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parameters with a group of untreated control birds. The treated birds showed higher 

total protein values and had a higher weight gain after reduction of tick infestation with 

recorded lower activity than control birds leading us to conclude that the ticks negatively 

affected the birds. However, when the birds were left untreated for a year, they gained 

those ticks back and their parameters went back to values prior to experimental removal 

of ticks. This indicated a co-evolutionary relationship between the NIBK and the kiwi tick, 

I. anatis, as in cases of chronic infection of a parasite on its host, especially when they 

co-evolve together, the costs of parasitism are not as pronounced as both host and 

parasite are in an arms race to increase their fitness. However, we found no evidence of 

tick borne protozoa in any of our infected birds, suggesting that either the infections 

were not present, present in extremely low intensities in the blood or we need more 

detailed investigations into what happened to the NIBK and tick specific haematozoa 

that have been previously reported in NIBK. 

This research contributed to our knowledge of the relationship between NIBK and the 

kiwi tick I. anatis. In the process, it also helped establish various protocols for assessing 

health of NIBK as well as assessing tick infestation on ground birds that can be used by 

a large group of individuals, including future researchers. As a result of this thesis, we 

recommend that wildlife managers also take parasite conservation and translocation 

into consideration while managing endemic host-parasite networks.   
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living ticks in a brown kiwi population in the field. The study followed the tick abundance 

and stages in a sample of 64 burrows over a 14-month period. 

Determining tick loads on a bird currently requires the use of acaricide on the bird 

followed by ruffling of feathers to dislodge and collect the tick for counting. This is a time 

consuming (15-20 minutes/ bird) and invasive procedure. Therefore, Chapter 4 aimed 

to find a way to quantify tick infestations on the birds using photography. We expected 

that taking photos would minimise handling times, by as much as ten minutes shorter, 

and reduce the need to use acaricides on the birds. The results from this chapter can be 

used by future researchers as well as by conservation managers to evaluate tick loads 

on birds for management of both kiwi and kiwi ticks.  

The main aims of Chapter 5 were to establish the normal range of reference values for 

common haematological and biochemical parameters of the North Island brown kiwi 

(NIBK), Apteryx mantelli, using wild birds from different populations around the North 

Island of New Zealand. The second aim was to explore variations between these 

parameters between populations the various populations. We collected blood samples 

from 102 NIBK from seven different populations to establish these values over a period 

of two year to achieve these aims.  

Chapter 6 aims to examine the effect of I. anatis on NIBK by comparing the 

haematological and biochemical values, as well as other physiological parameters, of a 

group of kiwi with experimentally reduced kiwi tick loads using a before-after design and 

against values from a control group. Our main questions for this chapter were;  

1. What is the effect of parasite removal on the haematological, biochemical and 

physiological parameters in a highly tick infested population of kiwi?  

2. How long does it take for kiwi blood parameters to recover from long term parasite 

infestation once parasites are removed?  

Kiwi ticks have been shown to vector haemoprotozoa, in particular Babesia and 

Hepatozoon. These micro-parasites were reported from birds caught in a population 

close to where birds translocated to Ponui Island come from and also neighbouring 

Puketi Forest. We therefore considered it likely that these microparasites would be 

present on Ponui and Puketi birds. In Chapter 7 we searched for the presence of these 

parasites in the bloods of the birds sampled for Chapters 5 and 6. We started with 

relatively simple techniques such as staining dissected ticks and kiwi blood slides, and 
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tick histology, and then searching for parasites under the microscope. We did not find 

the ticks but discovered that current knowledge of tick histology and micro-parasite 

morphology are not developed enough to identify these parasites with confidence using 

these methods. This led to searching for the parasites using fluorescent in-situ 

hybridisation, various polymerise chain reactions, and next generation sequencing.  

Chapter 8 presents a synthesis, drawing together different ideas arising from each 

chapter to give a more complete picture of host-parasite relations in NIBK and I. anatis. 

While this thesis present some unique work and conclusion, I also discuss future 

applications of the results in the evolving work of parasite conservation and 

considerations for yet to come research work in this field. 
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Chapter 1 

 

 

Feet, what do I need you for when I have wings to fly? 

Frida Kahlo 

  

The clawed feet of one of the study kiwi with a transmitter 
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of various types and are not only parasitic4 but can be mutual5, commensal6 or a 

phoresy7.  

1.2 Effect of parasitism on hosts  

The effect of a parasite on its host is shaped by various trade-offs at multiple biological 

levels. At the population level, the success of a parasite depends on its ability to reach 

and infect susceptible animals which in turn depends on a set of factors such as the 

ability to spread between individual hosts and how long the parasite lives within each 

host (Schmid-Hempel, 2011). At an individual level, the success of a parasite depends 

on factors such as co-infection with other competing parasites, strains and species 

infecting the host (Pedersen and Fenton, 2007). 

If the parasite is vector-borne, it also affects the vector8 that transmits it. Ewald (1993) 

predicted that parasites would have a lower virulence 9to their vectors, as compared to 

their main host, since the parasite gains little by harming its main route of transmission. 

Elliot, Adler, and Sabelis (2003) found that though this is true in the literature, there is 

still an effect of parasite on its vector. For example, arboviruses have a negative effect 

on development times and reduce the life span of their mosquito vectors (Faran et al., 

1987) likewise malarial parasites reduce mosquito survival (Ferguson and Read, 2002). 

The effect of parasites on their host does not stop at virulence to the vector, but parasitic 

manipulations also drive the evolution of their vector in order to increase their chances 

of transmission (Lefevre and Thomas, 2008). Parasites affect their hosts in two ways, by 

exploiting the host for resources that the host could have used itself (direct), and by 

causing the host to spend energy in parasite defence (indirect) (De Lope, Møller, and De 

la Cruz, 1998).  

Direct effects of parasites vary, from irritation and skin damage caused by biting (e.g. 

lice or mites) to blood loss anaemia10 caused by heavy infestation with blood sucking 

 
4 Parasitism: a relationship in which one-member (the parasite) benefits through the use of resources gathered by 
the other member (the host), usually at a cost to the host.  
5 Mutualism: a symbiosis in which the relationship benefits both members.  
6 Commensalism: a symbiosis in which one member benefits from the relationship, but the other neither gains nor 
loses.  
7 Phoresy: a symbiosis in which the smaller-bodied member uses the host primarily for transport. 
8 Vector: an organism that transmits a disease from one host to another. 
9 Virulence: the harmfulness of a disease 
10 Anaemia: a condition in which there is a deficiency of haemoglobin in the blood caused by red blood 
cell loss. 







6 
 

responses and concurrent infections by different parasites (Schmid-Hempel, 2003). 

During an adaptive immune response, the host body produces antibodies to fight 

infection.  An example is the study by Staszewski, McCoy, Tveraa, and Boulinier (2007) 

that tested adaptive immune response and found that the antibody levels in Black 

legged Kittiwake (Rissa tridactyla) were directly proportional to the level of exposure to 

tick (Ixodes uriae) infestations. In another laboratory-based study Prevot et al. (2007) 

found that the host system (rabbits and SWISS mice) produced antibodies against a 

salivary serpin produced by the tick Ixodes ricinus. So, while parasites may negatively 

affect their host, the host can combat parasites by mounting an immune response.  

However, this also adds to the effect of the parasite, as mounting an immune response 

is energetically costly and the costs are reflected in reduced activity, feeding and 

reproductive rate (Klasing and Leshchinsky, 1999). The costs may be more pronounced 

in certain situations, for example, when the host has limited energy and nutritional 

resources or if it is under other sources of stress. Variations in costs depending on 

circumstances result in trade-offs between health, immuno-competence and fitness 

(Schmid-Hempel, 2003; Zuk and Stoehr, 2002). 

 

1.4 Detection of ectoparasite effect on hosts: Haematological Indices  

Haematology is the study of number and morphology of the cellular elements found in 

the blood like erythrocytes, leucocytes and thrombocytes (Merck Manual, 2012). 

Haematology may be necessary for disease diagnosis, but is also a good indicator of the 

physiological and nutritional state of an animal (Khan and Zafar, 2005; Aderemi, 2004). 

Blood parameters, especially those that are diagnostic for anaemia, are a great way to 

tell acute effects of parasitic infestation on hosts (Table 1.1). The changes in physiology 

caused by blood sucking parasites are almost instantaneous and easy to measure 

through a series of tests such as packed cell volume (PCV), haemoglobin concentrations 

in blood, blood glucose, mean corpuscular haemoglobin concentration and complete 

blood profiles such as red and white blood cell counts and differential leukocyte counts 

(Atkinson and Van Riper 1991; Gauthier-clerc et al., 2003; Heylen and Matthysen 2008; 

Merino et al., 2001; Norcross et.al, 2002; Norte et al. 2013;  Ots et al. 1998; Pryor and 

Castro, 2015; Szep and Moller, 1999; Valera et al., 2005). Immunocompetence in birds 
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can also be measured by a number of techniques such as leukocyte counts (Zuk and 

Johnsen, 1998), heterophil to lymphocyte ratios (Dufva and Allander, 1995; Ots and 

Horak, 1996), buffy coat layer, plasma proteins and serum proteins (Gustafsson, 

Nordling, Andersson, Sheldon, and Qvarnström, 1994). Studies of proximate factors 

demonstrate that poor health and immune responses are responsible for delayed 

breeding and in some cases breeding failure of animals (Moreno et al., 1998). Therefore, 

by measuring the health and immune parameters of a host at a given time should help 

us measure effects of parasitism which may lead to long term problems.  However, in a 

normal situation, most of these blood parameters vary with various factors such as body 

size, metabolism, season, altitude, behaviour and stages of development (age) 

(Sealander, 1965).  For example, haemoglobin and haematocrits are lower in juvenile 

animals as compared to adults (Sealander, 1965). 

