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Abstract  

 

Latrodectus katipo are a species of spider endemic to New Zealand. Latrodectus katipo 

numbers have markedly declined over the last 40 years. A species once common throughout 

New Zealand sand dunes, is now confined to a few specific areas. The cause of decline is 

likely due to habitat destruction and the introduction of exotic spiders and plants. Exotic 

spider species are displacing L. katipo in areas throughout NZ, while introduced plant species 

do not provide the ideal habitat for web-building. The introduction of exotic weed species 

has lead to herbicides being used throughout L. katipo habitat. Little research has been 

undertaken surrounding the effects of herbicide on behaviour. Similarly, few studies have 

been published on development in L. katipo. With climate change likely to impact 

temperatures around NZ, it is important to understand how temperature will affect 

development of the species in the future.  This thesis aimed to examine the effects that 

temperature has on the development of the species, as well the effects that a glyphosate 

based herbicide has on L. katipo behaviour.  

The effects of temperature on development were determined by comparing development 

between three different temperature regimes (18°C, 23°C and 28°C). It was found that 

emergence time (duration inside egg-sac) was significantly shorter at higher temperatures. 

Hatching time (duration inside the egg), similarly, was found to be significantly shorter at 

higher temperatures. An overall negative pattern was observed, as temperature increased, 

hatching/emergence time decreased. Instar duration (time between moults) was found to 

be shorter at higher temperatures. Shorter instar duration meant that spiders at the highest 

temperature developed faster.  

The effects of herbicide on behaviour was determined by exposing individuals to a 

glyphosate based substrate and recording behaviour. Glyphosate is the active ingredient in 

most commonly used herbicide in NZ, which if found to have an effect on L. katipo could be 

very detrimental. Ethovision was used to compare the distance moved, velocity and 

activeness between herbicide exposure and control trials. Glyphosate exposure was found 

not to have a significant impact on any of the measured behavioural traits. Repeatability of 

behaviours were also analysed to determine whether there were consistent behavioural 

differences, representative of personality. Males were found to have high levels of 
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repeatability across measures; however, females and juveniles did not (juveniles could not 

be sexed).  

Overall, higher temperatures were found to decrease development time, with higher 

temperatures leading to significantly faster emergence and hatching. These results could be 

a useful indicator of the effects that climate change may have on the development of the 

species. Faster development times could mean that L. katipo may have a greater chance at 

competing with introduced spiders, like Steatoda capensis. Further research needs to be 

conducted to determine whether there are any other detrimental physiological effects from 

higher temperatures. Glyphosate was found not to affect the measured behavioural traits. 

This is a positive finding as it suggests that herbicide use is not having a signficant impact on 

activity related behaviours and can therefore still be used to remove exotic plant species 

from L. katipo habitat, though further studies are needed to ensure that there are no 

negative effects of glyphosate.  
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Chapter 1 

General Introduction 

Conservation tends to gravitate towards charismatic species. In New Zealand (NZ), this 

generally encompasses the unique birds, while comparatively little attention is given to 

invertebrate species. Currently, almost 200 native terrestrial invertebrates that inhabit NZ 

are considered threatened, 106 of them critically (Stringer and Hitchmough, 2012). This 

worrying downward spiral to extinction for a vast number of species is the result of a 

number of changes that have occurred in NZ since colonisation. Habitat loss and 

modification are the most widely recognised; with huge areas of land being cleared for 

human settlement (Holdaway, 1989; McGlone, 1989). Large areas of NZ have been 

transformed into horticultural and agricultural land, such as pastures for grazing, timber 

forests and crop farms. Introduced vertebrates have also, to a lesser extent, modified the 

habitat, through dispersal of weed seeds as well as general trampling; introduced weeds are 

now found in most habitats (Environmentguide.org.nz, 2016; Wotton & McAlpine, 2015). 

The introduction of mammalian pest species into an otherwise predominantly mammilian-

free environment had drastic impacts on both bird and invertebrate populations alike 

(Atkinson & Cameron, 1993; Gibbs, 2008). New Zealand species have not evolved strategies 

to deal with these introduced predators and as a result, the extinction of many species has 

been a direct consequence.  

Threatened NZ invertebrates include three species of spider, considered ‘absolutely 

protected’ as per the New Zealand Wildlife Act of 1953 (Latrodectus katipo/atritus and 

Spelungula cavernicola). Two of these species belong in the cosmoplitan Latrodectus genus. 

Latrodectus species are colloquially referred to as the Widow Spiders after the North 

American Black Widow (Latrodectus mactans). These two Latrodectus species are now 

considered one with L. atritus being the junior synonym as will be discussed later. The third 

species, Spelungula cavernicola, is a cave dwelling spider found only in Nelson. It is New 

Zealand’s largest species of spider and the only species within its genus 

(Collections.tepapa.govt.nz, 2018). The Latrodectus genus can be found on every continent 

except Antarctica and is one of the few spider genera that can cause medically significant 

bites in humans (Garb et al., 2004). Members of the Latrodectus genus are nocturnal and 
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most often found in dry environments where their moisture requirements are met by the 

consumption of prey, generally invertebrates such as beetles (McCrone and Levi, 1964; 

Forster, 1984). 

The taxonomy of the Latrodectus genus is often a point of contention, but thirty-one 

unique species are currently recognised (World Spider Catalogue, 2017). Although the genus 

shows some degree of variation in colour and patterning, they share very similar genital 

morphology and behaviours (Garb et al., 2004). The Latrodectus genus has an almost 

worldwide distribution which has lead to the variations we see in colouration today. 

Separated populations of Latrodectus would have evolved independently into the vast array 

of unique patterning and behavioural properties observed throughout the world today 

(Griffiths, 2001).  Problems with identification of distinct species still persist, as successful 

interbreeding has been found to occur between some of the currently recognised species, 

resulting in viable offspring (Forster, 1995). However, recent genetic research has suggested 

that the genus can be broken down into two reciprocally monophyletic clades (Garb et al., 

2004). The wide-spread Latrodectus geometricus and its sister species, L. rhodesiensis, are in 

one clade and the other clade contains all other species, termed the geometricus clade and 

the mactans clade, respectively. The genetic and morphological phylogenies are aligned, 

suggesting that the currently recognised species are accurate (Garb et al., 2004).  

Females in the Latrodectus genus are often identifiable through their dark 

colouration and red hour-glass shaped pattern on the ventral side of the abodomen, while 

the dorsal surface is often found with various patterns, such as lines or dots generally in red 

or white colouration (Figure 1.1 and 1.2). All species are sexually dimorphic with the female 

achieving a much larger size than the male, and the males lighter in colouration (Figure 1.3; 

Levi, 1959). 



 3 

Figure 1.1 Differences in colouration of the abdomen between two species: Latrodectus 
geometricus (left) and Latrodectus hasseltii (right). (Latrodectus geometricus image from 
Marie and Vetter, 2015). 

 

Like other species in the family Theridiidae, species in  the genus Latrodectus build 

irregular-shaped webs that appear to have no clearly defined shape. Webs often possess a 

“hide”, which is generally cone shaped, with silk lines used to ensnare prey. The hide 

connects to the catching web so the spider is able to feel when prey has triggered the web. 

Originally called the Widow spider because of the tendency for people to believe that the 

females would eat the male after copulation, this is generally only true for a few species 

(Forster, 1995; Segoli et al., 2008). 
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Figure 1.2 Study species Latrodectus katipo. Dorsal side (top); ventral side (bottom). Note 
the red hourglass pattern found in most Latrodectus species. 
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Figure 1.3 Comparison between male (left) and female (right) Latrodectus katipo.  

1.1 Study Species 

The focus of this thesis is on the New Zealand species of Latrodectus, the Latrodectus 

katipo, more commonly referred to as the Katipō spider. Latrodectus katipo is one of the 

three species of spider protected by the Wildlife Act of 1953 with the population considered 

to be in decline (Griffiths, 2001). 

Latrodectus katipo and Latrodectus atritus are two of the three spider species 

considered absolutely protected (Wildlife Act, 1953).  Latrodectus atritus is now considered 

to be a junior synonym of Latrodectus katipo and will be henceforth referred to as the red 

and black Katipō (L. katipo and L. atritus, respectively) when needed (Griffiths et al., 2005; 

Vink et al., 2008). The Katipō is the smallest member of the Latrodectus genus and is 

endemic to New Zealand (Figure 1.2 and 1.3). 

1.1.1 Morphology 

The females of both the black and red Katipō are black in colouration and possess the red-

hour glass figure on the ventral abdomen. Many females possess faint white lines on the 

front of the abdomen but they may not always be present (Pers.Ob.). The main difference 

between the two colour morphs appears on the dorsal abdomen where the black katipo 

does not possess a red stripe, making them easily distinguishable (Figure 1.3 and Figure 1.4). 

The general sizes of the females of the two morphs are similar with an abdomen size of 

around 10mm (approximately the size of a pea). Males are much harder to distinguish; both 

morphs possess a predominantly white abdomen with strikes of black and the distinguishing 

red-hour glass figure on the ventral abdomen. The abdomen of males is much more 
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elongated and overall shows a marked difference from the females, with the males being 

drastically smaller, as is the case with all Latrodectus species (Garb et al., 2004). Males 

possess much larger pedipalps than the females (large structures at the anterior end of the 

spider) which makes distingushing the sexes possible from an early age (Figure 1.3). 

Dramatic changes in colouration and pattern are observed in both morphs as they develop, 

which can make identifying juveniles from different species difficult. 

Figure 1.4 Adult black morph Latrodectus katipo; note the presence of the stripe on the abdomen. 

1.1.2 Taxonomy and Evolution 

Latrodectus katipo and Latrodectus atritus were considered distinct until recently (Forster, 

1995; Garb et al., 2004; Griffiths, 2001). The two species are now considered one and have 

been synonymised under the name Latrodectus katipo (Vink et al., 2008). A handful of 

locations in New Zealand have been found to house both morphs living together, and small 

intra-specific differences between the two suggest gene flow has recently occurred, and may 

still be occuring (Griffiths, 2001). Laboratory mating trial conclusions have been divided with 

studies suggesting the two morphs were unlikely to attempt copulation and when successful 
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did not produce viable egg-sacs (Forster and Forster, 1999); however, more recent studies 

have found the two can interbreed successfully (Vink et al., 2008). Furthermore, genetic 

evidence posits that the two are essentially genetically identical and should be considered 

the same species (Vink et al., 2008).  

The closest genetic relative to Katipō is Latrodectus hasseltii, more commonly 

referred to as the red-back spider (Forster, 1995). The red-back spider is believed to be 

native to Australia but has been found in numerous places around the world, likely due to 

human induced dispersal (Vink et al., 2011). The similarities between the redback and Katipō 

could be accounted for by the relatively small distance between NZ and Australia (AUS), with 

individuals likely dispersing from AUS to NZ. This explanation of the similarities is plausable 

due to the genetic data suggesting redback and Katipō only differentiated around 200,000 

years ago (C. Vink, Personal Communication, July 18, 2017). This could account for the 

morphological similarities and interbreeding between the two. Redback and Katipō have 

previously been found to interbreed in the lab and produce viable offspring (Forster, 1995). 

There is also some evidence to suggest that interbreeding has occurred in the wild (Vink et 

al., 2008). Redback and Katipō show very similar morphology; differences arise in size, as 

redback females are generally around double the weight of the Katipō spider, while the male 

Katipō is generally found to be heavier than its redback counterpart (Kavale, 1986). Further 

differences are observed in the dorsal abdominal stripe, which is usually observed to be 

thinner and more arrow-shaped in Katipō (Kavale, 1986). Kavale (1986) also found that 

setation on the abdomen of the females differed between redbacks and Katipō; Katipō show 

uniform length and thickness, while redbacks have varying lengths and thickness of each 

setae.  

1.1.3 Distribution 

Populations of Katipō are found throughout New Zealand but their habitat does appear to be 

decreasing (Patrick, 2002). The black morph is generally found in the upper regions of the 

North Island from East Cape and New Plymouth to Cape Reinga (Griffiths, 2001). While there 

is some overlap in distribution the red morph is generally found southwards from East Cape 

and New Plymouth (Griffiths, 2001; Figure 1.4).  The distribution is thought to be 

contracting, and it is assumed that their distribution could have been much greater 

historically (Patrick, 2002).  
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The almost country-wide distribution over the two main islands of New Zealand 

could be explained as a function of the ballooning behaviour exhibited by spiderlings in the 

genus. Ballooning is a mechanism of dispersal used by young spiderlings (Johnson et al., 

2015). Young Katipō, amongst other species, have been shown to climb to the top of grasses 

and release strands of web to catch air currents before dispersing (Griffiths, 2001). This 

method of dispersal leaves the spiders at the mercy of the wind but allows them to travel 

great distances and colonise new areas, which could be the method that the Latrodectus 

species used to reach NZ, leading to speciation through independent evolution as mentioned 

above. 

 

Figure 1.5 Overlap between the two L. katipo morphologies (red is the red morph, blue is the black 

morph, green is the overlap and black is no record). Figure edited from Griffiths (2001). 

1.1.4 Habitat 

Katipō are only found in sand dunes throughout New Zealand. Katipō, unlike some of the 

more cosmopolitan species, such as L. geometricus and L. hasseltii, are never found in 

human-adapted environments and are instead confined to coastal dunes (Patrick, 2001). 

Amongst these coastal dunes, Katipō are generally found amongst grasses or under drift-
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wood, though it seems that the preference for either grasses or driftwood are location-

specific (Pers. Obs.).  

Katipō also have specific preferences for the grass species they inhabit. Native 

grasses such as Pingao (Ficinia spiralis) and Spinifex (Spinifex sericeus) are favoured over 

introduced species such as Kikuyu (Pennisetum clandestinum) and Buffalo grass 

(Stenotaphrum secundatum). The preference for native plants is likely associated with the 

density of the particular species, with Katipō preferring the native, less dense species 

(Patrick, 2001). Unfortunately, introduced exotic plant species were often historically used 

for their ability to stabilise sand dune systems, to the detriment of both native plant species 

and the Katipō spider (Patrick, 2001; Hilton, 2000).  

1.1.5 Threats 

Katipō face a number of threats to their survival ranging from habitat destruction to the 

introduction of competing species (Hann, 1990; Patrick, 2001). It seems likely that a 

combination of factors has lead to the decline in Katipō numbers, with habitat destruction 

likely paving the way for displacement by introduced species (Hann, 1990).   

As mentioned previously, Katipō have strict requirements when it comes to habitat 

choice and, therefore, virtually any changes to the natural structure could affect the 

population dynamics. Dune reconstruction projects such as planting, parking lots and 

viewing areas attempt to make safer, stable and more desirable locations for people to visit, 

but these are often to the detriment of the suitability of the location as a site for Katipō to 

inhabit. Dune systems are often subjected to strong winds that make them prone to erosion 

and to combat this, grass is often planted. Generally non-native species are used as they 

have stronger root systems to support dune structure from erosion; however, these are 

generally not favoured by Katipō. Dune systems are also commonly subjected to human 

traffic that can damage the plants, causing stress as well as damage to webs, if not 

individuals themselves.  With the coastal environment also comes increasing danger of 

higher than average tides and storms as a result of climate change, which can decimate 

Katipō populations (Mfe.govt.nz, 2016). The damage to the habitat is likely only one of many 

contributing factors in the decline of Katipō populations and when introduced species are 

factored into the equation, the story of how and why populations are declining becomes 

more understandable.  
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 There is one species of introduced spider that it is reasonable to assume is a leading 

contributor to the decline of Katipō throughout NZ, Steatoda capensis. Steatoda capensis is 

more commonly referred to as the false katipo spider as it shares a similar appearance, 

although the females do not show the striking red colouration on the dorsal abdomen found 

in the red Katipō and are also generally smaller. Steatoda capensis is an introduced South 

African species commonly found on various beaches throughout NZ. Steatoda capensis is 

also common around human-modified areas, so it has a much larger population than Katipō, 

which enables easy reinvasion into disturbed foredunes. It is frequently found to be 

prevalent in areas where Katipō used to be common and it was, therefore, hypothesised that 

Katipō may be an inferior competitor to S. capensis (Hann, 1990). Laboratory and 

environmental experiments, however, found this not to be the case (Hann, 1990). With a 

stalemate in competitiveness between adult Katipō and S. capensis, other factors must come 

into play when trying to explain how S. capensis may be able to displace Katipō. As 

mentioned previously, storms are able to decimate Katipō populations and as Katipō are 

confined to the dune environment, they do not have a population further inland to replace 

those lost during the storm. Steatoda capensis has a much broader habitat range and is able 

to move into the area once the Katipō population has declined; thus, seizing control of a 

majority of the habitat before Katipō populations can recover (Hann, 1990). Steatoda. 

capensis is also capable of breeding year-round and has a much higher reproductive rate 

than Katipō, which produce very few egg-sacs, if any at all, during the winter months (Hann 

1990, Patrick, 2001). It seems plausible to then assume that if S. capensis can seize control 

over an area that it will out-compete Katipō; however, this has not been directly tested. 

