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ABSTRACT  12 

Gulls are generalist seabirds, increasingly drawn to urban environments where many species 13 

take advantage of abundant food sources, such as landfill sites. Despite this, data on items 14 

ingested at these locations, including human refuse, is limited. Here we investigate ingestion 15 

of prey and anthropogenic debris items in boluses (regurgitated pellets) from Pacific Gulls 16 

(Larus pacificus). A total of 374 boluses were collected between 2018-2020 in Tasmania. 17 

Debris was present in 92.51% of boluses (n = 346), with plastic (86.63%, n = 324) and glass 18 

(64.71%, n = 242) being the most prominent types. An abundance of intact, household items 19 

(e.g., dental floss, food wrappers) suggest the gulls regularly feed at landfill sites. In addition, 20 

the boluses are deposited at a roosting site located within an important wetland, thus we 21 

propose that the gulls may be functioning as a previously unrecognised vector of 22 

anthropogenic debris from urban centres to aquatic environments. 23 

 24 
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1. Introduction 26 

The human population is increasing rapidly, placing greater pressure on urban environments 27 

to expand sustainably and adopt environmentally friendly methods of waste management 28 

(Lebreton and Andrady, 2019; Salvati and Ricciardo Lamonica, 2020). Our global obsession 29 

with convenience, coupled with the developing world’s desire to improve living standards, 30 

has led to a proliferation of products packaged in single-use plastics (Godfrey, 2019). Current 31 

rates of plastic consumption and consequent waste production require substantial space to 32 

host the necessary waste management facilities (Santagata et al., 2020). Globally, landfilling is 33 

the most commonly used method for disposing of anthropogenic waste (Scott et al., 2005), 34 

and in Australia, almost half of municipal, commercial, and construction waste is sent to 35 

landfill (Pickin et al., 2018). While the objective of landfills is to be the endpoint of waste, this 36 

is not always the case. Waste may be windblown from poorly managed landfill sites into the 37 

wider environment or leachate may leak into groundwater (Hurley et al., 2020).  38 

In some instances, alterations to the natural environment from human activities means 39 

certain species are now reliant on food waste or other materials as a main source of nutrition. 40 
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This subsequently results in populations of generalist, scavenging species migrating to 1 

increasingly urban environments following highly abundant food sources (Martin et al., 2011). 2 

For example, these species often exploit discarded human food items leading to an increased 3 

abundance of individuals adjacent to landfill sites (Tauler-Ametlller et al., 2019). While 4 

scavenging at landfills and other waste sites can confer nutritional benefits, positively impact 5 

body condition and population numbers (Plaza and Lambertucci, 2017), wildlife often 6 

encounter hazards, such as the entanglement in or the accidental ingestion of anthropogenic 7 

materials (plastic, glass, metal; hereafter referred to as ‘debris’; Lenzi et al., 2016). The 8 

impacts associated with debris can cause harm to wildlife at all trophic levels (Gall and 9 

Thompson, 2015), with 914 species affected in the marine environment currently (Kühn and 10 

van Franeker, 2020). While the impacts of entrapment and entanglement in debris are visible 11 

(e.g., Lavers et al., 2020), those typically associated with the ingestion of debris can be 12 

difficult to visualise and quantify, including gut obstruction (Fry et al., 1987), altered blood 13 

chemistry (Lavers et al., 2019), and increased chemical burden (Lavers et al., 2014; Tanaka et 14 

al., 2020).  15 

Seabirds have long been regarded as environmental sentinels, as they can function as reliable 16 

indicators for the health of coastal and marine ecosystems (Cairns, 1987; Mallory et al., 2010). 17 

A common method for assessing plastic and other pollutants in the marine environment is to 18 

determine debris ingestion levels from locally foraging seabirds (Quadri Adrogué et al., 2019). 19 

Quantifying ingested plastic is typically achieved using invasive or destructive sampling 20 

techniques (e.g., necropsy; Provencher et al., 2017). However, some seabird species (e.g., 21 

gulls, skuas) regurgitate pellets (boluses) composed of indigestible items (e.g., fish bones and 22 

anthropogenic debris; Lindborg et al., 2012; Provencher et al., 2017), which can be dissected 23 

to provide a rapid, non-invasive method of obtaining data on debris ingestion (Hammer et al., 24 

