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Abstract 

Nototodarus sloanii is an important component of the Southern Ocean fauna, and 

the basis of a large commercial fishery. Despite this, much is unknown about the biology 

of this species. This study examines some aspects of the biology of N. sloanii. 

Stomach contents analysis identified no significant differences in diet between 

male and female squid. Sixteen putative species, including 12 identifiable teleosts, 2 

crustaceans, and 2 cephalopods were identified in the diet of this species. The euphausid, 

Nyctiphanes australis was the most important prey item, Lantemfish, Lampanyctodes 

hectoris, and Pearlside, Maurolicus muelleri, were of secondary importance. 

Squid were aged using counts of statolith micro-increments and back-calculation 

from the date of capture showed that hatching occurred between August and February, 

with a peak in the austral winter/spring and another smaller peak in the austral summer. 

Growth rate for male squid differed depending on whether squid were hatched in the 

winter/spring or summer. Growth rates were more variable in the winter/spring-hatched 

individuals, and they attained larger size than summer-hatched squid. This was not the 

case for female squid. Mean age for immature winter/spring-hatched squid was 

significantly higher than for summer-hatched squid, although there was no significant 

difference in mean mantle length or body mass. No significant differences between mean 

age, mantle length, or body mass for same-gender mature squid, regardless of hatch 

season, were apparent. However, mature female squid hatched in the winter/spring season 

were significantly longer (ML) than mature male squid hatched in winter/spring. No 

squid was found to be older than 211 days. All squid had started to mature by 91-120 

days old and all were fully mature at 180 days. 

Validation experiments run on juvenile squid usmg calcein markers were 

inconclusive, however the increments in the statoliths were very similar to those found in 

other validated species of ommastrephid squid, thus for the purposes of this study they 

were assumed to be of daily periodicity. 



iii 

Gladius increments identify a gender difference in growth rate, with female squid 

having a shorter initial slow growth phase than male squid. 

Gonadosomatic indices (GSis) were calculated for male and female squid. These 

were low (7.12%±0.3% for females and 1.9%±0.2% for males) suggesting that these 

squid are intermittent spawners. This is further supported by a histological examination, 

which found germinal cells of different stages present in the same gonad. Lack of mature 

individuals in this study means that these results are suggestive rather than definitive; 

more examination of the reproductive process of this squid is required. Histological 

examination was also used to validate the Lipinski maturity scale for use with this 

species, while some misidentification occurred the scale is useful to place squid into the 

broad categories of immature, maturing, or mature. New maturity scales were created for 

N sloanii utilising these broad categories. Finer-scale identification is not possible using 

this scale, as maturation appears to be a continuous process. 

Morphometric measurements were taken from both hard and soft tissues and were 

analysed using non-metric multidimensional scaling and analysis of similarity. Divisions 

were only apparent in the hard structure measurements. They did not appear to be age, 

dietary or reproductive differences. 
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Preface 

Study Aims. 

Hard structure morphometries will be used to clarify the population structure 

of N sloanii in south-eastern New Zealand. The hard structure measurements will be 

used to examine geographic variation and possible migration patterns. It is 

hypothesized that N sloanii will not have a distinct subpopulation structure and that 

any variation seen will be associated with the southland front and with depth. It is also 

hypothesized that N sloanii will under take an ontogenetic migration similar to that of 

!!lex illecebrosus (Dawe et a!, 1985). 

In general, squid are assumed to be higher-level consumers in many ocean 

food webs (Knox, 1994) preying on a variety of fish, squid and cephalopods. It is 

hypothesized that N sloanii is an opportunistic predator that preys on a range of 

species. Thus, one of the primary aims of this study is to investigate and identify the 

prey species of N sloanii to the lowest taxonomic level possible. The secondary aim 

of this section of the study is to examine possible gender and geographic differences 
. . 
m prey species. 

Squid growth is rapid and most species tend to have short life spans, this is the 

so-called "gonzo" life strategy (O'Dor, 1998). Some age and growth studies have 

been undertaken on N sloanii (see Uozumi & Ohara, 1993; Uozumi et al., 1995; and 

Uozumi, 1998) and it appears that N sloanii follows this rapid growth pattern. For the 

purposes of this study, it is proposed to undertake an in depth analysis of the statolith 

age of N sloanii, it is hypothesized that these animals will not attain an age greater 

than one year and that growth will be rapid. The ages obtained will be used to 

calculate hatch date and season. It is hypothesized that while N sloanii hatches 

throughout much of the year, there will be distinct peaks of hatching, which will 

correspond to winter and summer spawned cohorts. A further aim of this section of 

the study is to validate, using direct calcein marking of the statoliths, the periodicity 

of the increments found in the statoliths. It is hypothesized that the increment 

periodicity will be daily as is seen in other ommastrephid squid species (e.g. !!lex 

illecebrosus, Hurley et al., 1985). The final aim of this section is to investigate 
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methods for reading the increments found in the gladius; to reconstruct individual 

gladius growth and to relate the gladius increments to the statolith increments. 

The final aspect of the biology of N sloanii to be examined is that of 

reproduction, specifically; what are the ratios of somatic to reproductive tissue; is the 

commonly used Lipinski maturity scale an appropriate guide to maturity in this squid 

and finally, what is the reproductive strategy of N sloanii? It is hypothesized that as 

sexual maturity increases, the reproductive tissue will enlarge relative to the somatic 

tissue; the Lipinski scale will be an appropriate guide to maturity inN sloanii and that 

the species will be a multiple spawnet:, as is the congener N gouldi (McGrath & 

Jackson, 2002). 

Sampling regime 

Squid were collected from fishery areas of southern New Zealand. Due to the 

nature of the fishery, sampling was confined to the main fishing season, between 

November and April. Catch of squid outside of these times was incidental and was 

often bycatch from other fisheries (Anon, 2002). The samples were confined to the 

main squid fishing areas of mainland South Island (SQU lJ & SQUI 1 T) (Fig P 1 ). 

Although there are squid fishing areas on the Subantarctic Islands shelf area, typically 

the catch is less than that of the mainland jig and trawl fishery areas (Table P 1 )(Figs 

P1& P2). A sample from the Subantarctic Islands fishery was obtained 

opportunistically. 

Table P1. Landings for mainland South Island jig and trawl fishery combined and subantarctic 
. l d l fi h ( f An NZ Mini f F" h . 2002) IS an s traw IS ery a ter on, stry o IS enes . 

Fishing Year Mainland South Island (Trawl Subantarctic Island Trawl 
+Jig) Landings (Tonnes) Landings (tonnes) 

1986-87 58 015 16 025 
1987-88 62295 7 021 
1988-89 83 137 33 462 
1989-90 27 656 19 859 
1990-91 30242 10 658 
1991-92 49 638 10 861 
1992-93 35 727 1 551 
1993-94 39 458 34 534 
1994-95 68 634 30 683 
1995-96 48.628 14 041 
1996-97 45 561 19 843 
1997-98 38 016 7 344 
1998-99 26 602 950 
1999-00 14 503 6 241 
2000-01 31 818 3 254 
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One sample of squid was collected by beam trawl by the F. R. V Kaharoa 

(Site A) (Fig. P3 Table P2). Squid were frozen on board and returned to NIW A 

Kilbimie and dispatched to the Portobello Marine Laboratory where the squid were 

stored at -20° C. 
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A further two samples were jig caught by fishers fishing for local companies 

Otakou Fisheries Ltd (Site B) and Sandfords Ltd (Site C) (Fig. P3 Table P2). 

The bulk of the samples were collected by the fishing master and crew of the 

F. V. Fuji Maru No. 63 (Sites D- P) (Fig. P3, Table P2) on contract to Sea Resources 

Ltd, Wellington. 

In all cases (with the exception of the F. R. V. Kaharoa where all squid taken 

in a single haul were collected), the crew was requested to randomly select squid from 

each jig fishing location. They collected a "pan" of~ 10 Kg of squid from each site. A 

pan is the method that the fishers use to weigh and package squid ready for sale on 

shore. A typical pan takes approximately lOKg of squid and is usually sorted 

according to size, so that all squid in one pan are similar in size (Dr. Chris Lalas, pers. 

comm.). For the purpose of this study, fishers were asked not to grade squid by size, 

but to put a random mixture of sizes into each pan. This method of sample collection 

was suggested by the fishing company (Sea Resources Ltd) so that it would have the 

least interference with normal fishing operations. 

Juvenile squid (n=lO) were captured by light trap off the Portobello jetty, 

Otago Harbour (Site Q) (Fig. P3 Table P2). All squid caught were retained for study 

and placed in a 65L glass tank with flow through seawater, prior to experimentation. 

One small sample of squid (n=9) was collected by the representative for 

Sealords limited on board the Soviet trawler F. V. Meridien from the trawl grounds 

on the South Snares Shelf (Site R) (Fig. P3, Table P2). 

Date, capture location (latitude and longitude) and water depth were recorded 

for each sample. Water depth was the depth of the water the jiggers were fishing in 

and the light trap deployed. The exceptions to this were the samples collected by the 

F. R. V. Kaharoa and F. V. Meridien at the west coast and south snares shelf sites 

respectively, for these the depth given is the depth at which the trawl net was 

deployed. 
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Table P2. Sample location, date, method of capture and number in sample for each sample of N. 
sloanii examined in this study 

Site Name, De)!th and Catch Location Catch SamJ!le Vessel Catch Number in 
Area Date Code Method Sample 

West Coast- 150m West 43°13:48'S/169°44:74'E 26 March A R. V. Trawl 86 
Coast to 1997 Kaharoa 

43°16:31 'S/169°48:67'E 

Timaru- 150m 44°26'S/172°57'E 24 March Sanfords Jig 15 
Canterbury 1998 c Ltd 

Nugget Point-, lOOm, 46°28'S/170°07'E March Otakou Jig 68 
Catlins 1997 B Fisheries 

Ltd 
Pukeuri- 75m 45°05'S/171"23'E 3 January F. V. Fuji Jig 95 

Otago 1999 F Maru63 

Long Point-, 150m 46°52'S/169°45'E 20 F. V. Fuji Jig 35 
Catlins January L Maru63 

1999 
Haldane- 90m 46°85'S/169°08'E 22 F. V. Fuji Jig 38 

Catlins January D Maru 63 
1999 

Haldane- 150m 47°05'S/169°25'E 25 F. V. Fuji Jig 89 
Catlins January I Maru63 

1999 
Haldane- 200m 47°15'S/169°16'E 30 F. V. Fuji Jig 37 

Catlins January K Maru63 
1999 

Wainono Lagoon 2-, 44°39'S/l72°28'E 4 F. V. Fuji Jig 73 
250m0tago February 0 Maru63 

1999 
Banks Peninsula- 150m 44°04'S/173°40'E 10 F. V. Fuji Jig 47 

Canterbury February N Maru63 
1999 

Akaroa Heads- 125m 44°18'S/173°08'E 22 F. V. Fuji Jig 91 
Canterbury February M Maru63 

1999 
Wainono Lagoon- 44°43'S/172°20'E 25 F. V. Fuji Jig 72 

200m, Otago February J Maru63 
1999 

Rakaia- 300m, 44° 10'S/l72°30'E 17March F. V. Fuji Jig 48 
Canterbury 1999 E Maru63 

Pegasus Bay- 200m 43°20'S/173°35'E 3 April F. V. Fuji Jig 62 
Canterbury 1999 

p 
Maru 63 

Ellesmere, 75m, 44°ll'S/172°42'E 8 April F. V. Fuji Jig 69 
Canterbury 1999 H Maru63 

Mid Canterbury Bight-, 44°18'8/172°21 'E 14 April F. V. Fuji Jig 84 
75m, Canterbury 1999 G Maru 63 

Otago Harbour-, lOm 45°49'S/170°39'E 16May Shore Light 1 
Otago 2000 Q based Trap 

5 October 1 
2000 

20 7 
November 

2000 
18 1 

December 
2000 

South Snare s shelf, 48°40'S/165°40'E 17 F. V. Trawl 9 
200m February R Meridien 

2005 

Total 1029 
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Figure P3. Map of southern New Zealand showing sample sites (N.Z Ministry of Fisheries, 2004). 
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Size distribution of squid throughout the study area. 

The majority of squid caught over all sites were small animals. Few exceeded 

400g in weight or 200-300mm dorsal mantle length and many were considerably 

smaller (Figs P4-P9, Table P3). The exceptions to this were some squid from West 

Coast and South Snares Shelf samples, these individuals approached the maximal size 

for the species ( 420mm dorsal mantle length and 1800 g weight, Roper et al. 1984). 
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Figure P9. Length structure of squid caught at all sites; A) Otago; B) Haldane; C) Other Catlins. 
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Table P3. Mean, minimum and maximum dorsal mantle length and weight for all squid caught 
over all sites. 

Site Name, Female* Male* 
Depth and Dorsal mantle Weight (g) Dorsal mantle Weight (g)± 

Area length (mm) ± SE ±SE length (mm) ± SE SE 
West Coast- Mean- 226 ±10.4 305 ±52.7 198 ±11.5 204 ±11.5 
150m Minimum= 126 40 122 38 
West Coast Maximum= 411 1479.6 250 480.3 

Timaru- Mean= 289 ±13.6 594±101.7 187±31.3 350± 50 
150m Minimum= 246 322.2 2 133.9 

Canterbury Maximum= 340 1036.9 260 552.4 
Nugget Point- Mean= 213±3.5 200±10.5 222±6 260±27.5 

, lOOm, Minimum= 166 84.5 145 104.3 
Catlins Maximum= 285 449.2 314 817 

Pukeuri- 75m Mean- 152±2.7 85±4.6 154±2.6 90±4.9 
Otago Minimum= 115 35.4 122 43.2 

Maximum= 202 182.5 199 191.4 
Long Point-, Mean= 224±3.6 210±11.8 214±2.2 203±5.7 
150m Catlins Minimum= 202 157.8 199 151.2 

Maximum= 244 287.9 231 258.3 
Haldane- 90m Mean= 163±2.2 88±3.7 160±2 82±3 

Catlins Minimum= 130 40.1 130 45.8 
Maximum= 181 125.3 185 135.2 

Haldane- Mean- 208±7.3 211±26.2 199±2.8 180±10.8 
150m Minimum= 160 56.1 173 83.1 

Catlins Maximum= 268 445.7 230 300.3 
Haldane- Mean- 195±11.6 209±27 198±11.4 222±38.3 

200m Minimum= 114 37.2 119 69 
Catlins Maximum= 256 441.5 282 673 

Wainono Mean= 174±7.7 128±26.3 160±3 83±5.1 
Lagoon2-, Minimum= 127 37.2 130 39.4 

250m0tago Maximum= 310 582.9 185 170.2 
Banks Mean= 166±2.7 88±4.9 166±2.7 95±4.1 

Peninsula- Minimum= 138 50.3 125 39.6 
150m Maximum= 208 166.7 193 144.2 

Canterbury 
Akaroa Mean= 155±2.2 69±3.2 153±2.3 70±3.2 

Heads- 125m Minimum= 122 32.6 123 34.3 
Canterbury Maximum= 190 137.7 188 116.7 

Wainono Mean= 202±3.8 167±12.1 190±4.7 135±11.9 
Lagoon- Minimum= 174 97.9 172 90.1 

200m, Otago Maximum= 252 351.5 232 252 
Rakaia- Mean- 179±6.4 138±17.1 175±4.4 117±10.3 
300m, Minimum= 134 47.3 122 31.4 

Canterbury Maximum= 250 356.5 222 191.4 
Pegasus Bay- Mean= 177±5.9 115.4±19.8 166±3.7 95±8.5 

200m Minimum= 126 34.4 113 49.1 
Canterbury Maximum= 279 563.9 134 273.6 
Ellesmere, Mean= 175±2.7 120±7 172±3.7 118±8.4 

75m, Minimum= 142 68.9 126 42.4 
Canterbury Maximum= 220 253.1 212 228.2 

Mid Mean= 158±2.4 95±3.9 162±2.1 104±4.2 
Canterbury Minimum= 131 49.6 124 46.6 
Bight-, 75m, Maximum= 193 143.7 195 207.4 
Canterbury 

Otago Mean= 35±5.8 2±1.4 0 0 
Harbour-, Minimum= 11 0.22 0 0 

lOm Maximum= 93 13.4 0 0 
Otago 

South Snares Mean= 308±22.8 755±190.4 320±18.7 824±150.5 
shelf,200m Minimum= 240 267.9 291 560.9 

Maximum= 380 1442.8 355 1082.2 

* N-values are the same as those g1ven on figures P3 & P4. 

Mantle length to body weight relationships 

The weight of a squid increased with length. There is an allometric 

relationship between length and weight for both females (Fig. PlO) and males (Fig 
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P 11 ). There were no significant differences in mantle length or total body mass 

between male and female squid (Tables P4 & P5). Thus male and female data are 

pooled. 
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Figure PlO. Relationship between dorsal mantle length and body mass for female squid. 
Regression line represents a power fit. 

0 

= 2E-05x3
·
0511 

= 0.8842 

50 100 150 200 250 300 350 400 450 

Dorsal nmlfle length(~ 

Figure Pll. Relationship between dorsal mantle length and body mass for male squid. Regression 
line represents a power fit. 
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b P4 ANOVA bl Ta le ta e comparmg ma e an d t: I d emae I I I orsa mant e eJ!gt h ( ) mm. 

ANOVA 
Source of 
Variation ss df MS F P-value Fcrit 

Between Groups 3450.693 1 3450.693 1.095905 0.295407 3.850313 

Within Groups 3312448 1052 3148.715 

Total 3315899 1053 

T bl PS ANOVA bl a e ta e comparmg ma e an dt: lttlbd ( ) emae oa o y mass lg,. 

ANOVA 
Source of 
Variation ss df MS F P-value Fcrit 

Between Groups 4550.471 1 4550.471 0.33216 0.564513 3.850313 

Within Groups 14412020 1052 13699.64 

Total 14416571 1053 

The length/weight relationships were best described by a power curve, 

however, the model did not fit the data from squid in the upper size classes (no model 

did) (Fig P12), thus the data for mantle length and weight were log transformed to 

linearise the data (Figs Pl3). 
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Figure P12. Relationship between dorsal mantle length and body mass for male and female N. 
sloanii pooled. Regression line represents a power fit. 
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Organisation of the thesis. 

Chapter one provides background information on the known biology and 

history of the fishery for N sloanii in New Zealand. 

Chapter two concentrates on the morphometric variations of the soft and hard 

structures, respectively, of N sloanii. The main questions to be addressed are: are 

there differences in the mass or shape of the hard and soft tissues in relation to 

geographic location and age of the animal (i.e. are there ontogenetic changes; do 

differences, if they occur, indicate a different population structure that may have 

implications for the management of this species?). Finally, this chapter examines 

which type of morphometric analysis gives the most meaningful results in terms of 

the known biology and fishery management requirements of N sloanii. 

Chapter three describes ontogenetic and geographic variation in the diet of this 

species. It identifies prey species to the lowest taxonomic level possible and provides 

some discussion on possible latitudinal clines in prey diversity and the possible 

contribution to the southern ocean food webs by N sloanii. 

Chapter four examines the age and growth of N sloanii based on statolith and 

gladius analyses. An attempt to validate the statolith ring deposition periodicity is also 

described. A technique is developed for preparing and reading the gladius, with 

growth rate reconstructions provided for individuals from different locations around 

South Island 

Chapter five uses histology to examine maturity scales inN sloanii. Statolith 

age estimates are also used to place a time scale on the maturation process. An 

attempt is made to determine the breeding strategy of N sloanii (either semelparous 

or iteroparous). 

The final chapter is a summary, which synthesises all sections and discusses 

their implications both for understanding the biology of this squid and for the 

management of the fishery, it includes some comments on future research. 



1. Fishery and known biology of N. sloanii. 

Chapter 1; Fishery and known biology of N. sloanii 
1. Squid Fisheries of New Zealand. 

New Zealand has a large commercial squid fishing industry. This fishery is 

based on two species, the Southern Arrow Squid (Nototodarus sloanii Gray, 1849) 

and Gould's Arrow Squid (Nototodarus gouldi McCoy, 1888). N sloanii is one of the 

two most important and abundant squid species in the southern region of the South 

Pacific (the other is the Onychoteuthid squid Moroteuthis ingens) (Jackson et al., 

2000a). Like many ommastrephid squid species, Nototodarus are short-lived, fast 

growing, and form schools. In addition, they have a long post-harvest shelf life and 

are mostly traded whole (Gibson, 1994). 

1.1. The History of the Fishery 

The fishery for Arrow Squid began in the late 1960s, with the first jiggers (two 

Japanese pole and line vessels) fishing for squid off the northwest coast of South 

Island. They caught up to ten tonnes per day but this was not sustained (Gibson, 

1994). In the early 1970s, the Japanese research vessels Kaiyo Maru and Hoyo Maru 

51 fished for squid off the South Island, but had variable success. However, by the 

first few months of 1972, commercial squid jiggers had arrived and had begun to 

record good catches off the west coast of the South Island. By 1973, 71 Japanese 

squid jiggers were operating in South Island waters and caught 13, 424 tonnes. At this 

time, the first Taiwanese vessels joined the Japanese. Since then the Arrow Squid 

resource has been exploited by other countries including New Zealand, China, Korea 

and, in 1987, Soviet jigging vessels. In some seasons, the fleet consisted of more than 

200 vessels and the east coasts of both North and South Islands were being fished 

(Gibson, 1994). 

In addition to the jig fishery, there is also a large trawl fishery for Southern 

Arrow Squid. This began in 1972, with a bycatch of 700t of squid caught by Japanese 

finfish trawlers. By 1973, Japanese trawlers were targeting squid, catching 4000t off 

the South Island. These trawlers were working alongside the Japanese jigging fleet. 

The catch remained stable for a number of years, until the 1976-77 season, when 

trawlers caught 21 OOOt and jiggers 36,000t. In 1978, the 200nm EEZ was established 

and management measures were introduced, one of which was to exclude trawlers 

1 



1. Fishery and known biology of N. sloanii. 

from the traditional jigging areas off the South Island. This meant that the trawl fleet 

had to look elsewhere for squid and this led to the development of the southern trawl 

fishery on the Auckland Islands Shelf. In the 1976-77 season, the Soviet trawl fleet 

caught 28 OOOt in this area. In the 1979-80 season, the Japanese trawl fleet joined the 

Soviets on the Auckland Islands Shelf(Gibson, 1994). 

Total landings of squid have varied over the years. They were about 70 000 

tonnes in the 1980s and reached a peak of 214,072 tonnes in the 1983-1984 season 

and then decreased rapidly to about 37,278 tonnes in the 1992-93 season (New 

Zealand Ministry of Fisheries, 2001a). Joint venture vessels took the bulk of these 

catches, with the greatest proportion (about 75%) going to the Japanese joint ventures. 

This has steadily decreased in recent years, due mainly to the decrease in the quota 

allotted to foreign nations (Uozumi, 1998). The New Zealand domestic fishery is less 

than 400 tonnes, as squid is not a traditional food in New Zealand, and there has been 

little interest in it (Gibson, 1995). Since 1993, the catch of Arrow Squid has 

fluctuated, but has never again reached the high catch of the 1983-1984 season 

(Tables 1.1 & 1.3) 

Table 1.1. Catch of Arrow Squid (tonnes) for six years before the introduction of the Quota 
Management System in 1986. 

Fishing Year Total Landings (tonnes) 

1980-81 70 000 

1981-82 43 945 

1982-83 41210 

1983-84 217 072 

1984-85 37 963 

1985-86 26 976 

The Arrow squid fishery is seasonal, although the squid are available 

throughout the year; the main fishing season is between the start ofNovember and the 

end of April. During the rest of the year squid are caught as bycatch in other fisheries. 