The redback spider (Latrodectus hasseltii) is another introduced spider species that 

could have an impact on Katipō populations. The redback could have two effects on the 

population of Katipō if it continues to spread. The first, as with S. capensis, is displacement; 

redbacks are able to inhabit a much more diverse range of environments and are particularly 

common to areas where humans have altered the natural environment (Takagi et al., 2016; 

Vink et al., 2011). This would mean, similarly to S. capensis, that after Katipō population 

decline, redbacks would be better able to re-populate from inland individuals. Research has 

shown that redbacks are able to inhabit beach environments (Takagi et al., 2016) so may 

become another competitor to Katipō, although their reproductive efforts are similar 

(Forster, 1995). One advantage Katipō may have over redbacks is the ability of males to mate 
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with multiple females, as male redbacks offer themselves as food to the female after 

copulation (Forster, 1995). This could be an advantage when the male population is low. 

Katipō males would be able to mate with more than one female  producing more offspring 

than its redback counterparts. The ability to mate more than once could also be 

advantageous in areas with low populations, particularly if few individuals have ballooned to 

a new area. However, recent evidence shows that male redbacks are able to copulate with 

immature (only at the final moult stage) females by piercing the exoskeleton to reach the 

newly developed sperm storage organs (Biaggio et al., 2016). This behaviour rarely leads to 

post-copulation cannibalism, allowing the male to mate with other females, increasing their 

reproductive fitness (Biaggio et al., 2016), suggesting that Katipō may not have the same 

advantage in reproduction as first thought. As this is a very recent finding it has not been 

studied in other Latrodectus species, as of yet.  

Redbacks, unlike S. capensis, also threaten species introgression. Species 

introgression is the process whereby two species become one as a result of the ability to 

produce viable hybrid offspring. Species introgression occurs when two populations become 

interspersed and interbreed, resulting in hybrids. Introgression can result in the loss of 

species and the overall biodiversity of the environment. Copulation only occurs between a 

male redback and a female Katipō. This one-way interbreeding copulation is likely a 

behavioural response from the female whereby the female considers the male Katipō prey, 

as it is approximately twice the size of the male redback (Forster, 1995). The molecular and 

morphological examination of a specimen of Katipō found near Gisborne has shown that the 

two species have interbred in the wild (Vink et al., 2008). If this continues to occur, 

particularly in other areas of NZ, the populations may move towards a hybrid species and 

the original Katipō lineage will be lost. Currently, redbacks are predominantly confined 

inland but studies have already shown they are capable of invading dune habitats and in 

particular, human-modified dune systems (Takagi et al., 2016).  

From the distribution of both colour morphs of Katipō it is possible to see that they 

prefer different areas and, therefore, different temperature regimes (Griffiths, 2001). Thus, 

it is possible that climate change may have an influence on the distribution and survival of 

Katipō. Climate change models in NZ predict that there will be an increase in temperature in 

most areas (Mfe.govt.nz, 2016), which could lead to new areas becoming available for Katipō 

to inhabit; however, it is unlikely that they would be able to thrive in these areas, due to 
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competition from introduced species (Hann, 1990; Vink et al., 2011). It is important that we 

look at the ways temperature could be affecting the development of Katipō, to determine 

what changes may occur at different temperatures and whether these could be at all 

detrimental to the species. Temperature models can also help to predict and examine the 

impacts of temperature on the geographical distributions, population dynamics and 

management of species. Temperature has been found to affect web construction in the 

common house spider, Achaearanea tepidariorum (Barghusen et al., 1997). The 

development of Katipō has been studied previously (Forster and Kingsford, 1983). In this 

study general development was observed; however, temperature was not controlled so the 

effects of temperature on development could not be determined. Climate change is also 

predicted to increase wind speed and the chance of strong winds (Mfe.govt.nz, 2016), as 

well as the number of severe storms, and an increase in the number of severe storms will be 

extremely detrimental to Katipō as they struggle to reclaim habitats following population 

decline (Hann, 1990).  

A final potential threat to Katipō is exposure to herbicides, which are used in sand 

dunes throughout NZ to control pest plant species (Williams and Timmins, 1990). Herbicides 

play an important role in removing invasive plant species, allowing for natives to return and 

habitats to be restored to a more natural form (Bergin et al., 2007). A recent review of the 

weed control options for coastal sand dunes in New Zealand found that the most common 

form of weed control used throughout New Zealand are herbicides (Bergin, 2011). Two 

common herbicides in particular are used, Glyphosate (broad spectrum) and Haloxyfop 

(grass-specific). The use of herbicides dominates over other methods, such as hand-removal, 

due to the ability to cover large areas at a time, which is particularly useful because of the 

dominance of introduced grass species. Recent publications have investigated the effects 

that herbicides and non-lethal doses of pesticides may have on behaviour in various spider 

species (Evans et al., 2010; Griesinger, 2011; Ritmann et al., 2013; Royauté et al., 2015; 

Tietjen and Cady, 2007; Wrinn et al., 2012). For example Glyphosate based herbicides have 

been found to alter the ability of male wolf spiders (Pardosa milvina)  to detect female 

signals (Griesinger et al., 2011). It is vital that we determine what effects herbicide use may 

have on Latrodectus, especially in NZ where herbicides are regularly used to control pest 

plant species (Bergin, 2011; Williams and Timmins, 1990).   
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1.2 Aims of Thesis 

Latrodectus katipo populations are declining and therefore the chances of extinction are 

increasing. There are a number of factors that are likely to be causing this population 

decline, but it is also important to discern how certain things such as temperature and 

herbicide use could affect the species. Understanding the implications of these factors may 

help to better understand and manage conservation of a species of national significance. 

The specific aims of the thesis are as follows: 

1) To determine the influence of temperature on the development of Latrodectus 

katipo. I predicted that higher temperatures would speed up development time; 

increasing both hatching and emergence times.It was predicted that emergence time 

would be less than 30 days at 28°C and around 30 days at 23°C, as Forster and 

Kingsford (1983) found an average emergence time of 30 days with a temperature 

range of 15-25°C. 18°C was predicted to have slow emergence and hatching time as, 

redbacks were found to not emerge at 15°C (Forster and Kingsford, 1983). It was also 

predicted that there would be significant differences in developmental times 

between the North and South Island sampled populations, due to the differences 

found in redbacks from different areas (Cariaso, 1967, Downes, 1987, Forster, 1984). 

Higher temperatures were also predicted to decrease instar durations.  

 2) To determine the effect of a glyphosate-based herbicide on the activity levels of 

Latrodectus katipo. I predicted that distance moved would be larger in the herbicide 

exposure trials, due to the spiders trying to leave the substrate; similarly, I predicted 

that spiders would try to escape the substrate; thus, the velocity at which they would 

move would be greater.  

1.3 Study Sites 

Two study sites were used to collect specimens for the research undertaken in this thesis. In 

the North Island, individuals were collected from Ocean Beach (Figure 1.5) which occupies 

space within the Cape Sanctuary, an area protected by a predator-exclusion fence, and in 

which a number of protected species have been introduced for conservation purposes. The 

second site, Kaitorete Spit, is located in the Canterbury region of the South Island (Figure 

1.5). Katipō observed at Kaitorete Spit in the South Island of NZ were predominantly found 
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under driftwood but also under rubbish left by people at the beach, particularly corrugated 

iron scraps. Katipō were most often found living in grasses in the North Island such as at 

Ocean and Mahanga Beach. It is likely that the differences are mainly due to availability of 

each habitat; Kaitorete Spit was flooded with driftwood (Figure 1.6), while North Island 

locations were dominated by grasses (Figure 1.6). Approval for collection was granted by the 

Department of Conservation (DoC), as Katipō are a protected species, and permission was 

granted to collect in the Cape Sanctuary.   

1.4 General Outline 

The following thesis is structured around the specific aims. Chapter two determines the 

effects temperature has on the development of L. katipo, while Chapter three looks at the 

effects of the glyphosate-based herbicide in relation to behavioural activity traits. 

Furthermore, a number of mating trials were carried out between Katipō and redbacks, as 

redback were available in the Zoology Department. Mating trials were used to determine 

how readily they would interbreed. Specific data relating to the hybridisation experiments is 

provided in Appendix A. All references for each chapter are grouped and listed at the end of 

this thesis. 
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Figure 1.6 Location of the two study sites. Ocean's Beach (top) in the North Island and Kaitorete 
Spit (bottom) in the South Island. 
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Figure 1.7 Study Sites (Top Kaitorete Spit and bottom Ocean Beach). Kaitorete Spit image from 
Brenda Greene, Department of Conservation.  
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Chapter 2 

Temperature Effects on Development in Latrodectus katipo 

2.1 Introduction 

Developmental biology is a scientific discipline that aims to better understand the biology of 

animals and how various factors can shape the survival of a species. Studying how species 

develop can lead to an increased understanding of better ways to ensure their survival, 

particularly for species that are endangered and need protection. Spiders, in particular, do 

not receive the same conservation efforts as other more charismatic species, with few 

species having protected status. One species of spider that is protected, as mentioned in 

Chapter 1, is the Latrodectus katipo. With climate change already impacting animals around 

the globe (Edwards and Richardson, 2004; Erasmus, 2002; Parmesan and Yohe, 2003; 

Thomas et al., 2004), it becomes important to understand how environmental changes may 

affect development in various species. Understanding how temperature affects 

development of Katipo spiders is necessary as it can help to predict and examine the impacts 

of temperature on geographical distributions, population dynamics and management of 

species. It is also very important in understanding how climate change may affect the 

species.  

2.1.1 Latrodectus Development 

Latrodectus genus development studies have been predominantly carried out between the 

1940s and 1980s (Downes, 1987; McCrone and Levi, 1966; Forster and Kingsford, 1983; 

Shulov, 1940; Rempel, 1957). Due to the time these experiments took place, it may have 

been difficult to rigorously control procedures and therefore it would have been challenging 

to accurately determine the effects that temperature and other abiotic factors may have had 

on development. However, these studies provide valuable results that can be built upon. 

These studies found that the Latrodectus development followed a similar pattern between 

species but there was large variability in number of instars till maturity. Higher temperature 

was found to result in faster development in these studies; however, temperature was not 

rigidly controlled for most of these studies. Developmental studies in the Latrodectus genus 

have all shown similarities in the overall developmental patterns (Downes, 1987; McCrone 

and Levi, 1966; Forster and Kingsford, 1983; Shulov, 1940; Rempel, 1957), but it is likely the 
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genus will vary in terms of time till maturity, number of moults, instar duration, among other 

factors, when modern techniques are used to accurately record development. Differences in 

development will likely also be dependent on feeding and temperature regimes, both within 

and between species.  

2.1.2 Oviposition to Emergence 

Previous research shows similar findings on how young Latrodectus species develop 

(Downes, 1987; McCrone and Levi, 1966; Forster and Kingsford, 1983; Shulov, 1940; Rempel, 

1957). Mated females create a platform made of silk web for oviposition to occur and the 

eggs are then encased in silk and attached to the female’s web. The now encased eggs are 

referred to as an egg-sac, inside which the eggs will develop and hatch. Hatching times have 

been found to be similar between species when accounting for temperature. At 25°C, L. 

hasseltii average twelve days from oviposition to hatching which is comparable to other 

Latrodectus species such as L. variolus and L. hesperus (Downes, 1987; Kaston 1970). 

Following hatching, young spiderlings digest the remaining egg yolk before consuming the 

inner-web material and dispersing through a hole created by one or more spiders in the 

outer layer. Emergence times (egg-sac formation to emergence) appear to differ between 

species: at 25°C, L. hesperus emerge in approximately 30 days, L. variolus in 26 days and L. 

hasseltii in 33 days (Downes, 1987; Kaston 1970). Emergence time in L. katipo has been 

found to be around 30 days at variable temperatures from 15-25°C (Forster and Kingsford, 

1983). The differences in emergence time may also be context-dependent, as different 

results have also been found within species by different researchers (Kaston, 1970; McCrone 

and Levi, 1966). It has been suggested that Latrodectus spiderlings undergo their first moult 

within the egg-sac before dispersal (Cranshaw, 2013; Downes, 1987; McCrone and Levi, 

1966). Upon leaving the egg-sac, spiderlings will inhabit the mother’s web for a short period 

during which the parent will generally not attack (Johnson et al., 2010).  

2.1.3 Emergence to Maturity 

Spiders develop over a series of stages referred to as instars. An instar is defined as the 

developmental stage an arthropod has met, between each moult, before sexual maturity. A 

spider in the second instar would be defined as such by having had a second moult and is 

now in a fixed stage of development, before its third moult. It is only after a moult that 

changes in size, shape and colour etc. can be observed. The number of instars before 
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maturity varies within species, with the males reaching sexual maturity significantly earlier 

than the females (Deevey, 1949; Forster 1995; Forster and Kingsford 1983). Males generally 

reach maturity at the fourth instar while females will typically mature in the 7th or 8th instar; 

although, as mentioned this is variable both within and between species. Reaching sexual 

maturity earlier than females has been suggested as an adaptation to prevent inbreeding 

(Deevey & Deevey, 1945; Forster and Kingsford, 1983). Females produced from the same 

egg sac will not have reached sexual maturity by the time males are seeking copulation and 

therefore males will have to disperse further to find mature females for mating. Specifically, 

male Latrodectus hasseltii reach sexual maturity in five moults while females take seven to 

eight (Forster, 1995), which is comparable to other species in the genus (Forster and 

Kingsford, 1983; McCrone and Levi, 1966). Instar durations (time between moults) appear to 

differ within species (McCrone and Levi, 1966; Forster and Kingsford, 1983; Downes, 1987). 

Males of each species typically spend a longer period of time than females in the earlier 

instars as a likely consequence of them having fewer moults till sexual maturity (Deevey, 

1949; Forster 1995; Forster and Kingsford 1983). Between-species differences have also 

been observed. For example, in the American Latrodectus species (L. mactans and L. 

hesperus), it has been found that a significantly larger portion of time is spent in the later 

instars (Kaston 1970; McCrone and Levi, 1964 and 1966; Gonzales, 1979). In contrast, L. 

hasseltii have not been found to exhibit this pattern (Cariaso, 1967; Forster, 1984, Downes, 

1986).  

The number of moults till maturity, as suggested above, can be found to vary slightly 

between species in the genus (McCrone and Levi, 1966; Forster and Kingsford, 1983; 

Downes, 1987). Differences both within and between species could be related to factors 

such as feeding and temperature, which in some experiments was variable and not 

controlled. Time till maturity has also been found to be location-dependent. For example, L. 

hasseltii males were found to have a maximum of four moults in the Philippines (Cariaso, 

1967), while L. hasseltii males in Western Australia were found to have a maximum of five 

moults (Forster, 1984), which differs from the maximum of six found in Townsville (Downes, 

1987). This difference in moult number could be a consequence of adaptive evolution to the 

specific temperature in each of the locations and could be one of the many reasons that L. 

hasseltii has become such a successful invasive species, due to its ability to adapt to a 

diverse range of temperatures (Takagi et al., 2016; Vink et al., 2011).  
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2.1.4 Colouration and Patterning 

The colouration and patterning in the Latrodectus genus changes significantly during 

development. Spiderling patterns change as the individuals go through each instar and as a 

result, they can look drastically different to the adults. In L. mactans, two populations from 

different areas in Peru were found to differ significantly in their patterning during 

development, while they still looked similar at maturity (McCrone and Levi, 1966). Similar 

patterns were found in South Africa (Smithers, 1944). These remarkable differences 

between patterns of the same species that occur in both near and far geographical locations 

show not just how hard it is to determine the species based on morphological patterning 

alone but also represents the idea that there must be other proponents that determine 

colouration and patterning, such as a temperature-dependent explanation. Vink et al. (2008) 

has proposed that the colouration differences between black and red morph L. katipo could 

be a result of temperature, as the differences seem to correlate with latitude; the black 

morph is typically found further north. Black morph spiderling development provides further 

evidence, as they also have a red-stripe during early development, which loses its brightness 

as they develop (Forster and Kingsford, 1983; Pers. Obs). The fact that both morphs have the 

red-stripe during early development also supports the prevailing idea that the two are the 

same species. It is also possible to see the stripe still present, albeit practically 

indistinguishable, in the adult black morph Katipo (See Figure 2.1). In L. hesperus, the 

brightness of the red hour-glass patterning on the ventral abdomen appear to be associated 

with overall health; individuals with a brighter hour-glass were more likely to be found in 

optimal health conditions (Gburek, 2014).  

