A low yield.  Myrtaceae (44.3%), grass (19.3%), Chenopodiaceae 

(12.5%) and T. orientalis (11.9%) dominate this assemblage. 

 

Sample SU35 – A low yield.  Myrtaceae pollen dominates this assemblage (72%).  

Prominent also is grass pollen (12%) and unidentified grains (7.6%). 

 

Discussion -   This site, although vegetationally similar to ESBS Site Three, is 

palynologically quite different.  The total dominance of Myrtaceae pollen of all types at 

this site at all times of the year is in direct contrast to the total dominance of Brassica 

tournefortii at Site Three.   

 As expected, T. orientalis is present in all samples (except SU3) and   

Chenopodiaceae and Poaceae pollen is well represented in most samples.  

 

 
4.4 Miscellaneous Samples 
Soil samples were collected (by brushing with a new toothbrush and washing with 

distilled water) from two different types of footwear worn in one or both wetlands.  

These samples were processed in the same manner as all other soil samples. 

 

Sample SU20 (Boots) – Taken in May 2005 (autumn) from a brand new pair of 

rubber boots (with a deep tread) worn at all four sites in the Herdsman Lake Regional 

Park.  This sample has a fair yield in a moderately diverse assemblage (Appendix 5).  

Myrtaceae pollen (60.5%) dominates this assemblage.  Pinus spp (10%), grass pollen 

(10%) and Typha orientalis (9.5%) are also prominent.  Unidentified grains total 9.5%. 

 
Sample SU28 (Shoes) – Taken in June 2005 (winter) from an old pair of ‘boat 

shoes’ with a smooth, very well worn tread.  These shoes were worn at all four sites in 

the Eric Singleton Bird Sanctuary.  This sample yielded no palynomorphs. 
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Sample SU42 (Boots) – Taken in October 2005 (spring) from the same pair of boots 

described earlier.  These boots were worn both in the ESBS and HL.  The sample 

yielded too few palynomorphs to be reliably representative. 
 

Discussion - Sample SU20 yielded an assemblage typical of a wetland environment.  

The large percentage of Myrtaceae pollen present is to be expected in any soil sample 

obtained anywhere in South Western Australia.  Although present in small percentages 

the presence of Chenopodiaceae (1%), Cyperaceae (0.5%) and Typha orientalis (9.5%) 

suggests this assemblage was obtained from a wetland. 

The lack of any palynomorphs in samples SU28 and SU42 is disappointing, but 

possibly due to the type of footwear and the weather at the time of collection. The 

amount of soil obtained from the smooth soled shoes (SU28) taken in June was very 

small and sandy in nature. Any pollen grains present in the sand may have been lost 

from the loose sandy matrix in the walk back to the car along bitumen pathways.  Other 

researchers have found shoes contain ‘plant material’ after trekking on gravel or 

bitumen-surfaced roads but no mention of pollen is made in their study (Virtanen et al., 

2007).  The boots, worn all day both at ESBS and HL in October 2005, yielded a small 

soil sample (SU42).  The last site visited that day was HL Site One where the pathways 

were underwater due to heavy rainfall. Any pollen collected prior to visiting this site 

may have been washed off.  

 These findings may be of forensic significance as a suspect’s shoes may yield 

no pollen assemblage if they have a much worn sole and/or have walked over a hard 

surface.  Similarly, wading through water after committing a crime may wash away any 

pollen evidence.                                                                                               
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5. RESULTS – Core Samples 
 

5.1 Introduction 

When investigating a grave site it is exceptionally important to collect and analyse 

samples at different depths because the pollen assemblages may be vastly different. The 

history of land use and the rate of sediment accumulation at Herdsman Lake, and the 

provenance of soil deposited at the Eric Singleton Bird Sanctuary in the creation of the 

wetland, make it impossible to predict the pollen assemblage that will be obtained from 

below surface level with respect to environment type. A 50 cm core was taken at each 

of three sites at HL and ESBS.  The pollen assemblages that were recovered are 

presented and discussed in this chapter. Core surface samples are also compared with 

the relative surface soil samples previously discussed in Chapter 4. 

No cores were taken at Sites Two in either wetland as the ground was 

considered too hard for the coring equipment available. Some difficulties were 

encountered in the identification process due to the degradation of the pollen grains.  

The degraded pollen usually retains its shape but loses its surface ornamentation, a 

major characteristic required for identification.  However, several samples (all from the 

same core) contained pollen grains from the same family (Poaceae) that remained 

consistently degraded, identifying them as coming from one source.  

Tables 4.1 and 4.2 (Ch. 4) contain the yield and diversity ratings referred to in 

the following sample descriptions. Tables 5.1 – 5.6 contain the relative percentage 

occurrence of pollen types for each core in order of family. Appendices 11 – 14 contain 

these results side by side for ease of comparison, separately listed in genus or species 

levels and family groups.  

 

5.2 Herdsman Lake 
 
Herdsman Lake Core 1  
This core was taken in water approximately 40 cm deep at Herdsman Lake Site One.  

The core was sampled at seven depths along its length (SUC22-SUC28).  The upper 

levels of the core are moderately diverse with all of the pollen grains well-preserved.  

Fungal spores, algal cysts and foraminiferal linings are present in some samples. They 

are not included in the count but are discussed later.  Table 5.1 contains the percent 

occurrence of pollen and spores obtained from this core. 
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Sample SUC22 (surface level) – A fair yield.  Myrtaceae spp dominates this 

assemblage (28.5%) with 9.5% of it being Melaleuca spp.   Prominent also is pollen of 

the Poaceae (grass, 18.5%) and Cyperaceae families (sedges, 10%), Typha orientalis 

(13.5%), Pinus spp (pines, 13.5%) and Ricinus communis (Castor oil plant, 5.5%).  

Unidentified grains total 3.5%. 

 

Sample SUC23 (5 cm-shoeprint depth) - A low yield.  Grass pollen dominates 

this assemblage (21.4%). Myrtaceae spp (18.5%) with 6.7% of it being Melaleuca spp 

and T. orientalis (13.5%) are also well represented.  Apiaceae (8.4%), Cyperaceae 

(6.7%), Restionaceae (rushes, 5.6%), and Chenopodiaceae (saltbush, 5.1%) pollen is 

also noted.  Unidentified grains total 11.8%.   

 

Sample SUC24 (10 cm depth) - A low yield.  Unidentified grains (50%) dominate 

this assemblage.  Prominent also is T. orientalis (13.6%) and Casuarinaceae pollen 

(sheoaks, 13.6%).  Grass and Myrtaceae spp pollen is also present.  

 

Sample SUC25 (20 cm depth) - A low yield.  Casuarinaceae pollen (33.6%) and 

unidentified grains (32%) dominate this assemblage.  Prominent also is Myrtaceae 

pollen (11.2 %,) and T. orientalis (8.8%).   

 

Sample SUC26 (30 cm depth) – Yielded a low count in a poorly diverse 

assemblage. Unidentified grains (38.8%), Casuarinaceae spp (26.5%) and 

Chenopodiaceae spp (24.1%) dominate this assemblage.   

 

Sample SUC27 (40 cm depth) – Yielded a low count in a poorly diverse 

assemblage.  Casuarinaceae spp (40%) and unidentified grains (39%) dominate this 

assemblage.  Myrtaceae spp (7.6 %) is also noted. 

 

Sample SUC 28 (50 cm depth) is devoid of any palynomorphs. 

 

Discussion - Comparison of core surface sample and soil surface sample.  
 There are considerable differences between the two surface and downhole samples, 

which highlights the need for careful and thorough sampling at different levels of a 

burial site and related surface areas. The soil surface sample (SU12) and the core 

surface sample (SUC22) were taken 10 m apart.  It was expected that there would be 
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some similarity in the pollen assemblages, but not a close correlation because sample 

SU12 is taken from 2 - 3 m2 area (the bank) and SUC22 is taken from the top of a 10 cm 

diameter core, which was in water.  Sample SUC22, however, yielded a more diverse 

assemblage and this may have been due to pollen accumulating at this location from run 

off into the water. 

Myrtaceae, Poaceae and Typha orientalis pollen are similarly prominent in both 

samples. The samples differ in that the surface soil sample contains a high number of 

Fumaria muralis pollen (32%) compared to that in the core surface sample (1.5%). 

Conversely, pine and Ricinus communis pollen occur in the core surface sample but not 

in the surface soil sample. None of these plants were identified at the site at the time of 

the vegetation survey.  Casework conducted in New Zealand and the United Kingdom 

has shown that pollen and spores can persist in soil long after the plants have degraded 

(Mildenhall et al., 2006).  Pine pollen is ubiquitous in small numbers in soil samples 

throughout the metropolitan area. Fumaria muralis produces robust pollen grains and is 

insect pollinated, therefore it is a relatively low pollen producer and its pollen would not 

be expected in large numbers in the surface core sample that was taken in water.  
 

Table 5.1 Percent occurrence of pollen and spores in HL Core 1 

SAMPLE #   SUC 22 SUC 23 SUC 24 SUC 25 SUC 26 SUC 27 SUC 28 
Depth   surface 5 cm 10 cm 20 cm 30 cm 40 cm 50 cm 
FAMILY GENUS/SPECIES               
Apiaceae Centella asiatica 3 8.4      
Asteraceae Type 1   0.8     
Asteraceae Type 2   0.8     
Asteraceae Type 3  0.6      
Asteraceae Type 4  1.1    1.9  
Caryophyllaceae spp 1.5       
Casuarinaceae spp 0.5 3.4 13.6 33.6 26.5 40  
Chenopodiaceae spp 2 5.1 2.5 0.8 24.1 4.8  
Cyperaceae spp 10 6.7 1.7 1.6    
Euphorbiaceae Ricinus communis 5.5       
Liliaceae spp    2.4    
Myrtaceae Eucalyptus spp 1.5 4.5 0.8 7.2 4.1 7.6  
Myrtaceae Melaleuca spp 9.5 6.7      
Myrtaceae spp 17.5 7.3 5.9 4    
Pinaceae Pinus spp 13.5 3.9 2.5 0.8    
Poaceae spp <30µm 9.5 13.5 4.2 2.4 1.8   
Poaceae spp >30µm 9 7.9 3.4  4.1 1.9  
Proteaceae Stirlingia spp    2.4  3.8  
Restionaceae spp  5.6  4    
Typhaceae Typha orientalis 13.5 13.5 13.6 8.8  1  
Unidentified  Unidentified 3.5 11.8 50 32 38.8 39  
Cryptogam spores  spp     0.6   
  TOTALS 100 100 99.8 100 100 100 0 
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Ricinus communis, the Castor Oil plant (Pl. 3i - k), is a native of tropical Africa 

and Asia and occurs from Port Hedland to the Fraser Range near Esperance in areas 

where the natural vegetation has been disturbed (e.g. wastelands, road verges) and near 

rivers, creeks and wetlands (Hussey, et al., 1997).  Although it was not noted at this site 

during the vegetation survey, the presence of its pollen in the surface core sample 

suggests that it may have previously occurred at the site, or may occur upstream from 

the water body, i.e. have been transported by water run-off. 

 
 
Core samples - The most prominent downhole trend in the pollen assemblages from 

the core samples is that Myrtaceae, Poaceae, Cyperaceae (Pl.1a) and T. orientalis pollen 

are prominent higher up in the core.  Their presence gradually decreases as 

Casuarinaceae (Pl. 2e) becomes more prominent at 10 cm, then dominant lower down. 

Although Myrtaceae pollen occurs throughout the core, Melaleuca pollen does not 

occur after 5 cm. At 10 cm depth (SUC24) the number of unidentified pollen grains 

increases dramatically to 50%, and remains high (32-39%) in the lower depths.  

 Melaleuca rhaphiophylla, T. orientalis and Cyperaceae spp currently grow at 

Site One, and commonly occur together in similar wetland environments. On the other 

hand, Casuarinaceae prefer drier conditions, are prolific pollen producers and disperse 

their pollen by wind. Although their pollen is found in small numbers in most 

metropolitan environments, the large percentage of this pollen type at the base of the 

core, and the absence of Melaleuca spp and Cyperaceae and rare presence of T. 

orientalis, is indicative that the vegetation at this site has changed over time from a 

paperbark swamp to drier swamp margin vegetation.  

 Of prime interest in this core is the large amount of unidentified pollen types 

that occur at 10 cm and below.  The sample at 10 cm may reflect the agricultural land-

use history of Herdsman Lake that included market gardens, cropping and grazing. 

Monoporate spherical grains, larger than regular grass pollen grains, were considered to 

be from cereal plants.  

  In addition to pollen, foraminiferal linings also occur in samples at 5, 10 and 20 

cm.  Foraminifera are single-celled protists with a calcareous shell (test) that is 

destroyed in the palynological process, however, their linings remain.  Preliminary 

examination by Associate Professor David Haig, of the School of Earth and 

Geographical Sciences at The University of Western Australia, has identified some of 

these as being from Ammonia tepida (Pl. 5i). Foraminifera live in marine or brackish-

water but several species tolerate freshwater environments (Haig, pers.comm. 2007).   
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Seabirds may also transport foraminifera to freshwater locations.  Importantly, these 

linings in a soil sample can be used as a forensic marker.  

 

Herdsman Lake Core 3  
A 50 cm core was taken from wet sediment at the lake’s edge in July 2005 (winter).  

The core was sampled at seven depths along its length (SUC36-SUC42).  All levels of 

the core yielded a pollen assemblage. In the upper levels (SUC36, SUC37, SUC38) the 

yield is sparse, but the lower levels (SUC39–SUC42) have a rich yield of 

palynomorphs. All of the assemblages are moderately diverse. Some of the grains are 

degraded and this is noted below.   Fungal spores and foraminiferal linings are present 

in some samples but are not included in the count.  Table 5.2 contains the percent 

occurrence of pollen and spores obtained from this core. 
 

Sample SUC36 (surface level) - Typha orientalis (39%, some degraded) and 

Myrtaceae pollen (24%) dominate this assemblage.  Unidentified grains total 13%. 

 

Sample SUC37 (5 cm-shoeprint depth) -   Myrtaceae (36%) and T. orientalis 

(28%, some degraded) dominate this assemblage.  Prominent also is grass (12%) and 

Casuarina spp (9%).  Unidentified grains total 10%. 

 

Sample SUC38 (10 cm depth) - Typha orientalis (27%, some degraded), Myrtaceae 

(24%) and grass (21%) dominate this assemblage.  Unidentified grains total 14%.   

 

Sample SUC39 (20 cm depth) – Myrtaceae pollen dominates this assemblage 

(44.5%, some degraded).  Grass pollen (12.5%), and unidentified grains (19%) are also 

prominent.   

 

Sample SUC40 (30 cm depth) - Myrtaceae pollen dominates this assemblage 

(50%). Unidentified grains (16.5%) and grass pollen (9.5%) are also prominent.   

 

Sample SUC41 (40 cm depth) – Myrtaceae pollen dominates this assemblage 

(64.5%). Prominent also is Casuarina spp (11%) and unidentified grains (10.5%). 