There are two main methods of catching squid, in the mainland fishery SQU1 T & 

SQUlJ. SQU1 T is the mainland trawl fishery and SQUlJ the mainland jig fishery, 

currently the bulk of squid landings are in the trawl fishery (Table 1.3). The SQU6T 
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1. Fishery and known biology of N. sloanii. 

fishery off the subantarctic islands is entirely a trawl fishery. The commercial squid 

fishery in New Zealand is a large earner of export dollars. In 2005 the squid fishery 

had the highest commercial value of all fisheries (Table 1.2) 

1.1.1 Squid Quota. 

The New Zealand exclusive economic zone (EEZ) is split into fishery 

management areas (FMAs). There are four squid FMAs; SQUlJ and SQU1 T are the 

mainland jig and trawl areas respectively; SQU6T is the subantarctic trawl area and 

SQU1 OT is the Kermadec Islands fishery (Fig 1.1 ). There are two squid species 

harvested with in the NZ squid fishing industry. Nototodarus sloanii in the south and 

N gouldi in the North, these two species are managed as one and are regulated by an 

Individual Transferable Quota (ITQ) system. Under the ITQ system, a species is given 

a Total Allowable Catch (TAC) (New Zealand Ministry of Fisheries 2001b). This is 

the total amount that can be caught by fishers (both commercial and recreational). The 

largest portion of the TAC is the Total Allowable Commercial Catch (TACC) (New 

Zealand Ministry ofFisheries 2001b). 

The size ofthe TACC and TAC in most QMS species is governed by s13 of 

the Fisheries Act 1996 and represents an assessment of the total amount of squid that 

can be sustainably removed from the stock in any one year. This must be set by the 

Minister of Fisheries with reference to the maximum sustainable yield (MSY). The 

Minister must consider relevant social, economic, and cultural factors when setting 

TAC and TACC. Squid however belong in a group of fishery stocks where their 

biological characteristics mean that MSY cannot be estimated and are thus governed 

under s 14 of the Fisheries Act. There are no estimates of current or reference biomass 
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1. Fishery and known biology of N. sloanii. 

available and there is no reliable method to estimate yields from the squid fishery 

before the fishing season begins. This is partly because squid are assumed to live for 

approximately one year and partly because there are no surveys of squid abundance. 

Every squid fishing season is therefore, based on what amounts to a new stock, which 

means that it is not possible to calculate yield estimates from historical catch and 

effort data for a resource that has not yet hatched (N. Z. Ministry of Fisheries, 2005). 

Stock such as squid which do not fit into the criteria of the fisheries act are listed on 

the third schedule of the act, and while TAC must be set in a way that ensures that the 

use of the stock is sustainable under s14 of the act, there is no requirement to take into 

account or be guided by the need to manage the stock in accordance with MSY. There 

is no neat math formula or black and white description of how TAC/TACC is 

calculated for squid (pers. comm., Stefan Leslie, Deepwater Manager, Ministry of 

Fisheries, Wellington). In addition, squid are unusual in that there are method based 

quota management areas, 1 T (mainland) and 6T (Subantarctic islands shelf) for squid 

trawl and 1J for squid jig. 1 T and 1J cover the same geographical area. This has been 

driven by the need to minimise the interaction of the fishery with seabirds (1 T and 6T) 

and sea lions ( 6T) not by the sustainability of the target stock. Because of the life 

cycle of the squid, the effect of fishing mortality on the sustainability of squid is 

thought to be negligible (pers. comm., Stefan Leslie, Deepwater Manager, Ministry of 

Fisheries, Wellington). 

The Total Allowable Commercial Catch (TACC) is of most importance to 

commercial fishers as it is from this that individual quotas are assigned. This system 

was introduced in 1986. Before 1986, restricting vessel numbers controlled the jig 

catch. The trawl catch was controlled until1983 by effort limitation, and after 1983, it 

was controlled by individual company quota. In 1986, the TACC was set at 90 OOOt, 

which was increased twice in 1988, first to 105 OOOt and then again to 121 010t. There 

were a number of appeals to the Quota Appeal Authority, which saw the TACC raised 

to 166 250t in 1989 (Gibson, 1995). In 1990, the TACC was reduced to 118 571t 

where it remained until1992. In 1992, it was increased to 122 875t (Gibson, 1995). 

The squid TACC is currently set at 127 322t the TACC has been held at this level 

since the 1996-1997 season (NZ Ministry of Fisheries, 2001a). It should be noted that 

all catch data and quota values are for both species of squid (N sloanii and N gouldi) 

combined (Anon, 2002). 
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1. Fishery and known biology of N. sloanii. 

The squid fishery is treated as a single species fishery with one TACC, with 

the exception of the Southern Islands fishery (SQU 6T), which has a separate TACC. 

This is because the southern fishery is readily accessible to trawlers (Anon, 2002). 

There is some bycatch in this fishery, the most common finfish bycatch is the Spiny 

Dogfish (Squalus acanthias), which accounted for 53.7% (wet weight) of the total 

bycatch, the next most important bycatch species were; Jack Mackerel (Trachurus 

murphyi); Barracouta (Thyrsites atun); Silver Warehou (Seriolella punctata) and Red 

Cod (Pseudophycis bachus) (Anderson et al., 2000). In addition, there is bycatch of 

New Zealand Sea Lion (Phocarctos hookeri) in the SQU6T fishery (Doonan, 2001). 

In every year from 1996-2002 the ministry of fisheries closed the fishery based on 

maximum allowable limit of fishing mortality (MALFIRM) on NZ Seal Lions 

(Langley, 2001). There is some trawling off the mainland areas and the TACC is split 

between jigging (SQU 1 J) and trawling (SQU 1 T). There is TACC for the Kermadec 

Islands Area (SQU lOT) but between 1986 & 2001, there were zero landings from the 

Kermadec Islands (Table 1.2) (Anon 2002). 

There are other QMS stocks which are multi-species fisheries managed as a 

single stock, e.g. flatfish (FLA, 7 species), Oreo (OEO, 4 species) and short-finned 

freshwater eel (SFE, 2 species). They are combined when species are difficult to 

distinguish or impossible to separate. The setting of the TACC in these fisheries takes 

into account the vulnerability of the species (or sustainability of stock) for example, in 

the oreo fishery there is catch spreading so that when a certain number of smooth or 

black oreo is caught, an area is closed. This protects species within a stock code. 

Fisheries management balances biological sustainability, administrative simplicity, 

economic realities, and social pressures, all within an implicit or explicit risk-based 

assessment. In multi-species fisheries it assumes that the sustainability risk is low at 

the species level and warrants the creation of a single legal "stock" (pers. comm., 

Stefan Leslie, Deepwater Manager, Ministry of Fisheries, Wellington). 
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1. Fishery and known biology of N. sloanii. 

Table 1.3. Catch of Arrow Squid (tonnes) after the introduction of the Quota Management 
S t ' 1986 ( f A 2002) ;ys em m a ter non, 

Fish stock SQU lJ* SQUlT* SQU6T** SQU lOT*** Total 

Landings TAC Landings TAC Landings TAC Landings TAC 
Landings TAC 

1986-87 32 394 57 705 25 621 30 962 16 025 32 333 0 10 74040 90 000 

1987-88 40 312 57 705 21 983 30 962 7 021 32 333 0 10 69 316 121 010 

1988-89 53 312 62 996 26 825 36 081 33 462 42118 0 10 114 160 135 080 

1989-90 13 895 76136 13 161 47986 19 859 30 190 0 10 46 915 166 250 

1990-91 11 562 46087 18 680 42284 10 658 30 190 0 10 40900 118 571 

1991-92 12 985 45 766 36 653 42284 10 861 30 369 0 10 60 509 118 571 

1992-93 4 865 49 861 30 862 42 615 1 551 30 369 0 10 37 278 122 875 

1993-94 6 524 49 861 33 434 42 615 34 534 30 369 0 10 74492 122 875 

1994-95 33 615 49 891 35 017 42 741 30 683 30 369 0 10 99 315 123 011 

1995-96 30 805 49 891 17 823 42 741 14 041 30 369 0 10 62 668 123 011 

1996-97 20 792 50 212 24 769 42 741 19 843 32369 0 10 65 403 123 332 

1997-98 9 329 50 212 28 687 42 741 7 344 32 369 0 10 45 362 127 332 

1998-99 3 240 50 212 23 362 42 741 950 32 369 0 10 27 553 127 332 

1999-00 1457 50 212 13 049 42 741 6 241 32 369 0 10 20747 127 332 

2000-01 521 50 212 31 297 42 741 3 254 32369 0 10 35 071 127 332 

• *All areas except Southern Islands and Kermadec 
• **Southern Islands 
• ***Kermadec 

1.2. Nototodarus Species. 

Nototodarus gouldi is found around the North Island, the west coast of the 

South Island and around Southern Australia (Smith et al. 1987). Nototodarus sloanii 

has a more limited distribution. It is found only in New Zealand waters, around the 

South Island, the southeast coast of the North Island, the Subantarctic Islands as far 

south as Auckland Islands, and as far east as the Chatham Islands (Smith et al. 1987). 

1.2.1. Classification. 

The Nototodarus spectes are members of the suborder Oegopsina, Family 

Ommastrephidae. This family is characterised by having "open" eyes which lack a 

corneal membrane (Roper et al. 1984). Females have only one set of reproductive 
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glands, the nidamental glands, for creating the tunic to encase the eggs, unlike 

myopsids, which also have accessory nidamental glands. Oegopsid females typically 

have paired oviducts but only one ovary; although histioteuthids can have paired 

ovaries (Roper et al. 1984). This suborder includes 19 commercially important species 

(Arkhipkin, 2004). 

The family Ommastrephidae comprises muscular, fast-swimming squids, with 

mantle lengths of up to one and a half metres. There are eleven genera and more than 

twenty species (Roper et al, 1984). They are in all the worlds' oceans and tend to rest 

in deep water during the day and rise to the surface at night to feed (Roper et al, 

1984). They are often the dominant squid of the open ocean and occasionally in 

coastal waters. They can be recognised by a distinctive inverted T -shaped mantle

locking cartilage (Fig. 1.2). 

B 

Figure 1.2. Ommastrephid inverted T-shaped mantle locking cartilage: a), funnel component; b), 
mantle component (scale bar = lOmm). 

The arms have two rows of suckers and the tentacle clubs have four rows. 

Suckers often have homy rings with distinctly shaped teeth on them. Ommastrephid 

squid hatch into a distinctive larval stage called a rhynchoteuthion (Young & Harman, 

1988), in which the tentacles are fused into a proboscis with small suckers on the end. 
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1. Fishery and known biology of N. sloanii. 

There are three subfamilies of Ommastrephidae: a) Ommastrephinae, b) 

lllicinae, and c) Todarodinae. The subfamily Ommastrephinae are characterised by 

having a central pocket (foveola) and several side pockets in the funnel groove, there 

are photophores present but these are often deeply buried in the tissue of the head, 

mantle and arms, there are five known genera of ommastrephinae; Ommastrephes, 

Symplectoteuthis, Dosidicus, Ornithoteuthis and Hyaloteuthis. Only Ommastrephes is 

known from New Zealand waters (Roper et al1984). The subfamily lllicinae lacks the 

central and side pockets in the funnel and lack photophores, there are two known 

genera; Illex (Atlantic Ocean) and Todaropsis (Atlantic and eastern Indian Oceans). 

No species of lllicinae are known from New Zealand waters (Roper et al, 1984). 

Members of subfamily Todarodinae have a central pocket on the funnel but lack the 

side pockets and photophores, there are three known genera; Todarodes, Nototodarus 

(only in the Pacific), and Martialia (only from far southern waters of the southern 

ocean) (Roper et al. 1984). 

Prior to 1976, only one species of Todarodinae was thought to occur in New 

Zealand waters, N sloanii (Berry, 1918, Dell, 1952). In 1976, Kawakami published a 

paper listing two species, N sloanii, and Todarodes filippovae. Roberts (1978 & 

1979) recognised two types of Nototodarus in New Zealand waters. This was based 

upon two different types ofhectocotylus that were apparent. Smith et al. (1987) used 

allozyme electrophoresis to confirm that two species of Nototodarus did occur in New 

Zealand, N sloanii and N gouldi. It is now known that there are five Todarodinae 

species in New Zealand (Table 1.4). 

Table 1.4. Species of Todarodinae found in New Zealand waters. 

Scientific Name Common Names First Citation 

Nototodarus sloanii Wellington Flying Squid Forch, 1986 

(McCoy, 1888) New Zealand Southern Arrow Squid Smith et al. 1987 

Nototodarus gouldi Gould's Flying Squid Forch, 1986 

(Gray, 1849) New Zealand Northern Arrow Squid Smith et al. 1987 

Todarodes filippovae Antarctic Flying Squid Forch, 1986 

(Adam, 1975) 
Todarodes angolensis Angora Flying Squid Forch, 1986 

(Adam, 1962) 
Martialia hyadesi Sevenstar Flying Squid Uozumi et al. 1991 

(Rochebrune & Mabille, 
1889) 
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1. Fishery and known biology of N. sloanii. 

1.2.2. Characteristics of the genus Nototodarus. 

The genus Nototodarus is characterised by the modification of both fourth 

(ventral) arms in mature males. The right fourth arm (the hectocotylus) is modified on 

both proximal and distal parts (Fig. 1.3). The proximal suckers are lost and the sucker 

bases and trabeculae (see appendix 1) are enlarged forming a series of complex hard 

cushions. There are usually a few normal suckers in the middle of the hectocotylised 

arm. The distal part of the arm is modified in that some of the suckers are lost and the 

sucker bases form triangular or conical papillae and the ventral protective membrane 

is enlarged and is supported by thickened trabeculae. This gives the whole structure a 

ribbed appearance. The left arm is modified in the proximal region. It is a mirror 

image of the right arm. However, the distal part is unmodified and has normal suckers 

(Smith et al. 1987). 
Proximal 

Distal Normal suckers 

Papillae 

Figure 1.3. Hectocotylised fourth right arm of mature male N. sloanii (scale bar = 10 mm). 

N sloanii and N gouldi eo-occur over part of their range and are likely to be 

caught together, thus it is necessary to differentiate the two species. Mature males of 

each species can be distinguished by hectocotylus detail (Smith et al. 1987). In both 

male and female squid, there also exists a difference in the numbers of pairs of 

suckers on the first right arm. Typically, N sloanii has 60 or more pairs of suckers; in 
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1. Fishery and known biology of N. sloanii. 

contrast, N gouldi has fewer than 51 pairs of suckers. In addition, there is also a 

difference in sucker ring tooth morphology. The sucker rings of N gouldi have 10-14 

conical distal teeth and the median distal tooth is markedly larger than the other teeth 

(Fig.1.4a) (Smith et al. 1987). The sucker ring teeth of N sloanii have sub equal distal 

teeth; the median tooth is the largest but not markedly so. The teeth are flattened and 

irregular in shape (Fig. 1.4b) (Smith et al. 1987). 

Figure 1.4. Sucker rings of A) N. gouldi (arm Ill) and B) N. sloanii (arm Ill). (Scale bar =1 mm). 

1.3. Known biology of N. sloanii. 

1.3.1 Age and Growth. 

Although hatching has been shown to occur over much of the year (Uozumi, 

1998), eggs of N sloanii have never been observed. This latter fact is partly because 

there seems to be more than one cohort in the fishery and spawning may take place 

over a large area (Mattlin et al. 1985; Gibson, 1995). The congener N gouldi has been 

shown to produce large floating gelatinous egg masses (O'Shea et al., 2004) and it is 

likely that N sloanii produces similar egg masses. Back calculation of increments in 

the statoliths suggest that N sloanii has a peak hatching event in July and August, 

with a peak spawning event occurring in June and July (Anon, 2002). During 
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1. Fishery and known biology of N. sloanii. 

spawning, it is known that the male inserts spermatophores into the buccal region of 

the female using the hectocotylised arm (Uozumi, 1998). 

Traditional methods of examining growth, such as the length-frequency 

analysis used in finfish fisheries, have had little success with squid (Jackson, 1994a; 

Jackson et al. 2000b). Jackson et al. (2000b) demonstrated that traditional length

frequency analysis is unsuited to squid growth analysis, as growth is continuous and 

non-asymptotic. Growth rates are variable and there is thus a poor relationship 

between size and age. 

The technique most-often used to measure the age and growth of squid in 

recent years has entailed counts of statolith increments (Jackson, 1994b; Jackson & 

O'Dor, 2001). Statoliths are calcareous structures found in paired statocyst chambers 

at the postero-ventral region of the cephalic cartilage. The statolith and statocyst 

chamber have been considered analogous to the semicircular canal system found in 

vertebrates (Stephens & Young, 1978; Williamson, 1989a, 1989b; Jackson, 1994a), as 

growth increments have been found in squid statoliths, that appear to be very similar 

to those found in fish otoliths (Jackson, 1994a & b). Validation studies have been 

somewhat limited due to difficulties in maintenance of squid in captivity. However, 

some information has been gathered on increment periodicity by a) comparing the 

number of increments in a sample of squid and comparing it with the same mode in 

successive length-frequency classes (an indirect method)(Uozumi & Shiba, 1993; & 

Ohara, 1993); b) culturing squid, so that the exact age is known and then comparing 

that age with the number of increments in the statolith (Hixon & Villoch 1984; Yang 

et al. 1986; Bigelow, 1992; Jackson et al. 1993); and c) placing a chemical mark, such 

as calcein or tetracycline, on the statolith and then counting the days elapsed and the 

number of increments produced (Hurley et al. 1985; Lipinski, 1986; Jackson, 1989, 

1990a, 1990b; Nakamura and Sakurai, 1991; Bigelow, 1994). 

N sloanii is thought to have a life span of approximately one year (Uozumi & 

Ohara, 1993; Gibson, 1995; Uozumi & Forch 1995; Uozumi, 1998), but this has not 

been validated. This is assumed, as the growth increments in the statolith resemble 

those of other species with daily periodicity. Mantle length composition data collected 

by Uozumi (1998) showed that the maximum mantle length reaches nearly 400mm 

and that the ages of individuals at around 400mm were approximately 370 days. 
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1.3.2 Diet. 

The diet of N sloanii has not been extensively studied (Uozumi, 1998). It is 

assumed that like many other squid they prey on mysids, euphausids, small shrimp, 

and small fish such as myctophids. Squid in general are also known to be cannibalistic 

(O'Dor, 1998). 

1.3.3 Distribution. 

N gouldi is capable of prolonged and extensive swimming. They have been 

recorded travelling 193km in four days during a mark-recapture experiment (Sato & 

Hatanaka, 1983). However, they do not seem to undertake any lengthy migrations. It 

is possible that they migrate on and off the continental shelf. This has been shown for 

other ommastrephid squid species (Hatfield & Rodhouse, 1994). No mark -recapture 

experiments have been run using N sloanii, however as the congeners are similar in 

morphology it is assumed that N sloanii has a similar mobility toN gouldi. 

The preferred habitat of many cold-water ommastrephid squid seems to be in 

areas where there is a productive frontal system (Rodhouse, et al. 1992, 1996; Jackson 

et al. 2000a). N sloanii is found associated with New Zealand's Southland Current 

and Subtropical Front. It is possible that the squid may be exploiting the productive 

frontal system for food (Sommerville, 1993; Shaw, 1998; Bradford-Grieve et al. 

1998; Gall et al. 1999; Jackson et al. 2000a). In addition, N sloanii tends to be found 

in waters less than 500m depth and in water temperatures exceeding l2°C (Jackson et 

al. 2000a)(Fig 1.5.). 
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1. Fishery and known biology of N. sloanii. 

Figure 1.5. Distribution of Nototodarus 
sloanii around New Zealand [N. Z. 
Ministry of Fisheries, 2007) (N. B. There are 
no known hotspots of N. sloanii the legend is 
automatically generated by the mapping software 

and is unchangeable). 

1.4. The Southland Front and Current. 

Southern Arrow Squid 
Hotspot 
Nor mal range 

[!="~ 
Known notto exist 

I Unkno.uvrr 

The Southland Front is a relatively stable oceanographic feature, which can be 

found off the east coast of the South Island of New Zealand (Heath, 1975; Shaw, 

1998). The upper 200 metres are seasonally stratified (Jillett, 1969), however, it is 

accepted that there are two water masses, the Southland Current and subantarctic 
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water, which can be found in this area of south-eastern New Zealand. The water 

masses converge at the Southland Front. This front is characterised by a gradual 

change in hydrological properties rather than an abrupt one (Heath, 1975; Shaw, 

1998) (Fig. 1.6). 

The Southland Current is a tongue of water with high salinity and temperature 

that extends in a north-eastwards direction off the Otago and Southland coasts (Fig 

1. 7). It originates in the southern Tasman Sea and is a branch of the Tasman Current. 

The water of the Southland Current has a subtropical character with minimum values 

for salinity being 34.5%o and 34.6%o in summer (Jillett, 1969). Its geostrophic speed 

(with respect to the depth of no motion at 500 dbar) has been calculated as 20 cm s-1 

(Heath, 1975; Shaw, 1998) (Fig. 1.7). 

Sub antarctic water is found to the east of the Southland Current and has lower 

salinities (between 34.3%o & 34.5%o), characteristic of Circumpolar Subantarctic 

Water. This water is found to depths of250m (Jillett, 1969). 

Below 250m (i.e. below the Subantarctic Surface Water) there is Antarctic 

Intermediate Water, which extends to 1000m. This has lower salinity (34.27%o -

34.20%o) and appears to be the persistent water mass below 500m in this region 

(Jillett, 1969). 

The Southland Front is a well-developed transition zone, which is readily 

recognised by a decrease in surface temperature (of about 1.5-2°C) and salinity 

(0.1 %o)· The Southland Front has been shown to be dynamic. It tends to move 

southwards and closer inshore in summer (Deacon, 1937; Jillett, 1969; Shaw, 1998). 

The frontal system also has high primary production, particularly in summer 

(Gall et al. 1999). This, in turn, leads to a high biomass of mesozooplankton 

(Bradford-Grieve, et al. 1998). Much of the plankton inshore of the front is 

subtropical in origin while the plankton found offshore has a subantarctic character 

(Robertson et al. 1978). 
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Figure 1.7. Water Masses of the Southland Frontal System (after Jillett, 1969). 

There is very little known about the population biology of Nototodarus 

sloanii. More biological information is required before there can be informed 

management of the species. This thesis attempts to gather some of the basic biological 

information required to manage the New Zealand squid fishery in an appropriate 

manner. 
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Chapter 2; Morphometric analysis. 

2.1 Introduction 

The use of multivariate analysis of morphometric data to gam a better 

understanding of taxonomy and geographic variation is common for vertebrates 

(Brede, et al. 2000; Saborido-Rey & Nedraas, 2000; Garrido-Ramos, 1997; Butler et 

al. 1989; Thorpe & Baez, 1987; Thorpe, 1984) and hard-shelled invertebrates 

(Tokeshi et al. 2000; Penny & Hart, 1999; Wilding et al. 1998; Gardner, 1996). 

The collection of morphometric data :from soft-bodied invertebrates, however, 

can pose problems. In particular, care must be taken not to stretch or otherwise distort 

the tissue to be measured. In squid, the arms and tentacles are subject to stretching 

and it is common for fins and heads to be damaged during capture and subsequent 

handling. 

The use of the hard structures of the squid for morphometric analysis is 

becoming more popular (Table 2.1 ). The only hard structures found in squid are the 

beaks (upper and lower), the statoliths, and the gladius (pen). Care must be taken with 

the storage of these tissues as they have a tendency to distort and become fragile when 

dry (Jackson et al. 1997) and this may affect any results produced. Occasionally, 

researchers have used cartilage tissue or hard structure parameters as ratios of soft 

tissue measurements (e.g. Kristensen, 1982). 

Data derived :from hard structure morphometries have been used to examine 

many aspects of the natural history of squid (Table 2.1 ). Of these, two aspects, 

population structure and geographic variation, are the most relevant to the current 

study, and these are discussed in sections 2.1.1 & 2.1.2. 

2.1.1. Population structure. 

The terms race, tribe, stock, and population have all be used to describe 

intraspecific groups of organisms. These terms are often chosen to reflect the 

magnitude of the differences between those groups of organisms. Amaratunga (1987) 

described a population as being a "group of organisms with unimpeded gene flow", 

that is a group of organisms that can interbreed although this definition does not allow 

for populations with restricted gene flow that can still interbreed depending on the 
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level of restrictions and time scale (M. Barker, pers. comm.). The definition from a 

fisheries management point of view is different. A stock is defined as "part of a (fish) 

population which is under consideration from a point of view of actual or potential 

utilisation" (Ricker, 1975), and Cushing (1981) provides an alternative, a population 

is "a group of organisms that could be treated as a homogeneous unit in a 

management area". Whatever definition is used, a population must be a group of 

organisms that live in close enough proximity to one another (spatially and· 

temporally) so that they can interbreed. The definitions of Ricker and Cushing are to 

some extent artificial in that they are based on economic and managerial 

characteristics, not biological ones. For the purposes of fisheries management, 

however, these points must be taken into consideration. 