2.1.5 Food Consumption 

Food consumption has been found, in some instances, to have an effect on Latrodectus 

development. Consumption was experimentally manipulated in L. mactans and results 

showed that there were differences between groups, although the differences were 

generally not significant. The number of moults until maturity increased with less feeding, 

with increased feeding the number of moults was found to decrease (Deevey, 1949). Species 

in the Latrodectus genus have also been found to exhibit high levels of survivability through 

periods of reduced or even no food availability (Forster and Kavale, 1989). Latrodectus 

hasseltii have been observed to survive long periods of time (160 days as a sub-adult and 

300 days as an adult) without feeding at lower temperatures (Forster and Kavale, 1989). The 
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ability to survive long periods of time, without feeding, is likely an adaptive trait to allow for 

over-wintering when temperatures and food availability may not be optimal (Forster and 

Kavale, 1989). Latrodectus hasseltii also appear to be able to enter a state of quiescence 

when they are exposed to cold temperatures or starvation, where they can cease 

development until conditions are closer to optimal (Forster, 1995). The capacity to cease 

development could be another component of the many reasons that L. hasseltii has become 

such a cosmopolitan invasive species.  

 

2.1.6 Temperature 

Temperature has been found to have significant effects on different stages of development 

in a number of Latrodectus species. In L. hasseltii, increasing temperatures drastically 

decreased the time from oviposition to hatching from an average of forty-three days at 18°C 

to just ten days at 30°C (Downes, 1986). Comparable findings have been found by other 

researchers; Softly and Freeth (1970) found that L. hasseltii would hatch in just eight days at 

37°C. Temperature has also been shown to affect time till emergence; at 25°C, emergence 

times in L. hasseltii averaged thirty-three days, but dropped to twenty-one days at 30°C 

(Downes, 1986). Increasing temperatures have been shown to decrease instar durations, in 

turn, leading to an overall decline in time till maturity, while the reverse is true of lower 

temperatures (Downes, 1986).  Exposing L. hasseltii to higher temperatures has been found 

to significantly shorten instar durations in both males and females (Downes, 1986). Males 

typically have longer first instars when compared with females, which generally have longer 

third and fourth instar durations, and this pattern is still observable through instar duration 

variation brought about from changes in temperature (Downes, 1986).  It is important to 

understand how these temperature changes could be impacting the life history of 

Latrodectus species, as it could provide information that could be used in determining areas 

of conservation significance for species that are in decline, such as, L. katipo. 

2.1.7 Latrodectus katipo Development 

The main study into L. katipo development was carried out by Forster and Kingsford (1983). 

Their findings show that L. katipo males reach maturity in four moults and live for only 4–10 

weeks, while females reach maturity in six moults and live for ~ two years. Of note when 

comparing to other Latrodectus species is the fact that all spiders in the Forster and 
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Kingsford study reached maturity at the same moult stage, compared with other species 

mentioned earlier that showed variability (Cariaso, 1967; Downes, 1986). The L. katipo also 

showed a pattern of increasing instar length at later instars, similar to the American 

Latrodectus species, although a less significant finding, contrary to what would be expected 

with the markedly close relationship between L. katipo and L. hasseltii. Longer, later instar 

durations could be related to the spider being larger and having to spend longer building the 

subsequent exo-skeleton. Colouration also differed significantly between individual Katipo 

and distinct differences were observed by Forster and Kingsford (1983). Differences in 

pattern and colouration were also observed when comparing individuals at the same instar 

(Forster and Kingsford, 1983), suggesting high levels of variability within the species as has 

been noted throughout the genus (Gburek, 2014; Levi, 1959; McCrone and Levi, 1966). A 

further study that looked at the development of L. katipo and L. hasseltii along with 

subsequent hybrids found that temperature had an effect on development (Kavale, 1986). 

Kavale (1986) compared development of L. katipo between two different temperature 

regimes, 20°C and 25°C. It was found that development occurred faster at 25°C, and that 

mortality was significantly higher at 20°C. It was also found that each subsequent instar 

duration was longer. Kavale (1986) recorded that males reached maturity at the fifth or sixth 

instar, while females took seven, eight or nine moults. Of note also was the 1:1 sex ratio 

found in L. katipo in comparison to the skewed ratio found in L. hasseltii offspring, in favour 

of males (Kavale, 1986). A skewed sex ratio in L. hasselti would be favourable for the species, 

as males are smaller and therefor more vulnerable to predation increasing mortality as with 

other spider species showing male dwarfism (Vollrath and Parker, 1992). As males are under 

risk of predation as they are smaller and having to roam for females, it seems likely that the 

more males produced the greater the chance of species survival. It seems unusual that L. 

katipo did not show this pattern as the males would be under the same predation pressures.   

2.2 Study Aims 

This study aimed to extend on the research undertaken by Forster and Kingsford (1983). This 

preliminary study did not control for temperature, feeding, lighting, humidity, etc. The 

preliminary study did offer insight into L. katipo development and gathered results that did 

align with other species in the genus (Forster, 1995; Forster and Kingsford, 1983; McCrone 

and Levi, 1966), so could be an accurate reflection of the species’ development, despite the 

lack of control. Extending Forster and Kingsford’s preliminary study with strict control 
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provides a more accurate account of L. katipo development that allows us to accurately 

understand the effects of temperature on development in this species. Within this study I 

also aimed to compare the differences between North and South Island individuals. This is 

particularly interesting, as mentioned above, because a lot of variation within species with 

regards to instar length, hatching times, etc. is correlated with location (McCrone and Levi, 

1966; Smithers, 1944). The three temperatures chosen for this experiment represent the 

variable temperatures that occur throughout New Zealand. It was predicted that 

development would be faster at higher temperatures, including hatching and emergence 

times. Emergence time was predicted to be around 30 days at 23°C and faster than 30 days 

at 30°C due to average emergence time previously found to be around 30 days at 

temperatures ranging from 15-25°C (Forster and Kingsford, 1983). Hatching time was 

predicted to be around 43 days at 18°C as was found in redback previously, while it was 

thought that at 28°C it would be around 10 days, as redbacks were found to hatch in 10 days 

at 30°C (Downes, 1986). It was also predicted that there would be significant differences in 

developmental times between the North and South Island sampled populations, due to the 

differences found in redbacks from different areas (Cariaso, 1967, Downes, 1987, Forster, 

1984). We predicted that South Island individuals would develop faster than North Island 

individuals due to being used to higher average temperatures.  

2.3 Methods 

The developmental study was carried out using two different experiments. The first 

experiment used a split egg-sac design and the second used an intact egg sac design method. 

The two methods allowed for a more complete picture of L. katipo development. The first 

method, using eggs removed from the egg sac, allowed the pattern of early development to 

be observed without the restriction of the egg sac blocking the view of development, i.e. 

allowed me to determine exactly when each spider had its first moult. The second design, 

using intact egg sacs, did restrict the observations to moults post-emergence, but allowed 

me to observe development more naturally. Temperature and light were rigidly controlled in 

both experiments. The feeding regime differed between the two, based on food availability 

and development (see below). Spiders in the intact design were readily able to feed after 

emergence while spiders in the split design were not. Spiders used were sourced from both 

a North and South Island population in New Zealand. South Island spiders were collected 

from Kaitorete Spit (approximate location -43.820, 172.669) on the 7th of December, while 
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North Island spiders were collected from Ocean Beach (approximate location -39.00, 177.00) 

on the 12th of December, 2015. A total of 39 spiders were collected, nine from the North 

Island and 30 from the South Island. This large number was chosen to ensure that enough 

egg-sacs would be laid in the lab in case of any unforeseen circumstances such as death, the 

chance that the females may not have been mated, or were near the end of egg production. 

Only 9 spiders were taken from the North Island population as the population was less dense 

and we did not want to impact on the population. Spiders were found generally under 

driftwood at Kaitorete Spit (South Island) and in grasses at Ocean Beach (North Island). 

Females with egg-sacs in the web were collected to ensure that they were mated (egg-sacs 

were usually the easiest way to identify where spiders were as they were easily visible when 

looking through the grass, Figure 2.2). Collected spiders were then transported in small vials 

(200ml) with a cross structure made of bamboo sticks for web building, to ensure they would 

not get knocked around during both air and car travel.  

Figure 2.1 Latrodectus katipo in Spinifix grass with two egg sacs. 
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Collected female adult Katipo were housed in the lab at 28°C (Average field 

temperature 17°C at Kaitorete spit and 14°C at Oceans’ Beach) and fed on a diet of crickets 

and mealworms while waiting for them to produce egg sacs for the development 

experiment. Adult females were fed at an equal rate to ensure this would not have an effect 

on female fecundity. This high temperature was chosen as it would lead to faster 

development so the development start could begin promptly, but is within the natural range 

of temperatures at both areas). Female Latrodectus are able to store sperm after mating to 

produce multiple egg-sacs over the season. Spiders were housed in ~500ml cylindrical 

containers with two bamboo skewers to allow web building (Figure 2.3). Both the split and 

intact egg sac experiments employed different methods, but shared the same three different 

temperature regimes, used to study how temperature affects development. Three 

temperatures, 18°C, 23°C and 28°C, were chosen, as only three temperature controlled 

rooms/incubators were available for use at the time of experimentation, but these three 

temperatures cover the broadest range relevant to temperatures that spiders might 

experience in their natural environment. Egg sacs were collected from February to June 2016 

for the intact design experiment, while egg sacs were collected from January to March 2016 

for the split design experiment. Instar duration data were collected for approximately five 

months, for each intact and split design, but this period was dependent on temperature 

regime. As it was impossible to ensure egg sacs would be laid around the same period over 

multiple females, the study period for each egg sac differed, but it was hoped that 

individuals would be able to be monitored until around the fourth moult to accurately 

compare the differences that occurred between each temperature.   

Figure 2.2 Containers used to house Latrodectus katipo after collection (84mm wide x 102mm). 
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2.3.1 Split Egg-Sac Design 

Egg sacs were collected from the female adult Katipo the day after they had been laid 

in the lab (Appendix C). A total of nine egg-sacs were used and each of the nine egg sacs 

were from a different female parent. The nine egg-sacs were laid by five South Island and 

four North Island females, allowing for developmental comparisons of spiders from two 

different locations. Each egg sac was split, using tweezers, with the individual eggs gently 

transferred into three separate containers, webbing was removed (Figure 2.4). The eggs 

were split approximately equally between the three containers  and then they were split 

between three temperature controlled rooms (Approximately 15-20 eggs in each container). 

The light regime was set on 14 hour day length, lights on at 5am and off at 7pm, lights 

brightened and dimmed during a two hour period from 3-5am and from 5-7pm, respectively. 

 Once the spiders began to develop they were removed from the communal 

containers they were originally separated into, and divided into individual drosophila vials 

(9cm x 2.5cm) with two bamboo sticks in a cross pattern for web-building (Figure 2.5). The 

majority of the spiders would hatch on the same day, although a small amount would 

occasionally hatch overnight (Pers. Obs). Spiders were considered ready for removal when 

the legs had developed and the colouration had darkened (Figure 2.6B). The drosophila vials 

were capped with plugs that allowed for airflow. Individuals were separated using a paint 

Figure 2.3 Latrodectus katipo egg sac (A) and individual eggs in separate container (B) to allow for 

observation of hatching times. 

A B 
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brush to gently nudge them until they climbed on and could be transferred to the vials. The 

transfer occurred at different times depending on the temperature treatment group 

individuals were in. At 23°C and 28°C, individuals were removed seven days post hatching, 

whereas individuals at 18°C were removed at 14 days post hatching. The discrepancy 

between the 23/28°C and 18°C temperature regimes is a result of the development stage 

they had achieved. By seven days, the 18°C temperature spiders had not reached a stage 

where it was feasible to safely remove them as the exo-skeleton was still very soft; 

therefore, a longer period of time before removal was deemed necessary. Hatching was 

observed as the point when legs were observable on the individual spiders. Also observable 

was the remaining egg shell, easily identified by its white appearance on the generally yellow 

abdomen of the spider (Figure 2.6A). The observation of hatching time was recorded in the 

communal containers before transfer. Not all spiders would hatch inside the communal 

container but a total of 15 were separated into individual containers (5 for each 

temperature). Almost all spiders would be hatched when eggs were checked in the mornings 

and therefore individuals were randomly chosen on the same day without worry of a bias 

towards faster growing individuals.  

 

 

 

 

 

 

 

 

 

   

 

Figure 2.4 Drosophila vial to house individual spiders 
(95mm high x 25mm wide).  
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Figure 2.5 Latrodectus katipo after hatching (A) and ready for removal to individual containers (B). 

Feeding began on the third day post-separation (removal to individual Drosophila vials) for 

23°C and 28°C and seven days post-separation for the 18°C treatment. This extra time for 

the 18°C treatment allowed the individuals to develop slightly more to the point where they 

would be able to develop a web structure capable of ensnaring prey. As these individuals 

took longer to develop, it took slightly longer before they were active enough to build web 

structures for feeding to occur. Cannibalism was not noted before transfer; however, this 

could occur. For food, spiders were fed one small (approximately 9–10mm) mealworm 

(Tenebrio molitor)  once a week. Mealworms were used as they were nutritionally dense and 

were easily accessible at any time. They were also active enough to trigger the predatory 

response from spiderlings, but not too active or too large to be able to easily break away 

from the web of the spiderlings. Some trouble was noted in the 18°C temperature treatment 

group surrounding prey capture (see discussion).  

 Each spiderling was monitored daily to observe whether moulting had occurred; sex 

was also noted when it was determinable. It was found that males were easily identifiable at 

the third instar, when the pedipalps became larger and more easily distinguished. Male 

maturity was readily identifiable from the darkening of pedipalps at the fourth instar (Figure 

2.8). Monitoring went on for a period of approximately four months (due to the availability 

of the animal rooms), allowing a wide range of data to be collected for comparisons 

between individuals. At 18°C an average of 3.22 individuals of the 5 per temperature were 

analysed for each of the 9 egg sacs (SD = 1.86); at 23°C an average of 3.44 individuals (SD = 

1.59) and at 28°C an average of 2.33 (SD = 1.14). Averages are taken from spiders that 

survived to the first moult (second instar). 

A B 
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2.3.2 Intact Egg-Sac 

The intact egg-sac experiment followed a slightly different procedure from the 

original split egg-sac experiment. Egg-sacs used in this experiment were from both collected 

spiders and individuals mated in the lab. Spiders were housed in the 28°C room and 

observed daily to see if egg-sacs had been produced. As in the split design, egg sacs were 

removed from the female the day after they had been laid. For the emergence time 

calculation a total of 45 egg sacs were used; 7 (3NI, 4SI), 8 (2NI, 5SI, 1F2) and 32 (17NI, 28SI), 

for 18, 23 and 28°C, respectively). This data came from throughout the duration of the thesis 

as emergence time could be observed on many more egg-sacs than were used for the split 

and intact egg-sac design. The sample size at 28°C was higher due to the collected adults 

being housed at this temperature, so more egg-sacs were noted and recorded at this 

temperature.  

Instar duration data was calculated using a total of 28 egg-sacs (Table 1.1). These egg-

sacs were collected from both North and South Island parents as well as F2 generation (F2 

generation egg-sacs were breed from individuals mated in the lab). F2 generation egg-sacs 

were used to account for the lack of North Island produced offspring at 28°C and to make 

A 
B 
 

Figure 2.6 Comparison between mature (a) and immature male (b) Latrodectus katipo. 
Note the darkening of the pedipalps when mature. 
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sure the sample size would be sufficient to analyse with accuracy. Egg-sacs were collected 

from 13 individual females (Appendix C).  

 Once egg sacs were removed from the females, they were allocated to an incubator 

based on the three different temperature regimes: 18°C, 23°C and 28°C. Incubators were 

chosen for this experiment as there were no animal rooms available for an extended period. 

The incubators were controlled using a 14 hour day length (4am–6pm, no 

dimming/brightening period). Incubator units were all the same model to reduce any biases. 

Spiders were given three days to create a web structure that was capable of capturing prey 

before feeding began. Individuals over all three temperature regimes were fed on the third 

day post-removal from the communal container, as they were all at the same developmental 

stage 

 Egg sacs were individually placed into a drosophila vial after removal from the parent 

female before being moved into its assigned incubator. Egg sacs were then observed each 

day until spiderlings began to emerge, and young spiders were moved the following day into 

individual drosophila vials (Figure 2.5). Ten spiders were removed from each egg sac into 

individual containers. Not all spiders would survive the first few days after moving however 

(Mean mortality = 3.74, Std. Dev. 1.11). Spiders would hatch inside the egg-sac and develop 

inside, feeding upon the silk-web. It is possible cannibalism could occur inside the egg-sac as 

well as moulting. This feeding in the egg-sac would likely decrease development time when 

compared to the split design study. Spiders were removed from the communal container 

into individual containers using a small paintbrush to gently pick them up and place them 

inside. Emergence did not occur until the spiderlings were developed enough to begin web-

building and prey capture, although in some cases the spiders did not emerge even when 

they had developed inside, which will be discussed later.  Feeding occurred once a week and 

involved feeding an alternating pattern of pin-size crickets and Drosophila. These two were 

chosen as food sources due to the easy method of feeding, as well as their availability and 

relatively low cost. Two food sources were chosen due to previous studies that suggested 

variability in food can improve overall health in spiders (Gburek, 2014). It was hoped that by 

changing the feeding regime we might have higher survival when compared to the split 

design. It also allowed us to make assumptions surrounding whether food was having an 

impact on survival and instar duration.  
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Individuals were monitored daily to ensure accuracy in determining each individual 

was alive and whether or not they had moulted.   