2016; Lenzi et al., 2016; Lindborg et al., 2012; Provencher et al., 2019). Boluses also allow for 25 

repeated collection from established sites enabling long-term monitoring of diet and other 26 

factors (Provencher et al., 2017; Provencher et al., 2019).  27 

Despite public perception of gulls being abundant or ‘pest’ species, numerous gull 28 

populations are in decline (Anderson et al., 2016; Coulson and Coulson, 1998; Robertson et 29 

al., 2001). Gulls are typically generalist scavengers with many species foraging in coastal 30 

environments, as well as adjacent to urban areas. In recent times, gulls may be relying more 31 

heavily on human-based sources of food (e.g., landfill sites), but the relationship is 32 

inconsistently investigated in depth and confounded with other factors (Pierotti and Annett, 33 

2001). In Australia, the Pacific Gull (Larus pacificus) breeds along the southern coastline from 34 

Western Australia to New South Wales, and south to Tasmania (Coulson and Coulson, 1998; 35 

Higgins and Davies, 1996). Tasmanian Pacific Gull populations have remained steady over the 36 

years, however this species is generally less prevalent than the other Tasmanian gull species, 37 

the Silver Gull (Chroicocephalus novaehollandiae) and the Kelp Gull (Larus dominicanus) 38 

(Woehler et al., 2014). Early records from Tasmania indicate Pacific Gulls were only rarely 39 

observed in the Tamar Valley (near the city of Launceston; Fig. 1A), and that birds would only 40 

occasionally feed at landfills if in close proximity to coastal regions (Littler, 1910). A few 41 
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decades later, Pacific Gulls were regularly reported scavenging at the Launceston landfill site 1 

(Coulson and Coulson, 1983; Liddy, 1969; Fig. 1C), while today, Pacific Gulls frequent landfills 2 

located throughout the Tamar Valley on a daily basis (authors’ pers. obs.).  3 

Few datasets are available, detailing consistent, multi-year data regarding debris ingestion in 4 

Pacific Gulls, thus we lack the information necessary to assess the inherent risk this poses to 5 

them and their environment (Bond, 2016; Lenzi et al., 2016; Lindborg et al., 2012; Seif et al., 6 

2018). Previous studies of debris ingestion by Pacific Gulls report low ingestion rates. Gulls 7 

residing on islands in the Bass Straight (Fig. 1A) have consistently low levels of debris recorded 8 

in their boluses (<2% of boluses; Leitch et al., 2014; Lindsay and Meathrel, 2008), while a 9 

study from the early 1980s indicated 2.3% of boluses from Pacific Gulls presumed to be 10 

feeding at a landfill in southern Tasmania contained debris (Coulson and Coulson, 1993). 11 

Recently, a global review found debris in 0.7-79.0% of gull boluses (Seif et al., 2018), 12 

indicating that ingestion activity is highly variable across and within species. Here we 13 

investigate the presence of anthropogenic debris in the diet of an urban seabird, the Pacific 14 

Gull, assessed by analysing regurgitated boluses. Specifically, our aims were to 1) describe the 15 

type and colour of plastic and other debris items ingested, and 2) investigate whether there 16 

was evidence of seasonality in the ingestion of natural prey items and debris. 17 

 18 

2. Materials and Methods 19 

2.1. Study site 20 

The Tamar Island Wetlands is an area of approximately 60 ha located along the 21 

kanamaluka/Tamar Estuary (Launceston, Tasmania; Fig. 1A). The region is dominated by tidal 22 

mud flats that are highly regarded for the diversity of biota and abundance of natural values 23 

they possess (Dykman and Prahalad, 2018). The wetlands provide valuable breeding, foraging, 24 

and roosting grounds for numerous bird species (Pugh, 2019), including the Pacific Gull, which 25 

roosts in small, single species colonies (50-100 individuals) along the boardwalk (Fig. 1B). The 26 

breeding season for Pacific Gulls in northern Tasmania is from September to January (BirdLife 27 

International, 2020), however information regarding seasonal population movements is not 28 

well understood. The gulls are present year-round, with both juveniles and adults occupying 29 

the site (authors’ pers. obs., Fig. 1B). For this reason and due to a lack of camera trapping 30 

data, it was not possible to assign age classes of the birds to the boluses deposited.  31 