Morphometric characters are considered to be "potentially powerful" for 

measuring relationships between populations (e.g. llhssen, et al. 1981a, b). 

Only a few cephalopod studies have focussed on population structure. 

Rodhouse & White. (1995) studied the population structure of Martialia hyadesi from 

the Antarctic Polar front region and from the Patagonian Shelf, using a variety of 

morphometric characteristics including gladius length and width (they also measured 

a number of other parameters including sex, maturity, and mantle length). There was 

some indication of a difference in the characteristics of the two areas, but it was 

considered premature to draw any conclusions as sample size was small and there was 

a considerable size difference between the two areas that had not been controlled for 

(Rodhouse, 1991). 
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T bl 21 E a e .. l f h l d d' ir · h d xampJ es o cep. a opo stu tes ut tsmg ar h structure morpJ ometncs. 
Aspect Studied Species Author 

Geographic Variation Todarodes sagittatus Borges, 1995; 
Loligo forbesi Pierce et al., 1994; 

Go natus fabricii Kristensen, 1982. 
Species Relationships Loligo sanpaulensis; Loligo gahi Pineda, et al., 1998; 

Todaropsis eblanae, Todarodes Lipinski et al., 1993. 
angolensis 

Martialia hyadesi Uozumi et al., 1991 
Loligo vulgaris vulgaris, L. v. Augustyn & Grant, 1988 

reynaudii 
Individual Biomass Moroteuthis ingens Jackson, 1995b; Jackson et al., 

1997; 
Nototodarus sloanii Jackson & McKinnon, 1996. 

Growth Rates Many species Arkhipkin & Bizikov, 1991. 
Functional Morphology Moroteuthis robusta Bizikov & Arkhipkin, 1997. 

Evolution Many species Young et al., 1998. 
Taxonomy and Systematics Many species Roelve1d, 2000; Ogden et al., 1998; 

O'Shea, 1997. 
Population Structure Todarodes sagittatus Borges, 1995; 

!!lex argentinus Rodhouse et al., 1998; 
Martialia hyadesi Rodhouse, 1991. 

Diet Analysis Moroteuthis ingens Jackson, 1995; Jackson et al., 1997; 
Jackson & McKinnon, 1996; C1arke 

& Goodall, 1994; Piatkowski & 
Piitz, 1994. 

Ratio's of reproductive: somatic !!lex coindetti, Hemandez-Garcia & Castro, 1998 
tissue Guerra & Castro, 1994 

Loligo gahi Rodhouse & Hatfie1d, 1992; 
/!lex argentinus Hatfie1d et al., 1992 

Ontogenetic change Photololigo sp Moltschaniwskyj, 1995 
Migration Loligo gahi Hatfie1d & Rodhouse, 1994 

Species Identification Octopus species Sma1e et al., 1993 
O'Shea, 1997 

2.1.2. Geographic variation. 

Kristenson (1982) examined 11 (8 were of soft tissue and 3 were of hard 

structure or cartilage) morphological characteristics of Gonatus fabricii from four 

different locations in the Greenland Sea and off Newfoundland. The data were 

analysed using a discriminant function analysis, producing a linear function giving 

maximal separation of assumed groups of specimens. It was found that there were no 

significant differences between the sexes. However, there were highly significant 

differences in the regional morphology of squid, even from those that were 

geographically very close to each other. 

Kristensen used ratios of gladius (pen) length to soft tissue measures. 

Although the study produced highly significant results and appears to indicate that 

there is some geographic variation in these ratios, some caution should be exercised 
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2.1. Morphometries: Introduction. 

when accepting the results. Ratios are not always suitable in studies of morphometric 

characteristics. They are only acceptable for comparative purposes if the relationship 

between the numerator and the denominator is in a linear form (i. e. it either is linear 

or has been transformed into a linear form, such as logged data) and if the data is 

close to the origin it should pass through it (Thorpe, 1983), however if the data is not 

close to the origin it does not matter. In addition, the squid specimens were fixed in 

formalin and then preserved in 70% ETOH. There is a possibility that the preserved 

squid would have been distorted in the fixing or preserving solutions. Perkins (2004) 

found that the method of preservation of squid could distort the squid tissue, which 

could lead to serious errors in measurement. Formalin fixation in particular has been 

shown to induce shrinkage in several species of marine and aquatic animals (e.g., 

ommastrephid squid, Perkins, 2004; hydromedusae, Lafontaine & Leggett, 1989; 

Fish, Merluccius bilinearis, Fowler & Smith, 1983; Perca flavescens & Coregonus 

artedii, Engel, 1974; Galaxius vulgaris, Caldwallader, 1974; Octopus, Octopus 

vulgaris, Nixon, 1971). 

Borges (1995) used the gladius, beak, and statolith morphology of Todarodes 

sagittatus to ascertain whether any morphometric differences occurred in squid from 

different locations, with specimens studied from northern Norway, Scotland, and 

Portugal. Discriminant analysis revealed that the statolith measurements did not differ 

significantly, however, all measurements of upper beak and all but two of the lower 

beak parameters, and two of the gladius measurements were significantly different. 

Thus, it was shown that hard structure morphometries could be used to differentiate 

regional differences. 

Pierce et al., in their 1994 study examined geographic variation in Loligo 

forbesi from British, Spanish, and Portuguese waters, similarly using soft tissue 

morphometries and meristic characters. The data indicated differences in morphology, 

squid collected from the Azores were significantly larger than those from other 

regions. The authors considered that this difference was such that it could not be 

attributed to sea temperature alone. They proposed therefore, that there might be some 

underlying genetic differences. 
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2.1. Morphometries: Introduction. 

2.1.3. Aims. 

Little work has been done on the morphometries of Nototodarus sloanii. In 

this chapter, hard structure measurements, mantle length, and body mass will be used 

to; 

1. examine geographic variation in relation to differences in squid size and beak 
morphology, 

2. examine relationship between beak parameters, mantle length and body 
weight and 

3. examine relationships between gladius length and width, mantle length and 
body weight. 

If these aims are achieved then the data collected can be used to more 

effectively manage squid stocks. For example a homogeneous migrating stock with 

good gene flow should be managed in a rather different way than a stock with 

discrete sub-populations and limited gene flow. The later scenario would lend itself 

to localised extinction under heavy fishing pressure. 
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2.2. Materials and Methods. 

2.2.1. Catch Locations. 

2.2. Morphometries: Materials and methods. 

1029 Nototodarus sloanii were collected from 18 sites around the South Island 

of New Zealand (see preface, Table P2, Fig P3). Some sample sites are close together 

and could be considered to be separate collection occasions of the same population, 

however, other studies have shown that the morphometries of squid taken from 

geographically close sites can be statistically significantly different (e.g. Kristensen, 

1982; Rodhouse, 1991; Pierce et al., 1994; Borges, 1995) therefore, each collection of 

Nototodarus sloanii will be considered to be a different site. 

Squid were frozen on board ship and delivered frozen to the Portobello Marine 

Laboratory, where they were held at -20°C until processed. 

2.2.2. External Measurements. 

All measurements were taken according to descriptions provided by Roper & 

Voss, 1983 (Table 2.2). Squid were weighed to the nearest 0.1g on a Mettler balance. 

Dorsal mantle length was measured to the nearest millimetre on a standard fish 

measuring board. The width of the mantle at its widest point was measured to the 

nearest 0.1 mm using vernier callipers (Fig. 2.1 ). Head length was measured to the 

nearest 0.1 mm using vernier callipers. (Fig. 2.2). Arm and tentacle length was 

measured to the nearest millimetre using a ruler inserted under the arm (Fig 2.2). The 

left arms and tentacle were always measured. If those were damaged, then the right 

arms or tentacles were measured. 

Fin length and width was measured using a ruler to the nearest millimetre (Fig 

2.1). 
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2.2. Morphometries: Materials and methods. 

T bl 2 2 St d d t a e an ar t f "d (R axononuc measuremen s o sqm oper &V oss, 1983) d . thi t d use m ss u ay. 

Standard measurement Description 

Dorsal mantle length (mm) 
Measured from the anterior most point of the 
mantle to the tip of the united fins 

Mantle width (mm) Greatest straight line width of the mantle 
Fin length (mm) Greatest length of fms 
Fin width (mm) Greatest width ( dorsally) across both fms 

Dorsal length of head measured from the point of 
Head length (mm) fusion of the dorsal arms to the anterior tip of the 

nuchal locking cartilage 

Arm length (mm) 
Length of the arm measured from the first basal 
(proximal-most) sucker to the tip of the arm 

Tentacle length (mm) Total length of the tentacular stalk and club 

The head, arms, and tentacles were severed posterior to the cephalic cartilage 

and weighed to the nearest 0.1 g and the beaks and statoliths removed and stored for 

later analysis. 

The fins were removed and weighed to the nearest 0.1 g. The mantle was then 

weighed to the nearest 0.1g and then the gladius was removed and stored for further 

analysis. 
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2.2. Morphometries: Materials and methods. 

Figure 2.1. External measurements of Nototodarus sloanii. 

Figure 2.2. Arm measurements of Nototodarus sloanii. 
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2.2. Morphometries: Materials and methods. 

2.2.3. Internal Measurements. 

Each squid was dissected open along the ventral midline. At this point, the 

gender and the stage of maturity of the individual was recorded (Juanic6, 1983, 

Lipinski, 1979, see Tables 5.1 & 5.2, chapter five). Reproductive organs were 

removed from each squid and weighed to the nearest 0.1g on a Mettler balance, then 

split into their several component parts. For females, these were ovary, oviducts, 

oviducal gland, and nidamental gland. In addition, the length of the left nidamental 

gland was measured to the nearest 0.1 mm on a fish measuring board. For males, the 

reproductive organs comprised testis, spermatophoric complex, and penis. The penis 

length was measured on a fish measuring board to the nearest 0.1 mm. 

The digestive gland was carefully removed and weighed to the nearest 0.1g. 

The caecum was removed and weighed to the nearest 0.1 g and assigned a 

fullness rating according to Jackson et al. (1998) (See Table 3.2, chapter 3). The 

caecae were then refrozen and kept for later analysis. 

Any other remaining viscera, such as gills, hearts, and connective tissue were 

given the generic name 'viscera'. These were removed and weighed to the nearest 

O.lg (all organs pooled). 

2.2.4. Structures used for hard morphometries. 

The beaks, statoliths, and gladii were removed. 

The statoliths are found in the statocyst chamber, which is in the postero

dorsal portion of the squid's cephalic cartilage. These were removed, cleaned and 

stored using the technique described in chapter 4, section 4.2.1. 

The gladii were removed, cleaned and stored using the procedure outlined in 

chapter 4, section 4.2.9. 

The beaks were removed from the buccal mass of the squid in one of two 

ways. If the squid was small (<200 mm dorsal mantle length) then the beaks could be 

gently teased out using blunt forceps. In larger squid, the beak was dissected out. The 

muscles of the buccal mass were cut laterally and then a small scalpel blade was 

inserted under the hood of the beak to loosen the tissue. Beaks were stored in 95% 
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2.2. Morphometries: Materials and methods. 

ETOH in labelled 35 mm film canisters (Fig. 2.3A). Very small beaks (from squid 

less than 100 mm DML) were stored in 95% ETOH in labelled eppendorftubes (Fig. 

2.3B). 

Figure 2.3. A) Film canisters for storage of large beaks; B) Eppendorf tubes for storage of small 
beaks. 

2.2.5. Measurements. 

The beak parameters were measured using digital vernier callipers (Table 2.3, 

Figs. 2.4A & B, 2.5A & B) to the nearest 0.1 mm. 

Table 2.3. Hard structure parameters measured. 

Beak Parameters (mm) 

Upper and Lower Rostral Length 
(URL&LRL) 

Upper and Lower Hood Length 
(UHL&LHL) 

Upper and Lower Crest Length 
(UCL&LCL) 

Upper and Lower Wing Length 
(UWL&LWL) 

Upper and Lower Rostral Gap 
(URG&LRG) 

Gladius Parameters (mm) 

Gladius Length 

Gladius Width 

Statolith Parameters 

Statolith Length (mm) 

Statolith Weight (IJ,g) 
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2.2. Morphometries: Materials and methods. 

The fresh gladius length and width was measured using a fish measuring board 

to the nearest millimetre (Figure 2.6). The statolith length was measured to the nearest 

0.1 mm, using an eyepiece micrometer attached to an Olympus compound microscope 

(Fig. 2.7). The statolith weight was measured using a mettler microbalance to the 

nearest O.lj..tg. 

lower beak. 

Figure 2.5. Rostral gap a) upper beak, b) lower beak. 

Gladius length (mm) 

Figure 2.6. Gladius parameters measured; a) gladius length, b) gladius width. 

28 

·j; Gladius 
width (mm) 



2.2. Morphometries: Materials and methods. 

Figure 2.7. Statolith parameters: length. 

2.2.6. Data Analysis. 

The morphometric data were divided into hard and soft tissue measurements 

and transformed by the expression Log(X + 1 ). This transformation of the data reduces 

the size factor from samples allowing for comparison of shape and growth to be 

examined without the noise generated by having samples composed of squid that may 

be large in one area or small in another (McArdle, 1999). A similarity matrix based on 

a Bray-Curtis similarity was created from the log transformed hard structure 

morphometric data using PRIMER v 5.1.1 (Clarke & Gorley, 2000). Then those data 

were plotted using multidimensional scaling (MDS) and tested using an analysis of 

similarity (ANOSIM) (Clarke & Gorley, 2000). Groups were considered to be similar 

if the R statistic was close to 0, conversely they were considered to be dissimilar if the 

R statistic was close to 1 (Chapman & Underwood, 1999). 

Most of the squid in the samples were at the maturity stage 2 (immature). 

Mean weight, dorsal mantle length and age was calculated (for stage 2 squid only) for 

each capture location and for each hatch season. 
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2.3. Morphometries: Results 

2.3. Results. 

The soft-tissue analysis was not used in this study due to difficulties obtaining 

accurate measurements. Soft tissue measurements were used only to calculate general 

relationships between weight and length for male and female squid. 

2.3.1 Multidimensional scaling. 

There were no significant differences in gladius (Two sample t-test, p=0.63), 

beak (Two sample t-test, p=0.33) or statolith measurements (Two sample t-test, 

p=0.53) for male and female squid, thus the MDS and ANOSIM were run with male 

and female data pooled. 

Stress: 0.04 

1 

Figure 2.8. MDS ordination indicating groupings obtained from the cluster analysis. 

The MDS ordination. (Fig 2.8.) suggests several loose groups with the 

locations; Akaroa Heads, Haldane 1, Mid Canterbury Bight and Pukeuri forming one 

group; Wainono Lagoon 2, Ellesmere, Nugget Point, Banks Peninsula and Pegasus 

Bay forming a second group and Wainono Lagoon 1, Long Point, Haldane 2, Haldane 

3 and Rakaia forming a third group and a fourth group consisting of Otago Harbour, 

South Snares Shelf, and Timaru; the West Coast sample appears to be an outlier. The 
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2.3. Morphometries: Results 

Rakaia sample looks as though it could group with either group 2 or 3. The groups are 

not related to capture date or location as there is a mix of these factors within each 

group, the grouping of samples appears to be related to water depth; the members of 

the first group (group 1) are all from water with a mean depth of 90±2.55m; the 

members of the second group (group 2) are all samples collected in water with a mean 

depth of 176.61±7.98m; the members of the third group (group 3) are all samples 

collected in deeper water with a mean depth of 209.69±5.77m The fourth group 

(group 4) sample are from a variety of water depths (10m -200m; mean depth 

116.07±15.70m) and from geographically widely scattered locations, however, these 

samples are all either very small samples (<10 animals, Timaru, South Snares Shelf, 

Otago Harbour) or they were collected using a different collection method (Trawled; 

South Snares Shelf & West Coast, Light trap; Otago Harbour) and this may have been 

reflected in the analysis. The ANOSIM shows that these groups may be statistically 

significantly different (Table 2.4.) Due to small sample size and different collection 

methods group four and the West Coast (group 5) samples are not used in any further 

analyses. 

Table 2.4. Results of ANOSIM routine to analyse differences between groups of samples 
suggested by cluster and MDS analysis (where Group 1 = mean depth 90m, Group 2= mean 
depth of 177m, Group 3= mean depth 210m, Group 4 =mean depth 116m and Group 5 is the 
West Coast sample= depth 150 m). R Global= 0.841. 

Between depth groups R 
Group 1 vs. Grol!l!_ 2 0.863* 
Group 1 vs. Grou_p_ 3 0.999* 
Group 1 vs. Group 4 0.926* 
Group 1 vs. Group 5 0.999* 
Group 2 vs. Group 3 0.999* 
Group 2 vs. Group 4 0.897* 
Group 2 vs. Group 5 0.960* 
Group 3 vs. Group 4 0.805* 
Group 3 vs. Group 5 0.999* 
Group 4 vs. Group 5 0.778* 

.. 
*denotes a stat1st1cally s1gmficant d1fference at the 95% confidence mterval 

The mean dorsal mantle length, body mass, maturity stage and age all 

increased with increasing depth (Figs. 2. 9-2.12). 
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Figure 2.9. Mean dorsal mantle length (mm) for groups suggested by MDS (where group's 1 -3 
are increasing water depth). Bars are standard error. 
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Figure 2.10. Mean body mass (g) for groups suggested by MDS (where group's 1 -3 are 
increasing water depth). Bars are standard error. 
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Figure 2.11. Mean maturity stage for groups suggested by MDS (where group's 1 -3 are 
increasing water depth). Bars are standard error. 
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Figure 2.12. Mean age (days) for groups suggested by MDS (where group's 1 -3 are increasing 
water depth). Bars are standard error. 

2.3.2. Age and size of stage two squid over different locations. 

Most of the individuals in this study were stage two (immature). Mean weight, 

mean mantle length and mean age (see chapter 4 for age details) were examined for 

male and female stage 2 squid at each of the 17 sample locations (Otago Harbour and 

South Snares Shelf excluded as there were no stage 2 animals present). Overall there 

was no significant difference between male and female mantle length (Fig. 2.13; 
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Table 2.5) but there was between male and female weight (Fig. 2.14; Table 2.6) and 

there was no significant difference between male and female age (Fig 2.15; Table 

2. 7). However in certain locations there appeared to be a difference in mean DML or 

in mean age. A two sample t-test confirms that some are significantly different 

(DML:Timaru (t= 5.58, p=0.014), Wainono Lagoon 1 (t=2.42, p=0.026), Nugget 

Point (t=2.87, p=0.014), and Long Point (t=2.94, p=0.021) and Age: Akaroa Heads 

(t=-2.84, p=0.018), Rakaia (t=3.15, p=0.009), Wainono Lagoon 1 (t=-2.28, p=0.031), 

Nugget Point (t=-2.05, p=0.042), Haldane 3 (t=-2.03, p=0.044) and Long Point (t=-

2.63, p=0.029). While the mean dorsal mantle length of male and female squid from 

Haldane 2 appear to be significantly different (Fig 2.13) a two sample t-test shows 

that they are not (t=l.25, p=0.130). Similarly the mean age of male and female squid 

from Pukeuri and Haldane 1 appear significantly different (Fig 2.15) a two sample t

test shows that they are not (t=l.89, p=0.054 and t=0.58, p=0.29 respectively). 

Table 2 5 ANOV A table for female vs male N. sloanii mantle length .. 
ANOVA 

Source of 
Variation ss df MS F P-value Fcrit 

Between Groups 1098.075 1 1098.075 0.793899 0.374737 3.921478 

Within Groups 163210.9 118 1383.143 

Total 164308.9 119 

Table 2 6 ANOV A table for female vs. male N. sloanii weight . . . . 
ANOVA 

Source of 
Variation ss df MS F P-value Fcrit 

Between Groups 21825.47 1 21825.47 4.246478 0.04153 3.921478 

Within Groups 606480.5 118 5139.665 

Total 628305.9 119 

Table 2 7 ANOV A table for female vs male N. sloanii age . . . 
ANOVA 

Source of 
Variation ss df MS F P-value Fcrit 

Between Groups 691.2 1 691.2 1.698775 0.194986 3.921478 

Within Groups 48012 118 406.8814 

Total 48703.2 119 
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2.3. Morphometries: Results 
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2.3. Morphometries: Results 

When the stage 2 individuals were separated out into winter/spring hatching or 

summer hatching, only five locations were found to have individuals that had hatched 

in both seasons. These were the Haldane 1, Haldane 3, Long Point, Banks Peninsula 

and Wainono Lagoon 2 locations (Figs. 2.16-2.18). The three former locations are 

from the southern end of South Island and the latter two are locations from the 

northern end of South Island. The Banks Peninsula location had to be excluded from 

any further analysis as only one individual had hatched in winter. 

Typically squid from Nugget Point, Timaru, Haldane 2, and Long Point 

appeared to be the largest and heaviest regardless of hatch season, however squid 

from Haldane 3 and Wainono Lagoon 2 locations could be added to this group when 

winter/spring-hatched squid were considered. Squid from all other locations were 

generally smaller than squid from these locations. 
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2.3. Morphometries: Results 

2.3.4. Beak Length Analysis. 

Beak length analyses are usually performed on log transformed data (G. 

J ackson pers. comm. ), thus all data was log transformed, and any analyses were 

performed on these transformed data (for graphs of untransformed data see appendix 

4). A two sample t-test showed that there was no statistical difference in rostrallength 

for male and female squid (URL t=-1.44, p=0.074; LRL t=-1.07, p=O.l4). 

The In upper and In lower rostra! lengths were regressed against In dorsal 

mantle length and In total body mass (Figs. 2.19-2.22). There was no significant 

difference between males and females for In upper and In lower rostrallength against 

either In dorsal mantle length or In total body mass. The resultant equations can be 

used in analysis of squid remains in the guts of many predators. These relationships 

have an r2 of between 0.7293 and 0.8293; this indicates that equations using log 

transformed rostra! length give a good approximation of log mantle length and log 

weight. Log transformed upper rostrallength is a better predictor of either parameter 

than lower rostrallength. 
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Figure 2.19. Ln upper rostrallength: Ln dorsal mantle length for male and female combined. 
Regression line represents a linear fit. 
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Figure 2.20. Ln upper rostrallength: Ln total body mass for male and female combined. 
Regression line represents a linear fit. 
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Figure 2.21. Ln lower rostrallength: Ln dorsal mantle length for male and female combined. 
Regression line represents a linear fit. 
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Figure 2.22. Ln lower rostrallength: Ln total body mass for male and female combined. 
Regression line represents a linear fit. 
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2.3. Morphometries: Results 

2.3.5. Gladi.us Length and width analysis. 

Regression equations were created for In gladius length and In width (Figs. 

2.23-2.26) (for graphs ofuntransformed data see appendix 4). These were created for 

females and for males. However, there were no significant differences between males 

and females and the data was combined to give a species regression rather than one 

based on gender. The regressions were strongest for gladius length: mantle length and 

gladius length: total body mass. Nevertheless, gladius width: mantle length and 

gladius width: total body mass, were also strongly related; these equations may prove 

to be most useful as an aid to prey reconstruction as the gladius is usually broken in 

stomach contents. 
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Figure 2.23. Ln gladius length: Ln dorsal mantle length for male and female. Regression line 
represents a linear fit. 
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Figure 2.24. Ln gladius width: Ln dorsal mantle length for male and female. Regression line 
represents a linear fit. 
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Figure 2.25. Ln total body mass: Ln gladius length for male and female. Regression line 
represents a linear fit. 
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Figure 2.26. Ln total body mass: Ln gladius width for male and female. Regression line 
represents a linear fit. 
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2.4. Morphometries: Discussion. 

2.4. Discussion. 

The morphological analysis of the hard structures of Nototodarus sloanii 

suggests a division in the population based on water depth. All the squid were caught 

in depths less than 500m. Jackson et al. (2000) collated data from a number of 

research bottom trawls (from 1981-1992, comprising 1953 tows in water depths 

ranging from 50-1400m) showed that the biomass of N sloanii beyond the 500m 

contour was negligible and that within it the biomass was considerable. The data 

presented in this study suggests that there may be a separation of the stock of N 

sloanii between the continental shelf and the continental slope. Several squid species 

have been shown to display a vertical migration associated with reproduction. Groups 

of Loligo gahi (Hatfield et al. 1990; Hatfield & Rodhouse, 1994) caught< 1 OOm were 

shown to be either mature or immature (no maturing stages) but at depth> 150m size 

and maturity increased, suggesting that the maturation and growth stages of the life 

cycle takes place at these depths. Mature individuals then migrate back to shallower 

waters to spawn. Clarke and Lu (1974, 1975) found rhynchoteuthion and juvenile 

Ommastrephids (2 mm-36.4 mm ML) in shallow waters but no adults. The data 

presented in this chapter suggest that Nototodarus sloanii may have a similar 

ontogenetic migration to that of Loligo gahi. 