 

Sample SUC42 (50cm depth) – Myrtaceae pollen dominates this assemblage 

(56.5%). Prominent also is Typha orientalis (10.5%) and unidentified grains (9%).   
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Table 5.2 Percent occurrence of pollen and spores in HL Core 3 

SAMPLE #  SUC 36 SUC 37 SUC 38 SUC 39 SUC 40 SUC 41 SUC 42 
Depth  surface 5 cm 10 cm 20 cm 30 cm 40 cm 50 cm 
FAMILY GENUS/SPECIES               
Amaranthaceae Ptilotus spp           0.5 1.5 
Asteraceae Type 1 3 2 3 4.5 6 2 3.5 
Asteraceae Type 2       0.5 0.5     
Casuarinaceae spp 6 9 4 5.5 7.5 11 7 
Chenopodiaceae spp     2 1.5 0.5 0.5 0.5 
Cyperaceae spp 2 3 1   2.5 1.5 1.5 
Euphorbiaceae Euphorbia terracina       3       
Myrtaceae Eucalyptus spp 13 16 9 15 19.5 16 21 
Myrtaceae Melaleuca spp 4   2 2 4 6 7.5 
Myrtaceae spp 7 20 13 27.5 26.5 42.5 28 
Oxalidaceae Oxalis pes-caprae       0.5   0.5   
Pinaceae Pinus  spp 2   3 0.5 0.5   0.5 
Poaceae spp <30µm 8 6 10   4 2 5 
Poaceae spp >30µm 3 6 11 12.5 5.5 3 3.5 
Proteaceae Stirlingia spp     1       1 
Typhaceae Typha orientalis 39 28 27 8 6.5 4 10.5 
Unidentified Unidentified 13 10 14 19 16.5 10.5 9 
TOTALS   100 100 100 100 100 100 100 

 

 

Discussion - Comparison of core surface sample and surface soil samples 

The core at this site was collected in July and taken slightly closer to the lake’s edge 

than the surface soil samples collected in May and October. This is reflected in the 

greater prominence of pollen of T. orientalis in core surface sample SUC36 (39%) as 

opposed to 18.2 –21% in the surface soil samples.  The surface core sample also 

contains much less grass pollen than in the surface soil samples and has an unusually 

high percentage of unidentified pollen types (13%).  

 

Core Samples - Of interest in this core, taken at the lake’s edge, is the consistent 

dominance of Myrtaceae through all levels except one (10 cm) but at this level it is still 

prominent (24%). Typha orientalis is also well represented in the upper levels of the 

core (27 -39%), but diminishes in abundance with increasing depth. Poaceae (grass) 

pollen, dominant in the surface samples, is found mainly in small percentages 

throughout the core indicating that this site was not always a park. 

This core contains some degraded grains and may partially explain the presence 

of the relatively high percentages of unidentified grains (i.e. the grains are too degraded 

to identify), but also may reflect the prior agricultural use of the land. 
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Herdsman Lake Core 4  
A 50 cm core was taken in the midst of a Bracken patch in May 2005 (autumn). The 

core was sampled at seven depths along its length (SUC43 – SUC 49).  All 

assemblages, where obtained, are moderately diverse. Table 5.3 contains the percent 

occurrence of pollen and spores obtained from this core. 

 

Sample SUC43 (surface level) – A rich yield.  Myrtaceae pollen dominates this 

assemblage (80%).  Typha orientalis (7.5%) and other taxa are present with 4.5% of the 

grains unidentified. 

 

Sample SUC44 (5 cm – shoeprint depth) – A sparse yield.   Myrtaceae pollen 

dominates this assemblage (64%).  Typha orientalis (11%), unidentified grains (9%) and 

Casuarinaceae pollen (6%) are also present. 

 
Sample SUC45 (10 cm depth) – A sparse yield.  Myrtaceae pollen dominates this 

assemblage (50%).  Unidentified grains total 27%.  Typha orientalis and Casuarinaceae 

pollen are also present in equal amounts (8% each). 

 
Sample SUC46 (20 cm depth) – This sample is devoid of any palynomorphs. 

 
Sample SUC47 (30 cm depth) – A fair yield.  Myrtaceae pollen and Casuarinaceae 

are present in equal amounts (29.5% each). Restionaceae pollen is also present (10.5%). 

Unidentified grains total 19.5%. 

 
Sample SUC48 (40 cm depth) – A low yield.  Myrtaceae pollen dominates this 

assemblage (31.2%) and prominent also is Casuarinaceae (25%) and unidentified grains 

(22.7%). Restionaceae, Cyperaceae and other taxa complete the assemblage. 

 
Sample SUC49 (50 cm depth) - This sample is devoid of any palynomorphs. 

 

 

Discussion - Comparison of core surface sample and surface soil samples 
The core surface sample (SUC43) is very similar in composition to all of the surface 

soil samples (SU18, SU19, SU37) taken from this site.  Myrtaceae pollen dominates all 

samples and Typha orientalis is similarly prominent. As seen in the surface samples the 
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core surface sample is also devoid of any Pteridium esculentum spores even though the 

core was taken in the midst of Bracken (Fig. 3.5). 

 
Table 5.3  Percent occurrence of pollen and spores in HL Core 4 
SAMPLE #   SUC 43 SUC 44 SUC 45 SUC 46 SUC 47 SUC 48 SUC 49 
Depth   surface 5 cm 10 cm 20 cm 30 cm 40 cm 50 cm 
FAMILY GENUS/SPECIES               
Asteraceae Type 1 0.5   1   3.5 0.8   
Asteraceae Type 2   3           
Casuarinaceae spp 2.5 6 8   29.5 25   
Chenopodiaceae spp 1   3   0.5 1.6   
Cyperaceae spp         4 5.5   
Myrtaceae Eucalyptus spp 44.5 34 12   9.5 16.4   
Myrtaceae Melaleuca spp 17.5 7 6   2     
Myrtaceae spp 18 23 32   18 14.8   
Pinaceae Pinus spp   3           
Poaceae spp <30 µm 3 3 2   0.5 0.8   
Poaceae spp >30 µm 1 1 1     1.6   
Proteaceae Hakea spp         0.5     
Proteaceae Stirlingia spp         1.5 1.6   
Restionaceae spp         10.5 8.6   
Typhaceae Typha orientalis 7.5 11 8   0.5 0.8   
Unidentified Unidentified 4.5 9 27   19.5 22.7   

  TOTALS 100 100 100 0 100 100.2 0 
 
 

Core Samples - The pollen assemblages obtained from the top 10 cm of the core are 

very similar in composition to the surface soil samples, in that Myrtaceae pollen 

dominates all three upper levels of the core.  Lower down, at 30 and 40 cm, Myrtaceae 

pollen is significantly reduced (29.5 – 31.2%), as the amount of Casuarinaceae pollen 

increases (25 – 29.5%).  Typha orientalis is prominent to a depth of 10 cm, but is 

present in very small amounts (0.5 – 0.8%) at the lower levels. Restionaceae pollen, 

absent in the upper levels of the core, appears at 30 and 40 cm. Many of the unidentified 

grains from 10 cm down are generally spherical in shape with little or no surface 

ornamentation and indistinct apertures. These may be partially degraded cereal plant or 

grass (Poaceae) pollen. 
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5.3 Eric Singleton Bird Sanctuary  
 
Eric Singleton Bird Sanctuary Core 1  
A 50 cm core was taken in water approximately 40 cm deep (‘the pool’) at this site in 

December 2004 (summer) and sampled at seven depths along its length (SUC1-SUC7).  

All levels of the core yielded a mostly rich, well-preserved palynomorph assemblage 

except the two deepest levels (40 cm, 50 cm) where no palynomorphs were noted.  All 

assemblages are moderately diverse.  Table 5.4 contains the percent occurrence of 

pollen and spores obtained from this core. 

 
Table 5.4 Percent occurrence of pollen and spores in ESBS core 1 

SAMPLE #   SUC 1 SUC 2 SUC 3 SUC 4 SUC 5 SUC 6 SUC 7 
Depth   surface 5 cm 10 cm 20 cm 30 cm 40 cm 50 cm 
FAMILY GENUS/SPECIES               
Apiaceae Centella asiatica     1 1 1.3     
Asteraceae Type 1     3.5 4 2.6     
Asteraceae Type 2     1 1.5       
Casuarinaceae spp 1 2 7 7 5.3     
Chenopodiaceae spp 1     1.5 2.6     
Cyperaceae spp   75.5 2.5 2 1.3     
Euphorbiaceae Ricinus communis 0.5             
Mimosaceae Acacia spp       0.5       
Myrtaceae Eucalyptus spp 3.5 1.5 11 9 5.9     
Myrtaceae Melaleuca spp 47.5 5.5 32.5 35.5 32.2     
Myrtaceae spp 9 5 14.5 9 18.4     
Pinaceae Pinus spp 0.5 1.5           
Poaceae spp <30µm 7.5 2.5 4.5 7.5 5.3     
Poaceae spp >30µm 6 2 3 4.5 3.3     
Proteaceae Banksia spp       0.5       
Proteaceae Stirlingia spp       0.5       
Restionaceae spp       1.5       
Solanaceae Solanum nigrum 1.5   0.5         
Typhaceae Typha orientalis 20.5 2 5.5 4 2     
Unidentified Unidentified 1.5 2.5 13.5 10.5 19.7     
  TOTALS 100 100 100 100 99.9 0 0 
 

Sample SUC1 (surface level) - Myrtaceae pollen dominates this assemblage (60%) 

with 47.5% of it being Melaleuca spp (probably M. rhaphiophylla).  Prominent also is 

T. orientalis (20.5%).   

 

Sample SUC2 (5 cm-shoeprint depth) - Cyperaceae pollen dominates this 

assemblage (75.5%). Myrtaceae (12%) is also prominent. 
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Sample SUC3 (10 cm depth) - Myrtaceae pollen dominates this assemblage (58%) 

with 32.5% of it being Melaleuca spp. Present also is Poaceae (grass, 7.5%), 

Casuarinaceae (7%) and T. orientalis (5.5%).  The remaining 22% of the assemblage 

comprises other taxa with 14% of the grains unidentified. 

 

Sample SUC4 (20 cm depth) - Myrtaceae pollen dominates this assemblage 

(53.5%) with 35.5% of it being Melaleuca spp.  Present also is grass (12%), 

Casuarinaceae (7%) and T. orientalis (4%).  The remaining 23.5% of the assemblage 

comprises other taxa with 10.5% of the grains unidentified. 

 

Sample SUC5 (30 cm depth) - Myrtaceae pollen dominates this assemblage 

(56.5%) with 32.2% of it being Melaleuca spp.  Present also is grass (8.6%), 

Casuarinaceae (5.3%) and T. orientalis (2%).  The remaining 27.5% of the assemblage 

comprises other taxa with 19.7% of the grains unidentified. 

 

Sample SUC6 (40 cm depth) is devoid of any palynomorphs. 

 

Sample SUC7 (50 cm depth) is devoid of any palynomorphs. 

 

Discussion - Comparison of core surface sample and surface soil samples 
The core surface sample (SUC1) is very similar in composition to all of the surface soil 

samples (SU1, SU2, SU10, SU22, SU23, SU29) taken from this site.  Melaleuca spp 

pollen dominates all samples and pollen of Typha orientalis is similarly prominent. 

 

Core Samples - The most striking feature observed in the core samples is the 

dominance of Cyperaceae pollen (75.5%) at 5 cm (SUC2), shoeprint depth.  This is a 

very significant forensic marker.  In combination with other pollen types in the 

assemblage the presence of a high percentage of Cyperaceae pollen on a suspect’s shoes 

may indicate the suspect’s presence at this particular site. 

 At all other depths the pollen assemblages are similar to the surface samples in that 

Myrtaceae pollen, especially Melaleuca spp, is consistently abundant (32.2 - 47.5%).  A 

major difference, however, is that Typha orientalis is present in very low percentages (2 

– 5.5%) below surface, and conversely, the amount of unidentified pollen grains 

increases with depth. At 10 cm and below, drier land taxa such as the Proteaceae, 

Asteraceae and Apiaceae appear.  
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Eric Singleton Bird Sanctuary Core 3  
A 50 cm core was taken in wet sediment at the lake’s edge in December 2004 (winter). 

The core was sampled at seven depths along its length (SUC8-SUC14).  All levels of 

the core yielded a moderately diverse pollen assemblage, mostly rich in generally well-

preserved palynomorphs.  The pollen grains belonging to the Poaceae family however 

are degraded at all levels either by fungal or insect attack.  Table 5.5 contains the 

percent occurrence of pollen and spores obtained from this core. 

 

Sample SUC8 (surface level) – Poaceae (grass) pollen dominates this assemblage 

(57.5%).  Prominent also is Myrtaceae (20%) and Chenopodiaceae pollen (6.5%). 

 

Sample SUC9 (5 cm-shoeprint depth) - Grass pollen dominates this assemblage 

(57 %).  Prominent also is Myrtaceae (11%) and Chenopodiaceae pollen (6.5%). 

 

Sample SUC10 (10cm depth) - Myrtaceae pollen (31.5%) dominates this 

assemblage.    Prominent also is grass pollen (28%), Asteraceae Type 1 (19%) and 

Typha orientalis (10.5%).   

 

Sample SUC11 (20cm depth) - Myrtaceae pollen (41%) and grass pollen (37.5%) 

dominate this assemblage.   Prominent also is Asteraceae Type 1 (11.5%).   

 

Sample SUC12 (30cm depth) - Myrtaceae pollen (63%) and grass pollen (22%) 

dominate this assemblage.   Foraminiferal linings also are present but are not included 

in the count. 

 

Sample SUC13 (40cm depth) - Myrtaceae pollen (65%) dominates this assemblage. 

Poaceae (15%) and unidentified grains (15%) are also prominent. 

    

Sample SUC14 (50cm depth) - Myrtaceae (30.5%) and Casuarina spp (26%) 

dominate this assemblage.  Prominent also are unidentified grains (17%) and grass 

pollen (13%). 

 

Discussion - Comparison of core surface sample and surface soil samples 

Grass pollen (57.5%) dominates the core surface sample (SUC8), whereas in the surface 

soil samples Brassica tournefortii (Mediterranean Turnip) is dominant. The core surface 
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sample contains only 0.5% of this pollen type.  The most significant feature of the grass 

pollen grains in sample SUC8 is that they are degraded (the pollen walls are ragged and 

holes appear in the grains, Pl.1g - k). This is an excellent marker for this particular site, 

as degradation of this kind has not been seen in any other pollen types or at any other 

sites. Typha orientalis (4%) and Chenopodiaceae pollen (9%) found in the lake’s edge 

surface soil sample (SU5) is similarly reflected in sample SUC8 (4 and 6.5% 

respectively). 