Packed cell volume (PCV, also known as haematocrit) 

PCV is the percentage of red blood cells in blood and is measured by centrifugation of 

micro capillary tubes at a high speed for five to ten minutes. Since PCV is a measure of 

the proportion of whole blood that is composed of erythrocytes, if an animal is 

dehydrated, the volume of plasma decreases thus increasing the PCV. A decrease in PCV 

can be due to anaemia caused by loss or destruction of erythrocytes.  

Haemoglobin (Hb) 

Hb is a metalloprotein in erythrocytes that is responsible for carrying oxygen and thus 

the Hb concentration indicates the oxygen carrying capacity of the blood, and similar to 

PCV, the concentration in whole blood is affected by the hydration status. Therefore, 

like PCV, Hb also increases in cases of dehydrated individuals and decreases in cases of 

anaemia caused by blood loss.  The Hb concentration in birds varies with age, with some 

birds showing as much as a 40% increase in their first year of life (Samour et al., 2011). 

In normal situations, there is not enough evidence to support sex related differences in 

Hb in birds (Minias, 2015), but both PCV and Hb have been shown to decrease in females 

during egg production and pre-laying (Minias, 2015) 

Mean corpuscular haemoglobin concentration (MCHC, calculated value) 

MCHC is the concentration of haemoglobin in a given volume of red blood cells. Thus, it 

is calculated by the formula Hb/(PCV/100).  
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Total plasma protein (TPP) 

The protein component of plasma is mainly albumin and globulin.  While these 

proteins can be measured directly by techniques such as electrophoresis, 

refractometry has been widely used, since 1960, to estimate TPP in many clinical and 

field veterinary trials. Refractometry measures the amount of total solids present in 

plasma by refraction of light. Total solids in plasma are comprised mainly of protein 

and other dissolved solids like glucose, urea, cholesterol and triglycerides. A handheld 

refractometer, which is portable and easy to use, can be used to measure TPP of 

animals in field situations, and have been usually calibrated to subtract 2g/dl off the 

reading to correct for non-protein solids. In the past it was believed that refractometry 

did not give accurate readings for some birds and reptiles. For instance, Lumeij et al., 

1996 found that refractometry produced highly corelated TPP values when compared 

to other traditional methods in pigeons but were on the higher side and thus 

suggested not using refractometry as a reliable method. However, Cray, Rodriguez and 

Arheart (2008) and Schmidt et al., (2008) suggest this could be due to the higher fat 

content in pigeon blood and showed that refractometry was a reliable method to 

measure TPP in various other avian species. TPP decreases in cases of malnutrition or 

diseases causing protein loss while it can increase with dehydration and increase in the 

concentration of non-protein solids (like in cases of lipemia and hyperglycaemia, Merck 

Manual, 2012).  

White blood cell (WBC) counts 

There are five types of leukocytes (or white blood cells = WBC) commonly found in bird 

blood; Lymphocytes, heterophils, basophils, eosinophils and monocytes. (Merck 

Manual, 2012). Heterophils are phagocytic cells that are the first line of defence in 

immune responses to infection. Lymphocytes provide specific immunity against 

pathogens through direct cell-mediated effects, and by production of antibodies 

(Minias, 2019). Together, heterophils and lymphocytes make up more than 80% of the 

WBC, and their numbers in circulation give some indication of the immune status of an 

individual.  For instance, an increase in WBC counts almost always indicates stress or 

infection (Minias, 2019).  
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the CEH, passive absorption of water takes place, but is exceeded by the simultaneous 

transpiration of water, thus resulting in net loss of weight (Knülle and Devine, 1972; 

Gaede and Knülle, 1997). This weight loss is probably why it was previously believed that 

engorged states of immature ticks (nymphs and larvae) were unable to take up water 

vapour. Later studies suggested that at 91% humidity and 15º C, the immature ticks 

absorb water vapour from the air passively and recover from partial desiccation within 

a few days (Kahl and Knülle, 1988). In contrast, nymphs and adults take up water vapour 

passively at 81-85% at 15º C and 20º C for a few days and then uptake abruptly ceases 

1-3 days after initiation of apolysis (exoskeleton shedding; Kahl & Knülle, 1988). 

While on the host, a feeding tick ingests large quantities of water and ions that it returns to 

the host via the salivary glands to maintain osmotic balance and concentrate blood portions 

(Needham and Teel, 1991). However, off the host, the engorged tick needs to find a way 

to conserve this water, and ticks have been found to be highly susceptible to desiccation 

requiring relative humidity of more than 85% to survive (Oorebeek and Kleindorfer, 

2008; Tack, Madder, Baeten, Vanhellemont, and Verheyen, 2013).  At high humidity, 

ticks quest for longer periods thus improving their chances of finding a host (Randolph, 

2004). Especially in dry regions, tick survival is more dependent on increased humidity 

rather than temperature. In Australia, where summer temperatures are high and 

winters are milder than other parts of the world, there is high abundance of I. hirsti (cat 

tick) under conditions of high relative humidity and rainfall and lower temperature 

(Oorebeek and Kleindorfer, 2008).  

Saturation deficits, which integrate the temperature and relative humidity of the 

environment to provide an estimate of the drying power of the atmosphere, are used 

by many scientists as a factor affecting life cycles and can be calculated using the formula 

in Randolph and Storey (1999).  

1.8.2 Host dependant factors   

Host specificity is measured by the degree of dependence of a tick species on a particular 

host species or taxonomic group (Hoogstraal and Aeschlimann, 1982). Host specificity in 

ticks can range from strict (as in the case of I. lividus Koch, 1844, which feeds exclusively 

on sand martins, Riparia riparia) to moderate (e.g. in the bat tick, I. vespertilionis, Koch 

1844, which parasitises several species of bats) to the very broad and wide-ranging host 

range of generalists, such as I. ricinus (Hillyard, 1996).  
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cattle tick, Boophilus annulatus (Heyman et al., 2010). Today, ticks are recognised 

vectors of a number of well-known diseases, some of which are also zoonotic, such as 

Rocky Mountain spotted fever (Demma et al., 2005), Crimean-Congo haemorrhagic 

fever (Charrel et al., 2004), African tick bite fever (Hotez and Kamath, 2009) and Lyme 

disease (Spielman et al., 1987). Ticks are second only to mosquitoes as vectors of 

haemoparasites17 that infect vertebrates (Prudencio et al., 2010; Sonenshine, 2018). 

They are particularly important in the transmission of Apicomplexan blood parasites 

known as Haematozoan. 

Haematozoan infections depend on a number of factors like the availability of arthropod 

vectors, presence of the parasite themselves, population of host species, and 

opportunities for the vectors to feed. Haematozoans have a varying degree of specificity 

to their invertebrate vector as well as the vertebrate host. Maintenance and persistence 

of haemoprotozoa within the tick vector is ensured by trans-ovarian (parent to 

offspring) and trans-stadial (stage to stage) transmission which can occur over several 

ticks.  

 

1.9.1 Detection of Haemoparasites 

Traditionally, haemoparasite infections are confirmed on the basis of history, clinical 

symptoms, identification of parasites in blood smears and histopathology of tissue in 

affected hosts (Earlé, Huchzermeyer, Bennett, and Brassy, 1993; Schein, Mehlhorn, and 

Voigt, 1979; Yabsley et al., 2009). However, the detectable prevalence (proportion of 

parasite infected samples from the total number of samples) of the parasite depends on 

the intensity of infection (mean number of parasites per unit of sample tested), life cycle 

stage of the parasite, and the immune response of the host. More often than not, 

parasitic infections are chronic and low levels of parasitaemia make detection difficult 

(Rae, 1995). In some cases, the host may have concurrent mixed infections with different 

protozoa that show very similar morphology and aetiology (Page 1987; Peirce et al., 

2004).  

Reliable diagnostic tests are therefore required for detection of haematozoa in the host 

as well as the vector. Molecular detection technology like polymerase chain reaction 

 
17 Haemoparasite: An animal parasite (bacterium, apicomplexan, hemoflagellate or filarid worm) living 
in the blood of a vertebrate. 
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(PCR) that target and amplify parts of the parasite genome are now used more 

frequently to detect haemoparasites up to the species level (Hellgren, 2004; 

Krizanaskiene et al., 2006). DNA- based diagnostic methods are very effective and have 

the ability to detect parasites at low densities (Freed and Cann 2003). For instance, 

Torres et al. (2006) have been able to detect Plasmodium spp. infections as low as one 

malarial parasite/µl of blood. However low densities of parasites, in cases of chronic 

infections, are very often missed by PCR. Metagenomics (MGS) helps to eliminate that 

problem using next-generation sequencing (NGS). In MGS, a vast number of reads are 

sequenced in a single stroke, where a DNA fragment of around 100 to 200 base pair is 

used. This then undergoes massive parallel DNA sequencing using bridge PCR and 

fluorescent labelled nucleotides which are read by a computer program ultimately 

resulting in several million clusters of amplified DNA (Shendure and Ji, 2008). These can 

then be run through the National Center for Biotechnology Information (NCBI) gene 

database to identify the various parasites, if present. However, while NGS is 

revolutionising the future of DNA sequencing techniques, there is a lack in personnel 

expertise required to interpret and analyse results (Behjati and Tarpey, 2013; Metzker, 

2010).  