Uozumi (1998) showed that there were low levels ofrelatedness (based on age 

distributions) among areas for Nototodarus sloanii, suggesting that areas such as 

Canterbury Bight, Auckland Shelf, and Snares Shelf are relatively independent of one 

another and thus, migrations between areas may not be significant. Although this 

current study did not find this (with the exception of the South Snares Shelf and West 

Coast samples, which did appear to be different), it also did not sample the full range 

of N sloanii. In some cases sample sizes were very small and thus separation between 

areas may not have been seen. It is also possible that the squid do migrate as they are 

very mobile, and many species are capable of extended migrations (Martinez et al. 

2002). In addition, in southern New Zealand waters, there are no geographical barriers 

to prevent migrations, the sole exception being the West Coast sample, which is 

separated from the other areas by the South Island. In southern NZ the Tasman 

Current comes from the West Coast travelling south and then moves in an easterly 

direction around Stewart Island and north up the East Coast of the South Island 
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2.4. Morphometries: Discussion. 

(Shaw, 1998). Squid from the West Coast ofNZ could be entrained in this current and 

be using it to move from the West Coast to the East Coast. Such behaviour is known 

to occur in the Humboldt squid (Dosidicus gigas) in the Gulf of California and in the 

countercurrent ridge off Costa Rica (Ehrhardt, 1991; Ichii et al. 2002). 

Soft tissue was not used for MDS and ANOSIM analysis in this study. Soft 

tissues of squid are extremely plastic which can lead to inaccuracies in measurement 

due to differences in handling as squid arms and tentacles are easily stretched and 

mantles distorted. In addition, the soft body of a squid is easily damaged during 

capture, which reduces the sample size for analysis (Pierce et al. 1994). There is also 

the possibility of damage due to preservation technique. The squid in this study were 

frozen which can cause dehydration of tissues (Uozumi et al., 1991). In particular, the 

fins of squid often widen and the mantle elongates, regardless of preservation 

technique (Perkins, 2004). Thus hard structures (beak, statolith, and gladius 

measurements) provide the most useful morphometric information. 

The relationship between mantle length and total body mass is often used in 

cephalopod studies to quantify growth. In Nototodarus sloanii, there appears to be 

little sexual dimorphism, however it should be noted that there were very few mature 

animals collected in this study and thus any sexual dimorphism in mature animals will 

have been missed. Arkhipkin and Laptikhovsky (2000) found that growth was best 

described by a power curve for both male and female Todarodes eblanae, but that the 

3 largest females had smaller weight than the curve approximated. In the current study 

the largest N sloanii (both male and female) were heavier than was approximated by 

the curve. 

Gonzalez et al. (1996) found that the relationship between weight and mantle 

length for immature specimens of Illex coindetti was isometric, while it was 

allometric for mature individuals. The allometry in mature individuals was positive 

for male and negative for female squid. An adaptive explanation given was that male 

squid in this species hold the females in their arms during copulation which may 

require greater strength. The females may express negative allometry because of the 

increase in reproductive tissues after maturation (Gonzalez et al. 1996). This is not 

seen inN sloanii which suggests that they utilize a different mating strategy than Illex 

coindetti. 
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2.4. Morphometries: Discussion. 

Beak length analysis has the potential to be useful in diet studies. Squid are 

often an important component in the diet of many marine predators (e.g. New Zealand 

Fur Seal, Arctocephalus forsteri, Dickie, 1999, Holborrow, 1999); New Zealand Sea 

Lion, Phocarctos hookeri, (Dickie, 1999). The soft body of squid is often macerated 

and digests quickly, however hard parts such as the beak and gladius are retained for 

longer. Regression equations created for beak length to weight and mantle length are 

useful to determine the biomass of prey ingested by a predator. Jackson and 

McK.innon (1996) created regression equations for the beaks of N sloanii, however, 

the samples lacked many small individuals, and the beaks had been dried, which may 

distort the shape and thus the measurements. The beaks in the current study were 

stored in alcohol to reduce distortion and included smaller individuals and thus the 

regression equations created may give a better estimation of mantle length and body 

mass than the earlier sets of equations. 

Gladius length showed good agreement with mantle length and could possibly 

be used to determine the size of squid in a predator's diet, however, in most cases the 

gladius is broken once ingested. Gladius width may be of some use as there was also a 

good relationship between gladius width and body weight and mantle length. Squid 

gladii do not often split down the posterior-anterior axis, (pers. obs.), but care should 

be exercised to measure the gladius only at the widest point which could be 

problematic in caecum contents; hence beak length remains the best estimator of 

squid size for diet analysis. 

It would be useful to compare the morphometric analysis of N sloanii with 

that of the congener (and the second species in the squid fishery in NZ) N gouldi; 

unfortunately at this stage this is impossible as no study on the morphometries of N 

gouldi has been documented. 

In terms of the fishery management of N sloanii these results suggest that 

there may be only one large population of the squid on the south-eastern coast of the 

South Island of NZ, but there is an ontogenetic migration of juvenile squid from 

shallower shelf waters to deeper slope waters to mature and perhaps back again for 

spawning. Spawning grounds have not yet been located for this species. Jiggers 

operating on the shelf have an increased chance of catching very small immature 

squid, while trawlers are more likely to catch maturing or mature squid. The squid 
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2.4. Morphometries: Discussion. 

fishing season in NZ runs from November to April, and back calculation of hatch 

dates (section 3.1.2) suggests that the squid hatch from August to February thus the 

adult squid should be migrating up the slope sometime before this. N sloanii appears 

to be an intermittent multiple spawner (chapter 4), thus starting the fishing season in 

December or January ensures that at least some squid will have spawned (those 

spawning from August to November) but the prolonged spawning also means that 

immature squid will be harvested. The data suggest that squid fishing should be 

concentrated off the shelf and perhaps later in the season to allow squid to mature and 

release at least one batch of eggs. 

The fact that mature animals were not collected in this study may be due to the 

sampling method. Most of the squid in this study were captured by jig on the shelf 

and thus were immature. In further studies some samples from deeper slope waters 

should be collected as deeper water has been shown to contain older more mature 

individuals (see section 5.3.1). 

Further study should include genetic analysis which may be able to clarify the 

population structure of this squid. New molecular techniques are providing new 

insights into squid speciation and population structure (Carlini et al., 2006; Buresch et 

al., 2006; Triantofillos & Adams, 2005; Sands et al., 2003; Sokolov, 2000; Soller et 

al., 2000; Shaw, et al., 1999). 
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Chapter 3; Diet analysis. 

3.1 Introduction. 

Squid are considered to be higher-level consumers in the Southern Ocean food 

webs (Knox, 1994). In some sectors of the Southern Ocean squid replace fish in the 

food chains (Rodhouse & White, 1995). In addition, they are important prey species 

of many marine mammals, birds and fish (Knox, 1994; Clarke, 1996; Croxall & 

Prince, 1996; Klages, 1996). The marine mammal predators of Nototodarus sloanii 

include: New Zealand Fur Seal, Arctocephalus forsteri (Dickie, 1999; Holborrow, 

1999); New Zealand Sea Lion, Phocarctos hookeri (Dickie, 1999); Hectors Dolphin, 

Cephalorhynchus hectori (Slooten & Dawson, 1994; Dawson & Slooten, 1996); and 

the Sperm Whale, Physeter catodon (Gaskin & Cawthron, 1967a, b). Bird predators 

include: Wandering Albatross, Diomedea exulans (hnber, 1992); Blue Penguin, 

Eudyptula minor (Fraser, 1999); and Yellow Eyed Penguin, Megadyptes antipodes 

(van Heezik, 1990; Moore et al. 1995). Fish predators of N sloanii include several 

commercially important species: Hoki, Macruronus novaezelandiae, and Southern 

Blue Whiting, Micromesistius australis (Clarke, 1985). Other important predators of 

N sloanii include Javelin Fish, Lepidorhynchus denticulatus, and Smooth Rattail, 

Coelorinchus aspercephalus, (Clark, 1985). 

Squid like many other cephalopods, are visual predators that detect prey with 

their eyes. Motion appears to be the key stimulus for both the initiation and 

maintenance of the attack (Hanlon & Messenger, 1996) The squid may stalk the prey 

or pursue it, in the latter there are two recognised forms of pursuit; guided where the 

pursuit path is continually being updated by visual feedback, so that the predator 

changes direction according to the path of the prey and ballistic where the predator 

establishes the location of the prey and launches itself at it in an assumption that it 

won't move (Hanlon & Messenger, 1996). Once the squid is close to the prey the long 

feeding tentacles lash out and catch the prey, which is then drawn back to the other 

arms where a stronger grip can be maintained. The squid then uses the beak to bite 

through the scales or carapace to inject saliva, which contains a neurotoxin/digestive 

enzyme complex, which immobilises the prey and begins the digestive process. Using 
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3.1. Diet: Introduction. 

this technique squid can hunt and eat prey larger than themselves (Hanlon & 

Messenger, 1996). 

However, to date there has been little close examination of the diet of 

Southern Ocean cephalopods. An exception is the onychoteuthid squid Moroteuthis 

ingens (Jackson et al. 1998; Phillips et al. 2001, 2002, 2003a, b, c). This squid feeds 

on large quantities of fish, especially mesopelagic lantemfish species (such as 

Lampanyctodes hectoris ). These squid eat greater than 1 0% of their body mass per 

day (Jackson et al. 1998). There was also a difference in male and female diet. 

Although both sexes were targeting the same species, female squid were targeting 

larger individuals than male squid and thus they ingested a greater biomass. Typically, 

the male squid ate numerically more fish. 

Most previous studies on Nototodarus sloanii have overlooked its diet. Where,, 

it has been examined, the prey items found have rarely been identified to species, due 

to the fact that squid macerate their prey thoroughly (Uozumi, 1998) and items used in 

identification are often broken (e. g. otoliths). Uozumi reported that the prey fish of N 

sloanii "might" belong to the Myctophidae and that some were sprat (Sprattus 

antipodum) and/or pilchard (Sardinops neopilchardus). Again, he reported that the 

squid prey "might" beN sloanii and that crustacean species were not identified. 

Diet studies have been undertaken on a number of other loliginid and 

ommastrephid species, e.g. Loligo vulgaris (Lipinski, 1987), Loligo vulgaris 

reynaudii (Sauer & Lipinski, 1991), Nototodarus gouldi (O'Sullivan & Cullen, 1983), 

Ommastrephes bartramii (Lipinski & Linkowski, 1988), Sthenoteuthis oualaniensis 

(Shchetinnikov, 1992), Illex argentinus, (Ivanovic & Brunetti, 1994), Martialia 

hyadesi, (Rodhouse et al. 1996), Illex illecebrosus (Dawe et al. 1997) and Todarodes 

sagittatus (Quetglas et al. 1999). In all cases the squid tended to eat mainly small 

crustaceans, mesopelagic fish and other cephalopods. In many instances, the squid 

were shown to be cannibalistic. 

The chapter aims to; 

1. identify the prey species of Nototodarus sloanii to species level, where 
possible, 

2. determine important prey species, 

3. reconstruct prey size, 
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4. construct regression equations of diagnostic tissue (e.g. otolith length) to 
length and weight for major prey species for which no published regression 
equations exist 

5. examine geographical differences in diet around New Zealand, 

6. examine gender differences in diet. 
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3.2 Materials and methods 

Squid were collected from South Island of New Zealand (Table 3.1) as 

discussed in the preface section entitled "sampling regime". 

The alimentary tract of Nototodarus sloanii is made up of the oesophagus, 

which is not markedly expanded to form a crop, this is directly attached to the 

muscular stomach (which contains very little food), the spiral caecum (again 

containing very little food) and the digestive caecum, which is a large, posteriorly 

oriented sac within which most food is found (Dr. Steve O'Shea, pers. comm.). The 

contents of the digestive caecum will be examined for this study. For clarity the 

digestive caecum will be referred to as the caecum. 

A minimum of half the caecae in each sample of squid were examined, unless 

the sample size was fewer than 15 squid, l.n which case all the caecae were examined. 

Six hundred and twenty four caecae were examined from 17 sample locations (Table 

2.1). If a caecae was found to be empty, the lining was examined under a dissecting 

microscope for any small prey remains, and then discarded. Empty caecae were not 

included in analyses, unless otherwise stated. 
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T bl 31 N b a e .. urn f . d er o caecae exanune per sampl e stte. 

Site name Site latitude and Catch Number of Number of Total Number 

longitude Date female male caecae number of of squid 

caecae examined: caecae in whole 

examined: number examined: 
sample 

number with number 
with contents with 
contents contents 

West Coast 43°13:48'S/169°49:74'E 26 March 31:0 55:0 86:0 86 
To 1997 
43°16:31 'S/169°48:67'E 

Nugget Point 46°28' S/170°07'E 24 March 33:24 26:17 59:41 68 
1998 

Timaru 44°26'S/170°07'E March 7:2 8:2 15:4 15 
1997 

Haldane2 46°85'S/169°08'E 3 January 15:7 16:10 31:17 38 
1999 

Rakaia 44°10'S/172°30'E 20 January 16:5 15:7 31:12 48 
1999 

Pukeuri 45°05'Sil71 °23'E 22 January 24:17 21:16 45:33 95 
1999 

Mid 44°18'S/172°2l 'E 25 January 20:13 22:16 42:29 84 
Canterbury 1999 
Bi2ht 
Ellesmere 44°ll'S/172°42'E 30 January 19:14 17:12 36:26 69 

1999 
Haldane 1 4 7°05' S/169°25 'E 4 February 20:17 25:25 45:42 89 

1999 
Wainono 44°43'S/172°20'E 10 25:18 24:15 49:33 72 
Lagoon February 

1999 
Haldane3 47°15'S/169°16'E 22 14:13 15:15 29:28 37 

February 
1999 

Long Point 46°52'S/169°45'E 25 12:6 14:12 26:18 35 
February 

1999 
Akaroa 44°18'S/173°08'E 17 March 25:20 21:21 46:41 91 
Heads 1999 
Banks 44°04'S/173°40'E 3 April 20:15 14:10 34:25 47 
Peninsula 1999 
Wainono 44°39'S/172°28'E 8 April 19:18 27:20 46:38 73 
Lagoon2 1999 
Pegasus Bay 43°20'S/173°35'E 14 April 14:13 23:16 37:29 62 

1999 
Otago 45°49'S/170°39'E 16May 11:0 (Juvenile) 11:0 11 
Harbour 2000 

5 October 
2000 

20 
November 

2000 
18 

December 
2000 

28. August 
2001 

South Snares 17 6:4 3:2 9:6 9 
Shelf 48°40'S/165°40'E February 

2005 
Total 305:206 328:216 633:422 1029 

The caecae were allowed to thaw naturally at ambient temperature. Each 

caecum was assigned a rating of caecum fullness (Jackson et al., 1998, Table 3.2) and 
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then each caecum was cut open. The contents were washed carefully through a 200!JID 

mesh sieve and then examined under a dissecting microscope; a rating of stage of 

digestion was assigned to the contents (Jackson et al., Table 3.3). If there was more 

than one prey type present (e. g. Crustacean and Cephalopod) then each prey type was 

assigned a stage of digestion rating (Jackson et al. 1998) (Table 3.3). Each individual 

prey item was not given a rating as it was assumed that where a prey type was 

ingested that all individuals of that type were eaten at the same time. In practise, this 

did appear to be the case. Any parasites found were identified and counted. 

The caecum lining was examined under a dissecting microscope to ensure that 

all contents had been removed. The contents were transferred to a petri dish and 

examined with light microscopy. 

Contents were divided into fish (Fig. 3.1), crustacean (Fig. 3.2), cephalopod 

(Fig. 3.3) remains, and "other" which included flesh without diagnostic characters and 

items that appeared to be the result of secondary ingestion. Any diagnostic remains 

were removed, labelled, and retained for further analysis. These were fish otoliths, 

cephalopod beaks, and crustacean eye lenses. 

Figure 3.1. Fish prey from a squid caecum. Where MS = Myctophid stomach, M= muscle and 
SB= bones and scales. (scale bar = lmm). Stage of digestion =Ill. 
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Figure 3.2. Crustacean prey from a squid caecum, where CH=Chitin, E=Eye, T=tissue. Stage of 
digestion= Ill. (Scale bar= O.lmm). 

Figure 3.3. Squid prey from a squid caecum, where T= tissue. Stage of digestion = 11. (Scale bar = 
lOmm). 

Prey items were identified to species where possible and standard 

measurements were taken. Sagittal otoliths were measured using an eyepiece 

micrometer on an Olympus™ BH 2 microscope to the nearest O.lmm. Otolith length 

was measured across the greatest diameter parallel to the sulcus acusticus (Fig 3.4). 
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ine of measurement 

Figure 3.4. Line of measurement parallel to the Sulcus acusticus used to measure otolith length 
(scale bar = lmm). 

Rostral lengths of cephalopod beaks (Fig. 3.5) were measured to the nearest 

O.lmm using a Panasonic™ WV-CL350 video camera mounted with an Olympus™ 

SZ-CTV mount to an Olympus™ SZ40 dissecting microscope. The resulting image 

was displayed on a National TM TV. This was done because the beaks from the caecae 

were very small and they have a three dimensional structure which meant that they 

would not sit at the correct plane on the microscope stage unless they were held with 

forceps. Under normal magnification, the forceps obscured the view of the beak. 

Magnification was adjusted on the video microscope so that a piece of lmm square 

graph paper was perfectly in focus and a lmm line on the graph paper equalled 1 cm 

measurement on the screen. At this magnification, the forceps do not obscure the beak 

and it can be held in the appropriate plane for measuring. 

Figure 3.5. Measurement of beak rostrallengths. 

Crustacean eye diameter was measured to the nearest O.lmm usmg an 

eyepiece micrometer on an Olympus™ BH 2 microscope (Fig. 3.6). 
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Figure 3.6. Eye diameter of Nyctiphanes australis. (scale bar= O.lmm). 

These measurements enabled regression equations to be used for prey size 

(weight and length) reconstruction: Standard lengths were used for all fish regressions 

except for Macruronus novaezelandiae, where total length was used. Prey items were 

identified using voucher specimens, references (Smith, 1977; Clarke, 1986; Gon & 

Heemstra, 1985; Hecht, 1987;Williams & McEldowney, 1990; Smale et al. 1995; 

Todd et al. 1996) or by taxonomic authorities (Dr Graeme Haywood; Dr Chris Lalas; 

Dr. Lee Perry). 

T bl 3 2 F 11 'd a e .. u ness or sqm caecae (f rom, J k I 1998) ac son eta. 
Caecum fullness Criteria 

0 Empty (clear or red liquid may be present). 

1 Less than 20% of caecum volume filled. 

2 Greater than 20% but less than 50% of caecum volume filled. 

3 Greater than 50% but less than 80% of caecum filled, caecum walls are not rigid. 

4 Food occupies. whole cavity but caecum walls not distended. 

5 Maximum possible fullness, caecum walls are thin and translucent. 
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T bl 3 3 S a e .. tageo fd" "d tgestiOn or sqm t t (f caecum con en s rom J k I 1998) ac son eta. . 
Prey item 

Stage of digestion Fish Cephalopod Crustacean 
I Pigments in skin seen, All chromatophores and Body parts and whole 
Freshly eaten muscles closely attached outer photophores present. animals not broken into 

to bone. Suckers and hooks remain component pieces (size of 
attached to arms. piece = bitten size) 

11 Skin no longer intact, Suckers and hooks are Shape is significantly 
Slightly digested, 5-15% muscles are attached to detached and some can be altered, chetae of small 
digested bone but beginning to found in the cavity. Arms and middle-sized animals 

separate. and tentacles retain shape slightly spongy. Body 
but without suckers and parts have begun to 
hooks. separate into component 

parts. Eyes nearly whole. 

Ill Muscles detached from Homy rings of suckers, All body parts have 
Half digested, bone, backbone intact, bases of hooks, thin parts separated; eyes are 
15--60% digested membranes of fins and of gladii and beaks have partially digested, soft 

caecae are digested. lost their elasticity. tissue mostly digested. 

IV Soft tissues nearly Soft tissues are nearly Only mandible and 
Mostly digested, digested, all vertebrae digested; occur in several pieces of outer 
60-90% digested have separated, rays of amorphous condition, skeleton remain. Soft 

fins connected only at without colour, forming tissues fully digested only 
base, scales partly characteristic worm-like outer cover of eyes 
digested and thin, remains. Thin parts of remains. Prawns and 
myctophid caecae inky gladii and beaks are crabs: chitinous parts of 
black. deformed and digested. skeleton thin and 

deformed. 
V Only centrum of vertebrae Beaks deformed, with Only mandibles, pieces of 
Almost fully digested, remains, remaining bones wings digested. Only pincers and rare thin 
90-100% digested very thin, otoliths thin, pieces of the largest hooks pieces of outer skeleton 

deformed and often remain. remain. 
broken, scales are 
translucent. 

VI Nothing identifiable remains (only liquid); these caecae were not classified into prey 
Fully digested, type. 
100% digested 

? No distinguishing features to identify stage of digestion. 

Comparisons were made between caecae of males and females for 

reconstructed prey weight, numbers of otoliths, caecum fullness, and number of prey 

items (T-tests). Statistics were run using the analysis tools in Microsoft Excel2002. 

Comparisons were also made between maturity stage and prey eaten and size 

class and prey eaten to look for shifts in diet due to maturation or size differences. 
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3.3 Results. 

3.3.1 Stage of Fullness and Digestion. 

Most of the caecum contents were not recently ingested (Fig. 3.7.); only 1.74% was 

freshly eaten by female squid and none by male squid. The remainder of the contents tended 

to be between mostly digested (28.7% for females and 30.75% for males), almost fully 

digested (21.45% for females and 20.50% for males) and fully digested (29.28% for females 

and 33.52% for males). In 18 female caecae, 5.22% of the tissue present was an 

unidentifiable mass with no distinguishing characteristics to allow a stage of digestion to be 

assigned and the 4.16% unidentifiable tissue was found for 15 male caecae (Fig. 3. 7). 

40 

35 

5 

2 3 4 5 

Stage of digestion 

Figure 3. 7. Percentage of squid caecum contents at each stage of digestion. 

6 

KEY 
1= Freshly eaten 
2= Slightly digested 
3= Half digested 
4= Mostly digested 
5= Almost fully digeste 
6= Fully digested 
? = Stage unidentified 

Only 15 individuals had full caecae. The remainder of the caecae were either < 20% 

full (30.18%) or< 50% full (25.12%) (Fig. 3.8). Ofthe 633 caecae examined, 431 had prey in 

them, the other 202 were empty or contained only fluid. Of the 431 caecae containing prey, 

368 contained only one species, with 63 containing two or more species of prey. 

The remains consisted of well-macerated pieces of crustacean carapace and eyes, fish 

flesh and loose otoliths and cephalopod flesh, beaks and damaged gladii. These remains were, 

however, sufficient to allow the prey to be identified to species level, with three exceptions 

(other than unidentifiable flesh). 
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Figure 3.8. Percentage of squid caecae at each stage of fullness. 

3.3.2 Prey Species of Nototodarus sloanii. 
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KEY 

O=Empty 
1= Less than 20% full 
2= More than 20% and 
less than 50% full 
3= More than 50% and 
less than 80% full 
4= Whole cavity full but 
walls not distended 
5= Maximum fullness, 
walls stretched and 
translucent 

6 

The caecae examined contained 12 species of fish, two species of squid, two species 

of crustacean, and some miscellaneous items, of probable secondary ingestion (Tables 3.4 & 

3.5). There was no significant difference between male and female squid for numbers of prey 

items (p=0.75) or numbers of otoliths per caecum (p=0.426), thus the data were combined for 

the following analyses. 