 
Table 5.5 Percent occurrence of pollen and spores in ESBS core 3 

SAMPLE #   SUC 8 SUC 9 SUC 10 SUC 11 SUC 12 SUC 13 SUC 14 
Depth   surface 5 cm 10 cm 20 cm 30 cm 40 cm 50 cm 
FAMILY GENUS/SPECIES               
Amaranthaceae Ptilotus spp 0.5 2         1 
Asteraceae Type 1 0.5 5 19 11.5 3 2 4.5 
Asteraceae Type 2         0.5     
Brassicaceae Brassica tournefortii 0.5 2 0.5         
Caryophyllaceae spp  0.5      
Casuarinaceae spp 2.5 2 2 3   0.5 26 
Chenopodiaceae spp  6.5 6.5 1 0.5     3 
Cyperaceae spp 1   0.5   4 2 3 
Myrtaceae Eucalyptus spp 2.5 3 12 13.5 9 11 6 
Myrtaceae Melaleuca spp 3.5 3 5.5 7.5 9 9 2 
Myrtaceae spp 14 5 14 20 45 45 22.5 
Oxalidaceae Oxalis pes-caprae       0.5       
Papilionaceae Chamaecytisus palmensis   1.5           
Pinaceae Pinus spp 4.5 2.5 0.5 0.5       
Poaceae spp<30 µm 6 10 6 29.5 17.5 10.5 4.5 
Poaceae spp >30 µm 51.5 47 22 8 4.5 4.5 8.5 
Proteaceae Banksia spp         0.5     
Proteaceae Stirlingia spp   0.5   0.5       
Typhaceae Typha orientalis 4 4 10.5 1 3.5 0.5 2 
Unidentified Unidentified 2.5 5.5 6.5 4 3.5 15 17 
TOTALS   100 100 100 100 100 100 100 
 

 

Core Samples - The assemblages obtained from the upper levels of the core are 

dominated by Poaceae (grass) grains in a similarly degraded state as those mentioned 

above.  Lower down the core Myrtaceae spp dominates but at the very base (50 cm) 

26% of the pollen assemblage is Casuarinaceae.  Unidentified grains are present in 

higher percentages from 40 cm down also.  With an indeterminate history of soil 

deposition at the ESBS it is difficult to assess if this finding is of any significance. 
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Eric Singleton Bird Sanctuary Core 4  
A 50 cm core was taken in wet sediment at the lake’s edge in December 2004 (winter). 

The core was sampled at seven depths along its length (SUC15 - SUC21).  All levels of 

the core except one (SUC21) yielded a moderately diverse pollen assemblage, rich in 

generally well-preserved palynomorphs.  Table 5.6 contains the percent occurrence of 

pollen and spores obtained from this core. 

 

Sample SUC15 (surface level) – The assemblage comprises grass pollen (35%), 

Myrtaceae (17%), Chenopodiaceae (14%) and other taxa.  Unidentified grains total 

15.5%.  Some of the grains are degraded. 

 

Sample SUC16 (5 cm - shoeprint depth) – Besides grass pollen (42.5%), 

Chenopodiaceae (17.5%), Pinus spp (10%) and Typha orientalis (9%) are also 

prominent in this assemblage.  Some of the grains are badly degraded. 

 

Sample SUC17 (10 cm depth) – Grass pollen dominates this assemblage (38.5%).  

Prominent also is Pinus spp (18%), Myrtaceae (17%) and T. orientalis (15.5%).  

Foraminiferal linings are present but are not included in the count. 

 

Sample SU18 (20 cm depth) – Poaceae (grass) pollen (47.5%) and Myrtaceae 

(24%) dominate this assemblage.  Unidentified grains total 8.5%. 

 

Sample SU19 (30 cm depth) – Myrtaceae (41.5%), Casuarinaceae (22.5%) and 

unidentified grains (21%) dominate this assemblage.  

  

Sample SU20 (40 cm depth) – Myrtaceae (36%) and unidentified grains dominate 

this assemblage.  Prominent also is Casuarinaceae (13.5%) and Restionaceae pollen 

(12.5%, Pl. 2a, b). 

 

Sample SU21 (50 cm depth) – This sample is devoid of any palynomorphs. 

 

Discussion - Comparison of core surface sample and surface soil samples 

Poaceae (grass, 35%) pollen dominates the assemblage in the core surface sample 

(SUC15) and Myrtaceae is prominent (17%), whereas Myrtaceae pollen dominates all 

of the surface soil samples.   
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Sample SUC15 also contains Cyperaceae pollen (6.5%) which is found in only 

one surface soil sample.  Of interest also is the presence of Banksia spp and a single 

Polygonaceae grain (Pl. 2c, d) which is not observed in any of the surface soil samples.  

No plant of the Polygonaceae family was noted in the vegetation survey.  Restionaceae 

pollen is present in the lower depths, as in HL Core 4, which suggests the soil was not 

disturbed at deposition time allowing Typha orientalis to dominate. 
 

Table 5.6 Percent occurrence of pollen and spores in ESBS core 4 

SAMPLE #   SUC 15 SUC 16 SUC 17 SUC 18 SUC 19 SUC 20 SUC 21 
Depth   surface 5 cm 10 cm 20 cm 30 cm 40 cm 50 cm 
FAMILY GENUS/SPECIES        
Apiaceae Centella asiatica      1  
Asteraceae Type 1 2.5 1 1.5 9 0.5 0.5  
Asteraceae Type 2 0.5 0.5   0.5   
Brassicaceae Brassica tournefortii  1 1  0.5 1.5  
Caryophyllaceae spp     1.5   
Casuarinaceae spp    0.5 22.5 13.5  
Chenopodiaceae spp 14 17.5 4.5 4 0.5   
Cyperaceae spp 6.5 4 1     
Geraniaceae spp   0.5     
Mimosaceae Acacia spp  0.5      
Myrtaceae Eucalyptus spp 6 3.5 4 5.5 8 6  
Myrtaceae Melaleuca spp 3.5    3.5 3  
Myrtaceae spp 7.5 5.5 13 18.5 30 27  
Pinaceae Pinus spp 1.5 10 18 2.5    
Poaceae spp<30 µm 1.5 10 6 14.5  3  
Poaceae spp >30 µm 33.5 32.5 32.5 33 4 5.5  
Polygonaceae Persicaria decipiens 0.5       
Proteaceae Banksia spp 0.5    0.5   
Proteaceae spp 3.5       
Restionaceae spp    0.5 5.5 12.5  
Typhaceae Typha orientalis 3 9 15.5 3.5 1.5 5  
Unidentified Unidentified 15.5 3 1.5 8.5 21 21.5  
Cryptogam spore spp  2 1     
TOTALS   100 100 100 100 100 100 0 
 

 

Core Samples - The various trends shown in this core make this the most diverse of 

all the cores. Grass pollen is prominent downhole in the upper levels of the core 

samples however Myrtaceae pollen dominates from a depth of 30 cm (SUC19). 

Similarly, Chenopodiaceae pollen is prominent in the upper two levels of the core and at 

10 cm (SUC17) the percentage of this pollen type declines. At 30 cm (SUC19) and 

lower Casuarina spp is well represented.  Cyperaceae pollen is present in the upper 

levels also but disappears at 20 cm (SUC18).  Typha orientalis, Pinus spp and 

Asteraceae pollen is present throughout the core in varying percentages.    
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6. RESULTS – Composite Assemblages 
 
 

6.1 INTRODUCTION 
 
The previous two chapters described and discussed the individual pollen assemblages 

obtained from surface soil and core samples collected at different locations, in different 

sites of each of two wetlands (Herdsman Lake and the Eric Singleton Bird Sanctuary) at 

different times of the year. This chapter will compare the composite surface soil and 

core pollen assemblages from the sites within each wetland, and the assemblages from 

the corresponding sites in the two wetlands (i.e. Site One at HL with Site one at ESBS).  

 Composite surface soil pollen assemblages were made by totalling the 

percentage of family type pollen obtained from each location within a site that were 

collected at the same time of the year, and dividing that total by the number of samples 

used. This provided an average commingled pollen assemblage for that site.  Composite 

surface soil pollen assemblages are of importance in a forensic situation where an item 

may have moved over several square metres (locations) of a particular site, for example, 

a blanket used to drag a body will exhibit a pollen assemblage that is a mixture of two 

or more location assemblages at that site in addition to pollen collected in previous use.  

Similarly, shoes will be walked over several locations at a site and will collect pollen 

accordingly which combines with pollen collected in prior use.   

The cores were analysed to gain a palynological profile similar to that of shallow 

graves that, in a criminal case, could be used to compare with evidentiary items such as 

soil on a shovel used to dig a grave.  The soil from a shovel may produce a pollen 

assemblage that correlates to a commingled mixture of pollen from all the levels in the 

grave or a pollen assemblage representative of only one or two levels within the core if 

only a small clod of soil is picked up.  Shoes, worn in the commission of a crime, may 

also sink into muddy soil up to a depth of 5 cm and produce an assemblage which is 

different to the surface soil at that particular site.  For this reason this project examined 

the pollen assemblages at different depths in each core (the grave profile), and also the 

commingled pollen assemblages from each core (the burial assemblage). The ‘burial 

assemblages’ were arrived at by totalling all of the data from the productive samples 

within a core and dividing by that number of samples.   

Listed by family group the pollen percent occurrence in the commingled surface 

pollen assemblages and the commingled ‘burial assemblages’ from the cores  from each 
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site are shown side by side for ease of comparison in Appendices 15 – 16.  Figures 6.1 – 

6.3 graphically illustrate these results. 

 

  

6.2 Commingled Surface Soil Sample Assemblages across all 
Sites  
 

6.2.1 Herdsman Lake 

There was only one productive sample from Site One for comparison with the 

commingled surface soil pollen assemblages obtained from the other three sites. The 

assemblages in all sites at HL are indicative of a metropolitan wetland environment i.e. 

pollen of Typha orientalis and Myrtaceae pollen (including Melaleuca spp) is present in 

all samples.  Wind blown pollen grains such as Poaceae, Pinus spp and Casuarinaceae 

are present in most assemblages but are expected to be found in any sample taken in 

southern Western Australia.  Figure 6.1 shows the broad difference between the 

combined pollen assemblages obtained from each site in different seasons. 

 

• Herdsman Lake, May (autumn) 
As broadly similar palynologically as all sites at HL in autumn appear, there are 

differences in the dominant type of pollen in the assemblages that can differentiate each 

site. For example, Site One’s pollen assemblage is dominated by Fumaria muralis, 

which is not found at any other site within HL. At Site Two Asteraceae pollen is 

prominent, but is only present at other sites in very small percentages. At Site Three, a 

parkland, Poaceae (grass pollen) is dominant, whereas it is present elsewhere in much 

smaller amounts.  Site Four, which is predominantly a Bracken (Pteridium esculentum) 

stand, cannot be palynologically determined as such as no P. esculentum spores were 

found. However, it has a higher percentage of Myrtaceae pollen, especially Eucalyptus 

spp, than the other sites.  It is similar to Site Two in composition but only contains 

Asteraceae pollen in very small amounts.  

 

• Herdsman Lake, October (spring) 
Myrtaceae pollen totally dominates all three sites at HL in spring (there is no data 

available for Site One in October).  Typha orientalis pollen is present in smaller 

amounts than seen in autumn (T. orientalis flowers November – January, FloraBase). 

Again, wind blown pollen of Poaceae and Pinus spp is present in all assemblages.   
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Discussion  
The surface pollen assemblages obtained from samples collected in May from each site 

can be clearly differentiated from each other at the family level. The October pollen 

assemblages are not as readily differentiated from each other as Myrtaceae pollen is 

totally dominant in all three assemblages leaving little room for any other type of 

pollen. Small amounts of commonly occurring pollen family types are present though, 

and for the purposes of this study it is their presence in the pollen assemblages that 

differentiates one from another. For example, the Site Three assemblage contains 

Caryophyllaceae and Chenopodiaceae pollen types in very small amounts not seen at 

the other sites in October.  Conversely, Site Four contains Apiaceae pollen found only 

at Site Three in May, and Asteraceae pollen which is found at all sites in autumn but 

only here in spring.  In a forensic case, as these pollen types are very common in 

Western Australia, greater discrimination would be needed before making any 

conclusions, that is, pollen would need to be identified to species level and all of the 

palynomorphs present  would need to be counted. 

 

6.2.2 Eric Singleton Bird Sanctuary 
The commingled pollen assemblages obtained from the surface soil samples taken in 

December (summer) at ESBS are also indicative of a metropolitan wetland environment 

in as much as they contain Myrtaceae especially Melaleuca spp, and Typha orientalis 

pollen.  As is the case at HL, wind blown pollen grains such as Poaceae, Pinus spp and 

Casuarinaceae are present in most assemblages.  Figure 6.2 shows the broad difference 

between the pollen assemblages obtained from each site in different seasons.  

   

• Eric Singleton Bird Sanctuary, December (summer) 
Of the four sites, the Site Two and Site Three assemblages are easily 

distinguished from each other.  Site Three’s assemblage is totally dominated by 

Brassica tournefortii pollen which is only seen at two other sites in very small 

percentages. Site Two, the disturbed land site, contains a more diverse assemblage 

including pollen types peculiar to this site (e.g. Anacardiaceae and Cryptogam spores) 

and it has a larger percentage of unidentified grains than other sites. The pollen 

assemblages obtained from Sites One and Four are generally similar in composition but 

Site Four contains a larger percentage of Chenopodiaceae pollen and a smaller amount 

of T. orientalis pollen than the pollen assemblages obtained from Site One samples. 
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Figure 6.1 Herdsman Lake commingled surface soil samples obtained from all sites in two 

seasons. 
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Figure 6.2 Eric Singleton Bird Sanctuary commingled surface soil samples obtained from all 

sites in three seasons. 
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• Eric Singleton Bird Sanctuary, June (winter) 
Samples collected at Site Three in June were non-productive. Similar to the sites at HL, 

the pollen assemblages from the other sites at ESBS obtained in June are representative 

of a metropolitan wetland environment as they include Myrtaceae, especially Melaleuca 

spp and Typha orientalis pollen in relatively large amounts.  The exception is Site Two 

where the numbers of these types of pollen are greatly reduced and Poaceae pollen 

dominates.  Site One contains a fairly diverse assemblage not seen in December, and 

Site Four is devoid of the Chenopodiaceae pollen found in the summer samples.   

 

• Eric Singleton Bird Sanctuary, October (spring) 
Samples collected at Site Three in June were non-productive. Myrtaceae and Typha 

orientalis pollen in reduced quantities is present in the assemblages from the other three 

sites (a similar reduction in T. orientalis pollen percentages at HL in spring was 

observed).  The Site Two assemblage contains the most diverse assemblage of all the 

sites in all seasons and is dominated by Poaceae pollen.  The diversity seen in Site One 

in June is not seen here in October.  

 

Discussion 
Myrtaceae pollen is dominant in most of the commingled surface pollen assemblages 

from the Eric Singleton Bird Sanctuary, and Typha orientalis pollen is consistently 

present. At the pollen family level, in the same season, some commingled surface pollen 

assemblages are noticeably different, but others would require more detailed analysis to 

be clearly differentiated.  In December, the presence and dominance of Brassica 

tournefortii at Site Three, and the diversity in Site Two clearly differentiated them from 

each other and the other sites at this time of year. Similarly, Poaceae pollen dominates 

Site Two in June and October and is prominent in the commingled assemblage from this 

site in December. As noted for the HL sites, there are differences in the presence or 

absence of common pollen types and their percent occurrence at most sites. However, 

greater discrimination at the species level would be required to validate these 

differences in a forensic case.  
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6.3 Surface Soil Assemblages, Herdsman Lake compared with 
Eric Singleton Bird Sanctuary, Site by Site in Different Seasons 
 

• Sites One  
Site One at HL and Site One at ESBS are similarly vegetated, i.e. they are both 

Paperbark swamps and the pollen assemblages obtained from them in autumn/winter 

reflects this as both contain relatively large percentages of Myrtaceae especially 

Melaleuca spp. and Typha orientalis pollen. However, the assemblages are easily 

differentiated as the HL assemblage is dominated by Fumaria muralis pollen.  The 

ESBS assemblage lacks F. muralis pollen and is much more diverse.  Assemblages 

cannot be compared in any other season as there is no other data for HL at this site. 

 

• Sites Two 
Sites Two at HL and ESBS are similarly disturbed land and are situated close to water 

containing Typha orientalis.  The May/June assemblages are easily differentiated as the 

HL assemblage is dominated by T. orientalis pollen and contains a large percentage of 

Asteraceae pollen.  The ESBS assemblage is dominated by Poaceae pollen, and only has 

a small percentage of T. orientalis and Asteraceae pollen. 