 

1.10 Ticks in New Zealand and the Kiwi Tick  

New Zealand has 12 species of ticks, five are endemic, six native, and one is introduced 

(Table 1.3; Heath, 2012; Heath and Palma, 2017;  Heath, Palma, Cane, and Hardwick, 

2011).  After Dumbleton (1953) first compiled the Ixodid ticks found in New Zealand, 

various authors have then described them taxonomically and reclassified some of them 

based on more detailed investigations (Heath, 1987; Heath and Palma, 2017; Murray, 

Palma, Pilgrim, and Shaw, 1990; Spain and Luxton, 1971).  

Out of the five endemic species of ticks only Ixodes anatis (kiwi tick) has been found on 

brown kiwi in addition to the introduced cattle tick, Haemaphysallis longicornis (Castro, 

2006; Heath, 2010). The classification of I anatis has been controversial, the type 

specimens for the first ticks found on kiwi were lost, so the type specimen used to 

describe it came from a grey duck (Anas superciliosa; Heath and Kwak, 2019). However, 

apart from the rare case of having been found on the grey duck and later on a Canada 

goose (Branta canadensis), the tick has been exclusively found on kiwi in large numbers 
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(Heath, 2010). Thus, I. anatis is said to be a host specific kiwi tick found on two species 

of kiwi, brown kiwi and tokoeka (Apteryx australis) (Heath, 2010). The morphology, 

classification and phylogenetics of I. anatis have been well documented (Heath, 2010; 

Kwak et al., 2017; Kwak and Heath, 2018). However, a single short-term observational 

study has looked into the prevalence of I. anatis in kiwi burrows (Swift, Heath, and 

Jamieson, 2015). Heath (2010) used published records and museum samples to describe 

seasonality and biology of I. anatis. However, seasonality cannot be based on chance 

collections of parasites and describing biology of a tick by drawing parallels from other 

species is only theory based until proven by experimentation and observations in the 

habitat of the tick over time. Heath (2010) presumed that the I. anatis, like other ticks, 

was a three-host tick and that copulation between male and females took place off host.  

I. anatis is suspected of transmitting Babesia kiwiensis and Hepatozoon kiwi (Jefferies et 

al., 2008; Pierce et al. 2003) but may also transmit other protozoans such as malaria and 

theileria.  Kiwi have also been diagnosed with avian malaria through smear and PCR 

work (Howe et al., 2011; Schoener we at., 2014). There are also unconfirmed records of 

possible Theileria spp. found in NIBK blood samples (Castro pers. comm).  

 

1.10.1 Babesia, Theileria and Hepatozoon 

Babesia, Theileria and Hepatozoon are single- celled Apicomplexan parasites (Protozoa, 

Phylum Apicomplexa). These protozoa are intracellular parasites that have an apical 

complex composed of specialized organelles that are important in host cell penetration 

(Atkinson, 1991). They rely on ticks as their arthropod vector to complete their life cycle. 

For most of the species, Ixodid ticks act as intermediate hosts but Hepatozoon has been 

reported to have tick, louse, flea, or mosquito as a hosts (Watkins et al., 2006). These 

parasites possess sexual and asexual life cycles: the fertilisation and formation of zygotes 

and the asexual sporogony occur in the invertebrate host, while the sexual gametogony 

and asexual schizogony happen in the vertebrate host (Schnittger, Rodriguez, Florin-

Christensen, and Morrison, 2012). While Babesia spp. infect only erythrocytes, Theileria 

and Hepatozoon spp. are known to infect both lymphocytes and erythrocytes of the 

vertebrate host and do not have transovarial transmission in ticks (Chauvin, Moreau, 

Bonnet, Plantard, and Malandrin, 2009; Schnittger et al., 2012).  
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Taborsky and Taborsky, 1999; Ziesemann, Brunton, and Castro, 2011). Breeding occurs 

in winter, from June to January (Taborsky and Taborsky, 1999; Ziesemann et al., 2011), 

although the species has also been found breeding outside this time. The female NIBK 

lay up to two eggs per clutch and can have two clutches per season while the males 

incubate the egg(s) (Colbourne, 2002). Clutches, on average are laid 25-30 days apart 

and incubation lasts for 75-85 days (Ziesemann et al., 2011) during which the males are 

active for only 1-4 hours every night as opposed to 9-12 hours that the females do.  Nest 

reuse is common in NIBK with more successful hatching in previously used nests 

(Ziesemann et al., 2011) 

As long as the kiwi have a rich supply of soil invertebrates and a cover for shelter to roost 

in, they can be found inhabiting a wide variety of vegetation types, from a hole in the 

middle of a pasture, to modified pine forest or dense native bush (Dixon, 2015; Potter, 

1990).  

 

1.11.2 Threats and Conservation Efforts 

The current conservation status of NIBK is considered as declining according to the New 

Zealand Threat Classification System (NZTCS) (Robertson et al., 2016) and current 

conservation efforts focus on extensive predator control and Operation Nest Egg (ONE). 

ONE is a captive scheme in which wild kiwi eggs are lifted to captive institute to hatch 

and these chicks are hand reared and put into predator proof crèches until they are 

>1000g (considered introduced mammalian predator safe) and then released back into 

the wild (Colbourne et al., 2005). This is important as while adult birds have low 

mortality due to predators, chick mortality can be high with less than ten percent of 

chicks reaching adulthood with stoats (Mustela erminea), ferrets (Mustela putorius) and 

cats (Felis catus) being significant predators (McLennan et al., 1996; Wilson, 2014). 

Intensive management of NIBK through programs such as ONE raises an increased 

number of immunologically naïve birds which are more susceptible to diseases such as 

coccidiosis ( Morgan et al., 2012).   
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Leptospermum ericoides and Pseudopanax spp.), swamp (largely Typha orientalis) and 

broadleaf-podocarp forests (Shapiro 2005).  

The study site covered approximately 2 km2 located on the southern 1/3rd part of the 

island. The NIBK population on the 18 km2 island originated from 14 birds (six from Little 

Barrier Island and eight from Waipoua, Northland) translocated onto the island in 1964 

(Miles & Castro, 2000) and the numbers have grown and are estimated to be at 100 

birds/km2 (Cunningham et al 2007). The NIBK on the island have been intensively 

monitored by the Behavioural Ecology and Conservation Group led by Dr Isabel Castro 

since 2004 with the help of radio transmitters attached to the tibiotarsus of individual 

birds. Due to this long-term monitoring and research program, many aspects of the 

behaviour and history of the individual birds are known.  

The high density of NIBK occurring on Ponui Island has been suggested to be comparable 

to numbers before the arrival of humans (Ziesemann et al., 2011). These high numbers 

along with the sharing of roosts and nests (Ziesemann et al., 2011), provide a good 

habitat for the build-up of parasites. Indeed, the NIBK on Ponui have been found to carry 

large ectoparasite loads of kiwi ticks, cattle ticks, lice, mites and rat fleas (Castro,2006; 

Heath, 2010). The presence of a host population living with its parasites offers a unique 

opportunity to measure their relationship, in particular the effect of the kiwi tick on its 

host. 
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Chapter 2 

 
The world is full of wonders, but they become more wonderful, not 

less wonderful when science looks at them - David Attenborough 

A female Ixodes anatis with its eggs 
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2.1 Introduction  

The amount of time that each stage of ticks takes to completion is determined by the 

interactions between temperature and moisture (relative humidity, RH) in the off-host 

habitat (King, Gettinby, and Newson, 1988; Randolph, 2004; Tukahirwa, 1976). During 

protracted off- host (questing) and engorged periods of their life, ticks are more prone 

to desiccation than when feeding (e.g. Apanaskevich and Oliver 2014) and their ability 

to perform bodily functions largely depends on water vapour absorption (Gaede and 

Knülle, 1997). Thus, optimum developmental conditions ensure faster progress to the 

next stage of the life cycle and better chances of survival.  Numerous laboratory-based 

studies have explored the response of different species of Ixodid ticks to microclimates 

and their influence on developmental times (Arthur and Snow, 1968; Heath, 1979, 1981; 

Kahl and Knülle, 1988; Lees, 1946; Needham and Teel, 1991; Padgett and Lane, 2001; 

Troughton and Levin, 2007; Yoder, Hedges, and Benoit, 2012). Most of these studies 

agree that, for optimum development, ixodid ticks prefer temperatures between 18 and 

26°C and relative humidity between 75% and 94%. Some of these studies showed that 

an increase in temperature within the preferred range reduced moulting times, and that 

while some species were able to tolerate temperatures up to 38°C, mortality rates 
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increased.  At lower temperatures such as 4-8°C some species continue development, 

but at a greatly reduced rate and with higher mortality. Similar results have been 

demonstrated in the small number of field studies that have been conducted with 

various species (Campbell and Glines, 1979; Koch and Tuck, 1986; Norval, 1977; Ogden 

et al., 2004; Troughton and Levin, 2007).  

Ixodes anatis Chilton, 1904, is a host-specific ixodid tick found on apterygid birds; the 

North Island brown kiwi (Apteryx mantelli, NIBK) and the Tokoeka (Apteryx australis), 

and therefore is endemic to New Zealand (Dumbleton, 1953; Heath, 2010). It is an 

endophilic, nidicolous species which has only been recovered either off the hosts or 

within the burrows of these birds. Ixodes anatis of all stages are prevalent in kiwi 

burrows throughout the year (Swift et al. 2015; Bansal et al., 2019; pers. obs.).  