Numbers of prey species from the sample locations were examined (Tables 3.4 & 

3.5). Typically, the number of prey species eaten by N sloanii was low, only 1-3 species, 

however at the southern end of the range the number of prey species ingested had increased 

to 10 (Tables 3.4 & 3.5, Fig 3.9). It should be noted that as the sites were not sampled in the 

same year, they cannot be interpreted with any statistics as they may not be homogenous, 

they are descriptive only. 
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Table 3.4. Fish fNototod, ·[, .. t diffl tlocaf th - ~·-- - ---------------------------- New Zealand 
Number of caecae containing prey species 

Location Site Ntotal s. A. elongata B. D. M. L Symbolophorus P. M. L. Syngnathidae Seriolella 
:Nwith antipodum antarcticus rebainsi muelleri hectoris Sp. bachus novaezelandiae denticulatus sp 
contents 

West Coast West Coast 86:0 - - - - - - - - - - - -
Pegasus 59:41 - - - - - - - - - - - -

North Bay 
end of Banks Pen. 15:4 - - 2 - 2 18 3 - - 2 - -
range Canterbury Akaroa 31:17 - - - - - - - - - - - -

Heads 
Ellesmere 31:12 - - - - - - - - - - - -
Rakaia 45:33 - - - - - - - - - - - -
Mid Bight 42:29 - - - - - - - - - - - 2 
Timaru 36:26 - - - - - 1 - - - - - -

Wainono 45:42 - 3 - - 1 - - - - - - -
Lagoon 

Middle Otago Wainono 49:33 - - - - - - - - - - - -
of Range Lagoon 2 

Pukeuri 29:28 - 1 - - - - - - - - - -
Otago 26:18 - - - - - - - - - - - -
Harbour 
Nugget 46:41 - 1 - - - - - - - - - -
Point 

Southern Catlins Haldane 1 34:25 - - - - - - - - - - - 1 
end of 
range Haldane2 46:38 - - - - - - - - - - - -

Haldane3 37:29 1 3 1 - 4 - - 1 - - 4 -
Long Point 11:0 - 1 2 1 12 6 1 2 2 - - -

Snares Snares 9:6 - - - - - - - - - - - -
--
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Table 3 5 Other prey of Nototodarus sloanii at different locations in southern New Zealand .. 
Prey species 

Location Site Ntotal Nototodarus Nototodarus Nyctiphanes Munida 
:Nwith sloanii gouldi australis gregaria 
contents 

West Coast West Coast 86:0 - - - -
Pegasus 59:41 1 2 19 9 
Bay 
Banks Pen. 15:4 2 - 6 1 

North end Canterbury Akaroa 31:17 2 - 39 .5 
of range Heads 

Ellesmere 31:12 14 - 1 -
Rakaia 45:33 1 - 11 -
Mid Bight 42:29 7 - 22 -
Timaru 36:26 - - - -
Wainolio 45:42 10 - 23 1 
Lagoon 

Middle of 
Otago Wainono 49:33 35 - 2 -

Range 
Lagoon 2 
Pukeuri 29:28 3 - 26 -
Otago 26:18 - - - -
Harbour 
Nugget 46:41 2 - 35 3 
Point 

Southern Catlins Haldane 1 34:25 2 - 16 -
end of Haldane2 46:38 11 - 30 -

Haldane3 37:29 3 - 20 -range 
Long Point 11:0 10 - - -

Snares Snares 9:6 6 - - -

64 



3.3. Diet: Results 

The most common prey species was the euphausid shrimp, Nyctiphanes 

australis, which was found in 46% of caecae represented by 3175 eyes (Fig 3.10) 

(Table 3.5). The other crustacean present in the diet was the galatheid crab, Munida 

gregaria (Fig 3.11). However, this was a minor component of the diet as it was 

present in only 3.53% of the caecae (Table 3.5, Fig 3.28). 

Figure 3.10 Nyctiphanes australis prey from N. s/oanii caecae (scale bar= O.lmm). 

Figure 3.11. Munida gregaria prey from N. sloanii caecae a) general remains of chitin, b) Chela 
(scale bars = lmm). 
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Fish were present in only 23% of caecae however, it was the most important 

taxa consumed; 96% of all prey taxa consumed were teleosts. The teleosts were 

identified by their sagittal otoliths (Figs 3.12 - 3.16 & 3.19). The stemoptychid fish 

Maurolicus muelleri (Pearl side) and the myctophid, Lampanyctodes hectoris 

(Common Lantemfish) were the most abundant teleost prey items being represented 

by 132 otoliths in 19 caecae (4.76%) and 80 otoliths in 25 caecae (5.88%), 

respectively (Tables 3.7 & 3.8, Fig 3.12 & 3.29). Most fish prey consumed was at 

either the Banks Peninsula (Canterbury) or Long Point (Catlins) sites. At the Banks 

Peninsula, site five fish species were consumed and at the Long Point site seven fish 

species were consumed (Table 3.7). 

Figure 3.12. a) Maurolicus muelleri and b) Lampanyctodes hectoris otoliths from N. sloanii caecae 
(scale bar = lmm). 

Figure 3.13. a) Macruronus novaezelandiae b) Argentina elongata otoliths from N. sloanii caecae 
(scale bar= lmm). 
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Figure 3.14 a) Bathylagus antarcticus and b) Pseudophycus bachus otoliths from N. sloanii caecae 
(scale bar = 1mm). 

Figure 3.15. a) Lepidorhynchus denticulatus and b) Sprattus antipodum otoliths from N. sloanii 
caecae (scale bar = 1mm). 

Figure 3.16. Diplophos rebainsi otolith from N. sloanii caecae (scale bar = 0.1mm). 

On average female squid at Canterbury and Otago sites were more likely to eat 

more than one taxonomic class of prey than male squid (Figs 3.17 & 3.18), but this 

difference was not significant (p>0.05). They were slightly less likely to eat more than 

one class of prey than male squid at the Catlins sites (Figs 3.17 & 3.18). On average at 

all locations, there was no significant difference in the number of prey species 
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consumed by male and female squid. The exception to this was for male squid at 

Haldane 3 and Long Point in the Catlins where male squid ate more prey species than 

females (Figs 3.19 & 3.20), however, this difference was not significant (p>0.05). 

Squid from the Snares had ingested N sloanii, N australis, and two 

unidentified myctophids. 
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Figure 3.17. Average number of prey classes found in female N. sloanii caecae (error bars are standard error) (does not include empty caecae). 
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Table 3.6. Number of identified fish otoliths per stomach in N. sloanii caecae. 

Fish prey 
Location Squid s. A. elongata B. D. M. L. Symbolophorus P. M. L. Seriolella 

No. antipodum antarctic us rebainsi muelleri hectoris Sp. bachus novaezelandiae denticulatus sp 

West Coast - - - - - - - - - - - -
PegasusBay - - - - - - - - - - - -

Banks F401 - - - - - 5 - - - - -
Peninsula F402 - - - - - 2 - - - - -

F404 - - - - - 5 - - - - -
F405 - - - - - - - - - - -
F408 - - 2 - - 5 3 - - - -
F410 - - - - - 4 - - - - -
F411 - - - - - 1 - - - - -
F412 - - - - - 1 - - - 1.5 -
F413 - - - - - 2 - - - - -
F414 - - - - 1 - - - - - -
F417 - - - - - 8 2 - - - -
F418 - - - - - - 1 - - - -

F420 - - - - - 1 - - - - -

F421 - - - - - 2 - - - - -
F423 - - - - 3 - - - - 1 -
M438 - - - - - 2 - - - - -
M439 - - - - - 1 - - - - -
M440 - - - - - 2 - - - - -
M441 - - - - - 1 - - - - -

M443 - - - - - 2 - - - - -

M444 - - 1 - - 2 - - - - -

M446 - - - - - 8 - - - - -

Akaroa - - - - - - - - - - - -
Heads 

Ellesmere - - - - - - - - - - - -
Rakaia - - - - - - - - - - - -

Mid Cant M210 - - - - - - - - - - 1 
Bight 

Timaru M70 - - - - - 1 - - - - -
----
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3.3. Diet: Results 

Table 3.6 cont'd. Number of identified fish otoliths per stomach in N. sloanii caecae. 

Fish prey 
Location Squid s. A. elongata B. D. M. L. Symbolophorus P. M. L. Seriolella 

No. antipodum antarctic us rebainsi muelleri hectoris Sp. bachus novaezelandiae denticulatus sp 

Wainono - - - - - - - - - - - -
Lagoon 1 
Wainono F29I - 2 - - - - - - - - -
Lagoon 2 F293 - - - - I - - - - - -

F309 - I - - - - - - - - -

M329 - 2 - - - - - - - - -
Pukeuri FI22 - I - - - - - - - - -

Portobello - - - - - - - - - - - -
Nugget Point F72 - 2 - - - - - - - - -

Haldane 1 - - - - - - - - - - - -
Ml12 - - - - - - - - - - 2 

Haldane2 - - - - - - - - - - - -
Haldane3 F333 - - - - 2 - - - - - -

M360 - 2 - - 5 - - I - - -
M362 - I - - - - - - - - -

M364 2 - - - - - - - - - -

M368 - I I - I - - - - - I 
M370 - 2 - - 2 - - - - - -

Long Point F336 - 2 - - 8 - - - - - -
F337 - - - - - 8 - - - - -

F338 - - - - 20 I - 3 - - -
F339 - - - - 2 - - - - - -
F34I - - - - I8 I - - - - -
M378 - - - - 4 - - - - - -
M379 - - 4 - 3 - - - - - -
M380 - - - - - - - - - - -
M38I - - 2 - 6 2 - 2 - - -

M382 - - - - 9 - - - - - -
M383 - - - I - - - - - - -
M384 - - - - I 2 - - - - -
M390 - - - - 29 - - - 2 - -
M392 - - - - I - - - I4 - -
M393 - - - - 6 6 2 - - - -
M394 - - - - 4 8 - - - - -
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Three fish prey could not be identified to species. These were Lantemfish 

(Symbolophorus sp.) (Fig 3.19 a), Warehou (Seriolella sp.) (Fig 3.19b), and a Pipefish 

type (Syngnathidae) (Fig 3.20). In the case ofthe Warehou and the Lantemfish, there 

are more than one species in each genus, with otoliths that are very similar. As there 

were only a few of each type of otolith, it was not possible to differentiate them. In the 

case of the pipefish, there were decapitated bodies and heads but no otoliths present, 

and any fins had been digested, preventing identification (Table 3.4). 

Figure 3.19. a) Symbolophorus sp and b) Seriolella sp otoliths from N. sloanii caecae (scale bar= 
lmm). 

Figure 3.20. Syngnathid remains from Nototodarus sloanii caecae from N. sloanii caecae (scale 
bar= lmm). 

73 



3.3. Diet: Results 

Cephalopod prey was found in 15.53% of caecae and comprised 16% of taxa 

consumed. These were identified using the beak morphology (Fig 3.21). Broken gladii 

were also present (Fig 3.22). The most common cephalopod prey item was N sloanii, 

which was found in 14.59% of caecae and was represented by 168 beaks. N gouldi 

was found in 0.47% of caecae and was represented by three beaks. In a further 0.47% 

of caecae, there was unidentified cephalopod flesh with no beaks, sucker rings, or 

gladii to aid identification (Table 3.8, Fig 3.30). 

Figure 3.21. Cephalopod beaks from N. sloanii caecae (scale bar =lmm). 

Figure 3.22. Gladius remains from N. sloanii caecae (scale bar =lmm). 
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Other miscellaneous prey included bivalve veligers (Fig 3.23), which were 

always associated with the syngnathid prey, one snail (Fig 3.24), and the megalopa of 

a brachyuran crab (Fig 3.25). These were probably the result of secondary digestion 

(Table 3.8, Fig 3.31). 

Figure 3.23. Bivalve veligers from N. sloanii caecae (scale bar = O.lmm) .. 

Figure 3.25. Brachyuran crab megalopa from N. sloanii caecae (scale bar= O.lmm). 
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3.3. Diet: Results 

Less than one percent of caecae examined contained parasites. These were 

mainly the nematode Anisakis simplex (Fig 3.26). The nematodes were either found in 

the caecum contents or attached to the caecum wall. The exception to this was the 

small sample of squid collected from the South Snares Shelf where 88.89% (8 out of 

9) of squid examined contained between 20 and 130 Anisakis simplex nematodes and 

100% contained an as yet unidentified parasite (Fig 3.27 a & b). Samples of these 

parasites have been sent to parasitologists at both the University of Otago, the 

University of San Francisco and to Dr F. G Hochberg at the Santa Barbara Museum of 

Natural History where they have yet to be identified. 

Figure 3.26. Anisakis simplex nematodes from N. sloanii caecum walls and connective tissue (scale 
bar = O.lmm). 

Figure 3.27 A) An unknown parasite from Nototodarus sloanii captured on the South Snares 
Shelf (scale bar= 0.1 mm), B) close up of the parasite (scale bar= O.lmm). 
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b fM d, ·[, 1 .. f d rel ·· f for fish prey. ... _. ....... .-. -- ------~ ~-- . ~ -~ -~ ----· --~ ~-~ ------y -- -- - - -- --, , ~ --- - __ .... _ ..,.. __ --- -- --- ---

Species Number of Frequency of Number of Mean Range in Standard Numerical Relative Class Relative 

caecum occurrence otoliths otolith otolith error composition occurrence occurrence 
length(mm) length (mm) (otolith of species of taxa 

length) (ROS) (ROT) 

Fish Prey 
CluJ;1eidae Te1eost 96 

Sprattus antipodum 1 0.24 1 0.09 1.06 

Argentinidae Crustacean 60 

Argentina elongata 9 2.59 16 1.2 0.47-2.4 0.206 0.38 11.43 

Bathy1agidae Cepha1opod 16 

Bathylagus antarcticus 5 1.18 7 0.787 0.52-1.32 0.169 0.16 5.21 

Gonostomatidae 
Diplophos rebainsi 1 0.24 1 0.09 1.06 

StemoJ:1j;ychidae 
Maurolicus muelleri 19 4.76 132 0.468 0.2--0.85 O.Oll 3.11 21.0 

Mycto11hidae 
Lampanyctodes hectoris 25 5.88 80 1.97 1.52-2.4 0.027 1.88 26.0 

Symbolophorus sp. (barnardi 4 0.94 5 4.23 3.96--4.58 0.114 0.12 4.09 

or hoops) 
Unidentified myctophid A 1 0.15 2 
Unidentified myctophid B 1 0.15 2 

Moridae 
Pseudophycis bachus 3 0.71 6 2.50 2-2.84 0.157 0.14 3.13 

Merluccidae 
Macruronus novaezelandiae 2 0.71 21 0.79 0.54-0.92 0.026 0.49 3.13 

Macrouridae 0.05 2.08 

Lepidorynchus denticulatus 2 0.47 2 3.13 

Syngnathidae 4 0.70 3.13 

CentroloJ:1hidae 
Seriolella sp. 4 0.70 3 0.57 0.5-0.61 0.013 0.05 15.58 

Unknown fish flesh and 15 3.53 

bones 
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Table 3.8. Prey items of Nototodarus sloanii, percent occurrence, numerical composition, relative occurrence of species and relative occurrence of taxa for 

-- haloood. crustacean. and miscell -------- --- -
Species Number Frequency of Number of Range in beak Mean beak Standard Numerical Relative 

of occurrence beaks or rostrallength rostrallength error (beak composition occurrence of 
caecae crustacean (mm) (mm) rostral species 

eyes length) 

Cephalopod Prey 
Ommastre!lhidae 
Nototodarus sloanii 62 14.59 168 0.48-4.2 0.98 0.069 3.96 93.95 

Nototodarus gouldi 2 0.47 3 0.07 3.03 

Unknown 
ceohaloood 2 0.47 3.03 

Crustacean Prey 
Eu!lhausidae 
Nyctiphanes 186 46.43 3175 0.2-0.12 0.723 0.003 74.76 79.78 

australis 
Galatheidae 
Munida gregaria 15 3.53 15 0.35 6.07 

Unknown 
Crustacean 35 8.24 14.16 

Miscellaneous 
Bivalves 3 0.70 421 11.98 

Megalopa 1 0.24 1 0.04 

Snail 1 0.24 1 0.04 
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Figure 3.28. Percent occurrence of crustacean prey items in N. sloanii caecae. 
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Figure 3.30. Percent occurrence of cephalopod prey items in N. sloanii caecae. 
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3.3. Diet: Results 

3.3.3 Diet compared to maturity and size class. 

A two way ANOV A (diet x maturity stage) showed that there was no 

significant difference in diet between different maturity stages (Fig. 3.32, Table 3.9) 

nor was there a difference between maturity stage and average prey weight (2 way 

ANOVA, average prey weight x maturity stage) (Figs 3.33 & 3.34, Table 3.10), 

however there is a difference in diet in relation to mantle length (mm) and squid 

weight (2-way ANOV A; diet x mantle length; 2-way ANOV A; diet x squid weight) 

(Figs 3.35 & 3.35, Tables 3.11 & 3.12). As the squid increase in size, fish become 

more important in the diet and crustaceans and other cephalopods less important. 

T bl 3 9 T a e .• woway ANOVA t bl ~ 'd t 'ty t 'dd' t a e or sqUI ma un s age vs. sqUI Ie. 

Source of ss DJ MS F P-value Fcrit 
Variation 
Maturity 
stage 23404.5 3 7801.5 3.68082095 0.15644325 9.27661858 
diet 2380.5 1 2380.5 1.12314225 0.36701298 10.1279625 
Error 6358.5 3 2119.5 

Total 32143.5 7 

T bl 310 T a e . woway a e or average prey weigJ ANOVAt bl ~ . ht vs. sqUI maun sage. 'd t 'ty t 

Source of 
Variation ss DJ MS F P-value Fcrit 

Prey weight 5484.644 4 1371.161 1.217852 0.329311 2.776289 
~aturity 
~tage 16900.99 6 2816.831 2.501882 0.050459 2.508189 

!Error 27021.24 24 1125.885 

[rotal 49406.87 34 

T bl 311 T a e . woway ANOVA bl ~ 'd tl I th ta e or sqUI man e eng 'dd' t VS. SQUI 1e. 

Source of ss DJ MS F P-value Fcrit 
Variation 

Mantle 10054.285 
20 502.714286 4.38304409 0.00086695 2.1241533 

length 7 

diet 
712.59523 

1 712.595238 6.21294528 0.02157256 4.35125003 
8 

Error 
2293.9047 

20 114.695238 
6 

Total 
13060.785 

41 
7 

82 



3.3. Diet: Results 

T bl 312 T a e . woway ANOVA bl ~ .d . h .dd. ta e or sqm we1g t vs. sqm I et. 

Source of 
Variation ss Df MS F P-value Fcrit 

Squid 
weight 14879.43 29 513.0839 4.546115 4.73E-07 1.662901 

diet 726.6667 2 363.3333 3.219269 0.047227 3.155932 

Error 6546 58 112.8621 

Total 22152.1 89 
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Figure 3.32. Number of caecae containing the different prey types for each maturity stage of N. sloanii (male and female combined, n= 422, NB some caecae 
contained more than one prey type.) 
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Figure 3.34. Average prey weight versus maturity stage for N. sloanii. Bars are standard error. Note different y-axis scale to that of Figure 3.33. 

86 



90 

80 

70 

~ 60 
u 
Q) 

~ 50 
"1-
0 
lo... 
Q)4Q 
.0 
E 
~ 30 

20 

10 

0 
0 ~ N .....- .....-

0 0 8 0 
lO CX) N 
.....- .....- N N 

I I I I I I .....- .....-
0 N :;;j= .....- 00 5 lO 

N 

0 0 0 

~ lO 00 
N N 

I I I .....-

~ [0 N 
N N 

• Fish Prey (n=85) 
0 Crustacean Prey (n=277) 
Ill Cepahalopod Prey (n= 1 04) 

8 0 ~ 0 
N lO 

('(') C'f') C'f') C'f') 
I I I I 

ex; 5 .....- :;;j= N 
N ('(') C'f') C'f') 

Length category (mm) 

3.3. Diet: Results 

as § 0 

~ C'f') 
I I I .....- 00 ~ lO 

C'f') C'f') 

Figure 3.35. Number of caecae containing the different prey types for 20 mm size classes of N. sloanii (male and female combined, n= 422, NB some caecae contained 
more than one prey type.) 
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Figure 3.36. Number of caecae containing the different prey types for each weight category of N. sloanii (male and female combined, n= 422, NB some caecae 
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3.3.4 Size of Prey. 

Prey size and biomass for major prey items were estimated using regression 

equations (Table 3.13). Prey was typically small in length and mass (Table 3.14) and 

the reconstructed prey weights for individual squid were low. Most prey items were 

less than 160g weight and 198 mm length. One female had an estimated 260g of N 

sloanii in her caecum but this was unusual. Most squid had an estimated weight of 

less than 50g prey in their caecae. 

Table 3.13. Regression equations for major prey items. For fish prey the regression is for otolith 
length to weight and standard length (except for M. novaezelandiae where total length was the 
only measurement available). For cephalopod prey the regression is for beak upper rostrallength 
to weight and mantle length and for crustacean prey the regression is for eye diameter to weight 
an d l th (f t t t l ) eng1 romros rum o e son. 

Species Regression equation r2 Author 
Fish prey 

Stemoptvchidae Wt=l.42650L33065 0.853 
Maurolicus muelleri (n=91) 

SL=47.4290Lu099 0.863 This study (see appendix II) 

Myctophidae lnWt=4.651nOL-2.76 0.661 
Lampanyctodes hectoris 

lnSL=1.661nOL+2.76 0.8 Sma1e et a!, 1995 

Merluccidae Wt=2.33x10.,;xTL3
·
08 Fraser, 1999 

Macruronus novaezelandiae 
TL=32.97xOL0

·
91 

Cephalopod prey 
1n Wt= 1.9891nURL + 2.2349 0.829 This study (see chapter 2) Ommastr!<]2hidae 

Nototodarus sloanii (n=922) 1n DML=0.70151nURL+4.2833 0.82 
Crustacean prey 
Euphausidae Wt=0.0466ED0

·
7475 0.594 This study (see appendix II) 

Nyctiphanes australis (n=391) L=16.873ED0
·
2067 0.586 
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Table 3 14 Reconstructed length and wei~ ht for maJor prey items of Nototodarus s/oanu. 
Species 

Fish prey 
Stemoptychidae 
Maurolicus 

Number of 
prey items 
used in 
calcu1ation*s 

mue/leri 92 

Myctophidae 
Lampanyctodes 
hectoris 

Merluccidae 
Macruronus 
novaezelandiae 

Cephalopod 
prey 
Ommastrephidae 

67 

20 

Nototodarus 90 
sloanii 
Crustacean 
prey 
Euphausidae 
Nyctiphanes 
australis 

3150 

Estimated 
weight range 
(g) 

0.006-0.85 

0.44--3.71 

0.115-0.119 

Mean weight 
(g) 

0.13 

1.64 

0.12 

2.291- 160.482 18.29 

0.0093-0.177 0.036 

Standard 
error 

0.012 

0.79 

0.001 

2.05 

0.0002 

Estimated 
length range 
(mm)** 

Mean length 
(mm) 

4.14-40.46 SL 19.11 

31.66-67.58 
SL 

33.41-33.80 
TL 

43.69- 198.55 
DML 

11.23-32.22 
TL 

49.03 

33.68 

70.19 

15.51 

* Number of prey 1tems used to calculate lengths etc are less than the number found m the sqmd 
caecae, this is because some otoliths, eyes and beaks were damaged and thus unable to be measured. 
** All are Standard length except for Macruronus novaezelandiae where the measurement is total 
length. Nyctiphanes australis length is for total length (rostrum to telson). 

3.3.5. Percent body weight eaten by Nototodarus sloanii. 

Male squid eat between 0 and 50% of their body weight (mean 3.99%) and 

females eat between 0 and 60% (mean 4.29%). A one way ANOV A (gender x %body 

weight eaten) found no significant difference between male and female squid (Fig. 

3.37, Table 3.15). 

Male Female 

Gender of squid 

Figure 3.37. Mean percent body weight eaten by male (n=153) and female (n=114) Nototodarus 
s/oanii. 
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Standard 
error 

0.626 
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0.09 
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0.019 
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Table 3.15. One way ANOV A table for squid gender versus percent body weight eaten. 