 The spring assemblages can also be easily differentiated as the HL assemblage is 

dominated by Myrtaceae pollen and is poorly diverse whereas the ESBS assemblage is 

dominated by Poaceae pollen and is very diverse. 

 

• Sites Three 
There is no data available for ESBS in June or October so a comparison between the 

wetlands at these sites is not possible. 

 

• Sites Four 
Vegetationally, these two sites are the least alike as one is amongst a Bracken stand 

approximately 150 m from the lake (HL) and the other contains no Bracken and is in 

close proximity to the lake edge (ESBS).  Palynologically however, the assemblages 

obtained in May/June and October are broadly similar in family type composition as 

they all are dominated by Myrtaceae pollen, although HL has relatively more 

Eucalyptus spp than Melaleuca spp compared with ESBS, and all of the assemblages 

contain T. orientalis and Poaceae pollen.  In a forensic situation it would be difficult to 
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state the origin of these assemblages, so a more detailed analysis at the species/genera 

level of all of the palynomorphs present in the samples would need to be undertaken.   

 

Summary  
All the commingled surface pollen assemblages indicate a metropolitan wetland 

environment, and generally indicate the type of vegetation community within a wetland 

that they originated from (e.g. Paperbark swamp). The assemblages from Sites One and 

Two in each wetland are distinctly different, but the differences between the Sites Four 

assemblages are not so marked at the family level. There is no data for comparison at 

the Sites Three.  

 

 

6.4 Commingled Core –‘Burial Assemblages’ across all Sites  
A ‘burial assemblage’ is obtained by combining all pollen assemblage data from each of 

the seven levels (i.e. surface level to 50 cm) sampled downhole in a core (the grave 

profile). Cores were taken in each wetland at Sites One, Three and Four.  Figure 6.3 

shows ‘burial assemblages’ obtained from all of the cores from all sites in both 

wetlands. 

 
6.4.1 Herdsman Lake ‘Burial Assemblages’ 

• Herdsman Lake Core 1 
Although Myrtaceae and Typha orientalis pollen are well represented in this ‘burial 

assemblage’ the dominant pollen types found are Casuarinaceae (19.6%) and 

Unidentified grains (29.2%).  The amount of these pollen types plus the presence of 

Apiaceae, Caryophyllaceae, Liliaceae, Cryptogam spores and foraminiferal linings, not 

found in the other HL cores, differentiates Core 1 from the other HL cores. 

 

• Herdsman Lake Core 3 
Myrtaceae pollen dominates this ‘burial assemblage’ and contains twice the amount of 

Typha orientalis pollen (17.57%) and half the amount of Casuarinaceae pollen (7.14%) 

and Unidentified grains (13.14%) as that occurring in Core 1.  Present also in this 

assemblage, in small amounts, are pollen types not found in the other cores, for 

example, Amaranthaceae and Oxalidaceae.  All of these factors help to differentiate this 

burial assemblage from the others at HL. 
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• Herdsman Lake Core 4 
This assemblage appears to be a cross between the assemblages obtained from Cores 1 

and 3 in as much as it contains most of the pollen types found in them.  In this broad 

analysis it does not contain any pollen type specific to this core.  The difference 

however, is in the amounts of the different pollen types this assemblage contains.  

Similar to Core 3 it is dominated by Myrtaceae pollen but contains the lowest amount of 

T. orientalis (5.56%) and Poaceae pollen (1.99%) in all three cores, and the percentage 

of Casuarinaceae pollen (14.2%) is twice that of Core 3 but less than that of Core 1.   

 

6.4.2 Eric Singleton Bird Sanctuary ‘Burial Assemblages’ 

• Eric Singleton Bird Sanctuary Core 1 
The distinguishing feature of this ‘burial assemblage’ is the relatively high percentage 

of Cyperaceae pollen (16.26%) it contains compared with the very small amounts found 

in the other ESBS cores, and also the high percentage of Myrtaceae pollen (48%).  This 

core also contains much less Poaceae pollen (9.22%) than the other two cores taken at 

ESBS. 

 

• Eric Singleton Bird Sanctuary Core 3 
Prominent in this ‘burial assemblage’ are Poaceae (32.86%) and Myrtaceae (37.43%) 

pollen and twice the amount of Asteraceae pollen compared with the other cores at 

ESBS.  This core assemblage also contains very small percentages of pollen types not 

found in the other cores, for example, Amaranthaceae, Oxalidaceae and Papilionaceae. 

 

• Eric Singleton Bird Sanctuary Core 4 

This core’s assemblage is dominated by Poaceae pollen (29.33%) although this is a 

lesser amount than found in Core 3.  The distinguishing feature in this burial 

assemblage is the presence of small amounts of pollen types not seen in the other cores, 

for example Geraniaceae, Polygonaceae and Cryptogam spores. 
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6.5 ‘Burial Assemblages’, Herdsman Lake compared with Eric 
Singleton Bird Sanctuary  
 

• Cores 1 

Although both of these sites on the surface appear to be Paperbark swamps the ‘burial 

assemblages’ obtained from these two cores are very different and are easily 

differentiated.  The percentages of the major pollen contributors present in each core 

(grave) vary significantly.  Herdsman Lake Core 1 contains a much higher percentage of 

Unidentified and Casuarinaceae pollen than ESBS Core 1, and also contains 

Caryophyllaceae, Liliaceae, Cryptogam spores and foraminiferal linings not found in 

the ESBS assemblage.  The latter contains a significant percentage of Cyperaceae pollen 

(16.26%) and a Mimosaceae pollen grain not found in the HL ‘burial assemblage’. 

 

• Cores 3 
Both of these cores were taken at sites presently surrounded by parkland, yet the ESBS 

burial assemblage contains three times the amount of grass pollen than that of HL.  

Small amounts of Brassicaceae, Caryophyllaceae and Papilionaceae pollen are present 

in the ESBS assemblage but are not found at HL.  It is easy therefore to differentiate 

between these two burial assemblages. 

 

• Cores 4 
The most striking difference between the ‘burial assemblages’ obtained from these two 

sites is in the amount of the dominant pollen present in each one.  The HL assemblage 

contains twice the amount of Myrtaceae pollen (50.94%) than that of the ESBS 

assemblage (24.08%).  Conversely, ESBS is dominated by Poaceae pollen (29.33%) yet 

the HL assemblage contains only 1.99%.  The ESBS assemblage is also much more 

diverse with 18 different pollen families identified compared with 11 at HL.  As in the 

other comparisons it is easy therefore, to differentiate between these two burial 

assemblages. 



 81 

 

 
Figure 6.3 ‘Burial assemblages’ obtained from all cores in both wetlands. 
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Summary 
Figure 6.3 illustrates the ‘burial assemblages’ obtained from each core. The results of 

the comparison of the commingled core pollen assemblages from the corresponding 

sites at each wetland show that they are distinctly different. Therefore, burial 

assemblages from sites with similar vegetation, from different wetlands can be 

differentiated due to their vegetational and land use history.   
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7. DISCUSSION AND CONCLUSIONS  
 

7.1. Introduction 
There is very little published research in the area of Forensic Palynology (Wiltshire, 

2006a) with most of it being case work based (currently, Dr Lynne Milne is the only 

recognised forensic palynologist with case work experience working in Australia).  For 

Forensic Palynology in Australia to become a truly recognised valid science and to be 

accepted in the courts, there needs firstly to be awareness by police of its usefulness in 

assisting to solve a myriad of different crimes. Secondly, the judiciary need to be 

assured that the science is valid. These outcomes can only be achieved by education of 

the police and ongoing research in the area to help validate scientists’ claims in court.   

This study was undertaken to add to the palynological knowledge of 

metropolitan wetlands, and has aimed to determine if surface and grave profiles from 

similar environments can be broadly palynologically differentiated. The forensic 

applications of these findings may help support other research and casework in the field 

of Forensic Palynology in general, and in particular where wetlands are host to criminal 

activities and investigations.   

This chapter summarises the findings of research conducted and outlaid in the 

previous three chapters (Ch. 4 - 6).  Conclusions are drawn and discussed with emphasis 

on their forensic significance. 

 

7.2 SURFACE SAMPLES 
7.2.1 Environment Type 
The pollen assemblages obtained from the HL and ESBS surface soil samples certainly 

reflect a metropolitan wetland environment that characteristically contains Typha 

orientalis, the ubiquitous Bulrush, Melaleuca rhaphiophylla the Swamp Paperbark and 

native Cyperaceae (sedges).  All but one sample (SU3) contain T. orientalis pollen and 

M. rhaphiophylla pollen is well represented in most of the assemblages. Pollen from 

native Cyperaceae (sedges) is not so evident in the samples. The forensic implications 

of these findings are that a pollen assemblage retrieved from a suspect’s belongings or a 

victim’s body that contains T. orientalis and M. rhaphiophylla pollen, would be highly 

suggestive of a metropolitan wetland origin, or indicate that there is a wetland 

environment close by.  For example, although ESBS Site Two is a disturbed grassed 
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area, because it adjoins a Paperbark swamp (Fig. 3.6) the samples contain T. orientalis 

and M. rhaphiophylla pollen in addition to the expected weeds and grass pollen. 

 

7.2.2 Site 
Overall, the pollen assemblages obtained from surface soil samples from the four 

different sites within each wetland do reflect the type of vegetation that grows at these 

sites (Ch. 4). For example, the surface samples from the Paperbark swamp sites in both 

wetlands (Sites One), with few exceptions, contain a greater quantity of M. 

rhaphiophylla and T. orientalis pollen than the other sites. The disturbed land sites, in 

particular that at ESBS, although containing M. rhaphiophylla and T. orientalis contain 

higher percentages of weed pollen (e.g. Poaceae, Asteraceae, Ricinus communis). 

Similarly, the samples from the parkland at HL Site Three contain large percentages of 

Poaceae (grass) pollen.   

The absence of any spores at the Bracken (Pteridium esculentum) site (HL Site 

Four) is difficult to explain unless this Bracken stand mainly reproduces by means other 

than sporulation as discussed in Chapter 4. The absence of spores from this site is 

contrary to what would be expected by most researchers and lay persons, and highlights 

the importance of conducting palynological research to support or refute palynological 

evidence in the courtroom context. For example, judges and jurors, having been 

informed that P. esculentum produces spores, may expect a pollen assemblage from a 

suspect’s muddy shovel, allegedly used in the commission of a crime at the Bracken 

site, to contain spores. This research, in showing that this is not always the case, will be 

invaluable as corroborative evidence in any future Perth case involving Bracken, and 

may be used as an example that the frequency and/or presence or absence of particular 

pollen or spore types in a pollen assemblage in a given area does not necessarily reflect 

the frequency or occurrence of plants growing in that area.   

Comparison of the surface samples from the vegetationally similar sites at each 

wetland reveals that they can generally be distinguished palynologically, and that in 

some instances the samples have an unusual dominant species that characterises them. 

For example, in sample SU12 pollen of Fumaria muralis (an annual weed) comprises 

32% of the total assemblage although no plant was noted at the time of the vegetation 

survey. Similarly, there is a large percentage of Brassica tournefortii pollen (35 - 68%) 

in samples taken at ESBS Site Three. These findings demonstrate the importance of 

taking control and evidentiary samples as soon as possible after a crime has been 

discovered, and the need to collect numerous repeat control samples. The pollen 
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assemblage from a sample collected from a crime scene months after the commission of 

the crime may not contain a large percentage of a particular marker pollen type that was 

present at the time of the crime. This will therefore dramatically reduce the value of a 

pollen assemblage ‘match’ with a suspect’s evidentiary item.   

 

7.2.3 Season 
Forensic Palynology has been used to help determine the season in which 32 men died 

following the discovery of their bodies in a mass grave in Magdeburg, Germany (Szibor 

et al., 1998). Recently, researchers in Italy examined corpses brought to a morgue to 

determine if pollen found on them accurately reflected the season of death, which was 

known. The researchers found that qualitatively, but not quantitatively, their findings 

accurately reflected the season (Montali et al., 2006). 

 In this project, examination of repeat surface soil samples taken from the same 

locations at different times of the year show that there are seasonal differences in their 

pollen assemblages (Ch. 4).  However, the major differences are predominantly 

quantitative, i.e. in the amount of a particular type of pollen present in an assemblage 

rather than qualitative, i.e. in the presence or absence of the pollen type itself. This 

study also shows that the increase in a particular type of pollen does not always 

correlate with the flowering season of the plant that produces it.  For example, sample 

SU3 taken at ESBS Site Four in December yielded no Typha orientalis pollen (T. 

orientalis flowers November-January).  Similarly Schinus terebinthifolia pollen is 

absent from ESBS samples taken after the flowering season but present in samples 

taken at the same location the month before flowering. The absence of these pollen 

types in or near the flowering season may be due to many factors including the amount 

of pollen the plant produces, its method of dispersal, its state of degradation (i.e. it is too 

degraded to identify), or the simple fact it was just not present at the exact location 

sampled. 

 The disparate findings discussed here further confirm the importance of 

collecting evidentiary and control samples as soon as possible in the investigation of a 

crime, and confirm that palynologists need to be very wary of interpreting pollen 

assemblages from samples taken well after an event.  The findings also highlight the 

need for careful and meticulous collection techniques, and the need for many replicate 

samples to be collected.  
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7.3 CORES 
The 50 cm cores taken for this study were collected to represent the sediment 

intersected in shallow graves.  The different levels downhole reflect the depositional 

history of the sites and do not necessarily concur with the results obtained from the 

corresponding surface samples with respect to environment or site type (Ch. 5).  

Seasonal changes downhole, or between cores, are impossible to assess.   

Four of the six core surface samples analysed are manifestly different from the 

corresponding surface soil samples collected at the same site. These significant 

differences are largely due to the presence in the surface soil samples of unusually high 

percentages of one uncommon pollen type (e.g. Fumaria muralis at HL Site One and 

Brassica tournefortii and degraded Poaceae pollen grains at ESBS Site Three). The 

surface soil samples were also taken from a larger area than that of the core surface 

samples which may explain the differences.  The other two core surface samples are 

similar to their corresponding soil surface samples. 

Results from the analysis of the samples collected from the cores at different 

depths reveals that there are major differences between the pollen assemblages obtained 

from the upper levels of the cores and the lower levels, and that the downhole profile of 

the different cores from the different sites and wetlands can be distinguished from each 

other.  However, similar to the findings at surface level the differences in the pollen 

assemblages are predominantly quantitative rather than qualitative.   

The major trends found in the composition of the pollen assemblages from 

individual samples downhole within each core are changes in dominance of particular 

pollen types at different depths. In particular, Typha orientalis decreases downhole in 

all cores at HL. In general, Casuarinaceae is more prominent towards the base of the 

cores and in four of the six cores Poaceae pollen is high in the upper part of the core and 

diminishes towards the base. In all but one core the prominence of Myrtaceae changes 

downhole, either from high to low, or low to high. These major changes in the dominant 

pollen types downhole at both wetlands reflect the changes in vegetation over time, and 

in some instances, the changes in land-use at a site over time.  These findings are 

important in a forensic context as they illustrate that within a grave profile the pollen 

assemblages at different depths vary, and that grave profiles taken from within similar 

vegetation communities and from different sites within a wetland can be quite different. 