Our aims in this study were two-fold: to determine in the laboratory the conditions of 

temperature and RH that ensured the best survival, and the shortest interstadial periods 

for the kiwi tick, and to contrast these with those of ticks of different stages placed in 

artificial kiwi burrows outdoors. To date, little is known about the environmental 

conditions that are ideal for the development of I. anatis and therefore our null 

hypothesis was that this species would behave comparably to other species with similar 

ecological requirements such as I. uriae, I. aboricola, and I. trianguliceps (Gray et al., 

2014) or species in other genera such as Amblyomma and Archaeocroton (Barker and 

Burger, 2018; Gray et al., 2014) which are all examples of nidicoles. 

 

2.2 Materials and Methods  

2.2.1 Experimental Design 

Two series of experiments were conducted to determine the optimum developmental 

conditions for I. anatis.  In the first, engorged larvae, nymph and adult were incubated 

under laboratory conditions (Laboratory Experiments) and in the second, engorged ticks 

were maintained in artificial kiwi burrows (Field Experiments) in a forested area close to 

the Laboratory (40.3709° S, 175.6303° E; Figure 2.1). In all experiments, the pre-moult 

period was defined as the time from when an engorged tick was placed in the incubator 

or burrow to the time it started moulting. Moulting duration was the time from when 

the tick started moulting until the time the new stage first appeared. Moulting success 
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was the proportion of ticks that were able to successfully ecdyse. For females, 

preoviposition was the time from the moment the female was placed in the incubator 

to the time it started laying eggs, and oviposition was the time taken for the female from 

starting to stop laying eggs.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.2.2 Tick collection 

Ticks were collected from NIBK inhabiting a high-density population of 1 bird per hectare 

on Ponui Island (Inner Hauraki Gulf, New Zealand; 36.8622° S, 175.1842° E; Figure 2.1) 

(Cunningham, Castro, and Alley, 2007).  These birds had been observed to have high 

densities of ticks, with up to 250 individuals recorded on one host (Castro, 2006; Heath, 

2010). Between April and June 2016 (for the laboratory experiments) and March 2018 

(for the field experiment), detached, engorged ticks were collected off the birds, bird 

Figure 2.1: Map showing the two sites used in experiments designed to find the best 
temperature and humidity conditions for the development of Ixodes anatis, the kiwi tick. 
Ponui Island is where the ticks were collected, and Massey University in Palmerston north 
is where the Laboratory Experiments as well as the Field experiment was conducted.  
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handlers, and the bags used to cover the birds during handling for transmitter change 

or as part of other experiments. Ticks were separated into the three stadial groups 

(larva, nymph, adult female), placed in plastic containers with fresh vegetation to 

provide moisture and stored at 4oC, for a mean duration of five days (± 5 days), until 

they arrived in the laboratory at Massey University, Palmerston North (546 km distant 

from the study site; Figure 2,1).  

Tick identification 

Two species of ticks are known from kiwi at the study site and were differentiated on 

the basis of the position of the ventral anal groove as described in Dumbleton (1953). In 

I. anatis the groove is anterior to the anus (Prostriata) and in Haemaphysalis longicornis 

is posterior to the anus (Metastriata) (Figure 2.2). Only Ixodes anatis were used in this 

study. 

 

 
Figure 2.2: A figure showing the ventral view of the abdomen of ticks (basis capituli and legs are omitted) 
difference between the kiwi (left) and cattle tick (right) with respect to the placement of the anal groove 
used to identify the species. 

 

2.2.3 Pilot Experiments 

Pilot experiment 1: Before developing the final protocol for the laboratory 

experiment, we conducted a pilot experiment to test the effects of a range of 
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2.3 Results 

2.3.1 Laboratory Experiment  

Percentage survival of larvae and nymphs and the duration range of pre-moult are 

summarised in Table 2.2. None of the larvae or nymphs showed signs of development 

at 5°C, even after 120 days of observation, and all ticks placed at 30°C died within 20 

Figure 2.3: The laboratory setup for the experiment. A- the ten chamber mesh pockets for larvae and 
nymphs, B- the mesh pockets suspended over the salt solution, C- the entire setup from B placed in an 
incubator and D- the mesh bags used for housing individual females. *D- same newly made mesh bags 
were also used for the field method.  

Figure 2.4: An example of a burrow dug for the field studies at Massey 
University (photo by David de Vieco).   
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the RH had no significant effect (Table 2.3). Those that did not lay eggs, died within 60 

days of being placed in the incubators. No eggs hatched under any of the experimental 

conditions. 

 

Table 2.2:  Survival and development time of I. anatis engorged larvae and nymphs under tested 
laboratory conditions. Pre-moult in this table refers to the number of ticks that survived and started 
moulting and moulting refers to the actual time of moulting from attachment to complete emergence. 
Saturation deficit of air in each chamber was calculated using the formula from Randolph and Storey 
(1999).  

 
 
 

Table 2.3: The development times for the 12 female engorged ticks (three at each chamber) at given 
temperature and RH regimes.  
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2.3.3 Field Experiment 

Of the 12 burrows, only 11 were included in the analysis because Burrow 4 collapsed 16 

days into the experiment. The mean (± Standard Deviation) temperature over all 

burrows was 13º C (± 0.27) for June, 11º C (± 0.15) for July and 10º C (± 0.09) for August. 

The mean RH over all the burrows was 66% ± 0.26 for June 68% ± 0.08 for July and 68% 

± 0.17 for August (Figure 2.5). The corresponding SD of all the burrows ranged between 

3-4 mmHg. Of the 220 engorged larvae placed in the burrows 218 (99.1%) moulted to 

nymphs. Of 110 engorged nymphs, 101 (91.8%) survived to moult, the remaining nine 

died after 40 days without completing the development. Larvae in 10 out of 11 burrows 

had a premoult period of 66 days and took seven days to complete the moult. In Burrow 

10, the larval premoult period was 70 days with a duration overall of five days.  Nymphs 

in six burrows had a 70-day pre-moult period with 75 days for the remainder. All nymphs 

with exception of those in Burrows 3 and 5 finished moulting in eight days.  Nymphs 

took 8 days to moult, with exception of those in Burrows 3 and 5 which took six days 

(Figure 2.6). 
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Figure 2.5: Average temperature and RH (± SE) in artificial kiwi burrows during June (blue), 

July (red) and August (green), 2018.  

 
Figure 2.6: Time taken (in days) for development of immature stages of I. anatis in the 
field experiments 
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2.4 Discussion  

Our experiment did not support our initial hypothesis that Ixodes anatis would act 

comparably to most other nidicolous tick species in terms of conditions of preferred 

temperature and humidity. Furthermore, the laboratory conditions that favoured 

survival and shorter moulting were very different to those in the field experiments.  

Under laboratory conditions, the requirements for larvae were narrower than for 

nymphs. Engorged larvae showed optimum development (moulting times and survival) 

at 10-20°C when SDs were <1-2 mmHg (RH>94%). Engorged nymphs survived and 

moulted up to 25°C but, like larvae, appeared to favour a range of 10-20°C, although 

with the ability to survive a somewhat drier atmosphere, tolerating a SD range of <1-10 

mmHg. Females laid eggs at all temperatures and the range of humidity tested, although 

the pre-oviposition period was from six to 14 days longer at SD of <1 mmHg as compared 

to 2-3 mm of Hg. However, due to the small number of females tested, this result serves 

only as a loose guideline and needs to be further explored. The failure of eggs to hatch 

at the various temperatures and RHs combinations could be due to several reasons. The 

longer duration of oviposition at the lower temperature may have exposed the eggs to 

a greater decline in their water balance than would have occurred at higher 

temperatures. Also, breaking the eggs into smaller batches would have possibly 

increased the surface area of the egg mass and exposed them to increased dehydration.  

However, the failure of eggs to hatch requires further investigation with a larger sample 

size of females.  

Under field conditions, the temperatures in the burrows varied slightly across the 3 

months with a mean temperature of 11°C (range: 10-13), mean RH of 67% (range: 65-

69) and a calculated SD between 3-4mm of Hg, which were at the lower end of the 

favourable range for both larvae and nymphs, but ambient humidity was a little drier 

than the larvae would seem capable of tolerating. Having said this, the RH was measured 

in the burrow air, not at the soil surface which may have been slightly more humid. From 

previous studies (deVieco, 2019) as well as data collected during this study (Appendix 

2.1) while external temperature fluctuates, the diurnal temperature within the burrow 

remains relatively constant. In addition, over the year, the microclimate in a burrow is 
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not as extreme as in the external environment and remains within a range of ± 6 units 

for both temperature and humidity.  

In the burrows, the developmental success rate for both larvae and nymphs was very 

high (99% and 91.8% respectively). In the laboratory however, larvae exposed to similar 

conditions (10°C and 62.1%-83% RH; SD 1-4 mmHg), did not survive. It is possible that 

engorged larvae in burrows were in closer contact to available soil moisture, and able to 

absorb it in through the cuticle or experience reduced water loss. Larvae in laboratory 

chambers were surrounded by humid atmospheric air, but at a level perhaps lower than 

that experienced by larvae in burrows. Ogden et al., (2004) reported that even small 

fluctuations or changes in temperature and humidity can affect the developmental 

times in ticks. Therefore, it is also possible that these differences between lab and field 

results may have been caused by our routine checks as larvae are less tolerant to minor 

changes in temperature and RH (Chilton and Bull, 1993). As the boxes with the ticks were 

removed from the incubators to a setting at room temperature, even for five minutes, 

it could have caused a sudden fluctuation in the temperature and RH in the boxes, 

exposing the ticks to more severe changes of temperature and humidity when extracted 

than those in the field as some were kept at considerable higher or lower temperatures 

than the laboratory environment. Another study by Padgett and Lane (2001) found that 

when larvae were left undisturbed, they had a higher success of moulting than the ones 

that were disturbed more often, supporting this possibility.  