Source of 
Variation ss Df MS F P-value Fcrit 

Squid Gender 5.75459109 1 5.75459109 0.08182165 0.77506895 3.87705912 
Percent body 
weight eaten 18497.0283 263 70.3309062 

Total 18502.7829 264 

3.3.6 Other Indices. 

Several other indices were computed (Table 3 .16). Numerical Composition 

(Quetglas et al. 1999) showed that in terms of numbers of individual prey items of a 

given species in the diet, N australis is the most important prey, comprising 74.76% 

of all prey eaten. The next most important prey item eaten was N sloanii (3.96%) 

followed by M muelleri (3.11 %) andL. hectoris (1.88%) (Tables 3.7 & 3.8). 

Relative occurrence of species (O'Sullivan & Cullen, 1983) is a measure of 

the importance of a prey species within its taxon in the diet. N australis was the most 

important crustacean species comprising 79.76% of all crustaceans eaten. N sloanii 

was the most important cephalopod species comprising 93.95% of all cephalopods 

eaten. However, there was more variation in the fish eaten, several species were 

important to the diet in varying degrees. 25.96% of fish eaten were Lampanyctodes 

hectoris, 21.02% were Maurolicus muelleri and 11. 43% were Argentina elongata 

(Tables 3.7 & 3.8). 

Relative occurrence of class (Montague & Cullen, 1988) measures the 

importance of a class as a whole to the diet. InN sloanii, teleost fishes are the most 

important prey class, occurring in 96.38% of caecae. Despite the euphausid N 

australis being numerically very important, crustaceans are of less importance to the 

diet than fish. Crustaceans were found in 60.36% of caecae. Cephalopod remains were 

found in 16.11% of caecae (Table 3.8). 
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Table 3.16. Indices used for analysis of the diet of N. sloanii. 
Index Formula Author 
Frequency of Occurrence (f) f-= (N/Nitot.Vxl 00 where Ni = number of Quetglas et al. 1999 

caecae with a specific type of prey 

Numerical Composition (Cn) Cn= (NpfNptotai) xl 00 where NP = number of 
Quetglas et al. 1999 

individuals of the same prey item 

Fullness-Weight Index (FWI) FWI=(caecum weight/body weight) x 100 Quetglas et al. 1999 

Relative Occurrence of Species ROS=f divided by the sum of fs of all Montague & Cullen, 1988 
(ROS) species, where f = the frequency of 

occurrence of an individual species O'Sullivan & Cull en, 
1983 

Relative Occurrence of class ROT= (f.!Lf) xlOO, where fa= the frequency 
(ROC) of occurrence of individual class and I:f is 

the sum of frequency of occurrence of all 
classes. 

The fullness-weight index was regressed against mantle length. The fullness 

weight index decreased with size. There was a significant difference between males 

and females (2 sample t-test, p=0.002); female squid tended to have the fullest caecae. 

There was no significant relationship between the fullness of the caecum and the size 

of the individual squid for both males (r2=0.033) and females (r2=0.010) (Figs 3.38, 

3.39). Thus, size of an individual squid had little influence on how much biomass the 

squid consumed. 
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Figure 3.38. Mantle length: fullness weight index for male N. sloanii. 
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Figure 3.39. Mantle length: fullness-weight index for female N. sloanii. 
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Numbers of caecae with and without contents were compared to maturity stage 

for male and female squid (Figs 3.40 & 3.41). There was no significant difference for 

male squid regardless of maturity stage (two way ANOV A maturity, caecum fullness 

state, Table 3.17) However, female squid had a significant maturity effect (two way 

ANOV A maturity, caecum fullness state, Table 3 .18). This could be artefact as there 

were very few mature individuals in this study and none of the mature females 

examined had an empty caecum. 

Table 3.17. Two way ANOVA table comparing maturity stage with caecum fullness state (empty 
or with contents) for male Nototodarus sloanii. 

Source of 
Variation ss df MS F P-value Fcrit 

Maturity stage 16998.6 4 4249.65 5.108673 0.071621 6.388233 
Empty or with 
contents 1081.6 1 1081.6 1.300234 0.317811 7.708647 
Error 3327.4 4 831.85 

Total 21407.6 9 

Table 3.18. Two way ANOV A table comparing maturity stage with caecum with caecum fullness 
state (empty or with contents) for female Nototodarus sloanii. 

Source of 
Variation ss df MS F P-value Fcrit 

Maturity stage 15559 4 3889.75 12.9378 0.014704 6.388233 
Empty or with 
contents 1144.9 1 1144.9 3.808082 0.122755 7.708647 
Error 1202.6 4 300.65 

Total 17906.5 9 
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Figure 3.40 Number of caecae with contents and empty by maturity stage for male squid 

Figure 3.41. Number of caecae with contents and empty by maturity stage for female squid. 
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3.4 Discussion. 

Few squid sampled had full caecae. Most were less than 50% full and mostly 

digested; this may be due to the sampling technique, in which the squid were sampled 

from commercial jig catches. Often these squid have little or no caecum contents as 

they migrate to the surface to feed and may be caught before or during a feeding 

session (Jackson, pers. comm., Uozumi, 1998). While many squid cease to feed 

during maturation and spawning (e.g. Moroteuthis ingens, Jackson & Mladenov, 

1994), others are capable of spawning more than once and continue to feed 

throughout this process (e.g. Sthenoteuthis oualaniensis, Harman et al., 1989; Illex 

argentinus, Hatfield et al., 1992; Rodhouse & Hatfield, 1992). This current study 

suggests that Nototodarus sloanii may be similar in its life cycle to L argentinus and 

S. oualaniensis (see chapter 4), thus empty caecae may not reflect maturity or 

readiness to spawn in these animals. However, the decrease of fullness-weight index 

with size could be due to a decrease in metabolic requirements as the squid gets older 

(Quetglas et al, 1999). Female squid have a higher fullness-weight index than males 

and this may be due to the higher metabolic costs of producing eggs, this has been 

seen in other cephalopod species (Castro & Guerra, 1990; Cortez et al .. , 1995; 

Quetglas et al .. , 1999). 

The euphausid krill, Nyctiphanes australis, was the most commonly found 

prey in the caecae of N sloanii. Forty-six percent of caecae contained krill, while the 

most common teleost present was the Lantemfish, Lampanyctodes hectoris, found in 

only 5 percent of caecae. However, the relative abundance of taxa suggests that teleost 

fish are the most important prey species. This is explained by looking at the 

reconstructed weight of the prey species, typically, fish weigh considerably more than 

krill; for example, the mean reconstructed weight of a single N australis was only 

0.036 g while the mean reconstructed weight of L. hectoris was 1.64 g, and thus one 

Lantemfish was approximately equal to 45 krill. The maximum prey ingested by any 

one squid was 260g of N sloanii (ingested by a large female). There were pieces of 

gladii present in the gut contents of this squid so it was assumed that the entire animal 

was consumed and not just the head; more common prey weights ingested were from 

4-16g. Typically where a large amount was ingested it was the only prey item 

present, for prey weights under 4g multiple prey types were ingested. 
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Most otoliths found were in good condition and not eroded. This suggests that 

the prey was recently ingested, although low caecum fullness ratings would suggest 

otherwise. The low total otolith numbers present in the caecae seem to indicate that 

the otoliths were not accumulated over a number of feeding events. This is similar to 

the results seen for Moroteuthis ingens (Jackson et al. 1998). 

The diet of N sloanii is characterised by a low diversity of prey items. This is 

similar to other Ornrnastrephids, e.g. N gouldi (O'Sullivan & Cullen, 1983), and 

Ommastrephes bartramii (Lipinski & Linkowski, 1988). O'Sullivan & Cullen (1983) 

found that N gouldi fed primarily on crustaceans, fish, and cephalopods. In addition, 

they also found that there was an ontogenetic shift in the diet, with smaller squid 

feeding mainly on crustaceans, and larger animals feeding mainly on cephalopods. 

This shift was not seen in this study, however it should be noted that the animals 

examined were mainly small, comparatively immature and thus a shift in diet might 

exist even although it was not observed. There was however a significant shift in diet 

related to mantle length and weight of the squid. Larger squid had diets that had more 

fish and less crustacean or cephalopod species although these were still important to 

the diet, fish had become more important. O'Sullivan & Cullen (1983) found 31 

species of prey inN gouldi, which is considerably more that that found for N sloanii 

in the current study. This may be artefact, many of the species "identified" in 

O'Sullivan & Cullen's 1983 study are very loosely identified as fish a, fish b etc and 

are identified by scales only. It is entirely possible that some fish scales will have 

come from previously identified fish and this will bring the total number of prey 

species down. However, the possibility that N gouldi has a more catholic diet than N 

sloanii cannot be overlooked. 

Uozumi (with other researchers) undertook a number of studies on N sloanii 

(Uozurni & Ohara, 1993; Uozumi & Forch, 1995; Uozumi et al. 1995; Uozumi, 1998) 

however he concentrated on age, growth and distribution, with little work done on the 

diet of this species. He noted however, that the squid had been feeding on crustaceans, 

cephalopods and fish, but that they could not be identified due to the fragmentary 

nature of remains. He also noted that there might be an underestimation of the number 

of species eaten, as soft-bodied prey will be undetected (Uozumi, 1998). In the current 

study, although fragmented, prey items could still be identified ( otoliths, beaks and 

crustacean chitin and eyes are sufficiently distinctive to be identifiable even when 
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broken). Some flesh could not be identified to genus or species, but it could be 

identified to class. There was nothing apparent in the caecum contents that could be 

attributed to a soft-bodied prey item (for example salps). It was assumed that these 

were not present because they had not been eaten, but the possibility remains that such 

prey may have been ingested and then digested completely. 

Lipinski and Linkowski (1988) examined the caecae of 73 individuals of 

Ommastrephes bartramii, a temperate water ommastrephid; they found 18 prey 

species, again composed of crustaceans, fish, and cephalopods. The most important 

component of the diet in this study was cephalopods followed by myctophid fish. 

Diet diversity of ommastrephid squid appears to have a latitudinal gradient, 

with more prey species eaten in low tropical latitudes, less in the mid latitude 

temperate zones and an increase again in the high polar latitudes (Table 3.19). 

Onychoteuthid squid show less of a trend. Squid in this study were collected in the 

temperate regions of southern New Zealand and have a correspondingly low prey 

diversity of only 16 species. When the data was examined more closely, there is a 

prey diversity trend running from North to South (Figs. 3.9, 3.17 & 3.18). These data 

suggest that N sloanii may have greater prey diversity in the north and the south of 

the South Island of New Zealand, with a lower diversity in the middle portion of the 

South Island. The squid at the northern and southern ends of the South Island of NZ 

had more fish present in the diet than did those squid from the middle of the South 

Island. 
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Table 3.19. Numb f - . -- . - ------- --- --
t. · d diet for diff1 latitud -- ----------- ----· --- - --- ---- ---- -------------

High (Polar) latitudes Mid Temperate) latitudes Low (Tropical) latitudes 
Squid Species No of prey Author Squid Species No of prey Author Squid Species 

species species 

Loliginidae Loliginidae 
Loligo forbesi 18-40 sp Collins & Pierce 

1996*; Collins et 
al. 1994; 

L. vulgaris 16 sp Sauer & Lipinski, 
reynaudii 1991 

Onychoteuthidae Onychoteuthidae 
Moroteuthis 17-32 sp Phillips et al. Moroteuthis c:J Jackson et al. Onychoteuthis 

ingens 2001 **, 2003a, ingens 1998*; banksi 
2003b Phillips et al. 

2003a& c 

Ommastrephidae Ommastrephidae 
Martialia hyadesi 9 sp Rodhouse et al. Nototodarus 31 sp*** 0' Sullivan & Sthenoteuthis 

1992 gouldi Cullen, 1983; oualaniensis 
Illex argentinus 28 sp Ivanovic& Ommastrephes 18 sp Lipinski & Todaropsis 

Brunetti. 1994 bartrami Linkoswski, 1988 eh lanae 
I illecebrosus 6 sp Dawe et al. 1997* N. sloanii 16 sp This study I coindetti 

*Only published fish prey data. 

**Authors could only identify fish remains but cephalopods were present. Crustaceans were thought to be secondary digestion. 

***Authors could not identify much of the contents, e.g. many fish were "identified" only by scales as fish a, fish b etc. 
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No of prey Author 
species 

Loliginidae 

Onychoteuthidae 

CJ 
Arkhipkin & 

Nigmatullin, 1997 

Ommastrephidae 
70 sp Shchetinnikov, 

1992 
27 sp Rasero et al. 1996 

26 sp Rasero et al. 1996 



2.4. Diet: Discussion 

The change in diet diversity seen at the different locations may be a function 

of what prey is present rather than selective feeding. Traditionally, diversity gradients 

have been identified for terrestrial taxa, such as vascular plants, and the considered 

opinion (Gray, 1997) was that the number of species decreased from the tropics to the 

poles (Clarke & Crame, 1997). For many years, it was considered that diversity dines 

in the oceans would follow a similar pattern (Clarke & Crame, 1997). In more recent 

years (Gray, 1997), studies have shown distinct latitudinal dines in deep-sea 

communities, but considerable variation in shallow water communities (Clarke & 

Crame, 1997). However diversity gradients in the oceans are generally not as well 

understood as those on land, and there is evidence that the marine ecosystem does not 

follow the traditional gradients (Williamson, 1997). 

The New Zealand Islands span 25.4 degrees (2800 Km) of latitude, with a 

strong north-south dine in sea surface temperature, which influences the geographical 

distributions of marine plants (Moore, 1961; Nelson, 1994) and animals (Pawson, 

1965; Dell, 1968; Paulin & Roberts, 1993). However, fish distribution and diversity 

patterns around New Zealand have not been well studied. The few studies on fish 

distribution and diversity have been primarily on inshore reef (Francis 1988, 1996; 

Franklin, 1999) and rock pool fish (Paulin & Roberts, 1992, 1993). Francis (1996) 

collated data on 375 inshore reef fish and showed a decline in diversity with 

increasing latitude. This is not reflected in the diet of N sloanii. However, only two 

species of fish in Francis (1996) study were found in the diet of N sloanii, the red cod 

(Pseudophycis bachus), and an unidentified syngnathid. Most of the fish prey species 

of N sloanii are epipelagic and to date there has been no work published on 

latitudinal dines in these species. 

There is evidence to suggest that there are latitudinal dines in some marine 

taxa, with diversity being highest in the tropics and high latitudes, and poorest in the 

mid-latitudes (Porches, 2001). Diversity has also been shown to increase with 

increasing depth (MacPherson & Duarte, 1994). This has not been examined in New 

Zealand fish species. 

The majority of squid are regarded as opportunistic predators (Lipinski & 

Linkowski; 1988, Shchetinnikov, 1992; Quetglas et al. 1999) and N sloanii seems to 
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be no exception to this. The occurrence of large numbers of Nyctiphanes australis in 

caecum contents is likely to be a reflection of the presence of this prey species in the 

feeding areas of the squid. Euphausids are known to occur in vast quantities in the 

Southern Ocean (Knox, 1994); although squid are not known to make active prey 

choices, N australis is a rich food source despite its small size. It contains an average 

52% crude protein and 5.0 to 9.5% lipid (Virtue et al. 1995). In comparison, Artemia 

and the mysid Amblyops kempi have 3.9% and 6.5% crude protein respectively 

(Woods & Valentine, 2003), the fish M novaezelandiae (hoki) and P. bachus (red 

cod) have 20.2% and 26%, and N sloanii/gouldi has 18.5% protein (Vlieg, 1988). 

The energetic flows in Southern Ocean food webs are not well understood 

(Tierney et al, 2002). However, some studies have examined the dietary lipids in a 

number of species. The majority of dietary lipid found in squid is found in the 

digestive gland rather than in the mantle or other tissues (Phillips et al., 2002; 

Semmens, 1998). The lipids found in the digestive gland are sourced from the prey 

species of the squid and they undergo little chemical change, thus the lipid signature 

of squid is difficult to distinguish from that of their prey, which may make the 

presence of squid prey difficult to detect in higher consumers such as seals (Phillips et 

al., 2002). Functionally this means that squid act as a conduit for lipids 

(polyunsaturated fatty acids (PUFAs) in particular), which can only be biosynthesised 

by certain phytoplankton and macroalgae, through primary consumers such as krill 

and planktivores such as myctophid fish to higher consumers such as seals (Phillips et 

al., 2002). 

Reliable data on calorific value (energy density) of many Southern Ocean prey 

species are lacking (Tierney et al., 2002). Calorific value has been calculated for a 

number of Southern Ocean squid species (see Croxall & Prince, 1982; Clarke, 1985; 

Croxall et al., 1985; Cherel & Ridoux, 1992), however until recently the calorific 

value of N sloanii had not been calculated. Macintosh (2003) calculated the total 

calorific value of N sloanii to be 132.4 KJg-1 of which; 107.6 KJg-1 was protein; 1.7 

KJg-1 was lipid and 0.77 KJg-1 was carbohydrate. Myctophid fish in comparison have 

a calorific value ofbetween 21.7 ± 3.2 KJg-1 and 39.3 ± 21.5 KJg-1 (Tierney, et al., 

2002), thus the contribution of squid to the diet of higher consumers, in terms of 

energy is considerably higher than that of the common myctophid fish. 

100 



2.4. Diet: Discussion 

The present study suggests that occasionally cephalopods may be the most 

important part of the diet (20% of caecae examined contained N sloanii). This may 

reflect the low abundance of other food in the area, and it has been demonstrated that 

for many marine animals cannibalism may be an important dietary supplement when 

other food sources are scarce (Lipinski & Linkowski, 1988). Many squid undertake a 

spawning migration (Arkhipkin, 1993) and it seems likely that cannibalism may partly 

fuel the migration. The data collected in this diet study suggest that N sloanii has an 

important role to play in Southern Ocean food webs. The squid serves to transfer 

energy from the smaller but extremely abundant food items such as Nyctiphanes 

australis and Lampanyctodes hectoris to the higher-level predators such as the marine 

mammals and large fish and seabirds. 
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Chapter 4; Age analysis. 

4.1 Introduction. 

4.1.1. General. 

The regularly occurring marks in the hard parts of marine animals have been used 

as a tool for investigation of age and growth for many years. Age increments have been 

shown to occur in many marine species (e.g. sponges, Ellwood and Kelly, 2003; coral, 

Tracey et al. 2003; bivalves, Millstein & O'Clair, 2001; teleost fish, Meehan et al, 2001). 

Squid have also been shown to have periodic marks in their hard body parts. 

These increments occur in the statoliths (analogous to fish otoliths) (e.g. Gonzalez & 

Guerra, 1996; Gonzalez et al, 1996; Arkhipkin & Silvanovich, 1997; Jackson & Wadley, 

1998; Arkhipkin et al. 1999; Macy & Brodziak, 2001), the beak walls, (Jarre et al. 1991) 

and the gladius (Arkhipkin & Bizikov, 1991; Bizikov, 1991 & 1995; Jackson et al. 1993; 

Perez, et al. 1996; Perez & O'Dor, 2000). This current study focuses on the use of the 

statolith and gladius. The statolith is the most commonly used structure for ageing, life 

history reconstruction, and growth. However, the gladius has been investigated more 

recently as a tool for age and growth studies (Perez et al., 1996; Perez & O'Dor, 2000). 

There have been two opposing views on squid growth. One is based on length

frequency analysis, which suggests that squid are long lived (2-3 years old) and display 

asymptotic growth that can be described by the von Bertalanffy growth equation (e.g. 

Summers, 1983; Jarre et al. 1991). The other school of thought is that squid are short

lived and their growth does not reach an asymptote. The latter reasoning is based on 

statolith ageing (e.g. Jackson & Choat, 1992; Jackson 1994a & b). 

Length-frequency analysis was compared with statolith analysis in a study on the 

age and growth of Lolliguncula brevis from the Gulf of Mexico (Jackson et al. 1997). It 

was found that length-frequency analysis overestimated the life span by a factor of three 

to seven times. The statolith analysis, which was validated by laboratory experiments, 

showed that these squid were very short-lived (Jackson et al. 1997). 
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Jackson et al. (2000b) modelled growth as estimated by statolith ageing with 

length-frequency analysis of squid using the programme ELEFAN. They found that the 

programme over-estimated the final age of the squid and it could not sufficiently describe 

the growth of a fast growing, short-lived species that display exponential growth, as 

many squid do. This is because ELEF AN assumes asymptotic growth, which is modelled 

via the von Bertalanffy equation (Jackson et al. 2000b) and because ELEFAN fits a 

cohort model and thus will only work if there are distinct cohorts which is not generally 

the case in squid which are short lived annual species. 

4.1.2 Statolith Analysis. 

Early studies did not find regular growth increments in squid statoliths (e.g. Dilly, 

1976). However, Lipinski (1978) found that increments could be seen "fairly well" with 

appropriate preparation, and that fmer increments occurred within wider ones; he 

postulated that the finer increments were of daily deposition and the wider ones monthly, 

and that the statolith could be used for "fair ageing" of Illex illecebrosus. 

Lipinski (1979a) found that the monthly increments postulated in his earlier work 

appeared to be artefacts and that the putative daily increments were probably the only real 

chronological marks within the statolith. 

Since these early studies, many others have been conducted on a variety of 

structures from a variety of cephalopods (Table 4.1 ). In many cases, the increments in 

cephalopod statoliths have been shown to be of daily periodicity. The daily growth 

increments are composed of a dark and light ring (e.g. Jackson, 1989; Jackson, 1990 a, b; 

Iglesias et al. 1997; Durholtz et al. 2002). 
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T bl 41 E a e . . xampJes o f h l cepJ a opo d species t h h at ave b een use d. m aging stu d. 1es . 
Squid Species I Author I Structure used 

Sepiidae 
Sepia hierredda Raya et al., 1994 Statolith 
Sepia officina/is Le Graft, Daguzan, 1991 Statolith 

Richard, 197 6 
Bettencourt & Guerra, 2001 Statolith 

Sepia pharonis Minton, 2004 Statolith 

Sepioidea 
Ideosepius pygmaeus Jackson, 1989 Statolith 

Jackson & Choat, 1992 

Loliginidae 
Photololigo edulis Natsukari et al. 1988 Statolith 

Sepioteuthis lessoniana Jackson, 1989 Statolith 
Loliolus noctiluca Jackson & Choat, 1992 Statolith 

Dimmlich & Hoedt, 1998 Statolith 
Loligo chinensis Jackson & Choat, 1992 Statolith 

Lolliguncula brevis Jackson et al. 1997 Statolith 
Loligo forbesi Rocha & Guerra, 1999 Statolith 

Loligo vulgaris Natsukari & Komine, 1992 Statolith 
Photololigo spp Jackson & Moltschaniwskyj, 1999 Statolith 

Enoploteuthidae 
Enoploteuthis leptura I Arkhipkin, 1994 I Statolith 

Abraliopsis pfefferi I Arkhipkin, 1996a I Statolith 

Pyroteuthidae 
Pterygioteuthis gemmata I Arkhipkin, 1997a I Statolith 

Ancistrocheiridae 
Ancistrocheirus lesueurii I Arkhipkin, 1997b I Statolith 

Gonatidae 
Gonatus onyx I Arkhipkin & Seibel, 1999 I Statolith 

Onychoteuthidae 
Moroteuthis in~ens I Jackson, 1997 I Statolith 
Moroteuthis robusta I Bizikov & Arkhipkin, 1997 I Statolith 

Architeuthidae 
Architeuthis kirki I Gauldie et al. 1994 I Statolith 
Architeuthis sp. I Lordan et al., 1998 I Statolith 

Ommastrephidae 
Illex argentinus Lipinski, 1979a Statolith 

Martialia hyadesi Lipinski, 1979a Statolith 
Todarodes pacificus Nakamura & Sakurai, 1991 Statolith 
Nototodarus sloanii Uozumi & Ohara, 1992 Statolith 

Sthenoteuthis pteropus Arkhipkin & Mikheev, 1992 Statolith 
Nototodarus hawaiiensis Jackson & Wadley, 1998 Statolith 

!!lex illecebrosus Lipinski, 1978 Statolith 
Arkhipkin & Fetisov, 2000 Statolith 

!!lex illecebrosus Lipinski, 1978 Statolith 
Arkhipkin & Fetisov, 2000 Statolith 

Cranchidae 
Cranchia scabra I Arkhipkin, 1996b Statolith 

Liocranchia reinhardti I Arkhipkin, 1996b Statolith 

Octopodidae 
Octopus joubini Forsythe, 1984 Laboratory growth study 

Octopus bimaculoides Forsythe & Hanlon, 1988 Laboratory growth study 
Octopus vulgaris Raya & Hemandez-Gonzalez, 1998 Beak 

Domain et al., 2000 Tag-recapture 
Fuentes et al., 2000 Statoliths 

Hemandez-L6pez et a!, 2001 Beak 

Uozumi & Ohara (1992) prepared 541 statoliths of N sloanii from South Island of 

New Zealand. The method of statolith preparation used by Uozumi and Ohara (1992) 

meant that only one side of the statolith was ground making them more difficult to read 

and some counts included extrapolated regions. 
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4.1.3 Back-calculation of hatch date. 