2.3.3 Statistical Methods 

All data were analysed using R (Version 3.13) as well as SPSS (Version 24.0.0.0). 

Emergence times were analysed for the intact design, whereas hatching times were analysed 

for the split design. I used a two-way ANOVA to determine whether there were any 

differences between the three different temperature regimes as well as between spiders 

from the North and South Island in the split design. Temperature and location were included 

as fixed factors and F1/F2 generation was included as a random factor in the intact design, 

while time till hatching and time till emergence were the dependent variables in each 

analysis. Post-hoc analyses in the form of Tukey-HSD function in R were used to determine 

which temperature treatments differed significantly from the others.  

Instar durations for both intact and split egg-sac design experiments were analysed 

using a univariate general linear model analysis performed in SPSS to determine whether 

there were any statistical differences between the groups, with parent ID and spiderling ID 

included as random factors, to account for repeated measures of individual spiders and 

replicate spiders collected from each female. Temperature and instar were included as fixed 

factors while the dependent variable was the duration of the instar, measured in days. Post-

hoc analyses in the form of Tukey-HSD was used to look at multiple group differences and 

determine which groups were significantly different from one another. No spiders from the 

18°C treatment made it to the fourth instar, in either the intact or split design, thus fourth 

instar comparisons are for 23 vs. 28 C comparisons only. Sample sizes are included in Table 

1.1 for both the split and intact design experiment.  

North and South Island comparisons were made for the split design experiment. In the split 

design study, third and fourth instar durations were only compared between 23°C and 28°C 

due to small numbers of spiders developing at 18 C (Appendix D). The intact design 

experiment was not analysed between the North and South island individuals as no North 

Island spiders were reared at 28°C. Although differences were compared between 18°C and 

23°C in the North Island and South Island populations and no significant differences were 

found (P = >0.05).  
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Male and female comparisons were made using individuals from 28°C only for both 

the intact and split design. This was due to there not being a large enough sample of males 

at either 18°C or 23°C. Male and female interactions were compared using a two-way 

ANOVA with sex and instar included as fixed factors.  

 Table 1.1. Sample sizes for the split and intact design development study. Total nobs are the 
number of observations used in the statistical models. Total egg-sacs represent the number of egg 
sacs used at each temperature (SI = South Island; NI = North Island; F2 = F2 Generation).  

 

2.4 Results 

2.4.1 Survivability 

Within the intact design survivability was lowest at 18°C (43% total survival). At 23°C, 55% 

were found to survive to the first moult, compared to 51.4% at 28°C.  In the split design 

experiment survivability was highest at 23°C, with 68.8% of individuals surviving to the first 

moult compared to 64.4% at 18°C and 46.6% at 28°C. 

 

 

 Total Egg 
Sacs 

First 
Instar 

Second 
Instar 

Third 
Instar 

Fourth 
Instar 

Total 
Obs 

Split Design       
18°C 4 NI, 5SI,  29  19 5 0 53 

23°C 4 NI, 5SI,  31 31 23 17  102 

28°C 4 NI, 5SI,  21 21 21 21 84 

Intact 
Design 

      

18°C 2NI, 3SI 24 13 4 0 41 

23°C 2NI, 5SI, 
1F2 

38 30 14 3 85 

28°C 10SI, 5F2 33 30 25 19 107 
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 Figure 2.7 Intact and Split Design L. katipo survival (%) to the first moult.  

2.4.2 Hatching Time in Split-Design Study 

Hatching time was the time taken from egg-laying until the eggs hatched. Hatching times 

differed significantly between temperature treatment groups (F2,76 = 42.529, R2 = 0.578, 

P<0.0001; Figure 2.9). A negative relationship between temperature and hatching time was 

observed, that is, as temperature increased, the time till hatching decreased. Spiders in the 

lowest temperature treatment (18°C) took the longest to hatch, followed by the middle 

temperature treatment (23°C) and the fastest development occurred at the highest 

temperature regime (28°C). All three temperature regimes differed significantly from the 

other (P = <0.005). On average, spiderlings at 18°C took 33 days to hatch, spiders at 23°C 

took 18 days, while spiderlings at 28°C hatched in just 11 days (Figure 2.9). No significant 

differences were found between North and South Island Individuals (P = 0.528).  
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2.4.3 Emergence Time in Intact-Design Study 

Emergence time was the time taken from when the egg sac was laid until the spiderlings 

emerged.  Emergence times differed significantly between temperature treatment groups 

(F2,39 = 197.023, P < 0.000; Figure 2.10). A negative relationship between temperature and 

emergence time was observed, that is, as temperature increased, the time till emergence 

decreased. Spiders in the lowest temperature treatment (18°C) took the longest to emerge, 

followed by the middle temperature treatment (23°C), and the fastest development 

occurred at the highest temperature regime (28°C). All three groups differed significantly 

from each other (P = <0.05). On average, spiderlings at 18°C took 66 days to emerge, spiders 

at 23°C took 30.14 days, while spiderlings at 28°C emerged in just 21 days (Figure 2.10).  

Figure 2.9 Differences in time till hatching between three  different temperature regimes in 
Latrodectus katipo in the split-egg design (Error bars: + / -1 SD, neggsac = 27; nspiderling = 29, 32 and 21 
for 18, 23 and 28°C respectively). 
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Figure 2.9 Differences in time till emergence between three  different temperature regimes in 
Latrodectus katipo in the intact design plus further collected data (Error bars: + / -1 SD, neggsacs = 45; 
7 (3NI, 4SI), 7 (2NI, 5SI) and 32 (17NI, 28SI), for 18, 23 and 28°C, respectively). 

2.4.4 Instar Duration 

Split egg sacs 

Comparisons were made between the North Island and South Island offspring, but no 

significant differences were found (F 1, 3 = 1.103, P = 0.295). Thus, North and South Island 

data are grouped for the analyses.  

 A similar overall pattern was observed in the split design, when compared to the 

intact design, with development time decreasing with increasing temperature (Figure 2.11A). 

Significant differences were found in the first instar duration (F2, 11.798 = 14.904; P = 0.001). 

Post-hoc analyses revealed significant differences between 18°C and 28°C (P <0.05) as well 

as 18°C and 23°C (P <0.05), but not between 23°C and 28°C (P = 0.894). Instar durations were 

similar for each temperature at the second instar, with spiders in the 18°C treatment having 

an average instar duration of 17 days, 15 days for 23°C and 13 days for 28°C, though these 

differences were non-significant (F2, 10.719 = 2.479, P = 0.130). On average third instar 

duration lasted 17 days at 18°C, 14 days at 23°C and 12 days at 28°C. Overall slightly 
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significant differences were observed between treatments at the third instar (F2, 8.053 = 3.686, 

P = 0.073). Post-hoc analyses revealed that there were significant differences between 18°C 

and 28°C (P = 0.02) as well as between 23°C and 28°C (P = 0.038). No significant differences 

were found at the fourth moult (F1, 3.351 = 1.361, P = 0.320). On average instar durations were 

slightly faster in the 28°C treatment over the 23°C (14.17 days compared to 14.73).  

Using the 28°C data, mean instar durations appeared to show that males and females 

did not differ significantly (P = >0.05). Males had slightly longer instar duration than females 

at 28°C (1st instar 25.83 vs. 25.67; 2nd instar 13.33 vs. 12.93; 3rd instar 11.33 vs. 11.07; 4th 

instar 15.00 vs. 13.67).  

Intact egg sacs 

The intact data showed that temperature had a significant impact on instar duration 

(F2, 9.234 = 14.685, P = 0.001), with increasing temperatures decreasing development times 

(Figure 2.11B). Temperature had a significant effect on the first instar duration (F2, 9.729 = 

11.593, P = 0.003). On average the duration of the first instar lasted 51, 25 and 19 days for 

18°C, 23°C and 28°C, respectively. Using Post-hoc analyses it was possible to determine that 

these significant differences were due to a significant difference between 18°C and both 

23°C (P = <0.05) and 28°C (P = <0.05). No significant differences were observed between 

23°C and 28°C (P = 0.065). Significant differences were also found in the second instar 

duration (P= <0.05). On average, second instar duration lasted 34, 21 and 10 days for 18°C, 

23°C and 28°C, respectively. Post-hoc analyses suggest that there were significant 

differences between all three-treatment groups (P = < 0.05). Significant differences were 

again observed in the third instar durations (P = <0.05). On average the third instar lasted 39 

days, 29 days and 15 days for 18°C, 23°C and 28°C, respectively, significant differences were 

observed between all three treatment groups again (P = <0.05). No significant differences 

were found between 23°C and 28°C at the fourth instar (P = 0.877). The 23°C treatment was 

found to be slightly faster averaging a duration of 24 days compared to 28°C with 25 days.  

Using data from only the 28°C treatment (see above), no significant differences were 

found between males and females for the intact design (F1, 10.490 = 1.002, P = 0.339. When 

comparing the averages between males and females, at the first and second instar females 

typically developed faster with shorter instar durations (20 vs. 18 days and 10 vs. 9 days 

respectively). At the third instar, males had slightly faster development at 15 days compared 
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to 16. Fourth instar duration was shorter in males with an average of 21 days compared to 

31 for females.  
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Figure 2.10 First four instar durations in Latrodectus katipo across three temperatures from either 
a split (A) or intact (B) egg sac. Groups with significant differences are annotated by different 
letters, sample sizes are inset (Error bars + / - 1 Standard Error). Letters represent significant 
differences from post-hoc analyses conducted for each instar separately.  

A 

B 

B 
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2.5 Discussion 

I aimed to determine whether temperature would have an impact on development time 

both from oviposition to hatching/emergence as well as on instar duration in Latrodectus 

katipo. This is an important area of research as Katipō are vulnerable species facing 

extinction (Patrick, 2002). It is therefore important we accurately determine the effects 

temperature has on development and the implications this may have on the species, 

particularly in the face of climate change. It was found that increasing temperatures 

significantly decreased both emergence and hatching times. Instar durations were generally 

shorter at higher temperatures; however, these differences were not always significant.  

Significant differences were observed when comparing the different temperature 

treatments on both hatching and emergence times. Using the two experimental designs 

made it possible to estimate both hatching and emergence time, which would not have been 

possible with just a single design. However, similar patterns of effects were observed for 

both, as one would expect, due to the two factors being highly correlated. Temperature and 

hatching/emergence both decreased with increasing temperature. Hatching times, on 

average, took 33 days at 18°C; 18 days at 23°C and 11 days at 28°C. Comparable patterns 

have been found in other species; hatching times in redback (Latrodectus hasseltii) were 

significantly faster at 30°C when compared to 18°C (Downes, 1986). Hatching times at 18°C 

took an average of 44 days in redbacks compared to 33 days in this study for Katipō. This 

could be due to Katipō being more adapted to a temperate climate where there is likely 

more variation in colder temperatures when compared to L. hasseltii which are endemic to 

Australia (Forster, 1995). When the distribution of Katipō is taken into account, particularly 

in the South Island, it is easy to surmise that they are well adapted to surviving in colder 

temperatures. Similar findings were found at higher temperatures for redback and Katipō, 

from this study and previous research (Downes, 1986; Softly and Freeth, 1970). At 30°C, L. 

hasseltii would take an average of ten days to hatch, while at 37°C just eight days (Downes, 

1986; Softly and Freeth, 1970). The Katipō in this study took 11 days to hatch at 28°C which 

is comparable to redback average hatching times at 30°C. Similar emergence times could be 

suggestive of the close evolutionary history between Katipō and redbacks (Forster, 1995).  

Emergence time has also previously been found to decrease with increasing 

temperature in redbacks, where spiderlings took an average of 33 days to emerge at 25°C 

and 21 days at 30°C (Downes, 1986). This was similar to my findings with Katipō taking an 
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average of 30 days to emerge at 23°C and 21 days at 28°C. In comparison, the Forster and 

Kingsford (1983) Katipō development study found an average emergence time of 30 days, 

using an uncontrolled temperature regime that varied from approximately 15–25°C. It could 

be surmised that the average emergence time present in the Forster and Kingsford (1983) 

study could fit in with the data presented here, if the average temperature of their study 

was around 23°C. Temperature is not consistent in a natural setting so it could be suggested 

that the average hatching time found in the Kingsford (1983) study is a more accurate 

reflection of the natural hatching time.  

No significant differences were observed between the North and South Island for 

either hatching or emergence times. This was a surprising finding as previous research has 

found that instar duration and number can be location-dependent (Cariaso, 1967; Downes, 

1987). The lack of a significant difference in this study could be due to the much wider range 

of habitat used and distribution of the other species, such as the almost worldwide 

distribution of redbacks (Garb et al., 2004; Vink et al., 2011), when compared to the 

comparatively small range and habitat of Katipō (Vink et al., 2008). Essentially the ecological 

differences between the two sites Katipō were collected from is probably very minimal and 

therefore Katipō are unlikely to have any fixed adaptations towards these particular sites. 

Previous research has found that there was greater variability in development between the 

black and red morph Katipō than within each group (Forster, 1983, Patrick, 2002). This result 

would be backed up here with no significant differences between the North and South Island 

spiders which were all red morph.  

The effects of temperature on instar duration were more variable than those 

observed in the hatching and emergence time measures for both the intact and split designs. 

The main pattern in the data suggests that increasing temperatures decreases instar 

duration, which follows previous research in this area (Downes, 1986; Forster, 1995; Shulov, 

1940). The intact design study also showed high levels of variability within each temperature 

treatment. With the intact design experiment, it is impossible to be certain that the first 

moult did not occur inside the egg sac, as has been suggested to occur previously (Cranshaw, 

2013; Downes, 1987; McCrone and Levy, 1966); however, males still reached maturity at the 

fourth moult stage, as they did in the intact experiment, which suggests that the first moult 

may not occur inside the egg sac. Thus, the first moult is referred to as the first observed 

moult in the intact design experiment. Insignificant differences between 23°C and 28°C could 
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suggest that after a certain temperature development time will not significantly decrease, 

combined with the survivability results it appears that the optimal temperature for 

development will be between 23°C and 28°C. Significant differences were found in the intact 

experiment but mostly insignificant in the split design. This is interesting finding, and could 

possibly be that the effects of the temperature treatments were reduced by the removal of 

the egg sac. For example in the 28°C treatment the eggs were more exposed to a higher 

temperature which could have been too warm and perhaps detrimental to development. If 

28°C was detrimental to exposed eggs it could explain why the 23°C and 28°C treatments did 

not show significant differences. Furthermore, without the egg-sac the spiders have nothing 

to feed on at the beginning of life, which could also have reduced differences between 

individuals in the split design.  

Instar duration is the time between moults but can vary between researchers if 

spiderlings are not observed outside of the egg-sac post hatching. This could mean that 

moults are occurring inside the egg-sac before emergence which has been observed; 

however, to did not appear to occur frequently in this study. When compared to the Forster 

and Kingsford (1983) instar duration data there were a number of differences found, likely 

due to the lack of controls in their procedure. The first instar duration lasted on average 10 

days in the Forster experiment, compared with the current experiment in which it lasted an 

average of 30 days (average for 18°C, 23°C and 28°C respectively: 49, 25 and 18 days) for the 

intact experiment and an average of 19 days for the split experiment (average for 18°C, 23°C 

and 28°C respectively: 14, 16 and 27). Similar findings to the first instar duration were found 

at each of the subsequent three instar durations; that is, sizeable differences in the mean 

averages, both between split/intact data, as well as between the Forster and Kingsford 

study. The findings from the Forster and Kingsford study have some overlap but there are 

likely many other factors that could have influenced their results as well as the ones 

presented here. It is also hard to compare between studies, as well as between intact and 

split egg sac design experiments, due to not knowing whether what you are observing as the 

first instar is the same as what another researcher would term the first instar.  

Male data showed a negative relationship between temperature and instar duration 

similar to that of the females. When comparing between males and females, there did not 

appear to be any significant differences for either design. In the split design males at 28°C 

had slightly longer first and second instar and slightly shorter third and fourth; in the intact 
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design (28°C) the same pattern was observed of slightly longer first and second instar and 

slightly shorter third and fourth. This pattern of slightly longer first instar durations has been 

found in males of many other Latrodectus species and likely corresponds with the 

asynchrony between male and female development times (Deevey, 1949; Forster 1995; 

Forster and Kingsford 1983). Males may need the slightly longer earlier instars to develop 

further and faster than the females, as they mature in the fourth instar  while the females 

take longer (Downes, 1987). All males in this experiment reached maturity at the fourth 

instar and there were no cases of males entering a fifth instar. This supports previous 

findings of Katipō reaching maturity at the fourth instar (Forster and Kingsford, 1983) and 

also brings the species in line with other Latrodectus species which similarly reach maturity 

around the fourth moult; however, cases of 5th and even 6th instars have been observed in 

some males (Cariaso, 1967; Downes, 1987). 