In studies with kiwi-occupied burrows (Bansal et al., 2019; Swift et al., 2015; Chapter 3) 

larvae were most prevalent from January to June (summer and autumn), and lowest in 

October (spring; usually a damper season). Nymphs, on the other hand, were less 

prevalent in January, with highest numbers from June to December. In the present study 

the artificial ' burrows' did not have any kiwi, which is very likely to have influenced 

temperature and humidity levels, both from physiological exhalations, body warmth 

(Calder, Parr and Karl, 1978) and deposited vegetable and waste matter. 

In general, in many species of Ixodidae, immature stages survive better at moderate to 

high RH (>90%) and between 18°C to 25 °C but die off rapidly at 75% RH at similar 

temperature conditions (Ginsberg et al., 2017; Needham and Teel, 1991; Padgett and 

Lane, 2001; Troughton and Levin, 2007). We found that the optimum temperature 

preferred by Ixodes anatis to complete development is between 10°C to 15°C which is 
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lower than many other species of ixodid ticks. We suggest the extended developmental 

times as a function of low temperature preference may be an adaptation for survival in 

burrows which are unoccupied for long periods as well as to the cold temperatures in 

New Zealand throughout the year. However as in other species, the bioclimatic 

requirements of larvae are at the lower end of the range tolerated by the species overall. 

To a large extent this determines both seasonal patterns and habitat suitability for the 

species because, if larvae are disadvantaged, the life cycle can be disrupted. Nymphs, 

however, are generally more desiccation resistant and have a better tolerance of higher 

temperatures than do larvae, with engorged females capable of withstanding even 

greater bioclimatic extremes (Chilton and Bull, 1993; Heath, 1975, 1981; Needham and 

Teel, 1991).  

The best survival strategy for the kiwi tick is to have a mix of stages in each burrow, 

ready to take advantage of the return of a host. A quicker development cycle for 

engorged larvae over the warmer time of year provides unfed nymphs that are able 

not only to withstand cooler times of the year but also the attendant added risks of 

dehydration. Unfed stages were not tested in these experiments and such a study 

would throw additional light on the biology of I. anatis in relation to its host. 

The kiwi is a nocturnal animal and can range widely in search of food as well as use a 

multitude of burrows within its range (Dixon, 2015, Jamieson et al., 2016). The tick too 

is exclusively host-specific (aberrant hosts are very rare; see Heath 2010) and this 

suggests it would be an advantage for the tick to be sedentary and to be capable of 

sustained quiescence in the event of the spasmodic presence of hosts.  There has been 

no success in finding questing I. anatis outside of kiwi burrows, reinforcing the 

inference of the tick's sedentary nature and thus its adaptation to stable, but relatively 

cool and damp conditions in the burrows and reflecting the findings in this study as 

well as the evolutionary consequences of its association with the kiwi.  

This insight into the conditions required for the kiwi tick to develop off-host, only 

answers one of a three-part question about the life cycle of the ticks and cannot be 

used by itself to infer ecology of the tick. To get a complete picture of its ecology, it is 

also necessary to look at the type of habitat available to these ticks off host and the 

actual abundance of these parasites present in the wild which we address in the next 

chapter (Chapter 3).  







http://www.bioone.org/keyword/Ectoparasites
http://www.bioone.org/keyword/Off-host%20Aggregation
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about their relationship with the host, their abundance, life cycle and the factors 

controlling it.  In the only population where research on these ticks has taken place, 

Ponui Island (Swift et al., 2015), hosts are heavily parasitized with individual birds 

carrying up to hundreds of ticks (Castro, 2006; Heath, 2010). These findings led us to 

investigate the life cycle of the tick and its relationship with the host. Therefore, Swift, 

Heath, and Jamieson (2015) examined the prevalence and intensity of I. anatis in 

different types of brown kiwi shelters over a six-month period during the host breeding 

season. They found that brown kiwi shelter use was a significant predictor of mean 

intensity and prevalence of I. anatis, and that ticks were more abundant in roosts that 

were holes in the ground and under trees. Since Apteryx spp. use shelters for nesting 

and roosting (Jamieson et al. 2016; Dixon, 2015) as well as surface shelters, and kiwi 

move between roosts, each I. anatis instar may feed on the same or different bird 

(Heath, 2010). The aim of this study was to investigate the effect of brown kiwi shelter 

type, overall habitat type at shelter location, and site on the abundance of the various 

stages of I. anatis throughout the year to better understand the life cycle of this 

enigmatic tick.  

 

3.2 Material and Methods  

3.2.1 Apteryx spp.  

There are five recognized species of kiwi and all of them are endemic to New Zealand 

(Weir et al., 2016). All species are nocturnal and ground dwelling; the brown kiwi is the 

most common of all kiwi species. Old records suggest brown kiwi densities of 40-

100birds/km2 (Buller and Keulemans, 1888) however current densities on most 

mainland populations rarely exceed four adult birds/km2 (McLennan and Potter, 1992). 

In our study site the density is very high, with an estimated 100 birds/km2 (Cunningham 

et al., 2007). Brown kiwi use burrows dug in the soil, tree cavities and thickets of 

vegetation, for shelter during the day (Dixon, 2015; Jamieson, Castro, Jensen, Morrison, 

and Durrant, 2016). Generally brown kiwi use soil and tree shelters in the forest more 

often than other shelter types (Dixon, 2015; Jamieson et al., 2016). However, shelter use 

is seasonal, with birds using forest habitats relatively more often in winter and spring, 

and scrub, swamp and pasture in summer and autumn (Dixon, 2015). Besides season, 

age and pairing status also affects shelter use with younger and single birds more likely 





47 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.2.3 Experimental Protocol 

We checked 63 shelters for ticks at monthly intervals from May to November 2013, in 

January 2014 and from April to June 2014. However, not all shelters were sampled each 

month (Table 3.1). The main reason for this is that during the main part of the breeding 

season (June to December), known nests and shelters with birds in them were avoided 

to prevent disturbing the birds. In addition, by the end of the project, two of the surface 

shelters had collapsed and were not sampled. 

Figure 3.1: Map of the study area on Ponui Island, marked by the red circle on 
the top right image and expanded underneath, where KG is Kauri gully, RSHG 
is red stony hill gully and Pipe is pipe gully. Modified from T. Dixon, 2015. 
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Figure 3.2: Experimental design: The number of shelters separated by Location, Habitat and Shelter 

type. 

 

Shelters were clustered into three main types: soil shelters, comprising dug or naturally 

occurring burrows (for example as a result of tree roots decomposing and leaving a 

hole); tree shelters (including any hole in a tree, branch or living root); and surface 

shelters (including shelters under sparse vegetation or in the open) (Figure 3.2 and 3.3). 

Only shelters used by birds in the last five years were used in this study.   

 

3.2.4 Field work 

For sampling we used a non-destructive sampling technique, of attracting ticks to a 

warm-bodied host, first described in Swift et al., (2015) with the following 

improvements: Instead of large bottles, we used mini rubber hot water bottles (21 x 12 

cm, 500ml) because the larger bottles were too big to go through most of the shelter 

entrances even after folding them.  These larger bottles rubbed against the sides of the 

shelters damaging them, as well as losing ticks when they were pulled out. The water 

bottles were placed inside a black polar fleece sleeve instead of a white one that made 

it easier to spot the different tick stages since most of the stages are light coloured. 

Thermos flasks were used to carry boiling water to the chosen shelter sites and the hot 

water bottles were filled immediately before being placed into the shelter as far as the 

hand could reach. The reason for this was to avoid loss of temperature before the hot 

water bottles were in place. Prior to the main study, we investigated the temperature 

loss of the water bottles, under the protocol described above, to determine how long 

the bottles held temperatures useful for collecting ticks (body temperature). 
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Table 3.1: Number of shelters sampled separated by location, habitat and shelter type per month. 

 
Location Habitat Shelter type 

 

Months Kauri Pipe RSHG Forest  Scrub Pasture Tree Soil Surface Totals 

May-13 17 18 21 25 26 5 19 22 15 56 

Jun-13 21 20 22 31 27 5 19 24 20 63 

Jul-13 18 17 20 28 23 4 14 22 19 55 

Aug-13 14 15 16 26 18 1 12 14 19 45 

Sep-13 16 13 18 27 16 4 14 17 16 47 

Oct-13 18 15 19 26 22 4 16 19 17 52 

Nov-13 21 17 22 30 25 5 19 24 17 60 

Jan-14 21 17 22 30 25 5 19 24 17 60 

Apr-14 20 17 19 28 24 4 17 24 15 56 

May-14 20 17 19 28 24 4 17 24 15 56 

Jun-14 20 17 19 28 24 4 17 24 15 56 

 

We placed water bottles in 15 shelters, measured the surface temperature of the bottles 

and counted the number of ticks visible on the polar-fleece cover hourly for five hours. 