2.2. Bolus collection 32 

Pacific Gull boluses were collected from the boardwalk of the Tamar Island Wetlands during 33 

the first two weeks of each month from May 2018 until January 2020. Only boluses that were 34 

fresh (approx. 24-72 h old) and structurally intact (all organic and inorganic components 35 

present) were collected. Boluses showing signs of deterioration were not collected as they 36 

may not be fully representative of the items consumed (Provencher et al., 2017). Boluses 37 

were placed in sealed sample bags to allow for individual identification and stored at -20°C 38 

until processing.    39 

 40 
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2.3. Bolus dissection 1 

Prior to processing, boluses were placed individually in dissection trays and defrosted. 2 

Samples were then gently separated into components using forceps and probes. Naturally 3 

occurring prey items were categorised into bone (fish and other), mollusc, arthropod, feather, 4 

pumice, eggshell, rock, and vegetation (the remaining portion of the bolus once all 5 

identifiable items have been removed; e.g., grass, dirt, dust), following categories outlined by 6 

Lindborg et al. (2012). Chicken bone was assigned its own category as it was easily identifiable 7 

and recovered in greater numbers than other bones. As the gulls may be obtaining some 8 

nutritional value, it was also grouped with the natural items.  9 

Anthropogenic debris categories included metal, glass, wood/paper and plastic, with plastic 10 

items further quantified into standardised type (sheet, foam, fragment, thread, nurdle, 11 

other), and colour categories (white/clear, black, yellow, green, orange/brown, blue/purple 12 

and red/pink; Provencher et al., 2017). All components were counted (with the exception of 13 

vegetation as it was not possible to individually count items) and weighed individually (with 14 

the exception of plastic types, which were weighed as a whole instead) using an electronic 15 

balance to 0.0001 g. 16 

 17 

2.4. Statistical analysis 18 

Statistical analyses were carried out using R version 3.6.3 (R Core Team, 2019). Jaccard’s Index 19 

of Similarity was used to determine if plastic type and colour were similar among seasons. 20 

Jaccard’s Index (J) values range from 0 to 1, where J = 0 is complete dissimilarity and J = 1 is 21 

complete similarity (Real and Vargas, 1996). Values were considered significant when J > 0.6. 22 

Jaccard’s Index was calculated in R using the package vegan v2.5-6 (Oksanen et al., 2017).  23 

 24 

Seasonal variation in the mass of each of the natural prey items and anthropogenic debris in 25 

boluses, was investigated using an analysis of variance, and frequency of occurrence (FO; %) 26 

using a binomial generalized linear model. Any significant differences were further 27 

investigated with a Tukey post-hoc test. Seasons were defined as the Austral spring (Sep-28 

Nov), summer (Dec-Feb), autumn (Mar-May), and winter (Jun-Aug). Values are reported as 29 

mean ± standard deviation (SD) and results were considered significant when p < 0.05. 30 

 31 

3. Results 32 

We collected 374 Pacific Gull boluses from May 2018 to January 2020, with a mean mass of 33 

2.34 ± 1.74 g (range = 0.20 – 12.61 g) per bolus. Overall, debris was present in 92.51% of 34 

boluses (n = 346) with plastic detected in 86.63% of boluses (n = 324; Table 1), glass in 35 

64.71%, (n = 242), and metal in 16.58% (n = 62). Boluses contained 8.63 ± 15.96 items of 36 

plastic (range = 0 – 229), 3.67 ± 6.39 items of glass (range = 0 – 48) and 0.91 ± 4.50 items of 37 

metal (range = 0 – 53). See Table 1 for mass and count data for the natural and anthropogenic 38 

components of boluses.  39 

 40 

Sheet items were the most prevalent type of plastic, present in 68.18% of boluses (n = 255, 41 

1438 pieces, 44.56% of total plastic items; Table 1, Fig. 2), with foam (primarily polystyrene) 42 
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the second most common type in 45.45% of boluses (n = 170, 1210 pieces, 37.50% of total 1 

plastic items). White/clear was the most prevalent colour of plastic in 75.94% of boluses (n = 2 

284, 2223 pieces, 68.89% of total plastic items), followed by black in 30.45% of boluses (n = 3 

114, 301 pieces, 9.33% of total plastic items). Plastic colours were ingested similarly among 4 

seasons (J = 0.72 – 0.89 for all pairwise comparisons; Table 2), as were plastic types (J = 0.66 – 5 