Many factors could have contributed to the differences between both the split and 

intact experiments. Such as the faster development times and higher survivability in the split 

design. In the split design study spiders were fed a diet of mealworms while the intact design 

were fed a diet that consisted of crickets and fruit flies. On average, instar duration times 

were faster in the split design treatment, which could be due to the higher quality food, as 

the mealworms raised in the Otago Zoology department are more nutritionally dense than 

crickets or fruit flies. Finke (2015) also suggests that meal worms should form the basis of 

diets. From personal observations the mealworms were easier for the spiders to catch as 

long as they were of a size suitable to the spiders development (Pers. Obs). Food 

consumption has been found to correlate with instar duration also, which could explain 

some of the variability in the results between groups (Deevey, 1949; Forster and Kingsford, 

1983). Variability in food has been found to correlate with health of spiders; however, it 

seems to not have increased development time in this experiment (Gburek, 2014). Another 

possible contributing factor to the differences between the split and intact egg sac design 

experiments was the use of incubators for raising the intact treatment spiders. The 

incubators could have subjected the spiders to different air flow, humidity, CO2 levels etc. 

which could have caused changes between the intact and split design. These were not 

monitored as it was not thought it would have a significant impact on the results, although 

this could be sometime to monitor in further research. However, a similar pattern of 
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increasing temperature and decreasing development time was observed in both the intact 

and split design experiments.   

Further, what has been found in a number of other developmental studies is just how 

variable the Latrodectus genus is. The variability at each instar has been consistently found 

to be high amongst differing Latrodectus species and the same can be said for this study, 

which backs up a similar finding in Katipō by Forster and Forster (1983). The variability within 

this genus has been offered as a suggestion for how they have become so widespread 

(Forster and Kingsford, 1983; Kavale, 1986). This variability within a species could be used as 

a basis for the species to adapt to changes in the environment, which could have led to the 

evolution and speciation of the Latrodectus genus that now occupy nearly every continent 

on earth (Garb et al., 2004).   

Continuing on in this theme of a highly variable genus, colouration and patterning 

was also very different between species. This has similarly been observed in many other 

species, as well as in Katipō (Kavale, 1986; McCrone and Levi, 1966). Unfortunately it was 

not possible to obtain any of the black morph, due to permit restrictions and therefore, 

could not allow good comparisons to be made between both morphs and how temperature 

may affect each. It has been suggested before that the differences in colouration between 

the two morphs of Katipō could be related to the temperature differences that correspond 

with the locations at which each are found (Vink et al., 2008). See Appendix B for pictures of 

the various differences between individuals throughout different instars, which are 

presented to give an idea of how variable the species can be. There were a few factors that 

may have caused some inconsistencies which could account for some of the large levels of 

variability observed in this experiment. Feeding could account for some of the variability, 

especially when using pin-size crickets and fruit flies. It is hard to tell if each of the animals 

offered to the spider is consumed. At 18°C there was a small number of samples where they 

would not feed on the mealworms, perhaps due to the larger size of the prey item or 

reduced activity levels within the spiders, at this temperature. Another factor related to 

feeding that reduced sample size was that mealworms were observed feeding on young 

spiderlings, which has previously been observed by Kavale (1986). It is not known, however, 

whether the spiderlings had died first or whether the mealworm had attacked them. Factors 

such as feeding are likely to be one of the main culprits behind the large levels of variability 

observed between individuals in the different Latrodectus species.  
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There is some evidence that spiders produce trophic eggs (unfertilised eggs), which 

are in turn fed on by first instar spiderlings (Downes, 1985; Kaston, 1970; Schick, 1972). This 

could contribute to the overall variability observed in development, as spiders that were part 

of the split-design experiment will not have been able to take advantage of this extra food 

source, which could have decreased development time in the intact design experiment. This 

was not observed during the experiment but on many occasions inviable eggs were observed 

in the egg sac which could be a potential food source for young spiderlings (Figure 2.13). In 

some cases, whole egg-sacs of inviable eggs were produced (Figure 2.13), but it is possible 

that the females that produced these eggs had no sperm stored to fertilise the eggs.   

 A further problem occurred when a large portion of spiders throughout various egg 

sacs at 18°C would not emerge. These spiders generally were developed/developing as the 

colouration of the spiderlings darkened and they were observed moving. The reason for 

them not emerging is likely to do with the relative temperature being too cold for them to 

thrive, so they may appear to be over-wintering (staying in the egg sac until warmer 

temperatures are felt) as has been noted in other Latrodectus species (Vink et al., 2011). 

Individual personality could also influence how active each spider is at feeding, or how likely 

they are to attempt to catch prey, which could explain some of the observed variability. 

 

 

Survivability was also compared between temperatures. It was recorded as the.  

Within the intact design survivability was lowest at 18°C (57% death ratio). At 23°C 45% were 

Figure 2.11 Panel A refers to viable (Red arrow) and inviable eggs (Blue arrow) while panel B  shows 
a whole inviable egg-sac from Latrodectus katipo.  

A B 
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found not to survive until the first moult, compared to 48.6% at 28°C.  In the split design 

experiment survivability was highest at 23°C, with 68.8% of individuals surviving to the first 

moult compared to 64.4% at 18°C and 46.6% at 28°C. Interestingly, survival was the lowest 

at 28°C in the split design compared to the highest in the intact design. Male survivability 

was also recorded and of note was their longevity after reaching maturity. Once males 

reached maturity (at the fourth moult) they survived on average for only 15 days post final-

moult. This suggests that spiders have higher survival at higher temperatures. Further data 

needs to be collected to determine whether this effect is continued through further instars. 

Male survival after the fourth moult is quite likely due to the stoppage in feeding once they 

have reached maturity (Pers. Obs.).  

It was found that there were fewer males at 18°C and 23°C temperature regimes. This is 

unlikely evidence of temperature dependent sex determination as to my knowledge this has 

not be observed in arthropods; however, I believe it is more likely that another factor is 

decreasing male survival. This would likely mean that males could have died before reaching 

an instar where it was possible to determine sex, which would have resulted in the skewed 

sex ratio. Primary sex ratios have been found to skew in some spider species (Gunnarsson 

and Andersson, 1992; Gunnarsson et al., 2009; Lubin, 1991); however, the ratio in 

Latrodectus katipo has previously been found to be 1:1 although in the field there is a bias 

towards female. This is most likely due to the trouble with finding males in the field as well 

as the reduced lifespan however (Forster, 1995; Forster and Kingsford, 1985).   

The findings from this study illustrate that temperature does have a significant 

impact on the hatching and emergence times of Katipō. It is important to understand how 

temperature is affecting these factors as the impacts of changing climates become more 

prevalent (Mfe.govt.nz, 2016. Small temperature increases show very significant differences; 

for example, the 5°C difference when comparing 18°C and 23°C, with 23°C being 

approximately 38 days faster could have wide impacts for differing Katipō populations. 

Currently, Steatoda species are thought to be able to outcompete Katipō populations due, in 

part, to their ability to reproduce year-round (Hann, 1990). Increasing temperatures, due to 

climate change, could decrease hatching and emergence times, and therefore raises the 

possibility that more offspring could be produced faster in Katipō. This could theoretically be 

a possible impact of increasing climate temperature for Katipō; however, current climate 

models predict little in the way of average temperature increases in NZ; however, the 
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weather is predicted to become more variable (Mfe.govt.nz, 2016).Although, temperature 

increases may decrease development times and be beneficial for the species, I would also 

predict that it would decrease development in competitive spiders, however further 

research is needed to determine whether either species is at an advantage. Further research 

must be undertaken, however, to determine whether the increase in temperature has an 

effect on survival rates, size of individuals or any behavioural traits. It is important to note 

that with changes in climate, increases in temperature that could be beneficial to the species 

may be outweighed by changes to weather patterns, such as the likelihood of increased 

rain/wind/storms that are forecasted in NZ climate change models, which may be extremely 

detrimental to L. katipo given their coastal lifestyle (Griffiths, 2001).  

Further study could be completed to extend these results and knowledge. A larger 

sample size with more individuals collected from the North Island would provide more 

accurate data of any differences between locations. As well as collecting black morph 

individuals to give a more complete knowledge of temperatures impacts. Climate change is 

likely to produce more variable temperatures and other factors such as rainfall and storm 

frequency throughout New Zealand. Due to these changes, identifying areas that may be 

climatically ideal for the species currently, may not be ideal in the long term. If 

translocations occur in the future knowing the ideal temperatures for development will be 

extremely beneficial. Further, determining how diurnal temperatures affect development, 

would be a more accurate measure of species development. For example, predatory mites 

(Phytoseiulus persimilis and Neoseiulus californicus) have shown to have faster development 

with diurnally alternating temperatures (Vangansbeke et al., 2015).  

 

Another factor that could be measured at differing temperatures is movement. 

Higher temperatures have been shown to increase sprinting speed in Texas brown 

tarantula’s (Aphonopelma hentzi). Increased sprinting speed was found to come at the cost 

of precision however (Booster et al., 2015), This could be particularly interesting in 

Latrodectus katipo if faster movement was found to be associated with increased survival 

against competitors such as Steatoda capensis, especially in young spiderlings.  

 

Colouration is also a factor that could provide for very interesting results and go 

further in identifying both the black and red L. katipo as the same species, if temperature is 
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found to have a significant effect on the colouration of individuals. This is also an interesting 

factor biologically due to the red-stripes association with being a venomous species and 

therefore predators generally will leave them alone. If temperature does change colouration 

we could see more individuals with darker colouration and in turn perhaps more predation. 

A measurement tool, such as fibre optic colour sensors, would provide a very accurate data 

that would be able to pinpoint whether temperature was having an observable effect on 

colouration.  

 

In conclusion, these experiments have shown that temperature does have a 

significant impact on the development of Latrodectus katipo, both for hatching and 

emergence times. Instar duration varied in regards to the significance of results, but higher 

temperatures were consistently found to lead to shorter instar durations. These studies 

corroborate past research on the variability within species in the Latrodectus genus 

(McCrone and Levi, 1966; Forster and Kingsford, 1983; Downes, 1987) as well as providing 

further support for how males in the genus develop. The findings suggest that temperature 

does have a significant effect on the development of Latrodectus katipo both before and 

after emergence. Hatching and emergence times both decreased significantly as a function 

of temperature increase. Similarly, instar durations decreased as a function of temperature 

increase. With further research it will be possible to determine what temperatures are best 

suited for not just the development of the species but whether or not the faster 

development times impact later life. Particularly of note was the finding that in the fourth 

instar of the intact egg sac data, the 23°C spiderlings had a slightly shorter instar duration, 

suggesting that perhaps constant higher temperatures may not be the best for the species, 

as it could potentially slow down development at higher temperatures. Also, survival was 

found to be highest at 23°C. However, further research needs to be done that takes into 

account further instars, as well as factors such as size and longevity. This research provides 

further information on how temperature can affect development of a threatened species in 

New Zealand and hopefully it provides insights into development, as well as into the 

potential impacts that climate change could have on the species.  
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Chapter 3 

Effects of Glyphosate on Latrodectus katipo Activity 

3.1 Introduction 

Animal personality is a growing research area that has been receiving widespread 

attention in recent years (Koski, 2014). Animal personality is defined as consistent individual 

differences in behaviour throughout time and across various contexts (Royauté et al., 2015). 

Various species have been found to show consistent individual differences in behaviours, 

fitting the definition of personality (Reale et al., 2007; Beekman and Jordan, 2017; Brommer 

and Glass, 2017). Personality is an important factor in understanding population dynamics. 

Research has shown that colonists to new sites in western bluebirds (Sialia mexicana) tend 

to be more aggressive individuals (Duckworth & Badyaev, 2007). This is important as an 

increase in aggressive individuals can lead to rapid colonisation/range expansion and 

possibly the displacement of other species (Cote et al., 2010). Therefore, personality needs 

to be taken into account when considering dispersal and the impacts it may have on 

population dynamics. For example, using the western bluebirds, founder populations are 

likely be compromised of mostly aggressive individuals. Further, populations that consist of 

multiple personality types may aid in the dispersal of a species (Cote et al., 2010). 

Personality has also been shown to have a heritable component, suggesting that certain 

behaviours could have a direct effect on the evolution of species. For example, variation in 

Great Tit (Parus major) exploratory behaviour has been found to be heritable (Dingemanse 

et al., 2002). Differences in individual animal behaviour/personality can shape the evolution 

of species through heritability, from species interactions and individual fitness (Sih et al., 

2012).  Some behaviours associated with personality may not have a genetic basis, but can 

still have an effect on population dynamics. For example, species that show higher levels of 

boldness have been shown to have higher levels of reproductive success (Ariyomo and Watt, 

2012; Both et al., 2005). Personality is an important aspect of research as it can lead to a 

greater understanding of how species will evolve and cope with environmental challenges.  

3.1.1 Human-Induced Rapid Environmental Change and Personality 

Significant changes in the environment have been bought about by humans, 

particularly drastic changes have been felt in the last few hundred years with increased 
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human colonisation of new areas. There are five major types of human-induced 

environmental change identified: habitat loss/fragmentation, the spread of exotic species, 

harvesting by humans, pollutants and climate change (Sih et al., 2012). These five areas are 

considered to have significant impacts on different species whether they are beneficial or 

harmful. Human-induced rapid environmental change creates novel 

environments/conditions that species have often not been exposed to before. Changes to 

the environment are often rapid, occurring much faster than species often have time to 

evolve to face. Human-induced rapid environmental change has been shown to alter species 

interactions as well as leading to population decline and extinction (Thomas et al., 2004; 

Jackson and Sax 2010).  

Personality types may play an important role in determining how adaptive a species 

is in novel environments. Certain behavioural syndromes (a group of correlated behaviours) 

could be expressed by different individuals that could make them better/worse at adapting 

to novel changes. It has been shown that some personality types perform better in human-

disturbed environments (Garb et al., 2004; Madden and Whiteside, 2014; Vink et al., 2011). 

If this behaviour continues into adulthood these shy birds are more likely to survive and 

reproduce, which could lead to a loss of bold individuals in the population. A reduction in 

reproductive output of pheasants has been observed in the wild during shooting season and 

may be a direct consequence of this loss of the ‘bold’ personality type (Madden and 

Whiteside, 2014). If behaviours such as those observed in the pheasant are heritable it could 

lead to evolutionary changes within populations. 

Personalities or repeatable behaviours have been studied very little in the 

Latrodectus genus. One study that attempted to look at individual differences in behaviour 

in terms of architectural web structure in Latrodectus hesperus found that spiders exhibited 

consistent differences in the number of web lines used to catch prey, but not in structural 

lines used to build the home web (DiRienzo and Montiglio, 2016). Spiders that produced 

more prey capture lines also exhibited a higher tendency to attack prey, suggesting that 

there are behavioural differences in the Latrodectus genus (DiRienzo & Montiglio, 2016).    
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3.1.2 Invertebrate Personality 

Personality has had a resurgence in popularity in recent years, with more and more 

species groups being analysed (Koski, 2014). Invertebrates, although representing around 

98% of all life, are still rarely focused on in comparison to vertebrates which represent 

comparatively small diversity (Kralj-Fiser and Schuett, 2014; Wilson, 1987). Invertebrates 

have been getting more attention recently with the number of studies increasing; however, 

most of these have been done on Arthropoda, mainly Insecta (Kralj-Fiser and Schuett, 2014). 

For the most part, these studies do find consistent differences within individuals leading to 

the idea that invertebrates do have ‘personalities’ (Schuett et al., 2011; Tremmel and Muller, 

2012). Among the few studies that have been carried out on spider species, most have 

focused on social spiders (Grinsted et al., 2013; Keiser et al., 2014). Studies on social animals 

are important, as those that have various different personalities in the population, e.g. 

individuals that are bold and individuals that are shy, are more likely to outperform colonies 

where behaviours are very similar between individuals (Wright, Holbrook and Pruitt, 2014). 

A social spider species (Stegodyphus sarasinorum) has been found to show consistent 

behavioural differences between individuals and individual differences can lead to 

differences in colony composition (Grinsted et al., 2013). Colonies with large levels of 

variation are more likely to have different personality types focused on specific tasks 

(Grinsted et al., 2013). For example, aggressive spiders typically tend to focus on different 

colony functions in comparison to docile spiders, an association has been found with prey 

capture and boldness/aggression independent of age and maturation (Grinsted et al., 2013; 

Keiser et al., 2014). Determining individual differences can, therefore, provide explanations 

for how individual personality types can shape group level dynamics. These findings suggest 

that spiders show personality differences, similar to other species groups.  