The water bottles were then left in the shelters to obtain a final measurement 24 hours 

after the start of the experiment (as in Swift et al., 2015). We found that water 

temperature at the time of placement ranged from 45-50°C but had fallen to 30-35°C 

after the first two hours (close to kiwi body temperature of 38 °C). We also found that 

the majority of the ticks on the fleece were collected in the first two hours after 

placement. Consequently, our final protocol was to leave the hot water bottles in the 

shelters for one and a half hours.  On arrival to each site, we recorded the state of the 

shelter, presence/absence of spider webs or birds in shelters, fresh digging marks and 
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any other relevant observations. After the allocated time, the sleeve-covered bottle was 

removed from the shelter and put into a re-sealable plastic bag. However, if the fleece 

appeared clean, it was removed, and it alone went into the Ziploc bag. During placement 

and removal, presence of ticks on clothes and hands of the person carrying out the 

experiment was noted. On return to the camp, the plastic bags containing the sleeves 

were stored at 4°C for at least one hour to slow down the activity of the ticks before 

counting them. 

Each sleeve was inspected for ticks using a stereo microscope (Olympus VMZ) and hand-

held magnifying lenses. Numbers of individual ticks in the different stages of their life 

cycle (larvae, nymphs or adults) as well as sex, where possible, were recorded. Each tick 

was carefully removed with entomology tweezers after counting and placed into 

separate smaller plastic bags labelled for each shelter and containing some leaf litter. 

After counting and classifying ticks, they were returned to their respective shelters 

within 24 hours.  
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3.2.5 Statistical Analysis 

Due to the non-Gaussian distribution of our aggregated count data, Generalised 

Estimating Equations (GEE) were used to model the effect of location (RSHG, Kauri and 

Pipe), habitat (forest, scrub and pasture) and shelter type (soil, tree and surface) on the 

abundance of ticks collected. GEE also accounted for repeated measure sampling of the 

same shelters every month. We used a negative binomial distribution model with the 

log link function as our data was over-dispersed (variance greater than mean) count 

data. Pairwise comparisons were carried out at 95% confidence intervals with Sidak 

corrections to account for multiple comparisons. Results were considered significant 

when p < 0.05. Analyses were undertaken for counts of all stages combined because 

there were too few adults to make meaningful comparisons.  All tests were carried out 

using IBM SPSS Statistics 22.  

Figure 3.3: Different shelter types that the Brown kiwi use which were used for this experiment. A 
represents the tree shelters, (from left to right), a person looking for a bird in a tree shelter, a kiwi 
inside a huge tree, another type of tree shelter in the roots of a tree. B represents dug out soil 
shelters. C represents surface shelters, in this case just under a fallen clump of Astelia spp.  
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3.3 Results 

We counted a total of 12,172 ticks from the 63 shelters over the 14-month period; 87.2% 

(n=10,612) were larvae, 10.2% (n=1244) were nymphs and 2.6% (n=316) were adults.  

All stages of ticks were present throughout the year but their abundance in shelters 

varied over time. The larvae numbers were high between January to June with three 

observed peaks in May 2014, August 2014 & April 2015 (Figure 3.4). The nymph numbers 

showed corresponding peaks from June onwards and were relatively high. Adult ticks 

increased as time progressed, however most of the adults were collected when a bird 

was present in the shelter or had been in there recently.  In general, the numbers of 

each successive tick stage declined over time. 

Birds were present in 14 of the 63 shelters through the study period and the prevalence 

of ticks in these shelters varied dramatically between 100%, in a shelter where a bird 

was found twice, to 27.27%, in a shelter where a bird was found once, indicating that 

the presence of birds was not a predictor of tick prevalence. The distribution of ticks in 

the shelters was not uniform, with 39.68% of shelters having ticks more than 50% of the 

times and only three shelters recorded with no ticks throughout the study.  

Location, habitat and shelter type all had a significant effect on tick numbers (GEE 

model; Table 3.2) Kauri and RSHG had similar tick counts (n=5124 and 4791 respectively) 

when compared to Pipe (n=2257); however, this difference was not significant (Wald 

chi-square = 1.892, df = 2, p-value =0.388). There were also significant interactions 

between location and shelter type and habitat and shelter type.  Tree shelters had 

higher tick abundance than the other types (Table 3.3). Shelters within the forest had 

significantly higher number of ticks as compared to scrub and pasture (Table 3.3). 

Pasture had the lowest tick abundance with only 165 ticks retrieved from the five 

pasture shelters sampled.  
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Table 3.2: The GEE model showing the various factors and interactions used with Chi-
square values and significance levels. 

Table 3.3: Pairwise tests between the different fixed effect variables with means, significance levels 
and 95% confidence intervals. Bolded values denote significant differences.  

Table 3.4: Prevalence of ticks in shelters sampled each month divided according to location, 
habitat, and shelter type represented in percentage. 
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3.4 Discussion 

We found that location, habitat in which the shelters were located, and the type of 

shelter were significant predictors of I. anatis abundance. However, there seems to be 

complex significant interactions related to the location and the habitat where the 

shelters are found. 

 

3.4.1 Seasonal stage variations 

Larval abundance peaked at the start of the study in May 2013, a small peak in August 

2013 and again in April 2014 with numbers declining towards winter of 2013 and at the 

end of the study towards the winter of 2014.  They remained low through the winter of 

Figure 3.4:  Total Numbers of different stages of I. anatis found over 14-month sampling of 63 brown 
kiwi (A. mantelli) shelters on Ponui Island, New Zealand. Three types of shelters (soil, tree and 
surface) located in three different habitat types (forest, scrub and pasture) from three different 
adjacent locations (Kauri, RSHG and Pipe) were sampled.  
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2013 and then slowly rose from January. This pattern implies there is likely to be just 

one generation per year with only a few ticks cycling outside this pattern. It is not 

uncommon for larvae to show peaks when conditions are favourable (Oorebeek & 

Kleindorfer, 2008) as this provides the opportunity for eggs to develop and hatch.  The 

occurrence of larvae at these times indicates a seasonal hatching of previously laid eggs, 

likely in the presence of ideal hatching conditions. It may be that these ideal egg hatching 

conditions control I. anatis life cycles, but this remains to be confirmed.  

The larval peaks and consequent declines are followed closely by peak in nymph 

numbers. The first two peaks of nymphs were observed in the winter and spring months 

of August and November of 2013, 2-3 months after the larval peak implying that larvae 

had moulted during winter and spring but probably quite slowly due to low 

temperatures. The next peak occurred in May 2014 immediately after the April 2014 

larval peak. We believe these ticks might be the few cycling outside the yearly seasonal 

pattern. In 2014, May and April had an average temperature of 16.8 º C and average 

humidity of 95.3% (NIWA, 2014). This combination of mild temperature and high 

humidity, with little fluctuation, may have been ideal for quick moulting of larval stages 

of I. anatis (Chapter 1). Adult ticks were present in small numbers throughout the study 

but peaked in November 2013.  These adults were mostly present in shelters when there 

were birds present (or had been recently used) suggesting that they may have come off 

the birds themselves.  Their presence could also be the result of recently engorged 

nymphs that freshly moulted into adults and were questing soon after.  We think that it 

is unlikely that adult ticks would come off the birds in these shelters once those adults 

had started to feed because fed adults would not be interested in attaching to a warm 

sleeve, rather they would seek seclusion whilst they were developing eggs.  

Larvae and nymphs were present in the shelters throughout the sampling period 

indicating a high prevalence of ticks in shelters irrespective of brown kiwi usage. 

However, the abundance of adults seemed to spike if the shelter had recently been used. 

Generally, Ixodid ticks follow a seasonality that depends on host densities and their 

breeding cycles because this ensures that the ticks can complete their own life cycle 

(Frenot et al., 2001; Oorebeek and Kleindorfer, 2008).  Where density of hosts 

populations are naturally high throughout the year, as records indicate for brown kiwi 

shortly after human arrival in New Zealand (Buller and Keulemans, 1888), and as it was 
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(Dixon, 2015).  However, the number of pasture shelters limited us since we could only 

find five.   

Location was a significant factor in determining tick abundance; we believe that this 

significance is likely to be due to environmental differences between the sites due to 

differences in exposure to the weather. Future research needs to focus on finding what 

microclimates are available within shelters and how these fluctuate with season, habitat 

and locations.  

The results of this study along with the results obtained from chapter 2 provide a more 

complete picture of the off-host ecology of the kiwi tick including abundance in different 

habitat, seasonal variations and temperature and RH requirements. When put together 

with host movement and ecology, it shows that the parasites seem to be ever present 

in the burrows regularly used by the birds, but numbers of the different stages vary 

seasonally. High parasite numbers will result in the birds being more susceptible to the 

negative effects of parasitism, especially during periods of stress such as the breeding 

season (July to January, with peak levels of adults and nymphs), or during summer 

droughts (December to March, decreasing numbers of adults and nymphs). Annual 

variations in tick numbers related to the tick responses to environmental conditions 

remain to be studied but are needed to fully understand the life-long effects of this tick 

on its host. Results from this study will also help managers working with wild populations 

of the birds to know when NIBK could be more susceptible to higher tick infestation and 

thus more prone to secondary infections with other diseases.  
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Chapter 4 

The damn vermin are so numerous that I am afraid to sneeze, for 

fear the damned parasite would regard it as gong for dinner, and eat 

me up - Robert Cobb Kennedy 

 

  

The ticks embedded in the skin of a kiwi 
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4.1 Introduction  

Estimating ecto-parasite numbers on and off-host is generally difficult since most 

arthropods show aggregated distributions, where the majority of hosts have few 

parasites while a few have many (Clayton and Moore 1997). There are various methods 

of off-host (Haas, 1966; Krasnov, Khokhlova, and Shenbrot, 2004; Needham and Teel, 

1991; Reinhardt, Naylor, and Siva-Jothy, 2007) and on-host parasite estimation (Krasnov 

et al., 2004; Lehmann, 1994) but most, if not all, require  direct handling of animals for 

timed spot counts, treatment to remove parasites (Walther and Clayton, 1997), putting 

animals in enclosures to allow the parasites to drop off, or even euthanasia (Clayton and 

Drown, 2001; Koop and Clayton, 2013). Traditionally in all cases, the animals need to be 

handled, however prolonged handling causes stress (Buttler et al., 2011; Heath and 

Dufty, 1998), especially for wildlife, and researchers have to consider the welfare 

implications of such sampling.  