 Overall, the six cores contain many of the same pollen types. It has been shown 

that grave profiles (i.e. the individual samples downhole) of each core can be 
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distinguished from each other in most instances, but when the core samples are 

combined to produce the commingled ‘burial assemblage’, comparison of sites within a 

wetland are not so clear. At the family level some of the commingled pollen 

assemblages are distinctive, but others are remarkably similar and differentiation of 

them would need to be conducted with caution.  Differences are clearly apparent where 

a core contains one sample with an unusually high percentage of a particular type of 

pollen (e.g. 75.5% Cyperaceae pollen in ESBS Core One at 5 cm). When the pollen 

assemblage from this sample is combined with all the assemblages from the other 

samples in that core, the prominence of that particular pollen type is still evident in the 

burial assemblage even though it is diluted several times over (e.g. Cyperaceae 16.2%). 

Similarly, foraminiferal linings in HL Core One that occur down to 20 cm, although not 

included in the pollen count, could be used to distinguish this core from other cores in a 

forensic situation.  

There is more distinction between the commingled core pollen assemblages 

from the corresponding sites in each wetland than there is between the cores within a 

wetland. These below surface differences in pollen assemblages reflect the history of 

each wetland. Herdsman Lake has had a varied history of agricultural use including 

cattle grazing and market gardening, whereas Eric Singleton Bird Sanctuary has been 

described as originally being a former natural paddock/occasional wetland that early 

European settlers may have seasonally used for market gardening. Although the 

histories of these two wetlands appear similar, in recent years ESBS has had soil 

imported to artificially construct the lake and surrounds. Where the imported soil came 

from and its associated vegetation community is unknown. It is likely that this has 

contributed to the more marked differences between the two wetland’s cores at 

corresponding sites than between the surface samples which reflect the current 

vegetation at these sites.   

The results of the analysis of core samples in this study are forensically 

important in that they highlight the need for careful sampling of evidential items. For 

example, the surface of a shovel thought to have been used to dig a grave may contain 

individual small clods of soil as well as a fine covering of dust. Combining the dust and 

all the clods into one sample will dilute the impact of any marker pollen types from 

individual levels of a grave profile, and will also include in the sample pollen that was 

on the shovel prior to it being used to dig a grave. If all the small clods and the overall 

dust sample are individually analysed, the pollen assemblages from each may be quite 

different, and therefore more useful for determining the source of the soil.  
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7.4  CONCLUSIONS 
 
The results of this study are forensically important because they show that the pollen 

assemblages from surface soil samples at Herdsman Lake and Eric Singleton Bird 

Sanctuary are indicative of a metropolitan wetland environment.  It is also possible to 

broadly palynologically differentiate between the sites at both wetlands that appear 

vegetationally similar, and to differentiate the pollen assemblages from the four sites 

within each wetland. However, pollen assemblages collected in different seasons from 

the same locations do not always reflect the flowering periods of plants present. Results 

also show that pollen assemblages from the soil surface samples can be quite different 

from those obtained from the core surface samples.   

The major palynological trend within each core downhole (the ‘grave profile’), 

the changing dominance of particular pollen types, and the presence of specific markers 

at individual depths reflects vegetation and land use changes over time and can help 

broadly distinguish some grave profiles. However, when all the pollen assemblages 

from a grave profile are commingled to produce a ‘burial assemblage’, the differences 

in assemblages from cores within a wetland are not so marked. On the other hand, the 

cores from corresponding sites at the two wetlands are distinctly different.  

The findings of this study confirm that broad palynological analysis can 

differentiate between two wetlands with similar vegetation, at surface level and 

downhole.  This broad analysis is similar to that required by police in the initial stages 

of an investigation.  A more detailed palynological analysis however would need to be 

conducted before presenting this evidence in court. The findings also highlight the need 

for careful and repetitive collection of control and evidentiary samples as early as 

possible in an investigation, and for the investigation of similar nearby and/or alibi 

environments for the purpose of comparison and validation of results. Caution should be 

taken when palynologically interpreting the season in which a crime was committed. 

Similarly, samples at different depths in a grave profile should be separately analysed.  

 

7.5. THE FUTURE 
 
The future of Forensic Palynology requires a greater understanding and acceptance of 

its use by the police, the judiciary and ultimately the courts of law.   More education, 
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more training and resources and more research are required to give Forensic Palynology 

the credence it deserves.   

Besides the many wide ranging uses of Forensic Palynology already outlined in 

Ch. 1, an unusual use of this exciting science has recently combined the use of forensic 

botany (palynology) and geology to investigate war crimes (Brown, 2006).  Future uses 

may include determining the provenance of letter bombs and other such items used in 

terrorism (Bryant, 2003) and the solving of cold cases (FOX News, 2006).   

Plant DNA has already been used successfully in the USA to solve a murder 

case, and a marijuana DNA database that may link distributors and dealers is being 

developed (Weiss, 2005). An Australian research project is also being developed to 

identify grasses which are a common source of botanical trace evidence (Ward et al., 

2005), and in New Zealand, researchers are developing a DNA analysis system for 

pollen (Eliet and Harbison, 2006).  This research, however, will require the isolation of 

a considerable number of pollen grains from a mixed pollen assemblage and will have 

limited applications in the broader sense of Forensic Palynology. These techniques may 

be valuable in future where appropriate evidentiary material is available. However, 

dispersed pollen assemblages from soil and dust are more widely available, and there 

will always be a need for Forensic Palynology (Mildenhall et al., 2006) despite these 

new developments.  

The possibilities for future research in the area of Forensic Palynology are 

limitless. In a similar vein as the research conducted in this project, palynological 

profiles of the numerous different environments and their varied vegetation 

communities need to be studied and documented towards the establishment of a 

Western Australian and Australian database. Such a database would assist in future 

casework and provide validation of results in the courtroom context.  
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GLOSSARY 
 

 
Acetolysis A laboratory technique used to prepare pollen grains and 

spores for analysis 

Amb  The shape of palynomorphs seen in polar view 

Aperture An opening in the wall of a pollen grain for the dispersal 

of male sex cells 

Baculate A sculptural term to describe cylindrical projections on 

the surface of a pollen grain or spore 

Biporate Having two pores 

Colpus (pl. colpi) Slit-like aperture  

Echinate A sculptural term to describe spine-like projections on 

the surface of a pollen grain or spore  

Equatorial view The view seen down a microscope of the equatorial 

plane of a pollen grain or spore 

Forensic Palynology  The use of palynology to aid or solve matters in a legal 

context 

Fossulate A sculptural  term to describe long, irregular indentations 

in the surface of a pollen grain or spore  

Granulate A sculptural  term to describe granule-like projections on 

the surface of a pollen grain or spore 

Monad A pollen grain or spore dispersed singularly 

Monoporate Having one pore 

Negative reticulum A sculptural term to describe net-like indentations or 

grooves in the surface of a pollen grain or spore  

Palynology The study of pollen, spores and other microscopic, acid- 

resistant plant bodies 

Palynomorph The generic term for  pollen, spores and other 

microscopic acid- resistant plant bodies 

Pantoporate Pollen grain with more than three pores,  globally 

distributed 

Parasyncolp(or)ate* Describing syncolp(or)ate pollen grains in which the 

apices of the colpi divide into two branches and 

anastomose towards the poles (see syncolporate) 
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Polar view The view seen down a microscope of the polar plane of a 

pollen grain or spore 

Pollen Male reproductive sex cells of flowering plants 

(angiosperms) and cone-bearing plants (gymnosperms) 

Pollen analysis Process used to study a pollen assemblage 

Pollen assemblage Pollen and other palynomorphs recovered from any 

given sample 

Pollen rain Wind-borne pollen that eventually becomes part of 

sediment, soil and dust 

Polyad Pollen or spores dispersed in multiple units 

Pore Circular aperture 

Psilate A sculptural term to describe a smooth or sculptureless 

pollen wall surface 

Reticulate A sculptural term to describe net-like projections on the 

surface of a pollen grain or spore 

Rugulate A sculptural term to describe large (>1µm) irregular 

projections on the surface of a pollen grain or spore 

Scabrate A term to describe small (<1µm) irregular projections on 

the surface of a pollen grain or spore  

Sculpture Pattern of projections or indentations on the surface 

(outer wall) of pollen grains or spores 

Spore Asexual reproductive bodies of ferns, mosses and fungi 

Sporopollenin Tough biopolymer of which the pollen grain wall is 

primarily composed 

Striate A sculptural  term to describe generally parallel 

projections of the surface of a pollen grain or spore 

Syncolp(or)ate* Describing a pollen grain with two or more simple (or 

compound) colpi the ends of which anastomose at the 

pole 

Tetracolporate Pollen grain with four colpi anastomosed at the pole 

Tetrad Pollen or spores dispersed together in units of four 

Tricolporate Having three colpi and three pores 

Trilete Three armed mark on spores; similar to colpi 

Triporate Having three pores 
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Verrucate A sculptural term to describe wart-like projections on the 

surface of a pollen grain or spore 

Wetland An area of land temporarily or permanently wet with 

water that is fresh, brackish or salty and still or flowing 

 
* adapted from Punt, W., Blackmore, S., Nilsson, S. and Le Thomas, A., 1994.  
Glossary of Pollen and Spore Terminology.  Laboratory of Palaeobotany and 
Palynology (LLP Contributions series: no.1), LPP Foundation, University of Utrecht. 
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PLATE 1 



Plate 1.  Pollen from Cyperaceae (a), Poaceae (b-k), Typhaceae (l-n) and 
Chenopodiaceae (o-p). Magnification x 1000 unless stated otherwise. HL = Herdsman 
Lake, ESBS = Eric Singleton Bird Sanctuary. F denotes field collection, P numbers 
denote WA Herbarium sheet numbers pollen was collected from.  
 
 

a. Bolboschoenus caldwellii  (P02435098) 

 

b - d. Poaceae spp. (>30 μm ), HL Site Three surface 

 

e. Poaceae sp. (<30 μm), from boots worn to HL  

 

f. Paspalum dilatatum (P00835889) 

 

g – k. Poaceae spp. (>30 μm), ESBS Core 3, surface level. Examples of 

degraded grains, in order of degradation, that are a characteristic of this 

sample.  

 

l – n. Typha orientalis. l, ESBS Site One surface; m, n, HL Site Three 

surface.  

 

o, p. Chenopodiaceae sp. Same grain, o. median focus, p. surface focus.  

 

   



 
 
 
 
 
 

PLATE 2 



Plate 2.  Pollen from Restionaceae (a, b), Polygonaceae (c, d), Casuarinaceae (e) 
Fumariaceae (f-h), Myrtaceae (i-s), Asteraceae (t-aa). Magnification x 1000. HL = 
Herdsman Lake, ESBS = Eric Singleton Bird Sanctuary. F denotes field collection, P 
numbers denote WA Herbarium sheet numbers pollen was collected from.  
 

a, b. Restionaceae.  HL Core 1, 40 cm 

c, d. Persicaria decipiens. (F). HL Site 1 surface. c. median focus, d. high 

focus. 

e. Casuarina obesa.  (P05625998) 

f - h. Fumaria muralis. f. (P05662192), g. (P04232615), h. HL Site One 

surface 

i. Leptospermum laevigatum. (P06084923). 

j. Agonis flexuosa (F) 

k, l. Melaleuca quinquenervia, k.  (P05402468), l. HL Core 1, surface 

level 

m, n. Melaleuca rhaphiophylla, m. (P04423666), n. HL Core 1, surface 

level 

o. Eucalyptus gomphocephala. (P05838584) 

p. Eucalyptus sp. HL Site Two surface. 

q, r. Myrtaceae sp. Same grain high and median foci respectively, HL 

Core 1, surface level. 

s. Chamelaucium uncinatum. (F). 

t - v. Asteraceae Type 2.  t. HL Site Two surface, u-v. median and mid-

high foci respectively, HL Core 1, surface level 

w, x. Conyza bonariensis. (P05452244), w. polar view, x. equatorial view.  

y. Symphiotrichum subulatum. (P06228143) 

z, aa. Asteraceae Type 1.  z. Equatorial view,  HL Site Two, surface  

  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

PLATE 3 
 



Plate 3. Pollen from Brassicaceae (a-d), Oxalidaceae (e-h), Euphorbiaceae (i-k), 
Meliaceae (l), Basellaceae (m-n), Aizoaceae (o-p), Apiaceae (q-u).  Magnification x 
1000. HL = Herdsman Lake, ESBS = Eric Singleton Bird Sanctuary. F denotes field 
collection, P numbers denote WA Herbarium sheet numbers pollen was collected from. 
 

 

a - d. Brassica tournefortii. a, b. (P06577725), a. equatorial view, b. polar 

view; c, d. Same grain, median and high foci  respectively, ESBS Site 

Three, surface. 

e - h. Oxalis pes-caprae. e, f. same grain, median and high foci 

respectively, (P03387283); g, h. same grain, median and high foci 

respectively, ESBS Site Two, surface. 

i - k. Ricinus communis. Same damaged grain, low, median and high foci 

respectively, ESBS Site Two, surface. 

l. Melia azedarach. (P01962728) 

m, n. Anredera cordifolia. Same grain, median and high foci respectively  

(P04424468). 

o, p. Tetragonia decumbens. Two grains median and high foci 

respectively, (P06144314) 

q - s. Foeniculum vulgare. q, r. same grain, median and high foci 

respectively, (P03537757), s. high focus, (P03537544). 

t, u. Centella asiatica. Same grain, median and high foci respectively, HL 

Core 1, 5 cm. 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

PLATE 4 
 



Plate 4.  Pollen from Proteaceae (a-h), Onagraceae (i). Magnification x 1000 unless 
otherwise stated. HL = Herdsman Lake, ESBS = Eric Singleton Bird Sanctuary. F 
denotes field collection, P numbers denote WA Herbarium sheet numbers pollen was 
collected from. 
 

 

a, b. Banksia grandis. Same grain median and high foci respectively, 

(P05888344) 

c, d. Banksia littoralis. Same grain, median and high foci respectively, 

(P06442315) 

e, f. Stirlingia sp. Same grain, median and high foci respectively, ESBS 

Site Two, surface.  

g.  Proteaceae sp. HL site Three, surface. 

h. Hakea varia. (P06780962).  

i. Oenothera drummondii (P05553229). Magnification x 700. 

 

 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

PLATE 5 
 
 
 



Plate 5.  Pollen from Lamiaceae (a, b), Mimosaceae (c-g), Pinaceae (h), and 
foraminiferal lining. Magnification x 1000. HL = Herdsman Lake, ESBS = Eric 
Singleton Bird Sanctuary. F denotes field collection, P numbers denote WA Herbarium 
sheet numbers pollen was collected from. 
 

 

a, b. Hemiandra pungens (F). a. median equatorial view, b. high focus, 

polar view.  

c. Acacia saligna. (F). 

d.  Acacia pulchella. (P05897645) 

e.  Acacia cyclops (P00663514) 

f, g. Paraserianthes lophantha. f. (F), g. partial grain, (P04295919) 

h. Pinus sp, ESBS Site Two, surface 

i. Foraminferal lining, HL Core 1, 5 cm. 
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Appendix 1.  Register of all pollen reference samples.  

Includes those collected specifically for this project and those used from other 

collections available at UWA. P numbers are the Western Australian Herbarium sheet 

acquisition (Aq.) numbers, and BRI denotes Brisbane Herbarium.  

 

Species Family Coll. No.  
   