3.1.3 Pesticides and Insecticides Changing Behaviour 

Behavioural changes in populations could also be brought about by herbicides and 

pesticides. Pesticides and herbicides are routinely used in the environment and could cause 

behavioural changes. Induced behavioural and physiological changes from the application of 

pesticides have been reported in a number of non-target species (Rao et al., 2005; Medrzycki 

et al., 2003). Alteration to normal behavioural patterns can have drastic impacts on the 

success of different populations, so it is therefore critical to understand how pesticides may 

impact behaviours. In numerous fish species, it has been observed that exposure to 
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pollutants (e.g. pesticides) can change behavioural responses associated with a number of 

factors such as survival, schooling, visual predator response and pursuit time, which could all 

lead to a decline in the species (Scott and Sloman, 2004; Debecker et al., 2016; Weis and 

Candelmo, 2012).  

In spiders, fewer studies have been carried out, but some interesting findings have 

been found in relation to the use of non-lethal levels of insecticide and glyphosate-based 

herbicides (Royauté et al., 2015; Wrinn et al., 2012; Rittman et al., 2013; Evans., 2010; 

Griesinger et al., 2011; Tietjen and Cady, 2007). These studies have predominantly focused 

on different species of wolf spider. Glyphosate is the active ingredient in most commercial 

herbicides and has been found to have effects on different behaviours in some spider 

species (Wrinn et al., 2012; Rittman et al., 2013; Evans et al., 2010; Griesinger et al.,  2011). 

Due to the ubiquitous nature of glyphosate-based herbicide, it is important to understand 

the impacts it may have on behaviour so decisions can be made as to whether the use of the 

herbicide may have implications for species’ survival.  In the wolf spider, Pardosa milvina, 

glyphosate was found to be an info-disruptor during mate choice experiments (Griesinger et 

al., 2011). An info-disruptor in this case is a chemical compound that blocks the natural 

pheromone released from the female that the male would otherwise be attracted to. The 

herbicide in this case has blocked the male’s ability to detect and/or react to the female 

presented to him during experimental trials (Griesinger et al., 2011). This is particularly 

important as wolf spiders are found in many agricultural fields in the United States and a 

reduction in population size could have a large impact on farming (Griesinger et al., 2011). 

Further studies have found that P. milvina had reduced locomotion time and distance 

travelled when topically exposed to glyphosate, but increased speed and non-locomotor 

activity on exposed substrates. Pardosa milvina survivorship was also reduced after 

exposure (Evans et al., 2010). In a larger wolf spider species, Hogna helluo, compound 

exposures (residual + topical) resulted in increased non-locomotor activity (Evans et al., 

2010). Glyphosate has also been shown to have an effect on foraging behaviour in P. milvina 

(Rittman et al., 2013). These results suggest that glyphosate-based herbicide have the ability 

to change behaviour in wolf-spider species.  

3.2 Study Design 

Aims 
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This study aims to determine the effects of a glyphosate-based herbicide exposure on 

activity levels of Latrodectus katipo. This is an important area of research as any changes to 

the natural behaviour of the species could have an impact on population dynamics. Changes 

to natural behaviours can have important implications for ecology and evolution of the 

species (Sih, Bell and Johnson, 2004). Such as, how individual behavioural changes can lead 

to changes in how populations cope to anthropogenic changes, such as herbicide use. I first 

aimed to determine whether glyphosate exposure has an effect on behavioural activity 

levels.  Three measures were analysed: distance moved (cm), velocity (cm/s) and activeness 

(% pixel change in arena/s). Glyphosate exposure has been shown to increase speed and 

non-locomotor activity in another species of spider, P. milvina (Evans et al., 2010). It was 

therefore predicted that a similar finding would be found here with increased velocity, 

distance moved and activeness. Glyphosate was chosen as it is frequently used throughout 

sand dunes in NZ for exotic weed control (Bergin, 2011). Secondly I aimed to determine 

whether Katipō showed consistent behavioural differences, that would be consistent with 

the definition of animal personality. I predicted that consistent behavioural patterns would 

be observed, as has been found in other spider species (Evans et al., 2010). Thirdly, I aimed 

to determine whether repeatability was affected by glyphosate exposure. For example, 

determining whether repeatability was lowest during exposure to glyphosate rather than 

before or after. This would be suggestive of glyphosate having an effect on repeatability of 

consistent behaviours. Interrupting repeatability is indicative of changing behaviour and 

could affect population dynamics. For example, if individual repeatability of behaviours is 

lowered during exposure, it could affect dispersal rates, as has been found in Gambusia 

affinis (Cote, 2010).  

3.3 Methods 

3.3.1 Experimental Overview 

This study used Latrodectus katipo that had been bred and raised in the lab. The 

breeding spider populations were collected from two populations (One from the North 

Island and one from the South Island) and various generations were bred in the lab.  The 

sample consisted of females, males and spiderlings (juveniles), providing a more accurate 

representation of a whole population. Spiders were all housed in Drosophila vials (Figure  

2.5) and kept under the same light (14 hr day cycle; lights on at 5am off at 7pm) and 

temperature regimes (28°C).  The total sample size consisted of 50 individual spiders, 9 
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males, 31 females and 12 juveniles. As the activity measurements were taken after the 

development study, the sample size was inconsistent between sexes. Males were mature, 

meaning they only lived for ~14 days in the final moult. This meant some males were lost 

during the activity measurements and could not be analysed across all trials. Juveniles were 

similarly low, as mating trials had ceased and therefore juvenile availability was low. Again, 

survival till the first moult appeared low (~50%) and again, many juveniles were lost before 

all measures could be taken. All females were virgin females, while juveniles were all in the 

second instar.  

In this experiment spiders were exposed to either a glyphosate or water-based 

substrate over four filmed trials to record activity levels. Spiders were allowed to move 

freely within a petri dish whilst behaviour was recorded. The four trials took place over a 

period of ten days (Figure 3.1). The day before each trial occurred, spiders were fed two 

Drosophila each. Filter paper was soaked with either glyphosate or water  and left to dry in a 

fume hood for fifteen minutes before beginning the experiment. Petri-dishes used in the 

experiment were dependent on spider size; spiderlings were placed into a 9cm diameter 

dish while females and males were both placed in 15cm diameter dishes. Spiders were 

filmed using a Go Pro Hero 3+ edition, recording at 30fps and 1080p definition. The recorded 

videos were analysed using EthoVision XT (Version 11.5), behavioural tracking software. 

EthoVision accurately tracked the spiders during each trial recording the distance moved, 

velocity and activeness of the spiders (activeness recorded the complete movement of the 

spider e.g. both whether it was actively moving, but also whether it was moving its legs, 

changing its directions etc.).  

3.3.2 Trial 

 For each trial, a spider was placed into a petri-dish containing a soaked and dried filter paper 

substrate. The spiders were temporarily encased in a Drosophila vial for ten minutes as an 

acclimation period (Figure 3.2). Following acclimation, the vial was removed and the spider was free 

to move around the petri-dish. Two petri-dishes were able to be recorded concurrently using the Go-

Pro camera (Figure 3.3). Each trial occurred three days apart, with trials 1, 2 and 4 having a water- 

soaked substrate. Trial 3 used a glyphosate-based herbicide (Round-Up) at a concentration of 12 g/l 

(Figure 3.1), the recommended dosage for use in the environment on unwanted plant species.   
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Figure 3.2 Latrodectus katipo in Drosophila vials during acclimation period of behavioural study. 

 

 

 

Figure 3.1 Make up of activity trials for Latrodectus katipo. Blue = water, purple = glyphosate base 
substrates 

TRIAL 1 TRIAL 2 TRIAL 3 TRIAL 4 

DAY 7 DAY 10 DAY 1 DAY 4 
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3.3.3 Video Analysis  

All activity videos were analysed in EthoVision. Videos were analysed with two 

arenas, one subject per arena. Centre point tracking was used along with activity analysis. 

Measurements were recorded in cm for distance and seconds for time measurements. 

Automated detection settings were used to easily distinguish the subjects in the arena. 

Arena settings are presented in Figure 3.4. Three different measurements were recorded to 

give a basis for the activity levels of each spider – distance moved, velocity and activeness. 

Distance moved was a measure of the total distance (cm) that the spider moved during the 

trial, velocity was a measure of the average velocity (cm/s) around the dish during each trial 

and activeness was the average amount of time (% pixel change in arena) each spider would 

spend active during each trial. For example it included distance moved but also whether the 

spider was changing directions, feeling with its legs etc. The three different measurements 

were all chosen as they relate to activity levels.  

 

 

 

 

Figure 3.3 Example image of the video captured for behavioural trials. 
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Figure 3.4 Arena settings used in Ethovision to measure L. katipo behavioural traits. 

3.3.4 Statistical Analyses 

Repeatability  

Repeatability was analysed before (Trial 1 v 2), during (Trial 2 v 3) and after (Trial 2 v 4) 

exposure to glyphosate.  The before comparison was used to ascertain whether activity 

behaviours are repeatable in Katipo spiders, whereas the during and after trial comparisons 

were used to determine whether glyphosate had an effect on repeatability of behaviours. To 

determine the repeatability between trials an intraclass correlation coefficient was used in 

SPSS. The ICC value is presented in the results section with the corresponding activity 

measure (distance moved, velocity and activeness). Generally speaking, the higher the ICC 

value the higher the reliability of the data between the two measures. Ciccheti’s (2001) 

guidelines were followed to determine whether an ICC value was an accurate measure of 

repeatability (<0.40 = poor; 0.40 – 0.59 = fair; 0.60 – 0.74 = good and 0.75 – 1.00 = excellent). 

Confidence intervals are provided for each repeatability estimate. 

Effects of Glyphosate Exposure on Behavioural Traits 

Each behavioural trait (distance moved, velocity and activeness) was analysed independently 

using SPSS. A univariate general linear model was used to determine whether there were 

any statistically significant differences. Sex (male, female and juvenile) and trial were 
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included as fixed factors. ID was included as a random factor to account for repeated 

measures. Preliminary data showed that spiders generally showed a large reduction in 

average activity between trials 1 and 2, possibly due to habituation to the novel 

environment, so trial 1 was removed from the analysis, with trials 2, 3 and 4 compared.  

3.4 Results 

3.4.1 Repeatability 

Distance Moved 

Before Exposure (Trial 1 and 2) 

Repeatability of distance moved differed between the sexes (Figure 3.5). Prior to glyphosate 

exposure, males showed the highest repeatability estimates. Males were found to have a 

significant “good” repeatability measure (ICC = 0.626 [0.029 – 0.9]; P = 0.021). Juveniles had 

a “fair” representation of repeatability, although this result was not significant (ICC = 0.438 [-

0.13 – 0.795]; P = 0.061). Females were found to have the lowest level of repeatability, with 

almost no repeatability found between trials (ICC = 0.002 [-0.344 – 0.35]; P = 0.494).  

Before vs. During Exposure (Trial 2 and 3) 

Male repeatability was again higher than juveniles and females when comparing distance 

moved before and during exposure (ICC = 0.716 [0.191 – 0.927], P = 0.007). Juveniles were 

found to have “poor” levels of repeatability during exposure (ICC = 0.270 [ -0.313 – 0.713], P 

= 0.178). Females had the lowest level of repeatability during exposure (ICC = 0.139 [-0.217 – 

0.464]; P = 0.222). 

Before vs. After Exposure (Trial 2 and 4) 

Repeatability of distance moved was again highest in males (ICC = 0.671 [0.106 – 0.913]; P = 

0.013). The lowest repeatability following exposure was found in juveniles (ICC = -0.029 [-

0.558 – 0.528]; P = 0.535). Female repeatability higher than juveniles, although still “poor” 

(ICC = 0.178 [-0.178 – 0.662]; P = 0.162).   
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Figure 3.5 Distance Moved repeatability values (ICC) and associated confidence intervals for before 
(trials 1 and 2), before vs. during (trials 2 and 3) and before vs. after (trails 2 and 4) exposure to 
glyphosate for Latrodectus katipo. Sample size of 9 Males (M), 31 Females (F) and 12 Juveniles (J).  

Velocity 

Before Exposure (Trial 1 and 2) 

Repeatability of velocity differed between the sexes (Figure 3.6). Prior to glyphosate 

exposure, males showed the highest repeatability estimates (ICC = 0.131 [-0.518 – 0.700]; P 

= 0.349). Repeatability was considered “poor” for males. Juvenile and female were both 

found to have “poor” repeatability estimates. Juvenile velocity repeatability (ICC = 0.021 [-

0.522 – 0.563; P = 0.469) was slightly higher than females (ICC = 0.001 [-0.345 – 0.349; P = 

0.497). 

Before Vs. During Exposure (Trial 2 and 3) 

 Repeatability of male velocity was found to be low during exposure (ICC = 0.13 [-

0.600 – 0.634]; P = 0.480). Juvenile velocity repeatability was very low(ICC = -0.288 [-0.715 – 

0.309]; P = 0.833). Females were similar to males, having low velocity repeatability during 

exposure (ICC = 0.019 [-0.329 – 0.364]; P = 0.458).   

Before vs. After Exposure (Trial 2 and 4) 
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 Repeatability of velocity was almost “excellent” in males after exposure (ICC = 0.747 [0.255-

0.936]; P = 0.004). Females were found to have a “poor” level of repeatability; however, this 

result was significant (ICC = 0.297 [-0.55 – 0.584; P = 0.048). Juveniles were again found to 

have “poor” levels of repeatability (ICC = 0.076 [ -0.481 – 0.6 P = 0.397).  

Figure 3.6 Velocity repeatability values (ICC) and associated confidence intervals for before (trials 1 
and 2), during (trials 2 and 3) and after (trails 2 and 4) exposure to glyphosate for Latrodectus 
katipo. Sample size of 9 Males (M), 31 Females (F) and 12 Juveniles (J).  

Activeness 

Before Exposure (Trial 1 and 2) 

Repeatability of activeness behaviour was different between the sexes (Figure 3.7). 

Repeatability of males was found to be the lowest before exposure (ICC = 0.089 [-0.549 – 

0.678; P = 0.395). Females were also found to have a “poor” level of repeatability; however, 

this was only slightly insignificant (ICC = 0.287 [-0.065 – 0.577; P = 0.054). Juveniles, on this 

measure, were found to have the highest level of repeatability, with a significant “fair” rating 

(ICC = 0.566 [0.041 – 0.85]; P = 0.018).  

Before vs. During Exposure (Trial 2 and 3) 

 Male and female repeatability was similar during exposure, with a “fair” 

representation. Males (ICC = 0.444 [-0.224 – 0.838]; P = 0.088) had slightly higher 

repeatability than females (ICC = 0.428 [0.097 – 0.675]; P = 0.007). Juvenile repeatability was 

found to be extremely low during exposure (ICC = -0.135 [-0.627 – 0.446]; P = 0.671).  
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Before vs. After Exposure (Trial 2 and 4) 

Male repeatability was found to be significantly “good” after glyphosate exposure 

(ICC = 0.707 [0.173 – 0.924]; P = 0.008). In females repeatability was found to be “poor” (ICC 

= 0.345 [-0.001 – 0.618; P = 0.05). Juvenile repeatability, similarly to females, was found to 

be “poor” (ICC = 0.267 [-0.315 – 0.711; P = 0.05). 

Figure 3.7 Activeness repeatability values (ICC) and associated confidence intervals 
for before (trials 1 and 2), during (trials 2 and 3) and after (trails 2 and 4) exposure 
to glyphosate for Latrodectus katipo. Sample size of 9 Males (M), 31 Females (F) 
and 12 Juveniles (J).  

3.4.2 Effects of Glyphosate 

Distance Moved 

Males, females and juveniles all moved similar distances before, during and after exposure 

to glyphosate, with no significant overall difference between trials (F2, 98 = 0.420, P = 0.658; 

Figure 3.8A). However, The distance males moved was significantly higher than juvenile 

distance moved (P < 0.001), but not significantly higher than female distance moved (P = 

0.213). Likewise, females moved further than juveniles (P = 0.004).  Both female and 

juveniles tended to move less during the glyphosate exposure, compared to before and after 

exposure. No significant differences were found when comparing between trials for each sex 

independently (P = >0.05).  
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There were no significant differences in the velocity of movement between before, during or 

after exposure (F 2, 196 = 2.144; P = 0.096, Figure 3.8B), but males, females and juveniles were 

found to differ significantly from each other (F2, 196= 8.979; P = <0.001). Males were found to 

have the overall highest velocity when compared to females and juveniles. Males differed 

significantly compared to both females (P = <0.001) and juveniles (P = <0.001); females and 

juveniles had similar velocities (P = 0.30). There were no significant differences in the 

velocity of movement for males (F 1, 2 = 64.754, P = 0.653) or females (F1, 2 = 199.099, P = 

0.515) when comparing between trials. Juvenile velocity was found to have slight significant 

differences between trials (F2, 196= 264.038, P = 0.03). Post-hoc analyses showed a significant 

decrease in velocity when comparing before exposure (trial 2) and after exposure (trial4) (P = 

0.03).  