If the date of capture and the periodicity of the statolith growth increments are 

known, then an estimated hatch date can be back calculated. This has been done for a 

variety of squid species (Table 4.2). 

Table 4.2. Examples of hatch seasons of a variety of squid species. 
Species Hatch season Location of study* Author 

Lolil!inidae 
Photololigo edulis Peaks Summer (May- North-western coast of Natsukari et al. 1988 

Oct) Kyushu, Japan and 
Winter (Nov-April) south-western coast of 

the Sea of Japan 
Loligo vulgaris Unimodal, range Feb- South Portugal Betteocourt et al. 1996 

Aug 
Peaks Jan-April 

July-Nov 
Loligo forbesi November -May, Irish and Celtic Seas Collius et al. 1995a 

Peaks Dec & April 

Loliolus noctiluca All year in limited Western Port, Victoria, Dimmlich & Hoedt, 1998 
no's, Australia 

Peaks Oct & Feb 

Enoploteuthidae 
Abraliopsis pfefferi Peaks April and May, Ceotral-east Atlantic Arkhipkin, 1996a 

low proportion hatch in (Gulf of Guinea) 
June 

Enoploteuthis leptura Winter January Ceotral-east Atlantic Arkhipkin, 1994 
Summer June-July (Gulf of Guinea) 

Ancistrocheiridae 
Ancistrocheirus All year Ceotral-east Atlantic Ark:hipkin, 1997b 

lesueurii Peaks betweeo Nov & (GulfofGuiuea) 
March 

Ommastrephidae 
Nototodarus sloanii All year Snares Shelf and South Uozumi & Ohara, 1993 

Island, New Zealand 
Martialia hyadesi All year South-west Atlantic Arkhipkin & Silvanovich, 1994 

(Falkland Islands) 

Martialia hyadesi Austral winter peaks, 1) Antarctic Polar Rodhouse et al., 1994 
July Frontal Zone 

Spring peaks, Oct. 2) Patagonian Shelf 
1/lex coindetti All year, Peaks Oct, North-east Spain Siinchez, 1995 

March, June 

Onychoteuthidae 
Moroteuthis ingens January-August 1) South-east New J ackson, 1997 

Zealand, 
2) Chatham Rise 

3) South-west New 
Zealand 

* In most cases latitude and longitude is not given. 

These studies indicate that in many squid species, hatching can occur all year 

round, but frequently there are one or more peaks of hatching. Often these peaks are in 
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completely different seasons (Table 4.2). This can lead to markedly different growth rates 

in each of these cohorts and the individuals can end up with quite different final lengths 

and weights (Natsukari et al. 1988; Rodhouse et al. 1994; Sanchez, 1995; Bettencourt et 

al. 1996; Collins et al. 1995a). 

4.1.4 Absolute and Instantaneous Growth Rate. 

A method of examining the growth of squid is to use the coefficients of 

instantaneous and absolute growth rate. These are calculated using either body weight or 

mantle length over a set age interval. The instantaneous growth rate is a measure of 

percent change in body weight or mantle length per day and the absolute growth rate is a 

measure of change in body weight or mantle length per day. These coefficients give an 

indication of how fast the squid grows and at what age the fastest and slowest growth is 

occurring. These can vary considerably, according to species. Villanueva (1992) found 

that the maximum absolute mantle growth rate of Todarodes angolensis females was at 

ages of less than 9 months while males had a maximum at less than 8 months. At ages 

over this, growth decreased and fluctuated. Sthenoteuthis pteropus showed no significant 

difference in growth rates between males and females until the age of 60-90 days when 

male squid growth slowed down and sexual dimorphism became apparent (Arkhipkin & 

Mikheev, 1992). It should be noted that these calculations provide a growth rate that is 

based upon a large sample of dead squid, thus, what is obtained is a growth rate for that 

sample, not of the individual squid. 

In many species, there is sexual dimorphism in growth rates. For example, males 

increase in mantle length and weight faster than females in Loligo forbesi (Collins et al. 

1995b) and Loligo vulgaris (Arkhipkin, 1995). Conversely, females grow faster in 

Ancistrocheirus lesueurii (Arkhipkin, 1997b ). 

There can also be variation in growth rates depending on hatch season. Rocha & 

Guerra, 1999, found that male Loligo vulgaris had a higher absolute and instantaneous 

growth rate when they hatched in the winter-spring season than if they hatched in the 

summer-autumn season. On the other hand, females had a higher absolute and 

instantaneous growth if they had hatched in the summer-autumn season. 
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4.1.5 Validation. 

While it is be important to validate the periodicity of growth increments if they 

are going to provide meaningful data, it can be problematic to do so in many cephalopod 

species. In other marine animals, validation experiments have been carried out 

successfully e.g. brachiopods (Rowley & MacKinnon, 1995); sea urchins (Rowley, 

1990); bivalve molluscs (Richardson et al. 1979; Coutts, 1974; McKinnon, 1996) and 

fish (Beckman et al. 1990). Techniques have included mark recapture (Coutts, 1974), 

thermal stress (Richardson et al. 1979) and fluorescent markers (Beckman et al. 1990; 

Rowley, 1990; Rowley & MacKinnon, 1995; McKinnon, 1996). However, many of these 

techniques are unsuitable for cephalopods, especially for squid and oceanic species in 

particular, Nototodarus sloanii, for example, does not survive well in captivity (pers. 

ohs.) making the use of dyes problematic, as they require that the animals survive for 

some time post-treatment, usually in captivity. However, some squids can be kept in 

captivity and validation studies have been carried out using these species (Table 4. 3). 

The method of administration of fluorescent dyes to squid varies; the two most 

common methods are by injection e.g. Jackson & Forsythe, (1989); Jackson, (1990b); 

Lipinski, et al., (1998) and Durholtz et al., (2002), or by immersion in a solution of 

fluorescent dye and seawater; this is usually either calcein or tetracycline e. g. Jackson & 

Forsythe, (1989); Jackson, (1990b) and Dimmlich & Hoedt, (1998). Occasionally, squid 

are given the dyes orally e.g. Nakamura & Sakurai, (1991), but this is unusual. 

The dye is then incorporated into the statolith and can be seen under UV light as a 

glowing band in the statolith. Increments between the mark and the known time of death 

can be counted, giving the periodicity of the increments. Validation studies have been 

done for a number of squid species (Table 4.3). In all these studies, the periodicity of the 

increments was found to be daily. 

The dyes used in ageing studies are those that can be incorporated into the 

calcified growth of anatomical features such as teeth, otoliths, and statoliths. The most 

commonly used of these has been either tetracycline or calcein. The antibiotic 

tetracycline has been . more often used as a marker in aging studies of many marine 
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animals than calcein; however, both tetracycline and calcein are fluorescent markers that 

bind to alkaline earth metals in fish tissues and bones during periods of growth (Muncy et 

al., 1990). Tetracycline is typically less expensive than calcein and is often used for this 

reason but the expense of calcein is offset by the relatively low dosage required to 

produce a fluorescent mark (Pirker and Schiel, 1993). While more expensive than 

tetracycline, calcein has some advantages. It is less damaging to tissues than tetracycline 

and is more stable in solution, whereas tetracycline is readily oxidised (Pirker and Schiel, 

1993). In fish, post-immersion exposure to light was found to reduce detectable levels of 

oxytetracycline, which reduced the numbers of otoliths in which a mark could be found 

(Muncy et al., 1990). In addition, calcein has a brighter fluorescence than tetracycline 

making it much easier to detect in the marked structure (Wilson et al., 1987). 

T bl 4 3 V lid f a e a a Ions u t di es on sqm sa o 'd t t lith s. 
Cephalopod species Validation method used Periodicity of Author 

statolith 
increments 

Direct Validation 

Al/oteuthis subulata Tetracycline Daily Lipinski, 1986 
Ninhydrin & SEM 
Etched 1% HCl for 2-4 minutes 
Treatment with HCl & 
CCbCOOH 

Sepioteuthis lessoniana Tetracycline Daily Jackson, 1989 
Calcein 
Cultured squid Daily Jackson et al., 1993 

Lolixo forbesi Laboratory culture Daily Hanlon et al., 1989 
Loliolus noctiluca Tetracycline Daily Jackson, 1990a 

Dimmlich & Hoedt, 1998 
Loligo chinensis Tetracycline Daily Jackson, 1990b 
Lolixo opalescens Laboratory culture Daily Jackson, 1994a 
Lol/iguncula brevis Tetracycline Daily Jackson et al., 1997 
Loligo vulgaris reynaudii Microprobe mapping Daily Durholtz et al., 1997 

Tag-recapture Daily Lipinski et al., 1998 
Tetracycline Daily Durholtz et al., 2002 

Lolif(o plei Tetracycline Daily Jackson & Forsythe, 2002 
Galiteuthis phyllura G. phyllura juvenile kept in Daily Arkhipkin, 1996c 

captivity for one day showed 
one check in the statolith. 

Illex illecebrosus Strontium chloride labelling Daily Hurley et al., 1985 
Todarodespacificus Tetracycline Daily N akamura & Sakurai, 1991 
Ommastrephes bartrami Strontium/calcium ratios Daily Y atsu et al., 1998 
/1/ex argentinus Laboratory culture Daily Sakai et al., 2004 

Alizarin complexone 

Indirect methods of validation 

Lolif(o forbesi Modal analysis Daily Collins et al., 1995a 
Todarodessaf(iffatus Modal progression Daily Rosenberg et al., 1981 
Nototodarus sloanii Modal progression Daily Uozumi, 1998 
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In those squid that can be held in captivity, there is the potential to use cultured 

squid to validate the ages determined in wild caught animals (Table 4.3). Jackson et al. 

( 1993) used captive bred Sepioteuthis lessoniana to validate the periodicity of increments 

in the statoliths. The number of increments in the statoliths did match the number of days 

elapsed since hatching, however, it was noted that the incremental structure was far less 

clear in the statoliths of the cultured squid than in the statoliths of wild caught squid. It 

was suggested that the ambient environment has a considerable role to play in increment 

formation and the laboratory-reared animals did not receive sufficient stimulation from 

external factors to create clear increments. It is apparent however, that there is an 

endogenous control over the deposition of the statolith as the increments although vague 

were present (Jackson et al. 1993). 

There are problems associated with validation experiments carried out in the 

laboratory. Oceanic species do not tend to survive well, statolith increments may be 

vague and difficult to read, and typically, lab experiments have used small sample sizes 

(Lipinski et al. 1998). An alternative is to use a mark recapture experiment. Lipinski et 

al. (1998) validated the periodicity of the increments in the statoliths of Loligo vulgaris 

reynaudii by injecting the squid with tetracycline and then releasing them for later 

recapture. The squid were double tagged with Japanese filament tags. 742 squid were 

tagged and 63 were recovered. Many of the statoliths recovered were damaged or 

unreadable, thus, 47 were processed, and increments were found to be deposited daily. 

However, for many squid species there have been no validation studies 

undertaken (Table 4.4). In these cases, the periodicity is generally assumed to be daily; 

this appears to be a valid assumption. In some instances the increments of a species of 

squid have been assumed daily and later studies have shown this to be accurate. For 

example the increments in the statolith of Loligo vulgaris were assumed to be daily based 

on the similar validated increments of L. forbesi (Bettencourt et al., 1996; Rocha & 

Guerra, 1999) this was confirmed by microprobe mapping (Durholtz et al, 1997); tag

recapture experiments (Lipinski et al., 1998) and tetracycline marking experiments 

(Durholtz et al., 2002). 
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Table 4. 4. Squid species for which the periodicity of increment formation has not been validated. 
Cephalopod species 11 Assumed periodicity of statolith increments Author 

Loliginidae 

Pltotololif(o edulis Assumed daily, based on validated statoliths of other species Natsukari et al., 1988 
Lo/igogalti Assumed daily Hatfield, 1991 
Lo/igo vulgaris Assumed daily, based on validated statoliths of other species Arkhipkin, 1995 
Pltotololigo sp. Assumed daily, based on the similarity of the increments to those Jackson & Yeatman, 1995 

validated in other tropicalloliginids 
Lolif(o vulf(aris Assumed daily, based on validated statoliths of other species Bettencourt et al., 1996 
Lo/igo vulgaris Assumed daily in L. vulgaris based on the similarity of the Rocha & Guerra, 1999 

increment structure to that validated in Loligo.forbesi 

Ommastrephidae 

Todarodes angolensis Assumed daily, based on validated statoliths of other species Villanueva, 1992 
Nototodarus sloanii Assumed daily Uozumi & Ohara, 1993 

Martialia hyadesi Assumed daily, based on validated statoliths of other species Arkhipkin & Silvanovich, 1997 
//lex coindetti Assumed daily, based on validated statoliths the congener I. Arkhipkin et al., 1999 

i!lecebrosus 

Branchioteuthidae 
Brachioteutlzis sp; temperate and Jackson & Lu, 1994 

Chiroteuthidae 
Mastigoteutlzis psyclzroplzilia 

Cranchiidae 
Galiteuthis glacialis Assumed daily, based on validated statoliths of temperate and Jackson & Lu, 1994 

tropical species 
Be/one/la borealis B. borealis assumed to be the same as Galiteuthis phyllura Arkhipkin, 1996c 
Cranclzia scabra; Assumed daily Arkhipkin, 1996b 
Liocranclzia reinlzardti 

Enoploteuthidae 
Enoploteutlzis leptura 11 Assumed daily, based on validated statoliths of other species T Arkhipkin, 1994 

Ancistrocheiridae 
Ancistroclzeirus lesueurii I Assumed daily I Arkhipkin, 1997b 

Pyroteuthidae 

Ptervf!ioteutlzis f!emmata H Assumed daily, based on validated statoliths of other species T Arkhipkin, 1997a 

Gonatidae 
Gonatus onyx 11 Assumed daily, based on validated statoliths of other species I Arkhipkin & Seibel, 1999 

Histioteuthid Families 
Psyclzroteutlzis glacialis; Assumed daily, based on validated statoliths of temperate and Jackson & Lu, 1994 

tropical species 

Onychoteuthidae 

Kondakovia longimana Assumed daily, based on validated statoliths of temperate and Jackson & Lu, 1994 
tropical species 

Moroteutlzis ingens I Assumed daily, based on validated statoliths of other species I J ackson, 1997 

4.1.6 Gladius analysis. 

The pen or gladius has been used for aging of squid in the last decade. Increments 

in the gladius were first recorded by La Roe (1971 ). It was suggested that these might be 

of some use for ageing of squid, however, they appeared to be somewhat vague, and 

periodicity was not determined (La Roe, 1971). 

The gladius is homologous with the shell of fossil cephalopods and is present in 

the embryo. It is composed of three main parts, the pro-ostracum, conus, and the rostrum 
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(Bizikov, 1991) (Fig. 4.1A) that are constructed of polysaccharide ~ chitin in association 

with proteins (Perez et al. 1996). The gladius is laid down in three layers; the ostracum 

which forms the pro-ostracum and which overlaps forming a relief on the gladius; the 

hypostracum, a semi-transparent layer on the ventral side of the gladius and the 

periostracum, which, in ommastrephids forms the cup like cover on the apex of the 

conus. This is not of the same origin as the periostracum of other molluscs but is of 

hypostracal origin (Bizikov, 1991). 

--1 

i 

\I I 
I ' 

\l 2 

A }3 B 2 

Figure 4.1. A) General morphology of the gladius (from Bizikov, 1991); B) general morphology of a 
Nototodarus gladius. Where 1 =pro-ostracum, 2=conus and 3=rostrum. 

The pro-ostracum is always present, but the conus and rostrum may be absent in 

s"ome species. Nototodarus sloanii has the pro-ostracum and conus but lacks the rostrum 

(Fig 4.1B). In the majority of species the length of the gladius is approximately equal to 

mantle length, thus, if the periodicity of the increments in the gladius can be identified it 

should be possible to construct individual growth curves. 
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However, there are problems with this method of ageing. If the gladius requires 

sectioning as the method used by Bizikov (1991) does, then the storage and preparation 

of the gladius becomes an issue. Dried gladii shrink and become fragile while frozen ones 

tend to delaminate (Bizikov, 1991). 

In some squid most notably ommastrephids, the gladius does not need to be 

sectioned as the increments can be seen on the dorsal surface. Arkhipkin & Bizikov 

(1991); Bizikov (1991); Jackson et al. (1993); Perez et al. (1996) and Perez & O'Dor 

(2000) have all aged squid using the gladius. In most cases, it was found that the 

increments in the anterior portion of the gladius were extremely difficult to read, due to 

the layering effect of the ostracum. In each case, the growth of the juvenile squid was 

reconstructed. It can also be shown that in most cases gladius age was very similar to that 

derived from statoliths. Jackson et al. (1993) found that in Sepioteuthis lessoniana there 

was an ontogenetic change in gladius increment periodicity, but that the growth rates 

reconstructed from the gladii of the older squid examined were similar to the growth rates 

of both cultured squid and those from wild caught populations. 

4.1.7 Aims of the current study. 

The aims of this chapter are to explore growth inN sloanii to: 

1) use statolith increments to calculate the age of the individual squid and the age 
structure of the population, 

2) use ages obtained to calculate hatch date and season, 

3) calculate absolute and instantaneous growth rate, 

4) confirm statolith daily increment periodicity using modal progression after 
Uozumi (1998), and by using juvenile squid treated with calcein and held in 
captivity and 

5) reconstruct individual gladius growth curves and to determine if the increments 
seen in the gladius have the same periodicity as the statolith increments. 
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4.2 Materials and methods. 

4.2.1 Statolith Removal. 

Statoliths were removed from the statocyst by pulling the funnel back towards 

the mantle and cutting across the cephalic cartilage, perpendicular to the ventral 

midline (Fig. 4.2). The paired statoliths were removed, cleaned with 75% ETOH, and 

stored dry in histological tissue wells (Fig. 4.3). 

B c 
ANTERIOR 

Statocyst 

Cut edge of mantle 
POSTERIOR 

Figure 4.3. Histological tissue wells used for statolith storage. 
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4.2.2 Mounting and Polishing the Statoliths. 

The right hand statolith was usually processed as a matter of convention, 

however, if the right statolith had not been removed or was for some other reason 

unreadable the left hand one was processed. 

The squid were staged for maturity using the Lipinski scale (Lipinski, 1979b) 

(Tables 4.5 & 4.6). A maximum of eight statoliths for each maturity stage at each 

sample location were selected for aging from the staged squid. There were 294 

individuals aged (142 males and 152 females) (Tables 4.7 & 4.8) . 

T bl 4 5 D a e .. ·r escnp11on o fth d f f e repro uc tve Issues o f . d ( ft L. . ki 1979b) ma e sqm a er tpms , 
Maturity Name Description 

Stage 
1 Juvenile The sexual organs are very hard to find with the naked eye. 

Spermatophoric complex appears (if at all) transparent or as a 
translucent spot. The testis is transparent, membranous. 

2 Immature The sexual organs are translucent or whitish; the separate parts of the 
spermatophoric complex are clearly visible; the testis small and its 
structure is invisible. 

3 Preparatory The sexual organs are not translucent; the vas deferens whitish or 
white, spermatophoric organ with white streak; testis in most cases 
white or pink; its structure cannot be discerned by the naked eye. 

4 Maturing The vas deferens is white, meandering, enlarged; spermatophoric sac 
long with structureless whitish particles inside, but without formed 
spermatophores; the testis is tight and its structure is visible to the 
naked eye. 

5 Mature As maturing, except that spermatophores are present in the 
spermatophoric sac. 

6 Spent There are no spermatophores in the spermatophoric sac or only 
degenerating ones. Spermatophoric complex contains many 
membranous structures. The condition of the animal is poor. 
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T bl 4 6 D a e .. f h escnptwn o t d f e repro uc tve ttssues o 'd ( ft L' ' ki 1979b) ema e sqm a er lPlllS ' 
Maturity Name Description 

Stage 
1 Juvenile The sexual organs are very hard to find with the naked eye. The 

oviducts and nidamental glands appear (if at all) as very fine 
transparent strips. The ovary is translucent, membranous. 

2 Immature The sexual organs are translucent or whitish. The oviducts and 
nidamental glands form clearly visible translucent or whitish strips. 
The oviduct meander* is visible. Nidamental glands are small and all 
viscera behind them can be clearly observed. The ovary is clearly 
visible, in most cases without ova observable with the naked eye. 

3 Preparatory The sexual organs are not translucent. Meander of the oviduct is 
extended*. The nidamental glands are enlarged, covering some 
internal organs. Immature ova in ovary are clearly visible. 

4 Maturing The nidamental glands are large, covering the kidney tissue and distal 
part of the digestive gland; the external glandular oviducts are fleshy 
and swollen. Many eggs can be seen in the oviducts; the meanders are 
hardly noticeable. Most of the eggs are not transparent (roughly 95%) 
and are pressed together at least in the proximal part of the oviduct. 
There may or may not be many different stages of eggs in the distal 
part of the oviduct. 

5 Mature As for maturing, but the eggs are translucent (more than 60%) at least 
in the proximal part of the oviduct. Cut open, the nidamental gland 
secretes a viscous substance. 

6 Spent There are almost no eggs in the oviduct, or only degenerating ones. 
The nidamental glands are small, tissue slack and disintegrated. The 
condition of the animal is very poor. This is a hypothetical stage, as it 
has never been observed. 

* The oviduct is not straight; it has a wavy form known as the meander. 

The statolith was mounted on a microscope slide using thermoplastic cement 

(Crystal BondTM). It was oriented with the convex side up. It was gently ground using 

wet silicon carbide paper under a dissection microscope. The statolith was then 

polished using 0.05!-lm polishing alumina (aluminium oxide) on Leco TM polishing 

felt. The statolith was examined under the dissection microscope and if it needed 

further grinding it was reheated to melt the cement and turned over onto its concave 

side and the grinding and polishing procedure was repeated. The statolith was 

reheated again and turned and a small amount of the crystal bond™ was placed over 

the statolith. This made the increments much clearer (Fig. 4.4). 
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Figure 4.4. Photomicrograph of N. sloanii statolith showing typical increments (blue dots) (scale 
bar = O.lmm). 
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T bl 4 7 N b f lih a e .. urn ers o ma e stato t s age d£ or Lipinski maturity stages b location. 
Location Number Number Number Number Number Total aged 

aged in aged in aged in aged in aged in each 
stage 1 stage 2 stage 3 stage 4 stage 5 location 

West Coast 1 4 4 4 4 17 
Nugget Point 0 4 4 0 0 8 
Timaru 0 1 1 0 0 2 
Haldane 1 1 4 4 0 0 9 
Rakaia 3 4 2 0 0 9 
Pukeuri 3 4 4 0 0 11 
Mid 1 4 4 0 0 9 
Canterbury 
Bight 
Ellesmere 0 4 3 0 0 7 
Haldane2 0 4 2 0 0 6 
Wainono 1 4 4 0 0 9 
Lagoon 1 
Haldane3 0 4 4 3 2 13 
Long Point 0 3 4 4 0 11 
Akaroa 2 3 1 0 0 6 
Heads 
Banks 0 4 4 0 0 8 
Peninsula 
Wainono 0 4 1 0 0 5 
Lagoon2 
Pegasus Bay 0 4 4 1 0 9 
South Snares 0 0 1 1 1 3 
Shelf 
TOTAL 12 59 50 12 6 142 
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Table 4.8. Numbers of female statoliths aged for Lipinski maturity sta(Jes by location. 