Acacia cyclops Mimosaceae P 00663514 

Acacia pulchella Mimosaceae P0 5897645 

Acacia saligna Mimosaceae BRI 519370 

Acacia saligna Mimosaceae Field collection 

Agonis flexuosa Myrtaceae P 05700272 

Agonis flexuosa Myrtaceae P 06135064 

Agonis flexuosa Myrtaceae Field collection 

Anredera cordifolia Basellaceae P 04424468 

Anredera cordifolia Basellaceae P 04375181 

Arundo donax Poaceae P 00318353 

Arundo donax Poaceae P 05414245 

Banksia grandis Proteaceae P 05888344 

Banksia grandis Proteaceae P 05551021 

Banksia littoralis Proteaceae P 06442315 

Banksia littoralis Proteaceae P 04689259 

Baumea articulata Cyperaceae P 02433885 

Baumea articulata Cyperaceae Field collection 

Bolboschoenus caldwellii Cyperaceae P 02434962 

Bolboschoenus caldwellii Cyperaceae P 02435098 

Brassica tournefortii Brassicaceae P 05605148 

Brassica tournefortii Brassicaceae P 06577725 

Brassica tournefortii Brassicaceae Field collection 

Calothamnus quadrifidus Myrtaceae P 06073263 

Carex fasicularis Cyperaceae P 02073803 

Carex fasicularis Cyperaceae P 04720717 

Casuarina obesa Casuarinaceae P 02278367 

Casuarina obesa Casuarinaceae P 05625998 

Centella asiatica Apiaceae P 03394328 

Centella asiatica Apiaceae Field collection 

Chamaecytisus palmensis Papilionaceae P 06323731 

Chamaecytisus palmensis Papilionaceae P 04184491 

Chamelaucium uncinatum Myrtaceae P 05275288 

Chamelaucium uncinatum Myrtaceae P 05884357 

Chamelaucium uncinatum Myrtaceae Field collection 



Appendix 1.  cont. 

 

Species Family Coll. No.  
 

  

Conyza bonariensis Asteraceae P 05452244 

Conyza bonariensis Asteraceae P 05712327 

Cynodon dactylon Poaceae P 04552857 

Cynodon dactylon Poaceae P 05064473 

Ehrharta calycina Poaceae Field collection 

Eragrostis curvula Poaceae P 05065526 

Eragrostis curvula Poaceae P 05710138 

Eucalyptus gomphocephala Myrtaceae P 05838584 

Eucalyptus rudis Myrtaceae P 04576322 

Eucalyptus rudis Myrtaceae P 05839858 

Euphorbia terracina Euphorbiaceae  P 04025733 

Foeniculum vulgare Apiaceae P 03537544 

Foeniculum vulgare Apiaceae P 03537757 

Fumaria muralis Fumariaceae P 04232615 

Fumaria muralis Fumariaceae P 05662192 

Pelargonium capitatum Geraniaceae P 04769759 

Hakea varia Proteaceae P 06780962 

Hakea varia Proteaceae P 06768776 

Hardenbergia comptoniana Papilionaceae P 02878682 

Hardenbergia comptoniana Papilionaceae P 06100554 

Heliotropium curassavicum Boraginaceae P 06236855 

Heliotropium curassavicum Boraginaceae P 05302714 

Hemiandra pungens Lamiaceae P 05080193 

Hemiandra pungens Lamiaceae P 05773482 

Hemiandra pungens Lamiaceae Field collection 

Hypochaeris glabra Asteraceae P 00717452 

Hypochaeris glabra Asteraceae P 05365031 

Kunzea glabrescens Myrtaceae P 06256414 

Leptospermum laevigatum Cyperaceae P 06083897 

Leptospermum laevigatum Cyperaceae P 06084923 

Lupinus cosentinii Papilionaceae P 02916258 

Lupinus cosentinii Papilionaceae P 02916347 

Lupinus cosentinii Papilionaceae Field collection 

Melaleuca huegelii Myrtaceae P 06035299 

Melaleuca huegelii Myrtaceae P 06079008 

Melaleuca lanceolata Myrtaceae P 06399290 

Melaleuca lanceolata Myrtaceae P 04655842 
 



Appendix 1.  cont. 

 

Species Family Coll. No.  
   

Melaleuca quinquenervia Myrtaceae P 04320751 

Melaleuca quinquenervia Myrtaceae P 05402468 

Melaleuca rhaphiophylla Myrtaceae P 06388493 

Melaleuca rhaphiophylla Myrtaceae P 06381499 

Melaleuca rhaphiophylla Myrtaceae P 04423666 

Melaleuca teretifolia Myrtaceae P 03552527 

Melaleuca teretifolia Myrtaceae P 06600603 

Melaleuca viminea Myrtaceae P 03654958 

Melaleuca viminea Myrtaceae P 05142946 

Melia azedarach Meliaceae P 04610261 

Melia azedarach Meliaceae P 01962728 

Melinis repens Poaceae P 05777011 

Melinis repens Poaceae P 00474649 

Oenothera drummondii Onagraceae P 05553229 

Oenothera drummondii Onagraceae P 05800188 

Oenothera drummondii Onagraceae Field collection 

Oenothera sp. Onagraceae Field collection  

Oxalis pes-caprae Oxalidaceae P 03387283 

Oxalis pes-caprae Oxalidaceae P 05532817 

Paraserianthes lophantha Mimosaceae P 04998294 

Paraserianthes lophantha Mimosaceae P 04295919 

Paraserianthes lophantha Mimosaceae Field collection 

Paspalum dilatatum Poaceae P 00835889 

Paspalum dilatatum Poaceae P 04239857 

Paspalum distichum Poaceae P 00836591 

Paspalum distichum Poaceae P 00881201 

Pelargonium capitatum Geraniaceae Field collection 

Persicaria decipiens Polygonaceae P 06329993 

Persicaria decipiens Polygonaceae P 05436923 

Persicaria decipiens Polygonaceae Field collection 

Pteridium esculentum Dennstaedtiaceae P 03812103 

Pteridium esculentum Dennstaedtiaceae P 04546253 

Ricinus communis Euphorbiaceae P 03987493 

Ricinus communis Euphorbiaceae P 02436515 

Rubus ulmifolius Rosaceae P 03331415 

Rubus ulmifolius Rosaceae P 03331350 

Salix babylonica Salicaceae P 06097456 
 



Appendix 1.  cont. 

 

Species Family Coll. No.  
   

Suaeda australis Chenopodiaceae P 02626439 

Schinus terebinthifolia Anarcardiaceae P 05941342 

Schinus terebinthifolia Anarcardiaceae P 02689286 

Schoenoplectus validus Cyperaceae P 05074649 

Solanum nigrum Solanaceae P 01872230 

Solanum nigrum Solanaceae P 03698378 

Symphyotrichum subulatum Asteraceae P 06228143 

Symphyotrichum subulatum Asteraceae P 05146240 

Tetragonia decumbens Aizoaceae P 06144314 

Tetragonia decumbens Aizoaceae P 06056253 

Typha orientalis Typhaceae P 05394872 

Typha orientalis Typhaceae P 03865177 

Triglochin striata Juncaginaceae P 06005071 

Triglochin striata Juncaginaceae P 03894029 

Viminaria juncea Papilionaceae P 04711432 

Viminaria juncea Papilionaceae P 06362680 
 

 

 

 

 

 

 

 

 

 
 
  



Appendix 2.   Register of surface sediment samples. 
 

Sample No. Sample description  Site Date collected 
    
SU1 surface sediment ESBS Site 1 21/12/2004 
SU2 surface sediment ESBS Site 1 21/12/2004 
SU3 surface sediment ESBS Site 4 21/12/2004 
SU4 surface sediment ESBS Site 4 21/12/2004 
SU5 surface sediment ESBS Site 3 21/12/2004 
SU6 surface sediment ESBS Site 3 21/12/2004 
SU7 surface sediment ESBS Site 3 21/12/2004 
SU8 surface sediment ESBS Site 2 21/12/2004 
SU9 surface sediment ESBS Site 2 21/12/2004 
SU10 surface sediment ESBS Site 1 21/12/2004 
SU11 surface sediment ESBS Site 4 21/12/2004 
SU12 surface sediment Herdsman Site 1 22/5/2005 
SU13 surface sediment Herdsman Site 1 22/5/2005 
SU14 surface sediment Herdsman Site 2 22/5/2005 
SU15 surface sediment Herdsman Site 2 22/5/2005 
SU16 surface sediment Herdsman Site 3 22/5/2005 
SU17 surface sediment Herdsman Site 3 22/5/2005 
SU18 surface sediment Herdsman Site 4 22/5/2005 
SU19 surface sediment Herdsman Site 4 22/5/2005 
SU20 surface sediment Boots worn at HL 22/5/2005 
SU21 water & surface sediment Herdsman Site 1 22/5/2005 
SU22 surface sediment ESBS Site 1 27/6/2005 
SU23 surface sediment ESBS Site 1 27/6/2005 
SU24 surface sediment ESBS Site 2 27/6/2005 
SU25 surface sediment ESBS Site 2 27/6/2005 
SU26 surface sediment ESBS Site 3 27/6/2005 
SU27 surface sediment ESBS Site 4 27/6/2005 
SU28 surface sediment Shoes worn at ESBS 27/6/2005 
SU29 surface sediment ESBS Site 1 16/10/2005 
SU30 surface sediment ESBS Site 1 16/10/2005 
SU31 surface sediment ESBS Site 2 16/10/2005 
SU32 surface sediment ESBS Site 2 16/10/2005 
SU33 surface sediment ESBS Site 3 16/10/2005 
SU34 surface sediment ESBS Site 4 16/10/2005 
SU35 surface sediment ESBS Site 4 16/10/2005 
SU36 surface sediment Herdsman Site 4 16/10/2005 
SU37 surface sediment Herdsman Site 4 16/10/2005 
SU38 surface sediment Herdsman Site 3 16/10/2005 
SU39 surface sediment Herdsman Site 2 16/10/2005 
SU40 surface sediment Herdsman Site 1 16/10/2005 
SU41 water   Herdsman Site 1 16/10/2005 
SU42 surface sediment Boots worn at ESBS & HL 16/10/2005 
 



Appendix 3.  Register of core sediment samples 
 

Sample No Core Depth  Date collected 
    

SUC1 ESBS 1 surface level 21/12/2004 
SUC2 ESBS 1 5 cm 21/12/2004 
SUC3 ESBS 1 10 cm 21/12/2004
SUC4 ESBS 1 20 cm 21/12/2004
SUC5 ESBS 1 30 cm 21/12/2004
SUC6 ESBS 1 40 cm 21/12/2004
SUC7 ESBS 1 50 cm 21/12/2004
SUC8 ESBS 3 surface level 21/12/2004
SUC9 ESBS 3 5 cm 21/12/2004
SUC10 ESBS 3 10 cm 21/12/2004
SUC11 ESBS 3 20 cm 21/12/2004
SUC12 ESBS 3 30 cm 21/12/2004
SUC13 ESBS 3 40 cm 21/12/2004
SUC14 ESBS 3 50 cm 21/12/2004
SUC15 ESBS 4 surface level 21/12/2004
SUC16 ESBS 4 5 cm 21/12/2004
SUC17 ESBS 4 10 cm 21/12/2004
SUC18 ESBS 4 20 cm 21/12/2004
SUC19 ESBS 4 30 cm 21/12/2004
SUC20 ESBS 4 40 cm 21/12/2004
SUC21 ESBS 4 50 cm 21/12/2004
SUC22 HL 1 surface level 10/7/2005 
SUC23 HL 1 5 cm 10/7/2005
SUC24 HL 1 10 cm 10/7/2005
SUC25 HL 1 20 cm 10/7/2005
SUC26 HL 1 30 cm 10/7/2005
SUC27 HL 1 40 cm 10/7/2005
SUC28 HL 1 50 cm 10/7/2005
SUC36 HL 3 surface level 10/7/2005
SUC37 HL 3 5 cm 10/7/2005
SUC38 HL 3 10 cm 10/7/2005
SUC39 HL 3 20 cm 10/7/2005
SUC40 HL 3 30 cm 10/7/2005
SUC41 HL 3 40 cm 10/7/2005
SUC42 HL 3 50 cm 10/7/2005
SUC43 HL 4 surface level 22/5/2005 
SUC44 HL 4 5 cm 22/5/2005
SUC45 HL 4 10 cm 22/5/2005
SUC46 HL 4 20 cm 22/5/2005
SUC47 HL 4 30 cm 22/5/2005
SUC48 HL 4 40 cm 22/5/2005
SUC49 HL 4 50 cm 22/5/2005

 



       Appendix 4.  Pollen morphology of reference species collected for this project. * denotes species alien to WA (not native) 
 

  Species   Family Size μm   Amb (shape)  Aperture  Sculpture Walls  
    equatorial polar       >1 μm 

  Acacia pulchella    Mimosaceae 36(38.5)41     circular     scabrate-fossulate    

  Acacia saligna    Mimosaceae 55(56.6)60     circular     scabrate-fossulate    

  Agonis flexuosa    Myrtaceae 12(14)15     triangular   syncolporate   scabrate   

  Anredera cordifolia*   Basellaceae 25(28)30     circular   pantocolpate   baculate/ reticulate  3 

  Banksia grandis    Proteaceae 40(41.3)45     ovoid   biporate   scabrate   

  Banksia littoralis    Proteaceae 22(22.5)23     ovoid   biporate   scabrate   

  Bolboschoenus caldwellii    Cyperaceae 32(31.8)40 54(57.3)61   cuneiform   pantoporate   negatively reticulate   

  Brassica tournefortii*    Brassicaceae 18(18.9)20 25(28.3)33   ovoid   tricolpate   moderately reticulate   

  Carex fascicularis    Cyperaceae 37(40.1)45     circular   pantoporate   negatively reticulate   

  Casuarina obesa    Casuarinaceae 25(29.3)32     triangular   triporate   psilate 2 

  Chamaecytisus palmensis*    Papilionaceae 17(18.7)20 20(23.1)26   circular/ovoid   tricolporate   finely reticulate   

  Chamelaucium uncinatum    Myrtaceae 20(24)26     triangular   tricolporate   psilate   

  Conyza bonariensis*     Asteraceae 17(20.9)23     circular   tricolporate   echinate   

  Cynodon dactylon*   Poaceae 22(24.9)30     circular   monoporate   psilate   

  Eragrostis curvula*    Poaceae 30(38.1)48     circular   monoporate   granulate   

  Eucalyptus rudis    Myrtaceae 18(22.8)24     triangular   parasyncolporate   scabrate   

  Euphorbia terracina*    Euphorbiaceae 27(29.9)33 36(37.9)41   ovoid   tricolporate   moderately reticulate 2.5-3 

  Foeniculum vulgare*    Apiaceae 12(14.5)16 25(27.1)30   ovoid   tricolporate   finely reticulate/striate 2 

  Fumaria muralis*    Fumariaceae 29(31.7)35     circular   triporate   fossulate 2 

  Hakea varia    Proteaceae 47(55.3)65     triangular   triporate   finely reticulate/echinate 4 

  Heliotropium curassavicum    Boraginaceae 12(15.5)18 24(26.6)30   ovoid   tricolporate   psilate   

  Hemiandra pungens    Lamiaceae 38(42)49 60(66)71   ovoid   tricolporate   reticulate 3-4 

  Leptospermum laevigatum*    Myrtaceae 17(18)19     triangular   syncolporate   scabrate   

 



       Appendix 4. cont.  Pollen morphology of reference species collected for this project. * denotes species alien to WA  
 

  Species  Family Size μm  Amb (shape)  Aperture  Sculpture Walls  
    equatorial polar       >1 μm 