0.90; Table 3).  6 

There was no significant seasonal variation in the mass of plastic (F1,3 = 2.147, p = 0.094), glass 7 

(F1,3 = 0.495, p = 0.686), or metal (F1,3 = 1.429, p = 0.234). There was also no evidence of 8 

seasonal variation in the mass of most natural item categories (all p > 0.070), however, there 9 

was evidence of some seasonal variability in the mass of arthropods (F1,3 = 4.112, p = 0.007), 10 

vegetation (F1,3 = 4.304, p = 0.005) and rocks (F1,3 = 6.067, p < 0.001). Specifically, arthropod 11 

abundance was significantly greater in summer (average mass/bolus = 0.1201 g; Tukey’s HSD, 12 

p < 0.001), the presence of rock was approximately 3× greater in spring (average mass/bolus = 13 

0.5746 g; Tukey’s HSD, p < 0.001), and significantly less vegetation was detected in boluses in 14 

summer and autumn (Tukey’s HSD, p < 0.001).  15 

The FO of plastic debris in Pacific Gull boluses was broadly similar among seasons (0.80 – 16 

0.93%) but with a lower FO in the summer (80.00%; z = -2.04, p = 0.041), which is also when 17 

more boluses contained rocks (64.55%; z = -2.45, p = 0.014). There was no significant 18 

difference among seasons for glass (all p > 0.27) or metal (all p > 0.06).  19 

4. Discussion 20 

Many gull species ingest a diverse range of debris items, particularly when populations are 21 

near urban centres or landfill sites (Coulson and Coulson, 1983; Lenzi et al., 2016; Seif et al., 22 

2018). Our results add further support to this, with only 7.49% of our boluses composed 23 

entirely of natural items. Previous studies using boluses to quantify ingested debris suggested 24 

there is significant variation between and within gull species, with a maximum of 79.0% 25 

(Furtado et al., 2016) of boluses containing plastic (see Table 1 in Seif et al., 2018 for a 26 

review). However, some caution is warranted when comparing data with the study by Furtado 27 

et al. (2016) which is based on secondary consumption of debris. Thus, the upper range of 28 

recorded FO for gulls is 42-67% (Seif et al., 2018). Therefore, ingestion rates for our urban 29 

population of Pacific Gulls (92.51% containing debris; Table 1) are some of the highest 30 

recorded for gull species, globally.  31 

Sheet plastic was the most recorded type (FO = 68.1%; Fig. 2) with white/clear being the most 32 

prominent colour (FO = 75.94%). This is similar to other studies which found sheet plastic to 33 

be the most common type ingested by gulls (Lenzi et al., 2016; Lindborg et al., 2012; 34 

Witteveen et al., 2017). The abundance of foam (e.g., polystyrene) in gulls has previously 35 

been attributed to birds mistaking this material for natural prey items (e.g., cuttlebone; 36 

Battisti, 2020). Studies of pelagic seabirds (e.g., Procellariformes) typically record hard 37 

fragments as the most prevalent type of ingested plastic, while sheet plastics are rarely 38 

observed (Carey, 2011; Lavers et al., 2018). It is likely the sheet plastic in Pacific Gull boluses 39 

was scavenged from a terrestrial source as sheet plastics are less common in the marine 40 
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environment around Tasmania (Slavin, 2011). While gulls are considered generalist feeders, 1 

and would therefore not be expected to select debris based on colour or type (Tables 2 and 3; 2 

Lenzi et al., 2016), we were not able to rigorously investigate this due to a lack of data on the 3 

availability of plastic items in their local environment. As the gulls are likely feeding from an 4 

array of urban sources, this was not a main focus of this study.  5 

The results of this study indicate that there was no evidence that the mass of anthropogenic 6 

debris ingested by Pacific Gulls varied seasonally. The mass of natural items such as rocks, and 7 

vegetation did show some seasonal variation, which in the case of the organic items, could 8 

have been attributed to natural seasonal availability (e.g., arthropods were more common in 9 

boluses collected in summer; Fig. 2). The presence of crustaceans, molluscs and fish remains 10 

in boluses was considerably less than anthropogenic debris (Table 1; Fig. 2) but suggests at 11 

least some gulls are feeding in coastal environments and on natural prey items regularly. 12 