The advent of new technologies provides the possibility of using non-invasive, or at least 

less invasive methods with minimal to no animal handling, to detect parasites. For 

instance, Cortivo et al. (2016) and Barbedo et al. (2017) have been successful is using 

infrared thermal cameras combined with image processing to estimate tick and fly 

numbers in livestock, all without any need for animal handling. As long as the method 

provides an estimate of parasites that is correlated to the total intensity of the parasite 

burden and is repeatable it could be used instead of more invasive methods (Clayton 

and Tompkins, 1994; Moller, 1991). 
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removed values included the real numbers of ticks on the birds regardless of it being 

face, body, or total simulation.  

To estimate the real tick numbers on the birds with some accuracy we looked for the 

models providing the narrower distributions of estimated parameters (Figure 4.5). We 

thus employed the model using only the underwing model for the cases in which 0 to 20 

ticks were spotted on such pictures. Alternatively, the collective number found on face 

and body gave more accurate results for higher (21-100) real number of ticks (Figure 

4.3). 

The projected estimated range of values for real tick infestations on the birds using the 

coefficients generated during our analysis is given in Table 4.1 only using underwing for 

group 0-2, and Table 4.2 using a total of face and underwing.   

 

 

 

Table 4.1: Table with estimated number of ticks on birds calculated using photo 
counts between 0-20 (only underwing) 

Number of ticks 
on photos

Estimated 
Median

Estimated 
Mean

Estimated range of ticks 
on Kiwi

0 21 30.6 0-43
1 22 32.1 1-45
2 23 33.6 2-47
3 24 35.2 3-49
4 25 36.9 4-51
5 27 38.7 5-54
6 28 40.6 6-56
7 29 42.5 7-59
8 31 44.6 8-62
9 32 46.8 9-65
10 34 49.0 10-68
11 35 50.2 11-70
12 36 52.5 12-73
13 38 54.9 13-76
14 40 57.5 14-80
15 42 60.1 15-83
16 43 62.8 16-87
17 45 65.7 17-91
18 48 68.9 18-96
19 50 71.9 19-100
20 52 75.3 20-104
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Table 4.2: Table with estimated number of ticks on birds calculated using photo counts between 21 - 100 (using a total of face and underwing).  
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Figure 4.5: These three graphs represent the density of the coefficients (estimated multiplier �t ) that we ned to 
multiply with the ticks in photos to get an estimate of ticks on the bird for the various groups; A= 0-10 ticks in the 
photos, B=11-20 ticks on the photos and C=more than 21 ticks in the photos. The line in the three graphs represents 
zero. To read the graph, look at the curves with a smaller width and narrower peak that fall to only one side of the 
zero line, either positive or negative. If the coefficients are all negative or all positive (narrower peaks), it is a better 
fit to estimate the total ticks on the birds, but if the coefficient falls in the negative and positive, the resulting 
estimates are unrealistic.  , in A & B, the curve for body fall to the negative side of the zero line and has a sharper 
peak indicating that the body counts would give the best estimates for classes represented by A and B. In C the 
curve for Total falls to one side of the zero line and has a sharper peak thus indicating that for classes represented 
by graph C, the coefficient of total counts will give a better estimate of actual tick numbers on brown kiwi. 
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cycle of the kiwi tick. Unfortunately, this was out of the scope of this study, however 

since we wanted to know if and how these ticks affect NIBK using routine health 

parameters, we had to first establish what the normal values for health parameters 

were in kiwi which we do in chapter 5. 
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haemoglobin concentration are inversely proportional to body size, which means the 

smaller the species, the higher the values (Sealander, 1965). These higher values are 

correlated to higher metabolism in small sized animals. Other factors that cause 

variation in the various haematological parameters can be environmental, such as 

season, year, altitude, habitat, weather and food availability, or individual related, like 

age, sex, parasitic infestation, reproductive stage and genetic makeup (Fair, Whitaker 

and Pearson, 2007; Jerzak et al., 2010; Lill, 2011; Norte et al., 2009; Ots, Murumagi and 

Horak, 1998). Therefore, it is vital to know the normal reference ranges for the various 

parameters for the study species.  

The north island brown kiwi (NIBK), Apteryx mantelli, is one of the five species of kiwi 

(Weir et al., 2016) all of which are endemic to New Zealand. There is only one published 

record of NIBK haematological values by Doneley (2006), which has been republished by 

Morgan (2008), and is the main guide used for reference values for NIBK in New Zealand. 

However, the original source population and sample size of NIBK for these values is 

unknown, and the data could have originated from a sample of captive birds, or even 

birds that were treated at a veterinary facility. Therefore, the main aim of this study was 

to investigate the variation in various haematological parameters (Table1.1) of different 

populations of NIBK and establish a reference range of parameters for wild birds. We 

also compared these values to Doneley (2006) and values from other birds in the ratite 

group.  
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5.2 Material and Methods  

5.2.1 Study Sites  

We sampled seven different populations of NIBK around the North Island of New 

Zealand (Table 5.1, Figure 5.1, 5.2 and 5.3). Ponui Island, Whinray Scenic Reserve and 

Kuaotunu Kiwi Sanctuary were sampled in 2017 and the rest of the populations were 

sampled in 2019. 

  

Table 5.1: The timeline for sampling of different populations with the total sample sizes of 
each, including the female (f) and male (m) kiwi numbers where available. *we do not 
have data on number of kiwi to calculate the density therefore it was based on author 
observation compared to other sites.  
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Figure 5.1: Map of new Zealand 's North Island enlarged to show the Bay of Islands with the four sampling sites there (Purerua, Moturua, Motuarohia and Puketi) and 
the Hauraki gulf showing the three populations sampled there (Ponui, Kuaotunu and Whinray reserve (also known as Motu)) 
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Figure 5.2: A representative photos of the habitat at each site; Ponui island with grazed regenerating bush, Motu (Whinray reserve) with old undisturbed forest (photos 
from Wikimedia Commons) and Kuaotunu (Tunu) showing variety of disturbed habitats from pastureland, coastal regenarting bush to pine plantations (photos from 
google earth).  
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Figure 5.3: A representative photos of the habitat at each site in the Bay of Islands; Lan = The Landing (Purerua Peninsula) has well-kept manicured lawns and gardens, MAT 
= Mataka Station (Purerua Peninsula) is mainly pasture with pockets of bush and cliffsides covered in Muhlenbekia spp. (photo by J. Klut), Rua = Moturua Island (photo by J. 
Klut) and ARO = Motuarohia island (photo from wiki commons) both of which have a mixture of kikuyu grassland and regenerating scrub and PUK = Puketi forest which, like 
Motu, has old undisturbed Kauri forest (photo by M. Undin).  
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5.2.2 Field sampling  

For three of our populations, Ponui Island, Kuaotunu Peninsula, and Motu, birds could 

be tracked down and sampled during the day, since they were fitted with radio 

transmitters as part of long-term monitoring by other studies. At all other locations, 

birds without transmitters were caught either during the day using a kiwi detection dog 

(Puketi Forest, Motuarohia Island, and Moturua Island), or at night by hand while they 

were out foraging (Purerua Peninsula and Moturua Island). After birds were caught, up 

to 0.5 ml of blood was collected from the metatarsal vein, using a one ml disposable 

syringe and a 25G needle following the guidelines in the Kiwi first aid and veterinary care 

manual as well as the Kiwi best practice manual (Morgan, 2008; Robertson and 

Colbourne, 2017). Collected blood was used to fill two heparinised haematocrit tubes 

(75ul) and to make two blood smears from each bird. Haemoglobin and blood glucose 

were measured on site using EasyTouch® GHB. The smears were airdried and then fixed 

in 70% ethanol in the field. In the laboratory they were stained with Giemsa stain 

(Appendix 5.1) and used to count WBCs and RBCs using a compound microscope. 

Within eight hours of sample collection, haematocrits were centrifuged in a micro 

haematocrit centrifuge at 10,000 rotations per minute (rpm) for five minutes and packed 

cell volume (PCV) was measured. The plasma from these centrifuged haematocrits was 

used to measure total plasma proteins (TPP) using a refractometer (Atago® Hand-held 

Refractometer). Clotted blood was stored for future studies initially at -4, and once in 

the lab, at -80.  