  Lupinus cosentinii*    Papilionaceae 32(38.3)45     circular   tricolporate   moderately reticulate   

  Melaleuca huegelii    Myrtaceae 16(17)18     triangular   parasyncolporate   scabrate/verrucate   

  Melaleuca lanceolata    Myrtaceae 14(16.1)19     triangular   syncolporate   scabrate/verrucate   

  Melaleuca rhaphiophylla    Myrtaceae 24(24.6)26     triangular   syncolporate   scabrate/verrucate   

  Melaleuca teretifolia    Myrtaceae 21(22.3)24     triangular   syncolporate   scabrate/verrucate   

  Melaleuca viminea    Myrtaceae 16(20.1)23     triangular   syncolporate   scabrate/verrucate   

  Melia azedarach    Meliaceae 34(37.3)40     circular/ovate   tetracolporate   psilate 2 

  Melinis repens*    Poaceae 30(34)38     circular   monoporate   rugulate   

  Oenothera drummondii*    Onagraceae 90(108.9)122     triangular   triporate   granulate/bacculate 4 

  Oxalis pes-caprae*    Oxalidaceae 27(33.1)40     circular   tricolporate   moderately reticulate 2 

  Paspalum dilatatum*    Poaceae 37(44.3)57     circular   monoporate   scabrate   

  Paspalum distichum*    Poaceae 30(34.4)40     circular   monoporate   scabrate   

  Pelargonium capitatum*    Geraniaceae 65(75.2)84     circular   tricolporate   coarsely reticulate 6 

  Persicaria decipiens    Polygonaceae 36(41.6)47     circular   pantoporate   coarsely reticulate 3 

  Ricinus communis*    Euphorbiaceae 23(28)31     circular   tricolporate   finely reticulate 2-3 

  Schinus terebinthifolia*   Anacardiaceae  17(17.6)19 23(25.5)30   ovoid   tricolporate   finely reticulate/striate   

  Solanum nigrum*    Solanaceae 20(27.6)35     circular   tricolporate   psilate   

  Symphyotrichum subulatum*    Asteraceae 20(22.6)25     circular   tricolporate   echinate   

  Tetragonia decumbens*    Aizoaceae 17(24)32     circular   tricolporate scabrate 1.5 

  Typha orientalis*    Typhaceae 28(32)35     circular   monoporate reticulate   

  Viminaria juncea    Papilionaceae 9.5(11.7)13 17(18)19   ovoid   tricolpate finely reticulate 2 
 
 
 



   Appendix 5. HL Percent occurrence of pollen identified in surface samples collected in May and October 2005.  
 

Sample # SU 12 
SU 
13 SU21  SU14 SU15  SU16 SU17  SU18 SU19   SU20   SU40 SU41  SU39  SU38  SU36 SU37 SU42 

Site 1  Site 2  Site 3  Site 4   Boots  Site 1  Site 2  Site 3  Site 4 Boots 
Location bank path water  lake path   near  path  core  track       path water  lake   near  core  track   

          edge edge  core    site              edge   core  site     

SPECIES May 2005  October 2005 
Acacia spp         0.5                                  
Asteraceae Type 1        1.5         0.5 1.5                        
Asteraceae Type 2          23                                  
Asteraceae Type 3               1                             
Asteraceae Type 4 1        10.5       0.5     1.5                2.5   

Caryophyllaceae spp                                    1.2        

Casuarinaceae spp 2      1.5    6.5 11.5  2 2.5   1.5           0.6    3.5   

Centella asiatica               1                         1.5   

Chamelaucium uncinatum        0.5                                    
Chenopodiaceae spp        4.5 2.5  0.5      0.5   1           1.2        

Cyperaceae spp             1 0.5  1.5     0.5                    
Eucalyptus spp 4      2.5 11.5  6 5.5  29.5 9   20.5        52  21.2    26.5   

Fumaria muralis 32                                           
Melaleuca spp 7      9 25  6 2  13 4.5   12.5           3    11   

Myrtaceae spp 13      6.5 5.5  8.5 4.5  26 33.5   27.5        27.5  26.7    31.5   

Pennisetum clandestinum 3      2.5 3.5  9.5 3  1.5 7   2.5           3.6        

Pinus spp        0.5 1  4 2  2 13   10        0.5  6.1    4   

Poaceae spp >30 µm 11      4.5 6  29 42.5  3.5 6.5   7.5        4.5  14.5    2   

Poaceaespp <30 µm        1    6.5 11  1 3.5            2  1.8    3.5   

Typha orientalis 22      65 11  21 11.5  16 14   9.5        12.5  18.2    11   

Unidentified 5      0.5    1.5 3.5  3 4.5   5.5                    
Cryptogam spores               0.5                 0.5       0.5   

 



  Appendix 6. HL percent occurrence of pollen in family groups in surface samples collected in May  and October 2005 
 

Sample # SU 12 SU 13 SU21   SU14 SU15  SU16 SU17  SU18 SU19   SU20   SU40 SU41  SU39  SU38  SU36 SU37   SU42 

Site 1   Site 2  Site 3  Site 4   Boots   Site 1  Site 2  Site 3  Site 4   Boots 
Location bank path water   lake  path   near  path  core  track       path water  lake   near   core track     

         edge edge  core    site              edge  core   site       

FAMILY May 2005   October 2005 
Amaranthaceae                                                

Anacardiaceae                                                

Apiaceae                1                         1.5     

Asteraceae 1       1.5 33.5    1  1 1.5   1.5                2.5     

Brassicaceae                                                

Caryophyllaceae                                     1.2          

Casuarinaceae 2       1.5    6.5 11.5  2 2.5   1.5           0.6    3.5     

Chenopodiaceae         4.5 2.5  0.5      0.5   1           1.2          

Cyperaceae              1 0.5  1.5     0.5                      

Euphorbiaceae                                                

Fumariaceae 32                                              

Geraniaceae                                                

Liliaceae                                                

Mimosaceae           0.5                                    

Myrtaceae 24       18.5 42  20.5 12  68.5 47   60.5        79.5  50.9    69     

Oxalidaceae                                                

Papilionaceae                                                

Pinaceae         0.5 1  4 2  2 13   10        0.5  6.1    4     

Poaceae 14       8 9.5  45 56.5  6 17   10        6.5  19.9    5.5     

Polygonaceae                                                

Proteaceae                                                

Restionaceae                                                

Solanaceae                                                

Typhaceae 22       65 11  21 11.5  16 14   9.5        12.5  18.2    11     

Unidentified 5       0.5    1.5 3.5  3 4.5   5.5        0.5  1.8    2.5     

Cryptogam spores                0.5                 0.5       0.5     



      Appendix 7. ESBS percent occurrence of pollen identified in surface samples collected in December 2004 
 

Sample # SU1 SU2 SU10   SU8 SU9   SU5 SU6 SU7  SU3 SU4 SU11 

 Site 1  Site 2   Site 3  Site 4 
Location bank path edge pool   bank grass   lake edge slope path edge   slope reg slope path lake edge 

SPECIES  December 2004 
Acacia spp 0.5               0.5 1        

Asteraceae Type 1   1       3.5     0.5 1.5  1 0.5 6.5 

Asteraceae Type 2   3.5 1.5   1     1.5 4 3  0.5     

Asteraceae Type 4 0.5   0.5         1            

Banksia spp    0.5 0.5     1                

Brassica tournefortii         1     68 58.5 35      0.5 

Caryophyllaceae spp     1.5                    1 

Casuarinaceae spp   0.5     1 1.5   1 0.5 2        

Centella asiatica     1                    1.5 

Chenopodiaceae spp 1 0.5 0.5   1     9 0.5 1  10 2 6.5 

Cyepraceae spp 0.5             0.5          2.5 

Eucalyptus spp 18 15 23   7.8 10.5   2 4.5 4.5  26.5 46 15.5 

Fumaria muralis                        1   

Geraniaceae spp                          1 

Melaleuca spp 30.5 22.5 21   4.9 6.5   1.5   7.5  39.5 15.5 13.5 

Myrtaceae spp 12 12 26   13.7 10.5   1.5 5.5 17.5  15 19 13 

Pennisetum clandestinum   3                  0.5     

Pinus spp 3.5 0.5 2.5   7.8 5.5   2 5 4.5  1   3.5 

Ricinus communis           2.5              2 

Schinus terebinthifolia         9.8 3                

Poaceae spp <30 µm 4 9 2   10.8 21.5   1.5 4.5 3  2 3.5 5 

Poaceae spp >30 µm 2 8 1.5   1 12   1 1 3.5  2.5 2 12 

Stirlingia spp.           2.5                

Typha orientalis 26 14 15.5   11.8 8   4 9 9.5    9 12 

Unidentified 1.5 10 3   28.4 10   5.5 6 6.5  1.5 1.5 4 

Cryptogam Spores           1.5                



 Appendix 8. ESBS percent occurrence of pollen in family groups in surface samples collected in December 2004.  
 

Sample # SU1 SU2 SU10  SU8 SU9  SU5 SU6 SU7  SU3 SU4 SU11 

  Site 1  Site 2  Site 3  Site 4 

Location bank path edge pool  bank grass  lake edge slope path edge  slope reg slope path lake edge 

FAMILY December 2004 
Amaranthaceae                          

Anacardiaceae        9.8 3               

Apiaceae     1                  1.5 

Asteraceae 0.5 4.5 2  1 3.5  2.5 4.5 4.5  1.5 0.5 6.5 

Brassicaceae        1    68 58.5 35      0.5 

Caryophyllaceae     1.5                  1 

Casuarinaceae   0.5    1 1.5  1 0.5 2        

Chenopodiaceae 1 0.5 0.5  1    9 0.5 1  10 2 6.5 

Cyperaceae 0.5           0.5          2.5 

Euphorbiaceae          2.5             2 

Fumariaceae                      1   

Geraniaceae                        1 

Liliaceae                          

Mimosaceae 0.5             0.5 1        

Myrtaceae 60.5 49.5 70  26.4 27.5  5 10 29.5  81 80.5 42 

Oxalidaceae                          

Papilionaceae                          

Pinaceae 3.5 0.5 2.5  7.8 5.5  2 5 4.5  1   3.5 

Poaceae 6 20 3.5  11.8 33.5  2.5 5.5 6.5  5 5.5 17 

Polygonaceae                          

Proteaceae   0.5 0.5    3.5               

Restionaceae                          

Solanaceae                          

Typhaceae 26 14 15.5  11.8 8  4 9 9.5    9 12 

Unidentified 1.5 10 3  28.4 10  5.5 6 6.5  1.5 1.5 4 

Cryptogam spores          1.5               



  Appendix 9. ESBS percent occurrence of pollen identified in surface samples collected in June and October 2005.  
 

Sample # SU22 SU23  SU24 SU25  SU26  SU27  SU28   SU29 SU30  SU31 SU32  SU33  SU34 SU35 

 Site 1  Site 2  Site 3  Site 4  Shoes   Site 1  Site 2  Site 3  Site 4 
Location pool path edge  bank grass  slope  slope path      pool path edge  bank grass  slope  slope path regional 

SPECIES June 2005   October 2005 
Acacia spp 0.6    0.5                               

Asteraceae Type 1 1.8      2                 2.6       0.6   

Asteraceae Type 2 2.5      0.5                         0.6   

Asteraceae Type 4              1.5             3         

Brassica tournefortii 2.5 0.5                              2.8   

Caryophyllaceae spp                          0.7 0.5     0.6   

Casuarinaceae spp 1.2 1.5  5.5 1.5     0.5           2.6 1     0.6   

Centella asiatica                          0.7           

Chamaecytisus palmensis   1  1              0.5    1.3         1.1 

Chenopodiaceae spp 0.6 1          0.5                   12.5 1.1 

Cynodon dactylon        0.5                             

Cyperaceae spp 1.2      1.5            0.5    2           

Eragrostis curvula      3 7.5     1                       

Eucalyptus spp 6.7 9.5  6.5 1     24.5      14    9.9 2     10.2 19.4 

Fumaria muralis                                  0.6   

Geraniaceae spp 0.6 0.5                                  

Hakea varia                     0.5                

 Liliaceae spp                                    4.6 

Melaleuca quinquenervia              0.5                       

Melaleuca spp 19 31  5.5 6     24      39    8.6 4     19.3 34.9 

Myrtaceae spp 4.9 14  27.5 7.5     5.5      27.5    13.9 9.5     14.8 17.7 

Oxalis spp                            5.5     0.6   

Paraserianthes lophantha                                    0.6 

Pennisetum clandestinum        1            2    0.7 4.5     0.6   

Pinus spp 3.7 3  2.5 0.5     1      2    3.3 2.5     1.1   

 



  Appendix 9. cont. ESBS percent occurrence of pollen identified in surface samples collected in June and October 2005.  
 
 

Sample # SU22 SU23  SU24 SU25  SU26  SU27  SU28   SU29 SU30  SU31 SU32  SU33  SU34 SU35 

 Site 1  Site 2  Site 3  Site 4  Shoes   Site 1  Site 2  Site 3  Site 4 
Location pool path edge  bank grass  slope  slope path      pool path edge  bank grass  slope  slope path regional 

SPECIES June 2005   October 2005 
Poaceae spp <30µm 18.4 5.5  12 39     10      5    29.1 34     10.2 8.6 

Poaceae spp >30µm 5.5 3.5  11 25     9           12.6 25     8.5 3.4 

Ptilotus polystachus                                  0.6   

Ricinus communis 1.8 0.5  11.5 1            1.5    4.6 4         

Schinus terebinthifolia   0.5                                  

Stirlingia spp.      0.5                   1.3           

Typha orientalis 25.2 26.5  6.5 3     18.5      7.5    2       11.9 1.7 

Unidentified 3.7 1.5  6.5 2.5     3.5           4 4.5     4.1 7.6 

 
 



    Appendix 10.  ESBS percent occurrence of pollen in family groups ins surface samples collected in June and October 2005 
 

Sample # SU22 SU23  SU24 SU25  SU26  SU27  SU28   SU29 SU30  SU31 SU32  SU33  SU34 SU35 

 Site 1  Site 2  Site 3  Site 4  Shoes   Site 1  Site 2  Site 3  Site 4 

Location pool path edge  bank grass  slope  slope path      pool path edge  bank grass  slope  slope path regional 

FAMILY June 2005   October 2005 
Amaranthaceae                                  0.6   

Anacardiaceae   0.5                                  

Apiaceae                          0.7           

Asteraceae 4.3      2.5     1.5           2.6 3     1.2   

Brassicaceae 2.5 0.5                              2.8   

Caryophyllaceae                          0.7 0.5     0.6   

Casuarinaceae 1.2 1.5  5.5 1.5     0.5           2.6 1     0.6   

Chenopodiaceae 0.6 1          0.5                   12.5 1.1 

Cyperaceae 1.2      1.5            0.5    2           

Euphorbiaceae 1.8 0.5  11.5 1            1.5    4.6 4         

Fumariaceae                                  0.6   

Geraniaceae 0.6 0.5                                  

Liliaceae                                    4.6 

Mimosaceae 0.6    0.5                             0.6 

Myrtaceae 30.6 54.5  39.5 14.5     54.5      80.5    32.4 15.5     44.3 72 

Oxalidaceae                            5.5     0.6   

Papilionaceae   1  1              0.5    1.3         1.1 

Pinaceae 3.7 3  2.5 0.5     1      2    3.3 2.5     1.1   

Poaceae 23.9 9  26 73     20      7    42.4 63.5     19.3 12 

Polygonaceae                                      

Proteaceae      0.5              0.5    1.3           

Restionaceae                                      

Solanaceae                                      

Typhaceae 25.2 26.5  6.5 3     18.5      7.5    2       11.9 1.7 

Unidentified 3.7 1.5  6.5 2.5     3.5           4 4.5     4.1 7.6 

Cryptogam spores                                      

 