However, it appears other gull species have adapted to scavenge at terrestrial sources of food 13 

on a regular basis (i.e., landfill; Belant et al., 1993; Zorrozua et al., 2020), which indicates they 14 

are likely more reliant on anthropogenic sources for most of their nutrition. As there was no 15 

significant difference in the FO of glass and rock among seasons, gulls may be mistaking glass 16 

for small pieces of rock; an item consumed intentionally by gulls to assist with digestion (Lenzi 17 

et al., 2016).  18 

Most of the bolus material ingested by Pacific Gulls from the kanamaluka/Tamar Island 19 

Wetlands has likely been sourced from a landfill. For example, the type and condition of items 20 

recovered in boluses were typical of household waste, with items such as food wrappers, 21 

dental floss, plastic toothpicks, personal hygiene products, single-use plastic cutlery and 22 

chicken bones recorded in at least 114 of the 374 gull boluses (Fig. 3). In addition, there was 23 

minimal weathering and biofouling of hard plastic and glass items, further supporting the idea 24 

that the gulls obtained these items from a local terrestrial source. The high level of debris 25 

ingestion is likely due to the proximity of the established roosting site to various areas used 26 

for recreational activities (such as picnic areas; Yorio et al., 2020) as well as the Launceston 27 

Waste Centre, the largest landfill site within the Tamar River region, approximately 6.5 km 28 

east of the wetlands (Fig. 1A).  29 

Pacific Gulls likely have access to multiple sources of debris, including marine-based litter, 30 

open landfill sites and items discarded in areas where recreational activities occur. In remote 31 

breeding colonies in the northern Bass Strait, only 1% of Pacific Gull boluses contained debris 32 

(Leitch et al., 2014; Lindsay and Meathrel, 2008). This population of gulls was more isolated 33 

from human activity than the gulls in the Tamar Island Wetlands, suggesting that when given 34 

the opportunity, this species can adapt to exploit other less conventional sources of food; a 35 

behaviour known to occur in other gull species in Tasmania (e.g., Auman et al., 2008) and 36 

elsewhere (Seif et al., 2018; though see Yorio et al., 2020 for exceptions). Gulls exhibit a high 37 

degree of adaptability in their diet (Hobson et al., 2015; Ramírez et al., 2012; Seif et al., 2018), 38 

which is supported by the consistently high diversity of items recovered in Pacific Gull 39 

boluses, combined with the presence of anthropogenic debris (Fig. 2 and 3). 40 
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In light of increasing levels of anthropogenic debris in urban and aquatic environments 1 

(Bauer-Civiello et al., 2019) combined with the gulls’ scavenging behaviour, it is important to 2 

consider the degree to which these birds may act as a transport mechanism for plastics and 3 

other debris items between environments (Provencher et al., 2018). This concept has mostly 4 

been explored through the process of adult birds regurgitating debris collected at sea or 5 

through feeding of chicks at breeding sites on land (Buxton et al., 2013). However, the boluses 6 

deposited by the gulls at the Tamar Island Wetlands deteriorate over time with any 7 

anthropogenic debris present potentially entering the kanamaluka/Tamar Estuary. This debris 8 

pathway has also been recently highlighted by Martín-Vélez et al. (2020), with Lesser Black 9 

Backed Gulls (L. fuscus) frequently travelling between refuse and coastal roosting sites, 10 

transporting nutrients and other anthropogenic items between these environments. Future 11 

research should focus on quantifying the amount of anthropogenic debris entering riverine 12 

and estuarine ecosystems through terrestrial scavengers that also inhabit aquatic 13 

environments.  14 

5. Conclusion 15 

The high abundance of anthropogenic debris consumed consistently throughout the year 16 

illustrates that some Pacific Gull populations have adapted to scavenge largely from human-17 

related sources. Plastic was consumed consistently, with colour and type data showing no 18 

significant indication of selectivity on a seasonal basis. The comparable frequency of 19 

occurrence of rock and glass is concerning, as this is likely to have detrimental physiological 20 

outcomes for the gulls, but also further strengthens the assertion that gulls are not selective 21 

when scavenging. This suggests there exists a lack of understanding of the environmental 22 

impacts from current waste management; and a need to improve current systems with the 23 

aim to reduce the quantity of debris available to wildlife. This is likely to be occurring in other 24 

populations around Australia, and the potential physiological impacts of debris ingestion in 25 

generalist, scavenging species should not be overlooked.  26 
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Figure captions 1 