Activeness 

The levels of spider activeness did not differ significantly before, during or after exposure (F2, 

98 = 0.025; P = 0.975, Figure 3.8C). Activeness was also found to be similar between males, 

females and juveniles, with no significant differences observed (F2, 196= 2.987; P = 0.054). 

However, the result was highly marginal with females and males showing an opposite trend. 

Activeness appeared to increase from before to after exposure, while male activeness 

decreased from before to after exposure. Further post-hoc analyses were performed to see 

whether activeness differed significantly when analysed for each sex independently, but no 

significant differences were observed (P = >0.05).   
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Figure 3.8 Mean (± SE) Distance Moved (A), Velocity (B) and Activeness (C) of Latrodectus katipo 

before (T2), during (T3) and after (T4) glyphosate exposure for each sex; females (n=31), males 

(n=9) and juveniles (n=12). In figure, letters indicate significant between group differences. 
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3.5 Discussion 

In this study I aimed to determine whether Latrodectus katipo showed repeatable 

behaviours (i.e., personality) and whether a glyphosate based herbicide would have an effect 

on the consistency of these behaviours (i.e., changing behaviour across contexts). I also 

aimed to determine whether glyphosate exposure would have an effect on behavioural 

activity traits – distance moved, velocity and activeness. Overall, I found that males tended 

to show consistent levels of high repeatability in distance moved and velocity measures, 

while females and juveniles showed almost no significant levels of repeatability. Further, 

glyphosate exposure also did not appear to significantly affect any of the measured 

behavioural traits. 

Repeatability was only found to be high for the males, and this was consistent 

through all three behavioural traits measured. Consistent behavioural repeatability’s for 

males could be suggestive of the males showing a ‘personality’, which would support a 

growing body of literature that suggests invertebrates show consistent behavioural 

differences (Kralj-Fišer & Schuett, 2014). Contrary to this, females and juveniles did not show 

high levels of repeatability for any behaviours. Thus, the measured behavioural traits may 

only be repeatable in males. High male repeatability could be due to males being mature 

and only generally showing mate seeking behaviour. The highest level of repeatability was 

found to vary with each activity measurement. When comparing the distance moved, males 

and juveniles were found to have the highest level of repeatability during exposure. Females 

on the other hand, after exposure. Velocity was found to be consistently higher for all sexes 

after exposure. Activeness differed between all three sexes. For both males and females, 

repeatability was higher during (trial 2 v 3) and after exposure (trial 2 v 4) than before (trial 1 

v 2); however, repeatability was most likely lower before exposure due to some sort of 

habituation between the initial two trials, day 1 and day 4, that could have led to the low 

repeatability estimates. Contrary to this, juveniles showed higher levels of repeatability 

before exposure (trial 1 v 2) for both distance moved and activeness compared to during and 

after exposure.  
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 The observation of repeatable behaviours, specifically males in this study, were 

similar to results found in a jumping spider (Royauté et al., 2015). It was found that jumping 

spiders showed consistent behavioural differences between individuals.  Royauté et al. 

(2015) also found that there were strong differences between sexes that they were 

influenced by an insecticide. Insecticides were found to alter the repeatability of behaviours. 

Repeatable behaviours have been found in another spider species (Anelosimus studiosus). 

This species, a social spider, was found to show consistent task differentiation that aligned 

with individual personality type (Grinsted and Bacon, 2014). These studies back up our 

findings of consistent repeatable behaviours which has extremely important implications for 

ecology and evolution. For example, how populations may cope with increasing 

anthropogenic changes; such as, pesticide and herbicide use. The findings that males 

specifically showed repeatable behaviours in consistent with their ecology. That is males 

show consistent behaviour in which they seek out a mate. This likely explains there higher 

activity levels and more consistent behaviours than we observed with females and juveniles. 

Females and juveniles you would expect to show less activity as they are likely to move only 

when dispersing to a new foraging site (e.g. rarely).  

 Glyphosate was found to have no significant effect on the activity levels measured in 

this experiment.  Consistent differences were observed between trials across the sexes and 

each activity measure but they were not significant. The distance moved appeared to follow 

a similar pattern in females and juveniles. Both were found to have reduced distance moved 

during exposure, preceding an increase following exposure. Males were found to reduce 

distance moved from before to after exposure. Velocity patterns also differed between 

sexes. Females and juveniles were found to have reduced velocity during exposure, 

preceding an increase in velocity after exposure. Juveniles on the other hand show a 

decreasing pattern from before exposure to after. The level of activity (activeness) was 

similar between the sexes. Juveniles appeared to show no overall pattern in the data and 

results were similar from before exposure to after. Females and males showed the opposite 

pattern. Females had increasing activeness from before to after exposure, while males had 

decreasing. This could be suggestive of the glyphosate exposure having an effect on the each 

of the activity measures (distance moved, velocity and activeness), albeit a minimal, 

insignificant one. If glyphosate is having an effect on the results it appears to have 

differential effects dependent on sex. A previous study in Hogna helluo (wolf spider) found 
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no reduction in movement when looking at the effects of a glyphosate, although they did 

find a reduction when glyphosate was paired with predator cues (Wrinn et al., 2012). This is 

suggestive of human-induced environmental changes interacting with natural processes that 

need to be further explored. Contrary to my findings, increased speed and non-locomotor 

activity were observed in a previous study on Pardosa milvina (Evans et al., 2010). This 

spider species is an active spider unlike the spider in this study, in that it actively hunts. The 

difference in spider species could account for the different behavioural changes following 

glyphosate exposure between the two species. Glyphosate has also been found to be an 

info-disruptor, blocking the pathways in which males detect female pheromones (Griesinger 

et al., 2011). A reduction in most activity measures was found when exposed to the 

glyphosate. Further testing needs to be carried out to ensure no other measures are 

affected, or that glyphosate is not having an interaction with some other variable that could 

be detrimental to the species.  

 This study was carried out well with strict controls, meaning that the only major 

difference between trials was the use of glyphosate at the third trial. There may, however, 

have been other factors that could have impacted the results. Firstly, the glyphosate-based 

herbicide used created a somewhat soapy mixture that could have meant that the surface 

that the spiders were interacting with was different than that in the other trials. A drying 

period was used on each filter paper before the spiders were placed on them, so for the 

most part the filter papers did feel, from personal observation, to be similar in dryness 

between glyphosate and water soaked. A quantitative measurement could have been taken 

during this period to ensure that the differences in dryness were statistically similar between 

trials to provide further evidence that any observed changes were due to the glyphosate.  

One other factor that could have influenced the data was the time of experimentation. 

Spiders were all recorded for activity between 11am and 6pm and as such spiders could have 

been recorded during the morning for one trial and afternoon/early evening next, which 

could possibly have influenced their behaviour, though behaviours should be repeatable 

across contexts.  

These findings do not suggest that glyphosate-based herbicides are having a 

significant effect on L. katipo activity. The data suggests that the use of glyphosate-based 

herbicides will not have any detrimental impacts on Latrodectus katipo behaviour, at least, 

not on the activity measures assessed in this experiment. Determining the impact of 
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herbicides on invertebrate species is important in maintaining the biodiversity and overall 

conservation of areas throughout New Zealand. A lack of significant effects of the exposure 

suggests that the Round Up herbicide used for pest weed control throughout NZ is not 

having a negative effect on the activity of L. katipo spiders. However, the sample size for 

males and juveniles was relatively small, suggesting more prominent effects could be 

observed with a larger sample size. This adds to the research that has already been carried 

out on the effects of glyphosate based herbicides on non-target species (Annet, Habibi and 

Hontela, 2014; Gibbons et al., 2014; Relyea, 2012). Vertebrates have been shown to have a 

particular focus in the literature (Gibbons et al., 2014) so it is important to also ensure that 

exposure is not impacting invertebrates that also play important roles in the environment or 

like L. katipo, are a species of national significance.  

Further research is needed to ensure that the results found in this experiment are 

accurate and to make sure that there are no detrimental impacts on the species. Future 

research could look at the impacts on a number of other behaviours to see whether 

glyphosate exposure is having a significant effect on other traits. Experimental trials in the 

field could also provide further data that could be used to determine whether herbicide 

exposure causes individuals to change their behaviours. This could be particularly interesting 

if it is found that spiders would leave areas they are inhabiting if herbicide is sprayed in the 

area etc. This could be extremely detrimental to the population if large areas are sprayed 

and the spiders are having to waste energy moving to new areas and having to compete with 

already established competitors, like Steatoda capensis. Another interesting area of research 

would be determining whether there is any impact of the herbicide on mating behaviours. A 

previous study on Lycosidae species has found that herbicides can hinder a male’s ability to 

locate a mate, as it disrupts the male’s ability to detect the silk cues of the female (Leccia et 

al., 2015). In L. katipo, any interruption to its breeding could be detrimental to survival. As 

such further experimentation is needed to ensure that herbicides are not impacting other 

traits that were not analysed as part of this thesis.  

In conclusion, the results here do not suggest that the glyphosate-based herbicide, 

Round Up, is having an impact on the measured activity traits. This finding in itself is good 

for the species as any impact that the herbicide would be having would need to be taken 

into account when determining whether to use it in the environment. Few studies have 

focused on the personality or consistent behavioural differences in spider species, although 
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it is an important area of research. Determining how populations may cope with increasing 

anthropogenic changes, such as herbicides, is particularly important especially in a species 

that is in decline.  Particularly of note was the finding that males showed higher overall 

activity levels and were more likely to exhibit consistent behaviours over time. This is likely a 

consequence, as mentioned, to males having a shorter life span than females and using it to 

seek out females. While females are unlikely to move unless searching for a new foraging 

area. Further research is needed to ensure that there are no other impacts particularly those 

related to mating behaviours as a result of herbicide exposure. Determining the impact of 

herbicides is particularly vital for species that are vulnerable as any detrimental results could 

have drastic effects on the population. Herbicides have already been found to have an 

impact on thermo-regulation and sprint speed in skinks in New Zealand (Carpenter, 2017), so 

it is essential that a variety of animals other than mammals and birds be tested. With the 

current level of research it is hard to make any suggestions as to the use of herbicides in the 

sand dunes around the particularly vulnerable Latrodectus katipo.  
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Chapter 4 

General Discussion 

Latrodectus katipo is one of the few species of spiders that are endangered in the world and 

is one of the only venomous species found in New Zealand. Biodiversity loss is a huge 

problem in NZ with a recent review suggesting that around 80% of the native bird population 

is in decline, stemming mainly from the introduction of pest species following human 

colonisation (Wright, 2017). As such, the focus of conservation efforts in NZ is on our native 

bird species, along with various reptiles, with comparatively little focus given to invertebrate 

species. Preserving biodiversity in NZ, not just of bird species, is an important area of work 

that is imperative in preserving both the natural environment, such as maintaining the 

structure of food webs and the relationships between species (Franklin, 1993). Every species 

plays an important biological role that contributes to the overall well-being of the 

environment and the loss of any one species has the potential to have drastic effects (Ives & 

Cardinale, 2004).  

The goal of this thesis was to 1) examine the effects of temperature on the 

development of Latrodectus katipo, and 2) determine the impacts that a glyphosate-based 

herbicide may have on the behaviour and activity in this species. The results will help in the 

conservation management of one of numerous, endangered species that occupy New 

Zealand.  

Through this research I have determined that temperature does have significant 

impacts on hatching time and emergence in L. katipo, as well as determining that there are 

some significant impacts on instar duration. This further adds to the research already 

undertaken on L. katipo development without strict temperature control regimes in place. 

This knowledge therefore can aid in examining the implications climate change may have on 

the species as well as determining ideal areas for translocations and re-introductions if the 

survival of the species calls for them. The research here also allowed me to determine that 

glyphosate-based herbicides are not having a significant impact on the measured 

behavioural traits. This is hugely important because if the herbicide was negatively impacting 

behaviour/personality it could be extremely detrimental to an already declining population. 
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Further, this adds to a body of research that is looking at the implications of pesticide and 

herbicide use on animal behaviour and personality.  

Latrodectus katipo is a species considered vulnerable in NZ and faces population 

decline, attributed predominantly to introduced competitors and habitat changes (Hann, 

1990; Vink et al., 2011). Comparatively little has been done in terms of conservation when 

comparing this species to those considered more charismatic (Clark and May, 2002). This is 

most likely a consequence of the human population regularly having spider phobias (around 

5% of the population )or a general disinterest in their well-being (Plasencia and Escobar-

Sanchez, 2018). From personal experience over the last few years, I was hard pressed to find 

many people in my generation that had any knowledge of the species, or even knew we had 

venomous species here in NZ. Older generations have some knowledge of the species due to 

it being known in everyday culture from its appearance on a NZ postage stamp (Figure 4.1). 

It is important that we are able to educate and increase the knowledge of the public about 

the species, so that more care is taken when considering the vulnerability and management 

of the sand dune environment.  In particular, communal collaborative public conservation 

projects are the future in preserving the natural environment in NZ and educating the 

people involved in these will be extremely beneficial in preserving species such as 

Latrodectus katipo.  

 

Figure 4.1 Latrodectus katipo on New Zealand Postage Stamp (1997). 
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Future research is needed to determine what the implications of higher or lower 

temperatures may have in the long term on the species; e.g. does slower development lead 

to lower reproductive success? Does faster development require more feeding and 

therefore increase risk of predation, or decrease survival in times of food shortage? Much 

more research is needed on the effects of herbicides. Further behavioural traits could be 

analysed to determine if the herbicide is affecting behavioural traits that were not 

measured. A very interesting area of research would be determining the impact herbicides 

have on mating; that is, does herbicide exposure inhibit/mask pheromones leading to males 

not being able to locate females? This is extremely important as this could have drastic 

implications for the survival of the species.  

4.1 Summary of Results 

4.1.1 Chapter 2 – Temperature effects on Development. 

Temperature had a significant impact on hatching and emergence times in Latrodectus 

katipo. With increasing temperatures, both emergence time and hatching time decreased. 

Therefore, increases in temperature significantly decrease the development time from 

oviposition to hatching/emergence. The latest climate models predict that temperatures in 

NZ are likely to rise by 1-2°C, although a small increase this could have significant effects on 

Latrodectus katipo as has been found in other species (Root et al., 2003). As mentioned, 

temperature increases correspond with decreasing development times, so if climate models 

hold true, we may see faster development times in the future for the species. Faster 

development time and higher temperatures could potentially lead to a prolonged period for 

breeding as well as the chance for more offspring to survive till maturity. Survival was 

highest at 23°C compared to 18°C and 28°C. Therefore a slight change in average 

temperature could correspond with increased survival. However, with climate change 

models predicting a slight rise in temperature, it also predicts that there will be more severe 

storms (Mfe.govt.nz, 2016) which will be extremely detrimental to the species, which 

inhabits only coastal environments (Patrick, 2001). Further, other species will face 

detrimental consequences from the slight increases in temperature, such as in tuatara 

(Sphenedon sp; Grayson et al., 2014). It is imperative that action be taken on climate change 

to ensure that the biodiversity throughout NZ can be preserved.  
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Temperature also had a significant impact on instar duration. At 28°C instar duration 

was consistently the shortest across trials when compared to 18°C and 23°C, in both the 

intact and split design experiments. Similarly, at 23°C instar durations was shorter across 

trials compared to 18°C. These data suggest that increasing temperature will shorten instar 

duration, leading to faster development. With higher temperatures leading to faster 

development as well as faster emergence/hatching, higher temperatures will lead to faster 

maturity. This is important as the faster the spiders develop the sooner they are able to 

protect themselves from predators, such as the invasive Steatoda capensis. Similar to other 

spiders in the genus, variability in instar duration was found to be high.  

Identifying that higher temperature speeds up development is an important finding. 

This research identifies that with predicted climate models, L. katipo development will be 

sped up which could be beneficial as mentioned previously above. Furthermore, it could be 

useful in noting areas that will be best suited for reintroduction if more work is done to 

improve coastal sand dunes to the extent that reintroductions would be feasible.  

4.1.2 Chapter 3 – Effects of a Glyphosate-based Herbicide on Activity/Behaviour 

Males were consistently found to have the highest levels of repeatability compared 

to females and juveniles, across all three measured behavioural traits (distance moved, 

velocity and activeness). Females and juveniles generally had “poor” levels of repeatability. 

Consistent behaviours in male across all trials suggests that this behaviour could be 

indicative of personality in male Latrodectus katipo. The definition of personality states that 

individuals show consistent behaviours over time and context, which was observed here in 

males. Females and juveniles on the other hand did not appear to meet this criteria with 

consistently low levels of repeatability across the board. Males were also found to have the 

highest level of activity along with highest repeatability. This is likely indicative of the males 

having a reduced life-span and spending majority of the time searching for a mate (Forster 

and Kingsford, 1983; Forster, 1995). This is in contrast to females and juveniles who will only 

move to seek out different foraging areas generally, which happens rarely (Costall, 2006).  