Appendix 11.  HL percent occurrence of pollen identified in samples from cores 
 

 HL CORE 1 HL CORE 3   HL CORE 4 
 SUC sample # 22 23 24 25 26 27 28 36 37 38 39 40 41 42   43 44 45 46 47 48 49 

Depth (cm) surf. 5 10 20 30 40 50 surf.  5 10 20 30 40 50   surf. 5 10 20 30 40 50 
SPECIES                                             
Asteraceae Type 1     0.8         3 2 3 4.5 6 2 3.5   0.5   1   3.5 0.8   
Asteraceae Type 2     0.8               0.5 0.5         3           
Asteraceae Type 3   0.6                                         
Asteraceae Type 4   1.1       1.9                                 
Carophyllaceae spp 1.5                                           
Casuarinaceae spp 0.5 3.4 13.6 33.6 26.5 40   6 9 4 5.5 7.5 11 7   2.5 6 8   29.5 25   
Centella asiatica 3 8.4                                         
Chenopodiaceae spp 2 5.1 2.5 0.8 24.1 4.8       2 1.5 0.5 0.5 0.5   1   3   0.5 1.6   
Cyperaceae spp 10 6.7 1.7 1.6       2 3 1   2.5 1.5 1.5           4 5.5   
Eucalyptus spp 1.5 4.5 0.8 7.2 4.1 7.6   13 16 9 15 19.5 16 21   44.5 34 12   9.5 16.4   
Euphorbia terracina                     3                       
Hakea spp                                       0.5     
Liliaceae spp       2.4                                     
Melaleuca spp 9.5 6.7           4   2 2 4 6 7.5   17.5 7 6   2     
Myrtaceae spp 17.5 7.3 5.9 4       7 20 13 27.5 26.5 42.5 28   18 23 32   18 14.8   
Oxalis pes-caprae                     0.5   0.5                   
Pinus spp 13.5 3.9 2.5 0.8       2   3 0.5 0.5   0.5     3           
Poaceae spp <30µm 9.5 13.5 4.2 2.4 1.8     8 6 10   4 2 5   3 3 2   0.5 0.8   
Poaceae spp >30µm 9 7.9 3.4   4.1 1.9   3 6 11 12.5 5.5 3 3.5   1 1 1     1.6   
Ptilotus spp                         0.5 1.5                 
Restionaceae spp   5.6   4                               10.5 8.6   
Ricinus communis 5.5                                           
Stirlingia spp       2.4   3.8       1       1           1.5 1.6   
Typha orientalis 13.5 13.5 13.6 8.8   1   39 28 27 8 6.5 4 10.5   7.5 11 8   0.5 0.8   
Unidentified 3.5 11.8 50 32 38.8 39   13 10 14 19 16.5 10.5 9   4.5 9 27   19.5 22.7   
Cryptogam Spores         0.6                                   

 



Appendix 12.  HL percent occurrence of pollen in samples from cores grouped by family 
 

 HL CORE 1   HL CORE 3   HL CORE 4 
 SUC sample # 22 23 24 25 26 27 28   36 37 38 39 40 41 42   43 44 45 46 47 48 49 

Depth (cm) surf. 5 10 20 30 40 50   surf. 5 10 20 30 40 50   surf. 5 10 20 30 40 50 

FAMILY                                               
Amaranthaceae                           0.5 1.5                 
Anacardiaceae                                               
Apiaceae 3 8.4                                           
Asteraceae   1.7 1.6     1.9     3 2 3 5 6.5 2 3.5   0.5 3 1   3.5 0.8   
Brassicaceae                                               
Caryophyllaceae 1.5                                             
Casuarinaceae 0.5 3.4 13.6 33.6 26.5 40     6 9 4 5.5 7.5 11 7   2.5 6 8   29.5 25   
Chenopodiaceae 2 5.1 2.5 0.8 24.1 4.8         2 1.5 0.5 0.5 0.5   1   3   0.5 1.6   
Cyperaceae 10 6.7 1.7 1.6         2 3 1   2.5 1.5 1.5           4 5.5   
Euphorbiaceae 5.5                     3                       
Fumariaceae                                               
Geraniaceae                                               
Liliaceae       2.4                                       
Mimosaceae                                               
Myrtaceae 28.5 18.5 6.7 11.2 4.1 7.6     24 36 24 44.5 50 64.5 56.5   80 64 50   29.5 31.2   
Oxalidaceae                       0.5   0.5                   
Papilionaceae                                               
Pinaceae 13.5 3.9 2.5 0.8         2   3 0.5 0.5   0.5     3           
Poaceae 18.5 21.4 7.6 2.4 5.9 1.9     11 12 21 12.5 9.5 5 8.5   4 4 3   0.5 2.4   
Polygonaceae                                               
Proteaceae       2.4   3.8         1       1           2 1.6   
Restionaceae   5.6   4                                 10.5 8.6   
Solanaceae                                               
Typhaceae 13.5 13.5 13.6 8.8   1     39 28 27 8 6.5 4 10.5   7.5 11 8   0.5 0.8   
Unidentified 3.5 11.8 50 32 38.8 39     13 10 14 19 16.5 10.5 9   4.5 9 27   19.5 22.7   
Cryptogam Spore         0.6                                     



Appendix 13.  ESBS percent occurrence of pollen identified in samples from cores 
 

 ESBS CORE 1   ESBS CORE 3   ESBS CORE 4 
SUC sample # 1 2 3 4 5 6 7   8 9 10 11 12 13 14   15 16 17 18 19 20 21 

Depth (cm) surf. 5 10 20 30 40 50   surf. 5 10 20 30 40 50   surf. 5 10 20 30 40 50 
GENUS/SPECIES                                     
Acacia spp       0.5                           0.5           
Asteraceae Type 1     3.5 4 2.6       0.5 5 19 11.5 3 2 4.5   2.5 1 1.5 9 0.5 0.5   
Asteraceae Type 2     1 1.5                 0.5       0.5 0.5     0.5     
Banksia spp       0.5                 0.5       0.5       0.5     
Brassica tournefortii                 0.5 2 0.5             1 1   0.5 1.5   
Caryophyllaceae spp                   0.5                     1.5     
Casuarinaceae spp 1 2 7 7 5.3       2.5 2 2 3   0.5 26         0.5 22.5 13.5   
Centella asiatica     1 1 1.3                                 1   
Chamaecytisus palmensis                   1.5                           
Chenopodiaceae spp 1     1.5 2.6       6.5 6.5 1 0.5     3   14 17.5 4.5 4 0.5     
Cyperaceae spp   75.5 2.5 2 1.3       1   0.5   4 2 3   6.5 4 1         
Eucalyptus spp 3.5 1.5 11 9 5.9       2.5 3 12 13.5 9 11 6   6 3.5 4 5.5 8 6   
Geraniaceae spp                                     0.5         
Melaleuca spp 47.5 5.5 32.5 35.5 32.2       3.5 3 5.5 7.5 9 9 2   3.5       3.5 3   
Myrtaceae spp 9 5 14.5 9 18.4       14 5 14 20 45 45 22.5   7.5 5.5 13 18.5 30 27   
Oxalis pes-caprae                       0.5                       
Persicaria decipiens                                 0.5             
Pinus spp 0.5 1.5             4.5 2.5 0.5 0.5         1.5 10 18 2.5       
Poaceae spp <30µm 7.5 2.5 4.5 7.5 5.3       6 10 6 29.5 17.5 10.5 4.5   1.5 10 6 14.5   3   
Poaceae spp >30µm 6 2 3 4.5 3.3       51.5 47 22 8 4.5 4.5 8.5   33.5 32.5 32.5 33 4 5.5   
Proteaceae spp                                 3.5             
Ptilotus spp                 0.5 2         1                 
Restionaceae spp       1.5                               0.5 5.5 12.5   
Ricinus communis 0.5                                             
Solanaceae spp 1.5   0.5                                         
Stirlingia spp       0.5           0.5   0.5                       
Typha orientalis 20.5 2 5.5 4 2       4 4 10.5 1 3.5 0.5 2   3 9 15.5 3.5 1.5 5   
Unidentified 1.5 2.5 13.5 10.5 19.7       2.5 5.5 6.5 4 3.5 15 17   15.5 3 1.5 8.5 21 21.5   
Cryptogam spores                                   2 1         



Appendix 14.  ESBS percent occurrence of pollen in samples from cores grouped by family 
 

 ESBS CORE 1   ESBS CORE 3   ESBS CORE 4 
SUC sample # 1 2 3 4 5 6 7   8 9 10 11 12 13 14   15 16 17 18 19 20 21 

Depth (cm) surf.  5 10 20 30 40 50   surf. 5 10 20 30 40 50   surf. 5 10 20 30 40 50 

FAMILY                                               
Amaranthaceae                 0.5 2         1                
Anacardiaceae                                               
Apiaceae     1 1 1.3                                 1   
Asteraceae     4.5 5.5 2.6       0.5 5 19 11.5 3.5 2 4.5   3 1.5 1.5 9 1 0.5   
Brassicaceae                 0.5 2 0.5             1 1   0.5 1.5   
Caryophyllaceae                   0.5                     1.5     
Casuarinaceae 1 2 7 7 5.3       2.5 2 2 3   0.5 26         0.5 22.5 13.5   
Chenopodiaceae 1     1.5 2.6       6.5 6.5 1 0.5     3   14 17.5 4.5 4 0.5     
Cyperaceae   75.5 2.5 2 1.3       1   0.5   4 2 3   6.5 4 1         
Euphorbiaceae 0.5                                             
Fumariaceae                                               
Geraniaceae                                     0.5         
Liliaceae                                               
Mimosaceae       0.5                           0.5           
Myrtaceae 60 12 58 53.5 56.5       20 11 31.5 41 63 65 30.5   17 9 17 24 41.5 36   
Oxalidaceae                       0.5                       
Papilionaceae                   1.5                           
Pinaceae 0.5 1.5             4.5 2.5 0.5 0.5         1.5 10 18 2.5       
Poaceae 13.5 4.5 7.5 12 8.6       57.5 57 28 37.5 22 15 13   35 42.5 38.5 47.5 4 8.5   
Polygonaceae                                 0.5             
Proteaceae       1           0.5   0.5 0.5       4       0.5     
Restionaceae       1.5                               0.5 5.5 12.5   
Solanaceae 1.5   0.5                                         
Typhaceae 20.5 2 5.5 4 2       4 4 10.5 1 3.5 0.5 2   3 9 15.5 3.5 1.5 5   
Unidentified 1.5 2.5 13.5 10.5 19.7       2.5 5.5 6.5 4 3.5 15 17   15.5 3 1.5 8.5 21 21.5   
Cryptogam spores                                   2 1         



Appendix 15.  Percent occurrence of combined surface pollen assemblages (grouped by family) from each site at HL and 
ESBS at different times of the year 

 
  HERDSMAN LAKE   ERIC SINGLETON BIRD SANCTUARY 
                                           

Month MAY  OCTOBER   DECEMBER  JUNE  OCTOBER 
Site 1 2 3 4  1 2 3 4   1 2 3 4  1 2 3 4  1 2 3 4 

FAMILY                                              
Amaranthaceae                                          0.3 
Anacardiaceae                      6.4      0.3              
Apiaceae     0.5          1.5   0.3     0.5            0.4    
Asteraceae 1 17.5 0.5 1.3        2.5   2.3 2.3 3.8 2.8  2.2 1.3  1.5    2.8  0.6 
Brassicaceae              1.2       0.5 53.8 0.2  1.5            1.4 
Caryophyllaceae              0.6     0.5     0.3            0.6  0.3 
Casuarinaceae 2 0.8 9.0 2.3      1.2 3.5   0.2 1.3 1.2    1.4 3.5  0.5    1.8  0.3 
Chenopodiaceae   3.5 0.3 0.3            0.7 0.5 3.5 6.2  0.8    0.5       6.8 
Cyperaceae     0.8 0.8            0.2   0.2 0.8  0.6 0.8     0.5 1.0    
Euphorbiaceae                      1.3   0.7  1.2 6.3     1.5 4.3    
Fumariaceae 32                        0.3               0.3 
Geraniaceae                          0.3  0.6              
Liliaceae                                          2.3 
Mimosaceae   0.3          50.9     0.2   0.5    0.3 0.3          0.3 
Myrtaceae 24 30.3 16.3 57.8    79.5   69   60.0 27.0 14.8 67.8  42.6 27.0  54.5  80.5 24.0  58.2 
Oxalidaceae                                       2.8  0.3 
Papilionaceae              6.1              0.5 0.5     0.5 0.7  0.6 
Pinaceae   0.8 3.0 7.5    0.5 19.9 4   2.2 6.7 3.8 1.5  3.4 1.5  1.0  2.0 3.0  0.6 
Poaceae 14 8.8 50.8 11.5    6.5   5.5   9.8 22.7 4.8 9.2  16.5 49.5  20.0  7.0 53.0  15.7 
Polygonaceae                                            
Proteaceae                    0.3 1.8        0.3     0.5 0.7    
Restionaceae                                            
Solanaceae             18.2                             
Typhaceae 22 38.0 16.3 15.0    12.5 1.8 11   18.5 9.9 7.5 7.0  25.9 4.8  18.5  7.5 1.0  6.8 
Unidentified 5 0.3 2.5 3.8    0.5   2.5   4.8 19.2 6.0 2.3  2.6 4.5  3.5    4.3  5.9 
Cryptogam spores     0.3      0.5   0.5     0.8                     



 



 
 
Appendix 16. Percent occurrence of pollen in commingled assemblages 
(‘burial assemblages’) from HL and ESBS cores 
 

 HL cores   ESBS cores 
FAMILY core 1 core 3 core 4   core 1 core 3 core 4 
Amaranthaceae   0.3       0.5   
Anacardiaceae               
Apiaceae 1.9       0.7   0.2 
Asteraceae 0.9 3.6 1.8   2.5 6.6 2.8 
Brassicaceae           0.4 0.7 
Caryophyllaceae 0.3         0.1 0.3 
Casuarinaceae 19.6 7.1 14.2   4.5 5.1 6.1 
Chenopodiaceae 6.6 0.7 1.2   1.0 2.5 6.8 
Cyperaceae 3.3 1.6 1.9   16.3 1.5 1.9 
Euphorbiaceae 0.9 0.4     0.1     
Fumariaceae               
Geraniaceae             0.1 
Liliaceae 0.4             
Mimosaceae         0.1   0.1 
Myrtaceae 12.8 42.8 51.0   48.0 37.4 24.1 
Oxalidaceae   0.1       0.1   
Papilionaceae           0.2   
Pinaceae 3.5 0.9 0.4   0.4 1.1 5.3 
Poaceae 9.6 11.4 2.0   9.2 32.9 29.3 
Polygonaceae             0.1 
Proteaceae 1.0 0.3 0.7   0.2 0.2 0.8 
Restionaceae 1.6   3.8   0.3   3.1 
Solanaceae         2.0     
Typhaceae 8.4 17.6 5.6   6.8 3.6 6.3 
Unidentified 29.2 13.1 16.5   7.9 7.7 11.8 
Cryptogam Spore 0.1           0.5 
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