Fig. 1. A) The location of the kanamaluka/Tamar Island Wetlands (study site) in relation to the 2 

location of the city of Launceston (population: 66000, city outline shown in dark grey). B) 3 

Pacific Gull roosting site and location of bolus collection, kanamaluka/Tamar Island Wetlands 4 

(photo: R. Cooper, 2007). C) Pacific and Silver Gulls feeding at the Launceston Waste Centre, 5 

Tasmania (photo: J. Lavers, 2019).  6 

Fig. 2. Seasonal variation in proportion of ingested A) natural prey items and B) anthropogenic 7 

debris. In panel B, plastic has been separated into type categories and is colour-coded pink-8 

purple. 9 

Fig. 3. Examples of Pacific Gull boluses containing anthropogenic debris; A) single-use plastic 10 

spoon, B) plastic light reflector, C) sheet plastic, D) plastic bauble hanger, E) plastic dental 11 

floss pick, F) plastic bottle lid (photos: J. Benjamin, L. Stewart, 2019). 12 

13 
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Table 1 1 

Frequency of occurrence (FO; %), mean ± SD, and range for mass and count of ingested items 2 

in Pacific Gull boluses (n = 374). N/R = Not recorded. 3 

  Mass (g)  Count 

Item FO (%) Mean ± SD Range  Mean ± SD Range 

Plastic 86.63  0.1707 ± 0.4664 0 – 4.62  8.63 ± 15.96  0 – 228 

   Sheet 68.18 N/R N/R  3.64 ± 6.50 0 – 80 

   Foam 45.45 N/R N/R  3.30 ± 14.61 0 – 228 

   Fragment 28.91 N/R N/R  0.77 ± 2.53 0 – 38 

   Thread  21.83 N/R N/R  0.54 ± 1.65 0 – 19 

   Nurdle 0.00 N/R N/R  0.00 ± 0.00 0 – 0 

   Other 9.14 N/R N/R  0.36 ± 3.49 0 – 63 

Glass 64.71 0.2304 ± 0.6175 0 – 6.99  3.67 ± 6.39  0 – 48 

Metal 16.58 0.0861 ± 0.6875 0 – 9.00  0.91 ± 4.50 0 – 53 

Wood/paper 24.60 0.8948 ± 0.6499 0 – 5.37  1.89 ± 9.46 0 – 138 

Rock 71.66 0.2956 ± 0.7660 0 – 10.95  5.72 ± 8.77 0 – 66 

Pumice 1.87 0.0029 ± 0.0291 0 – 0.44  0.04 ± 0.29 0 – 3  

Bone (fish) 18.45 0.0942 ± 0.3139 0 – 2.53  3.54 ± 13.27 0 – 121 

Bone (chicken) 30.48 0.2407 ± 0.7893 0 – 7.77  1.76 ± 4.77 0 – 49 

Bone (other) 21.39 0.0919 ± 0.3276 0 – 0.33  2.30 ± 7.17 0 – 56 

Mollusc 18.45 0.0313 ± 0.1648 0 – 1.95  1.02 ± 4.06 0 – 50 

Arthropod 11.23 0.0463 ± 0.2776 0 – 2.60  1.02 ± 14.42 0 – 148 

Feather 34.76 0.0057 ± 0.0419 0 – 0.79  1.18 ± 2.75 0 – 22 

Egg shell 18.45 0.0079 ± 0.0531 0 – 0.88  3.63 ± 26.96 0 – 484 

Vegetation 93.85 0.8948 ± 0.8107 0 – 5.37  N/R N/R 

  4 
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Table 2 1 

Jaccard’s Index of Similarity (J) for comparing the colour of plastic regurgitated by Pacific Gulls 2 

among seasons. All values were significant (J > 0.6), indicating a high degree of similarity 3 

among seasons.  4 

Season Spring Summer Autumn 

Summer 0.76   

Autumn 0.72 0.81  

Winter 0.76 0.89 0.83 

  5 
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Table 3 1 

Jaccard’s Index of Similarity (J) for comparing the type of plastic regurgitated by Pacific Gulls 2 

among seasons. All values were significant (J > 0.6), indicating a high degree of similarity 3 

among seasons.  4 

Season Spring Summer Autumn 

Summer 0.66   

Autumn 0.90 0.71  

Winter 0.71 0.81 0.75 

 5 