 

5.2.5 Statistical Analysis 

We used box plots to visualise the various haematological parameters and how they 

vary between the different populations. We used Shapiro-Wilk test to determine 

normality for each variable individually and transformed the values using square root 

transformations where necessary and any remaining outliers were removed before 

analysis. In total we sampled 102 birds (Table 5.1) and knew the sex of birds from three 

populations (total of 51). Out of these 102, 56 birds were caught in the day and 32 at 

night. Therefore, sex and time of catch were also used as factors along with year, month 

and the source population. To establish reference values for blood parameters, a 
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minimum of 40 samples is required to be able to use parametric statistical tests 

(Friedrichs et al., 2012; Pavlov, Wilson and Delgado, 2012; Siest et al., 2013) and thus we 

believe our sample of 102 bird would provide for an adequate estimation of reference 

range.  To test if the variation between populations for any of our variables was 

significant, we conducted a multivariate analysis of variance (MANOVA) using 

population, year, sex, time of capture and month as independent variables, and the 

haematological parameters (PCV, TPP, Hb, Glucose, MCHC and H:L ratios) as dependent 

variables. I ran a separate linear model with all the independent factors and weight as 

the dependent variable because kiwi are sexually dimorphic and therefore sex and 

weight are confounding variables. As a post-hoc test and to see where our differences 

lay, we used multiple ANOVAs on each of the different variables (Wilkinson, 1975) and 

this approach provides correction for an experiment-wise compound error (Hummel 

and Sligo, 1971).Sample means were used to report  the new normal set of values with 

95% confidence intervals (CI). All statistics were carried out in R (version 3.6.0). 

 

5.2.6 Permits 

This study was conducted under Animal Ethics Protocol MUAEC 16/92 and DOC Wildlife 

Permit 50249-FAU (Ponui, Motu and Kauotunu birds), and Animal Ethics Protocol 

MUAEC 18/82 and DOC Wildlife Permit 70826-CAP (other sites). 

 

5.3 Results 

General findings 

While certain blood parameters like packed cell volume (PCV), haemoglobin (Hb) and 

consequently mean corpuscular haemoglobin concentration (MCHC) did not 

significantly vary between the populations, others such as total plasma proteins (TPP), 

Glucose, heterophil to lymphocyte ratio (H: L) and weight showed significant differences 

between populations (Table 5.2).  The average Hb of all birds was relatively similar 

although the values had a larger variance, especially for Kuaotunu (15 ± 5.8 CI) and 

Puketi (14 ± 3.9 CI) birds but this is most likely due to the small sample of birds from 

these populations (five each). The TPP of birds from Puketi (4.6 ± 0.4 CI) was significantly 

lower, while that of Kuaotunu (6.6 ± 1 CI) was significantly higher than that of all the 
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When compared to other ratites (Table 5.4), the haematological values from our birds, 

especially PCV, Hb, differential leucocyte counts, MCHC and H: L ratio, are similar to 

Masai Ostrich values published by Mushi et al. (1999). However, the biochemical 

parameters such as glucose and TPP are within the range reported for Southern 

Cassowary by Biggs (2013) and Emu by Menon et al., (2013). While values for Rhea are 

either higher (PCV and glucose) or lower (Hb, TPP and MCHC) than our reported NIBK 

values (Table 5.4).  

Proposed new values 

There is usually normal variation between blood parameters in different populations of 

the same species of birds which can be due to age, sex, environmental factors and 

reproductive stage (Fair, Whitaker and Pearson, 2007; Jerzak et al., 2010; Norte et al., 

2009). However, when establishing normal reference ranges for such values, 

researchers need to consider this variation. Therefore, we propose a new set of 

reference range values for NIBK (Table 5.3) and recommend that any future research on 

blood parameters use our values and add to them.  
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Figure 5.4: This graph shows the line plots of six blood parameters packed cell volume (PCV), 
haemoglobin (Hb), heterophil to lymphocyte ratio (H: L), total plasma proteins (TPP), glucose and weight 
of north island brown kiwi, measured in the different populations. The bold dots represent the mean value 
for each population with the bars representing the standard error.  
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5.4 Discussion 

We found that there was a variation in blood parameters between the various 

populations. We also found that some of the values measured in our study differed 

considerably from what was previously reported normal for NIBK (Doneley, 2006; 

Morgan, 2008).  

 

5.4.1 Health Parameters and what they say about the populations 

We found statistically significant differences in four of the seven parameters measured, 

and these warrant further discussion and investigation.  

5.4.1.1 Total Plasma Protein 

TPP is composed of proteins (albumin, globulin, fibrinogen) as well as non-protein 

substances. The role of these proteins is in coagulation, immune response, maintenance 

of osmotic pressure, and transport of other proteins. Elevated gamma globulins are 

indicative of an active immune response (Ots et al., 1998, Townsend et al., 2018). TPP is 

also known to increase in cases of acute inflammation, dehydration and haematozoa 

(blood parasites) infections (Ots et al., 1998; Townsend et al., 2018; Williams, 2005), but 

decreases with increase in nutritional or heat stress, age (Berrong and Washburn, 1998; 

Costa, McDonald and Swan, 1993), and infections with coccidian parasites (Conway et 

al., 1993). Although Puketi birds had a significantly lower TPP level and Kuaotunu birds 

had a higher TPP level than other populations, they still fall in the average normal range 

for other ratites (Gallo et al., 2015; Menon et al., 2013). Thus, this variation could just 

be a normal variation between populations, a result of any of the above-mentioned 

reasons or an error due to the small sampling size for both those populations. Future 

research should use methods such as electrophoresis to measure the ratio of albumin 

to globulin in the plasma proteins.  

5.4.2 H: L ratio 

The H:L ratio of Ponui birds was significantly higher than Kuaotunu and Motu birds. H:L 

ratio in birds increase with ectoparasite infestation (Davis et al., 2008; Norte et al., 2013; 

Ots et al., 1998). Ponui birds have a high level of ectoparasite infestation (Castro, 2006; 

Heath, 2010) Motu birds have no ticks (S Sawyer pers. comm.; pers. obs.) and Kuaotunu 

birds had a low tick infestation (pers. obs.). This could be the reason we found elevated 
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kiwi diet and how that affects plasma glucose. Another possible explanation for the 

discrepancy in glucose could be that the kiwi at Motu and Puketi forests do not have to 

compete for food with each other as both have a lower density of kiwi per hectare. 

Densities are higher at Kuaotunu. If density was a likely explanation for the differences 

observed, then we would also expect that Ponui Island birds, in particular, would also 

have low glucose, but this was not the case. A third possibility is that Kuaotunu birds are 

genetically different to the other populations and have distinct metabolism that explains 

these differences. In support of this possibility, Coromandel birds have genetic 

differences that separate them from other NI brown kiwi populations (Weir et al., 2016). 

However, understanding these differences will require a more detailed study of food 

composition and availability for these populations which was out of the scope of the 

current study.  

5.4.4 Weight 

The weight of Moturua birds was significantly lower than other populations. As 

mentioned earlier we did not know the sex of the birds from the Bay of Islands 

populations including Moturua Island, therefore we cannot attribute this difference to 

sex. Apart from sex as an influencing factor for weight in NIBK, age of the birds could 

also affect the weight with a possibility that the birds from Moturua Island were mostly 

juveniles. 

 

5.4.1 Comparing blood parameters to other ratites  

Blood parameters of animas are usually related with animal size with smaller sized 

species showing larger normal values (Dickerson, 1978; Sealander, 1965). These large 

values are due to the higher metabolism in smaller animals, but NIBK have a very slow 

metabolic rate (Calder and Dawson, 1978; McNab, 1996). Therefore, even though they 

are smaller than other larger ratites, their values are not exceptionally high and are 

comparable with these closely related species. Although we must keep in mind that 

while our values are similar to other ratites, the values for all the ratites are based on 

captive farm or zoo animals with the only free ranging birds being the Rhea values 

given by Uhart et al. (2006).  
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Future studies should focus on determining whether the population level differences in 

health parameters we observed can be linked to population age, sex ratio, genetic 

diversity or population size history, with larger sample size per population, while using 

our values as a baseline.  
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endangerment by the ticks, and be able to inform managers on what to do with the ticks, 

when hosts are translocated as part of conservation efforts. This study was a step 

towards addressing these issues.  

Since the main objective of this study was to measure the effect of kiwi ticks on their 

adult host in the wild, we developed an experimental design that would allow us to 

measure this before and after tick control, and between treated birds and a control 

group. This design would allow us to detect changes over a short time as well as consider 

local environmental effects. To do this we measured the effect of ticks on a set of 

haematological parameters that are regularly used to evaluate animal health, and in 

addition we measured host activity levels and as well as some of the measures of 

reproductive effort by the host. We carried out this project on a NIBK population that 

has been studied since 2004 and therefore we were able to use weight and behaviour 

data from several years to confirm some of our findings. 

 Table 1.1: Different blood test parameters that were used in this study to test for clinical effect of tick 
infestations, along with their definitions and expected values in infested and non-infested birds. 
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Figure 6.1: Experimental design used for this study with detailed timeline of burrow and bird treatments as well as expectations of tick levels. The blue circles represent when the burrows were 
treated with Cypermethrin to reduce ticks, green represent the two sampling periods for the birds where the Kauri birds (treatment group) were dust-ruffled (DR) with pyrethrin to reduce and 
collect ticks (only 2017). At the same time, both Red stony hill gully (control group, RSHG) and Kauri birds were sampled to collect blood for testing haematological parameters and weighed, 
which was repeated in 2018 but without treatment. The orange circles represent when the burrows were tested for the level of tick infestation.  



97 
 

 

Figure 6.2: A) Author radio tracking kiwi to locate them, B) the equipment 
used to collect and process blood in the field and C) Blood collection from 
the medial meta-tarsal vein in kiwi 

Figure 6.3: Dust-ruffling for ectoparasites where A) holding bird upside down over a cloth bag, B) 
dusting the bird with flea powder, C) Bird sits with body in cloth bag for 10 mins (note: the collar 
is used to stop the powder from going onto the face, D) removing ticks from face and neck and E) 
ruffling bird over bag to remove ectoparasites.  






































































































































