Repeatability was not found to significantly change between after exposure to 

glyphosate. However, with a larger sample size and higher statistical power it may be 

possible to observe a significant difference. If glyphosate is found to affect the repeatability 

of consistent behaviours, it would be indicative of changing behaviour. Changing behaviours 
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could lead to changes in population dynamics. For example it could affect dispersal rates as 

has been found in Gambusia affinis before (Cote, 2010).  However, the results here 

suggesting that glyphosate is not having an effect on the repeatability of behaviours in L. 

katipo is excellent as it means that currently there is no need to be worried about exposing 

spiders to this herbicide.  

 Changing population dynamics could be detrimental to the population. If it is found 

in future research that glyphosate is having a significant impact on repeatability, it could 

show that individuals are less likely to disperse. For example, L. katipo disperse through the 

air by ballooning and over ground. If glyphosate changes repeatability it could be changing 

how active or how far they move. This could mean that in times where herbicide is sprayed it 

could reduce the activity and distance moved, by changing the individual repeatability of 

these behaviours. Further, if dispersal is affected it could mean that the habitat range of the 

species is lowered, which could further exacerbate the reduced species range throughout NZ 

(Patrick, 2001). However, this has not been experimentally tested and population monitoring 

would likely have seen the impacts of herbicides on various populations if any significant 

impact was occurring.   

Low levels of repeatability were found before exposure (Trial 1 & 2). This low 

repeatability is likely a consequence of habituation to the novel area.  Individuals were more 

active the first time they were placed inside the arena, while the subsequent trials showed a 

significant reduction in activity measures. This is most likely, as mentioned, to be due to 

habituation. However, if activity is repeatable, and habituation reduces activity, all should 

reduce at the same rate.  

 Glyphosate was not found to have any significant impact on the distance moved, 

velocity or activeness of spiders between trials. With the differences between trials being 

insignificant it is likely that any effect that glyphosate is having is not drastic and would 

therefore not be detrimental to the population if exposed. A larger sample size with more 

males and juveniles is essential to conclude that glyphosate is not having an effect on the 

these measured behaviours.  
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4.2 Recommendations 

It is hard to make recommendations for the conservation of this species based on these 

results. The results found in the development study suggest that higher temperatures 

decrease overall time to maturity, which could be beneficial in reintroductions if they 

become a tool for the survival of this species. Further research is needed to determine 

whether there are any later life impacts from the constant high or low temperatures. For 

example, slow growth has been associated with reduced reproductive success in another 

spider species (Higgins and Rankin, 2001). There could also be a trade-off between the 

increased development and need for more food, which could lead to higher risk of predation 

or higher mortality if enough food cannot be captured. 

In terms of herbicide exposure, there does not appear to be any impact on the 

measured behavioural traits. This means that herbicide is not affecting the distance spiders 

move, or at what velocity they move. It was also found that there was no significant impact 

on activeness; that is, glyphosate exposure does not significantly change how active the 

spiders are.  This is a good finding in that it suggests that herbicide use is not affecting 

behaviours significantly and can be used as a continual tool in the fight of pest plant species. 

However, further research is needed particularly on a number of other behavioural traits as 

well as on mating behaviour, to see if it is impacting on these areas. Alarger sample size, 

particularly with more males and juveniles would be beneficial to have greater statistical 

power. Any treatment that could be detrimental to populations of L. katipo should be 

considered and used sparingly in their environments if need be. Further, repeatability did 

seem to show slight changes between trials so determining the real world effects of this 

would be beneficial in the future, particularly the impact it could have on dispersal.  

This study fits into other spider research which has found variable impacts on 

behavioural traits in other spider species (Wrinn, Evans and Rypstra, 2012; Rittman et al., 

2013; Evans, Shaw and Rypstra, 2010; Griesinger, Evans and Rypstra, 2011). For example in 

Pardosa milvina it was found that spiders exposed to a glyphosate substrate reduced 

distance moved and activeness but showed higher velocity measures (Evans et al., 2010).  

4.3 Conclusion 

In conclusion, Latrodectus katipo is a vulnerable species that is often over looked when 

considered for areas of conservation . From these findings we have determined that 
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temperature does have a significant impact on their development, increasing temperature 

led to significantly faster development, so it is essential that this is taken into account when 

considering the impacts of climate change on their habitats. Analysing the data for herbicide 

exposure did not show any significant impacts on the measured behavioural traits, however, 

Further research into the effects of herbicide exposure on this species, particularly 

surrounding mate location could be extremely beneficial. Overall, more research is needed 

to ensure the best conservation outcomes for New Zealand’s only endemic venomous 

species to thrive. 
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Appendix A 

Latrodectus katipo and Latrodectus hasselti Mating Trials 

As part of my research I attempted to interbeed a number of Latrodectus katipo and 

Latrodectus hasselti to produce hyrbid offspring that would be used for further research if 

time permitted. The results from these trials are presented below.  

A.1 Introduction 

Latrodectus hasselti have become established in a number of locations throughout NZ and 

their robust ability to invade novel human-modified environments has allowed the species 

to have an almost worldwide distribution (Garb, González and Gillespie, 2004; Vink et al., 

2011). Research has suggested that L. hasselti are able to invade sand dune environments 

and as mentioned previously may pose a threat of displacement to the endemic Latrodectus 

katipo. Latrodectus katipo and L. hasselti are very closely related and have been found to 

mate and reproduce viable offspring in the laboratory (Forster, 1984; Forster, 1995; Kavale, 

1986). There is evidence to suggest that Latrodectus katipo and Latrodectus hasselti have 

also interbred in the wild in New Zealand (Vink et al., 2008). The continual spread of L. 

hasselti throughout NZ could result in species introgression. Previous studies have shown 

that L. hasselti and L. katipo have been able to interbreed in the lab (Kavale, 1986). It has 

been shown that the fecundity of the F1 generation is extremely low at ~2%; however, this 

increases up to over 80% in the F2 generation (Kavale, 1986).  

A.2 Study Aims 

I aimed to cross-breed L. katipo and L. hasselti in the hopes of producing hybrids for a range 

of mating preference trials to determine whether L. katipo were more likely to mate with a 

hybrid. Unfortunately, time constraints did not allow this to happen. The final experiment 

aimed to produce and raise viable hybrid offspring in the lab. 

A.3 Methods 

L. katipo females and L. hasselti males were individually housed in 500ml cylindrical 

containers (Figure 2.5) at 28°C with a 12 hour light/dark cycle. When spiders were ready for 

mating both lids were removed from the female and male spiders’ containers, and they were 
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placed into a breeding chamber (Figure A1). Spiders were then left together for two nights 

before they were both removed from the breeding chamber.  

After mating any egg-sacs produced were removed from the female the day after being laid 

and placed into a Drosophila vial and kept at the same conditions as the parents. The egg-

sacs were then observed for hatching and emergence. Individuals that did hatch were then 

removed and placed into separate Drosophilia vials to observe growth.  

 

 

A.4 Results 

Egg-Sacs 

Copulations were observed in most cases as females were left with males for ~ 3 hours and 

males were removed again. Sixteen Latrodectus katipo females produced egg-sacs after 

mating with male L. hasselti. The number of egg-sacs produced per female varied greatly, 

Figure A1 . Breeding chamber housing male Latrodectus hasselti 
and female L. katipo visible on left hand side of the picture. 
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with a total of 81 egg-sacs produced; 70.37% of these were produced from just 6 of the 16 

females. Of the 16 mated females that produced egg-sacs, only five produced viable 

offspring (31.25%).  

Emergence 

Only 5 of the 16 females that produced egg-sacs had any that would hatch spiderlings. In 

most cases viable egg-sacs only gave rise to 1 or 2 spiderlings, with the exception of 

individual ‘K123’ which produced 8 spiderlings in a single egg-sac on two separate occasions. 

On only one occasion was a spiderling hatched from the first produced egg-sac; spiderlings 

predominantly emerged from the third, fourth and fifth egg-sacs. A total of 53 spiderlings 

were produced; 33 of these came from K123. Only 17 of the total survived to the first moult.  

On average the hybrid offspring took 23 days to emerge from the egg sac. Only 9 egg-sacs 

were able to be recorded for emergence times due to the spiderlings not always emerging. 

On average L. katipo at 28°C emerged in 22 days. The differences emergence times between 

hybrids and L. katipo here were not statistically significant (P = 0.526). 

Instar duration   

Instar duration was recorded for the produced hybrid spiderlings. On average the first instar 

duration lasted 10.16 days; the second 11.75 days; the third 24.91 days and the fourth 19.18 

days. Latrodectus katipo were found to have an average first instar duration of 18.13 days; a 

second instar duration of 9.17; 16.78 days at the third instar and finally 31.13 days at the 

fourth instar. Using a univariate general linear model it was found that hybrids and L. katipo 

differed significantly in their instar durations.  Significant differences were observed 

between L. katipo and hybrid offspring at the first (P = 0.003) and fourth instar (P = 0.013). 

On both occasions hybrids had a statistically significant shorter instar duration; however, at 

the second and third instar L. katipo had a shorter instar duration albeit statistically 

insignificant (Figure A.2).  
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A.5 Discussion 

I aimed to further previous research that had found that L. katipo and L. hasselti were able 

to interbreed and produce viable offspring. Determining the likelihood of hybrids being 

produced in the laboratory setting will give valuable insights into the chances of hybrids 

changing population dynamics in New Zealand.  

It was found that L. katipo and L. hasselti would readily breed in the lab as had 

previously been found (Forster, 1984; Forster, 1995; Kavale, 1986).  Multiple egg-sacs were 

produced from most mated females but only 31.25% of mated females produced an egg-sac 

that led to the production of viable hybrid offspring. On no occasion was there a viable egg-

sac that produced offspring in double digits, predominantly only 1-2 hatched per egg sac. 

Average time till emergence for hybrids kept at 28°C was 22.875 days.  

* 

* 

Figure A2 Comparison between female Latrodectus katipo and hybrid instar durations (Significant 
differences between groups marked by *, error bars = + / - 1 standard error). 
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An average emergence time of 22.875 for hybrid offspring was similar to that 

recorded for L. katipo from the development study (Chapter 2). Latrodectus katipo were 

found to emerge in 22 days, approximately 1 day faster than the hybrids. These findings 

were also comparable to L. hasselti, which were found to emerge in 21 days at 30°C. The 

similarity between these findings is interesting as the egg-sacs produced by female L. katipo 

mated with L. hasselti males would typically only have one or two viable eggs, which would 

suggest that emergence times could be longer for hybrids. A longer emergence time would 

be indicative of the hybrids having a larger food source, in the form of inviable eggs, that 

would allow them to spend longer in the egg-sac and potentially grow larger than their non-

hybrid counterparts. This was observed on a few occasions. It was possible to observe one or 

two spiderlings moving inside the egg-sac: at this observable size it would seem to indicate 

that they were at least in the second instar. On one instance two hybrids inside an egg sac 

were reduced to two and it is quite possible that one had eaten the other; in this particular 

instance the spider in question did not emerge from the egg-sac and later died. It seems 

possible that when there are few spiders inside the egg-sac they may have difficulty 

emerging; it was generally observed that multiple spiders create the exit hole in the egg-sac 

for emergence.  

Instar duration was recorded for the produced hybrids. On average instar durations 

lasted 10.16, 11.75, 24.91 and 19.18 days for the first, second, third and fourth instar 

durations.  Latrodectus katipo instar durations averaged 18, 9, 13 and 31 days for the first, 

second, third and fourth instar respectively. There does not appear to be much difference 

between the hybrids and the L. katipo; however, from personal observations the mature 

hybrid females were much larger than there female L. katipo counterparts. The size was 

comparable to the mature L. hasselti females. They also appeared to resemble L. hasselti in 

terms of colouration (See Figure A.3 for comparison between fourth moult L. katipo and 

hybrid).  

The larger size of the hybrid individuals could give them a competitive advantage 

over L. katipo. Larger size could mean that hybrids are be able to capture larger prey and 

fend off any competitors such as Steatoda capensis. The increased size could also help them 

to compete with L. katipo themselves. The observed larger size of the hybrids at emergence 

could also give them a higher chance of survival against predators and competing spiders, 

although the larger size comes at the expense of reduced fecundity in the F1 generation. 
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With low fecundity levels in the F1 generation it is unlikely that any rapid population level 

changes will come about, however, if these few surviving individuals continue to breed, and 

F2 generation fecundity is much higher (Kavale, 1986), then we could see more hybrids 

surviving and impacting on L. katipo populations.  

 

 
Figure A3 Comparison between fourth instar Latrodectus katipo (bottom) and hybrid 
female (top). 
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Further research is required to determine the likely impact of the continual spread of 

L. hasselti throughout NZ. In terms of hybridisation, it is essential we find out whether or not 

hybrid individuals have higher fitness rates. We know that the F1 generation has low 

fecundity but this increases in the F2 generation. If L. hasselti continue to spread throughout 

NZ and wind up in locations with L. katipo we know they will readily breed, so the chances of 

hybrids being produced become high. Determining whether hybrids are perhaps more 

sexually appealing than L. katipo individuals would prove to be very interesting and could 

suggest serious implications from the L. hasselti invasions.  

In conclusion, currently very little is known about the behavioural traits and 

behaviours that surround the hybrid off-spring. Determining whether they have any 

competitive advantages, and whether these be in competition or in mating preference trials 

is an area of research that needs more exploration. From these results we can see that L. 

hasselti will readily breed with L. katipo, producing few offspring, but it is these offspring 

that if more suited to the environment and better at competing could be the cause of 

localised species introgression in areas throughout New Zealand, leading to further decline 

of one of NZ’s protected spider species. 
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Appendix B 

Latrodectus katipo images at various Instars  

B.1 Latrodectus katipo females 

First Instar 

 

Second Instar 
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Fifth Instar 

 



 98 

Sixth Instar 
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B.2 Latrodectus katipo males 

Males after third moult (before maturity). 
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Males after fourth moult (mature) 
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Appendix C Sample Size For Intact Design Experiment Including 

Parent ID and No. Of Egg-Sacs. 

 

Table C.1. Sample of Latrodectus katipo including parental ID and egg-sac number for split 
design experiment. 

Parent ID No. of Egg-Sacs Temperature(C) 
Each Egg Sac Was 

Raised (No. of 
Spiderling Per 

Temp) 

Location 

K12 1 18(1), 23(3) and 
28(4).  

South Island 

K35 1 18(5), 23(3) and 
28(1). 

North Island 

K5 1 18(4), 23(0) and 
28(2). 

South Island 

K15 1 18(4), 23(2) and 
28(3). 

South Island 

K13 1 18(4), 23(4) and 
28(1). 

South Island 

K29 1 18(2), 23(5) and 
28(4). 

South Island 

K39 1 18(4), 23(5) and 
28(2). 

North Island 

K38 1 18(0), 23(4) and 
28(2). 

North Island 

K33 1 18(5), 23(5) and 
28(2). 

North Island 
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Table C.2. Sample of Latrodectus katipo including parental ID and egg-sac number for 
intact design experiment.  

ID No. Of Egg-Sacs Temperature(C) 
Each Egg Sac Was 

Raised (No. of 
Spiderling Per) 

Location 

K12 4 18(4); 23(7); 28(4) 
and 28(2).  

South Island 

K38 1 18(7) North Island 
K33 2 18(9) and 23(6) North Island 
K17 4 18(2); 23(5); 28(2) 

and 28(4) 
South Island 

K13 1 18(2) South Island 
K6 1 23(3) South Island 
K37 1 23(4) North Island 
K19 3 23(5); 28(1) and 

28(1) 
South Island 

K5 3 23(1); 28(1) and 
28(1) 

South Island 

K117 3 23(7); 28(2) and 
28(3) 

F2 

K15 2 28(1) and 28(2) South Island 
K102 2 28(3) and 28(2) F2 
K124 1 28(1) F2 
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Appendix D Split and Intact Study Sample Sizes Including Sex and 

Location. 

 Table D.1. Sample sizes of each sex for the split and intact design development study. Total nobs are 
the number of observations used in the statistical models. Total egg-sacs represent the number of 
egg sacs used at each temperature (SI = South Island; NI = North Island; F2 = F2 Generation). 
Observations for each instar are split based on unsexed (U), females (F) and males (M). 

 

 

 

 

 

 

 

 Total Egg 
Sacs 

First 
Instar 

Second 
Instar 

Third 
Instar 

Fourth 
Instar 

Total 
Obs 

Split Design       
18°C 4 NI, 5SI,  29U  19U 5U 0 53 

23°C 4 NI, 5SI,  11U, 3M, 
17F 

11U, 3M, 
17F 

3U, 3M, 
17F 

3M, 14F  102 

28°C 4 NI, 5SI,  6M, 15F 6M, 15F 6M, 15F 6M, 14F 83 

Intact Design       
18°C 2NI, 3SI 24U 13U 4U 0 41 

23°C 2NI, 5SI, 
1F2 

24U, 14F 16U, F14 14F 3F 85 

28°C 10SI, 5F2 5U, 18M, 
10F 

3U, 18M, 
10F 

16M, 9F 10M, 9F 108 