Location Number Number Number Number Number Total aged 
aged in aged in aged in aged in aged in each 
stage 1 stage 2 stage 3 stage 4 stage 5 location 

West Coast 1 0 4 4 3 12 
Nugget Point 4 4 0 0 0 8 

Timaru 0 3 4 0 0 7 
Haldane 1 4 4 1 0 0 9 
Rakaia 4 3 3 0 0 10 

Pukeuri 4 4 0 0 0 8 

Mid 4 4 0 0 0 8 
Canterbury 
Bight 
Ellesmere 2 4 0 0 0 6 

Haldane2 4 4 0 0 0 8 
Wainono 1 3 2 2 0 8 
Lagoon 1 
Haldane3 2 4 4 1 0 11 
Long Point 0 4 4 0 0 8 

Akaroa Heads 4 4 1 0 0 9 

Banks 0 5 4 1 0 10 
Peninsula 
Wainono 1 4 1 0 0 6 
Lagoon2 
Pegasus Bay 2 4 3 1 0 10 
Otago 8 0 0 0 0 8 
Harbour 
South Snares 0 3 1 1 1 6 
Shelf 
TOTAL 41 58 31 9 3 152 

Squid statoliths are connected to the cephalic cartilage at the wing (Fig. 4.5). The 

statolith is composed of a dorsal dome, lateral dome and a rostrum. The wing is on the 

medial surface of the statolith (Fig. 4.5). 
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Figure 4.5. General external features of a squid statolith (scale bar = O.lmm). 

Internally the squid statolith has a number of concentric increments, which are 

bipartite and composed of calcium carbonate and an organic substance similar to that 

found in fish otoliths (Kristensen, 1980). Typically, there are also a number of dark 

nodules present. The increments begin at the nucleus or focus and they are laid down 

before the squid hatches. There is often a stronger or darker increment fairly close to the 

nucleus. This is thought to correspond to hatching and is called the natal ring; the area 

bounded by this increment is called the juvenile statolith (Fig. 4.6). 
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Figure 4.6. General internal features of a N. sloanii statolith (scale bar =O.lmm). 

4.2.3 Counting the increments. 

The increments in the dorsal dome of the polished statolith were counted using a 

camera lucida attached to an Olympus™ BH2 Compound microscope (Fig. 4.7). There 

are increments in other parts of the statolith but they are usually not as clear as those in 

the dorsal dome. To ensure accuracy the increments were counted three times for each 

statolith with a month between each count. The three counts were averaged. Each count 

had to be within 10% of the average to be considered precise. If this was not the case then 

the statolith was counted a further three times. If it still did not meet this criterion, it was 

discarded and a new statolith from the same group was substituted. Using this method 

only two statoliths had to be discarded. A sub-sample of ten statoliths was sent to Dr 

George Jackson (Institute of Antarctic and Southern Ocean Studies, University of 

Tasmania, Hobart) to be aged to confirm the accuracy of increment counts. The counts 

supplied by Dr Jackson fell within a 10% margin of error and thus the increment counts 

were considered precise. 

While the technique is comparatively easy to learn, it is time consuming and thus 

a second reader could not be used. Using repeat counts is a common practice when 
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ageing squid statoliths (Table 4.9). A short literature review revealed that of 39 studies, 

25 used no second reader (although it should be noted that these studies used very 

experienced first readers), 10 did, and 4 did not record whether a second reader was used 

or not (Table 4.9). Nor was a second reader used in four fish studies examining the age of 

61 species of fish (Table 4.10). In the cases where a second reader was not used, a system 

of mean counts was used where the statolith was counted 2 or 3 times, usually non

consecutively and the average was taken. Then the individual counts were compared to 

the mean, if that mean was within some percentage, usually 5 or 10% of those counts 

then they were taken to be precise. 
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d ------ --- --------~- -------- -------------------- -- ------- -----------d lith 

Squid Species Counting method Mean used? 
More than 

Author 
one reader? 

Loliginidae 

Photololigo edulis Bright field light micrographs Yes, I 0 statoliths were re photographed and recounted, the average of the second count was 99.48% No Natsukari et al., 1988 
of the first. 

Sepioteuthis lessoniana Polarised light microscopy & Yes mean of three replicate counts that deviated less than I 0 % from the mean No Jackson, 1990a. 
camera lucida 
Polarised light microscopy & Yes mean of three replicate counts that deviated less than I 0 % from the mean Yes (2) Jackson et al., 1993. 
camera lucida 
Light microscopy Yes mean of three replicate counts that deviated less than 10 % from the mean 

LoliJ<o J<ahi Light microscopy No 2 x replicates on 10 statoliths where the coefficients of variation were 3.6-7.8% No Hatfield, 1991. 

Lolit<o opalescens Light microscopy & camera lucida Yes mean of two replicate counts that deviated less than 10 % from the mean No Jackson, 1994b. 
Loligo chinensis Light microscopy Yes mean of three replicate counts that deviated less than 10 % from the mean No Jackson, 1995a. 

Plwtololigo sp. Camera lucida Yes mean of three replicate counts that deviated less than 10 % from the mean No Jackson & Yeatman, 1995. 
Jackson & Moltschniwskyj, 

hnage analysis Yes mean of three non consecutive counts by three readers Yes (3 1999. 
experienced) 

Loligo forbesi Light Microscope attached to Yes on subsample of!O statoliths No Collins et al., 1995a. 
colour monitor No Rocha & Guerra, 1999. 
Image analysis No 2 x replicates on 17 statoliths where the coefficients of variation were 0.7-2.2% 

Loligo vulgaris Light microscopy Yes 3x replicates that differed from mean by <10% No Arkhipkin, 1995. 
hnage analysis Not noted Not noted Bettencourt et al., 1996. 
Image analysis Yes mean of 3 counts No Lipinski et al., 1998 
Epifluorescent microscopy No 2 x replicates on 17 statoliths where the coefficients of variation were 0.7-2.2% were taken to No Rocha & Guerra, 1999. 

be precise. 
Light microscopy Yes mean of 3 counts for each of three readers Yes (3) Durholtz et a!, 2002. 

Lolliguncula brevis Image analysis Yes mean of three replicate counts that deviated less than I 0 % from the mean No Jacksonetal., 1997. 

Lotio/us noctiluca Oil immersion microscopy 2x replicate counts, then mean of replicates used to age the animals Yes (2) Dimmlich & Hoed!., 1998. 

Lolit<o p/ei Light microscopy Yes mean of three replicate counts that deviated less than 10 % from the mean No Jackson & Forsythe, 2002. 

Ommastrephidae I 
Todarodes saJdttatus Light microscopy Yes counts repeated until a difference of 5% or less between successive counts was obtained No Rosenbergetal., 1981. 

Todarodes pacificus Light microscopy Yes mean of counts from both left and right statoliths No Nakamura & Sakurai, 1991. 

Todarodes angolensis Light microscopy No 4 x replicates on 10 statoliths where the coefficients of variation were 0.9-4.3% were taken to No Villanueva, 1992. 
be precise 

Martialia hyadesi Light microscopy Yes mean of2 replicated counts. If the counts deviated by greater than 5% then a second observer Yes (2) if Arkhipkin & Silvanovich, 
I recounted the statolith. required 1997. 
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Table 4.9. Methods used to count increments in squid statoliths cont'd 

Squid Species Counting method Mean used? 
More than 

Author 
one reader? 

Ommastrephidae cont. 

Nototodarus sloanii Light microscope attached to Not noted Not noted Uozumi, 1998. 
colour monitor 

Illex coindetti Light microscopy Not noted Not noted Arkhipkin et al., 1999. 

Illex illecebrosus Camera lucida No No Gonzalez et al., 2000. 
Image analysis No No 

Branchioteuthidae 

Brachioteuthis sp. 11 Camera lucida Yes mean of three replicate counts that deviated less than I 0 % from the mean No I Jackson & Lu, 1994. 

Chiroteuthidae 

Mastigoteuthis psychrophilia 11 Camera lucida I Yes mean of three reolicate counts that deviated less than 10 % from the mean No Jackson&Lu, 1994. 

Cranchiidae 

Galiteuthis glacialis Light microscopy Yes mean of three replicate counts that deviated less than I 0% from the meau No Jackson & Lu, 1994. 
Camera Lucida Yes mean of two counts if the deviation between them was< 5% Yes (2) Arkhipkin, 1996b. 

Cranchia scabra Light microscopy Yes mean of 2 replicated counts. If the counts deviated by greater than 5% then a second Yes (2) if Arkhipkin, 1996b. 
observer recounted the statolith. required 

Liocranchia reinhardti Light microscopy Yes mean of 2 replicated counts. If the counts deviated by greater than 5% then a second Yes (2) if Arkhipkin, 1996a. 
observer recounted the statolith. required 

Be/one/la borealis Light microscopv Yes mean of two counts if the deviation between them was< 5% Yes (2) Arkhipkin, 1996c. 

Enooloteuthidae 

Enop/oteuthis leptura I Light microscopy Not noted Not noted Arkhiokin, 1994. 

Ancistrocheiridae 

Ancistrocheirus lesueurii I Light Microscoov Yes mean of two counts if the deviation between them was< 5% Yes (2) Arkhipkin, 1997b. 

Pvroteuthidae 

PterVJdoteuthis !lemmata I Light microscopy Yes mean of two counts if the deviation between them was< 5% (one count per observer) Yes (2) Arkhipkin, 1997a. 

Histioteuthid Families 

Psychroteuthis !llacialis I Camera lucida Yes mean of three replicate counts that deviated less than I 0 % from the mean No Jackson & Lu, 1994. 

Onvchoteuthidae 

Kondakovia longimana I Camera lucida Yes mean of three reolicate counts that deviated less than I 0 % from the mean No Jackson & Lu, 1994. 
Moroteuthis ingens Camera Lucida No No I Jackson, 1997. 

Image analysis Yes 3x replicates that differed ii"ommean by <10% No I 
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Table 4.10. Methods used to count increments in fish otoliths. 

Species Counting method Mean used? 
More than 

Author 
one reader? 

Sparidae 

Diplodus pzmtazzo Image analysis Yes mean of three counts No Vigliola et al., 2000. 

Diplodus vulgaris Image analysis Yes mean of three counts No Vigliola et al., 2000. 

Diplodus sargus Image analysis Yes mean of three counts No Vigliola et al., 2000. 

Gobiidae 

Aplzia milmta I Light microscopy Yes mean of 2 replicated counts. If the counts deviated by greater than 5% No Iglesias et al., 1997. 

Others 

44 species of reef fish from 9 
Oil immersion microscopy Yes mean of three replicate counts that deviated less than 10 % from the mean No 

Wilson & McCormick, 
families 1999 
13 species of reef fish from 7 

Oil immersion microscopy Yes mean of three replicate counts that deviated less than 10 % from the mean No 
Wilson & McCormick, 

families 1997. 
-------
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\ 
Figure 4.7. Statolith drawing from the camera lucida, used to age squid (scale bar= O.lmm). 

4.2.4 Back calculation of hatch dates. 

It was assumed that the last increment counted corresponded to the date of 

capture, thus by back calculation an approximate hatch date could be calculated. The 

squid were then separated into austral winter-spring (August-October) and austral 

surnrner-(November-April) hatched groups. Growth equations were calculated for males 

and females in each hatch season. 

4.2.5 Month of Capture. 

Month of capture was recorded for each sample. The percentage of squid caught 

for each 30-day interval in age was calculated to investigate whether the squid were being 

caught by the fishery at only one stage in the life cycle or at many different stages. 
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4.2.6 Calculation of Absolute Growth Rate (AGR) and Instantaneous Growth Rate 
(G). 

Absolute growth rate and Instantaneous growth rate was calculated for summer

and winter-hatched males and females by 30 day age class using the following formulae 

(Gonzalez et al. 1996). 

a) Absolute Growth Rate, 

b) Instantaneous Growth Rate, 

Where; R2 is the body weight or mantle length at age T 2; R1 the weight or length at age 

TJ. 

4.2.7 Age at Maturity. 

The percentage of individuals at each Lipinski maturity stage was calculated for 

both summer and winter-hatched male and female squid. These were analysed using a 

log-likelihood (G-test) (Sokal & Rohlf, 1997; Zar, 1999). 

4.2.8 Validation. 

Ten juvenile Nototodarus sloanii were caught in a light trap off Portobello Marine 

Laboratory Jetty during another research program. They were initially held in a large 

(>200L) tank with flow through seawater outside of the main laboratory holding areas 

while another more suitable tank was set up. This holding tank was a quarantine tank for 

the public aquarium and was set up in direct sunlight. As soon as possible, the squid were 

transferred to a tank in a dark room in the main lab. They were held in a 65L rectangular 
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glass tank with flow through seawater and were fed live zooplankton. They were left to 

recover for 24 hours. 

After 24 hours, the squid were transferred to a 1 OL bucket containing calcein at a 

concentration of 0.5g calcein/L seawater. They were left in the bucket for two hours. 

After two hours, the animals were returned to the 65L holding tank. 

In the current study immersion was selected as the method to introduce the dye as 

the squid were very small (11.2-33.4mm dorsal mantle length) and it was felt that 

injection would be too damaging and stressful for the animals. The exact method chosen 

was similar to that of Jackson & Forsythe (1989) where the squid were immersed in 

tetracycline for 2 hours. Calcein was selected as the marker due to its low toxicity and 

stability in solution (Pirker & Schiel, 1993). 

The squid were checked several times a day and were fed zooplankton in excess 

once a day. All the squid died within 48 hours of the calcein treatment. 

The animals were dissected according to the protocol described in chapter 3.2. 

The stored statoliths were prepared as described above (section 4.2.2) and were examined 

using an Olympus Vannox™ photomicroscope with an ultra violet light source to locate 

the calcein mark. 

This sample was ve1y small and further attempts were made to collect more 

juvenile squid to complete this validation study. Between July and November 2004 (16 

weeks in total) attempts were made on three or four nights of the week (depending on 

weather) to collect more juvenile squid. The light trap was deployed at the Portobello 

Marine Laboratory jetty from about 10.30 pm until 7.30 am. Further attempts were made 

to dip net squid at the Port Otago Wharves at Dunedin city, as squid had been observed 

gathering around the stem lights of ships moored there in previous years (R. Ardem, pers. 

comm. & pers. obs.). Typically one or two nights a week were spent at the Dunedin city 

wharves, and the light trap was deployed one or two nights a week at Portobello, giving 

the three or four sampling opportunities per week. No squid were seen during this period. 
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This appears to have been the case for juvenile squid throughout the country at that time 

(Dr Steve O'Shea, pers. comm.). 

4.2.9 Gladius Removal. 

The gladius lies internally along the dorsal midline of the squid. It is loosely 

attached at the anterior end but firmly attached at the posterior (Fig. 4.8). 

~----------+r----o0ladius 

\ 

Cut edge of mantle 

Figure 4.8. Location of the gladius in the dorsal mantle (scale bar =lOmm). 
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All squid sampled had the gladius removed according to the following procedure: 

The squid was cut open along the ventral midline and the organs were removed. 

The gladius lies under a layer of connective tissue and is closely associated with the 

mantle muscle. Blunt dissection scissors were used to cut through the connective tissue, 

exposing the gladius. The anterior end could be loosened from the tissue by gently sliding 

the closed scissors under the gladius and lifting. The posterior end was dissected off the 

mantle muscle using a pair of sharp dissecting scissors. 

4.2.10 Storage and Preparation of the Gladius. 

The gladius was measured for length and width and then placed in sleeves of lint 

free paper labelled with the squid's identification number. The gladii in their sleeves were 

then placed on a tray padded with more blotting paper and covered with several more 

sheets of blotting paper. A board was placed over this and then 8Kg of weight was placed 

on top of the board. This was left for approximately a week until they dried (Fig. 4.9). 

The dried gladii were flat and easy to examine under a microscope (Fig. 4.1 0). 

LFTl 

Figure 4.9. Gladius drying set up A) gladius drying, B) components, where; T1 = hand towel layer 1, 
T2= hand towel layer 2, LFT1 =lint free tissue layer 1, LFT2= lint free tissue layer 2, BD=board, 
WT= 2Kg dive weight. 
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Figure 4.10. Photograph of dried gladius where C =Conus, R =Rachis (or central rib) and LP= 
Lateral Plates. 

The dried gladii were stored in labelled plastic sleeves in tall glass or plastic jars 

(Fig. 4.11). 

Figure 4.11. A) Gladii in plastic storage sleeves; B) Storage jars for dried gladii. 

294 gladii were prepared for aging. They were selected from the same specimens 

as those that were used for statolith ageing. 
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Each gladius was gently wiped with a mineral oil. The oil cleaned and slightly 

softened the dried gladius and made the increments more visible. They were observed 

and counted using a Wild™ dissection microscope with an eyepiece micrometer and a 

fibre optic light source that could be adjusted to provide the best illumination for each 

individual gladius increment. The gladius increments were counted three times. As with 

the statolith, each count had to be within 10% of the average of 3 to be considered a true 

count. 

4.2.11 Individual Growth Curves. 

Two gladii were selected from each catch location and the distance between each 

growth line on the surface of the gladius was measured using an eyepiece micrometer. 

The surface of the gladius shows many fine increments upon the lateral plates that cross 

over the Rachis (central rib). These were considered to be the actual growth increments 

(Arkhipkin & Bizikov, 1991; Bizikov, 1991) if the increment appeared incomplete, that is 

it did not cross from one plate to the other it was considered to be either a fold or scratch 

on the surface of the gladius. The measurements from the gladius were used to 

reconstruct growth curves from the oldest and youngest individual found at each sample 

location. The oldest animals from each site were selected to maximize the amount of the 

life cycle examined and thus look at any growth rate changes that may be associated with 

specific parts of the life cycle e.g. habitat change or oogenesis. The youngest animals 

from each site were selected because other workers have found that in older animals the 

increments on the anterior portion of the gladius were difficult to read due to the layered 

ostracum (Arkhipkin & Bizikov, 1991; Bizikov, 1991; Jackson et al. 1993; Perez et al. 

1996; and Perez and O'Dor, 2000), by selecting younger animals it was hoped that this 

problem could be minimized. 

There were 36 curves constructed as only the gladius increments from two 

individuals from each location were measured. Each gladius could take as much a four or 

five hours to measure as the light source had to be adjusted for each increment. Because 

growth was extremely variable, the curves were smoothed by calculating the running 

mean. 
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4.3 Results. 

4.3.1 Statolith Age. 

Assuming that check marks are daily (Hurley et al., 1985; Nakamura & 

Sakurai, 1991; Uozumi, 1998; Yatsu et al., 1998; Sakai et al., 2004), squid ranged in 

age from 29 days in a stage 1 individual, to 211 days in a stage 4 individual. Of the 

294 animals aged; 288 (97.96%) were aged under 180 days and 6 (2.04%) were aged 

180 days or older. At most sites the age frequencies were clustered around 71-180 

days old (Figs 4.12-4.16). The mean age over all samples was 106.51 days (SE= 

1.71). The samples from the West Coast (Fig. 4.12) and the South Snares Shelf (Fig. 

4.16A) do not show as strong a mode at this age. This may be due to the different way 

in which these two samples were collected. These are the only two samples that were 

caught by trawler rather than jigger and they may be catching squid that the jiggers 

are not sampling. There appears to be a large influx of very young animals at the 

Otago Harbour site (Fig 4.14B) again this is due to sample method. These animals 

were collected using a light trap that specifically targeted juvenile animals and it is 

therefore, over representing these younger age groups. 
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Figure 4.12. Statolith age frequency graph for N. sloanii from the West Coast (n= 29). 
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Figure 4.13. Statolith age frequency graph for N. sloanii from; A) North Canterbury sites (n=SO); 
B) Mid Canterbury sites (n=32); C) South Canterbury sites (n=28). 
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Figure 4.14. Statolith age frequency graph for N. sloanii from; A) Otago sites (n=48); B) Otago 
Harbour (n=7). 
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Figure 4.15. Statolith age frequency graph for N. sloallii from; A) Haldane sites (n= 56); B) other 
Catlins sites (n=35). 

135 



4.3. Age: Results 

60 

A 
50 

>- 40 (,) 
c 
(I) 
:::s 
C" c-;-:-:-

~ 30 
c 
(I) 
(,) 

~ ~ ... ... (I) 20 a. 

10 ~ ~ 

0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
'? 'f "( "( ";- "i' q> 0 ~ N "' "' I{) <0 ..... CO "' 0 ~ N 

N ;;; ~ "' co ;::: co ' ' ' 
~ ~ ~ ~ ~ ~ ~ ~ 

o; 0 ~ N ;;; ~ "' co ;::: co o; ~ ~ 

~ 0 N ~ ~ ~ ~ ~ N 

Age estimate (days) 

60 
B 

50 

>- 40 (,) 
c 
(I) 
:::s 
C" 

~ 30 
c 
(I) 
(,) ... 
(I) 20 a. 

10 

0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
'? 'f "( "( ";- "i' q> 0 ~ N "' "' I{) <0 ..... CO "' 0 N 

N ;;; ~ "' co ;::: co ' ' 
~ ";' ' ' ' ' 

~ ~ ~ ~ 
o; 0 ~ c;; ;;; ~ "' co ;::: co o; 0 ~ 

~ ~ ~ N N 
Age estimate (days) 

Figure 4.16. Statolith age frequency graph for N. sloanii from; A) the South Snares shelf (n=9); 
B) All sites combined (n=294). 

There was increase of size, both mantle length and weight with increasing age 

(Figs.4.17 & 4.18) but this was extremely variable, with low correlations between age 

and either mantle length or weight. Correlation coefficients for these relationships 

were: 0.491 for female age versus female mantle length (Fig. 4.17 A), 0.377 for female 

age versus body mass (Fig. 4.17B), 0.180 for male age versus male mantle length 

(Fig. 4.18A), and 0.115 for male age versus male body mass (Fig. 4.18B). The 

correlations were slightly stronger for female squid than for male (Table 4.11 ). 
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Linear equations best fitted the data for both male and female squid (Figs 

4.17 A, B; 4.18A, B). The slopes of the regressions for age versus mantle length were 

significantly different (p<0.05). This indicated that there were different growth rates 

for male and female squid (Figs 4.17 A, 4.18A). 

T bl 411 R t' :f t t lith a e . egressiOn equa IOns or sa o tll th dbd If hi age: man e eng1 an o 1y mass re a Ions tps. 

Relationship Regression equation rz 

Age: mantle length, y = 1.45x + 44.14 0.491 
female 

Age: body mass, female y = 4.42x- 248.37 0.377 
Age: mantle length , male y = 0.57x + 127.94 0.180 

Age: body mass, male y = 1.72x- 21.60 0.115 

The slopes of the regressions for age versus body weight were significantly 

different (p<0.05) (Figs 4.15B, 4.16B). These data indicate that female squid grow 

faster than males and are longer and heavier than males of the same age 

137 



8 400 

s 
.;; 300 
eJ) 

= ~ -~ 200 ';! 

= = s 100 -= ~ 
:... 
c 
~ 0 

800 

~ 
~ 600 
= s 
€ 400 
c 

,.Q -.a 200 
c 
~ 

•• • 

0 50 

• 

100 150 
Age (days) 

4.3. Age: Results 

A 

200 250 

B 

0~~~~--~----~----~--~ 
0 50 100 150 

Age (days) 
200 250 

Figure 4.17. The relationship between statolith age and A) mantle length (mm) and B) total body 
weight (g) of female Nototodarus sloanii (n=143). Regression line represents a linear fit. Dashed 
lines represent the 95% confidence interval of the slope of the regression line. 
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Figure 4.18. The relationship between statolith age and A) mantle length (mm) and B) total body 
weight for male Nototodarus sloanii (n=138). Regression represents a linear fit. Dashed lines 
represent the 95% confidence interval of the slope of the regression line. 

4.3.2 Back-calculation of hatch dates. 

Hatch month was calculated by assuming that the last increment seen on the 

statolith was the date the squid was caught then back counting to the natal increment, 

assigning a calendar date to each increment on the statolith. 

Hatching was spread from August to February, with a peak in 

November/December in 1997 and in October/November in 1998 and m 

October/November in 2004 (Table 4.12). There appears to have been more squid 

hatched in August, September, October of 2000 and February, March of 2005. 

However, it should be noted that these squid were juveniles caught in a light trap or 
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by dip netting from September to November of 2000 and March and April of 2005 

and thus were probably not representative of the population. These juvenile animals 

ranged in age from 29 to 73 days of age. The squid caught in 2005 could not be used 

for validation experiments as they were found dead in the light traps. Dip netted 

individuals survived for only a few hours after capture. 

Table 4.12. Back-calculated hatch dates, calculated from statoliths for all sites combined. 
Year Hatch month Percentage of females Percentage of males 

hatched (n=143) hatched (n=138) 

Januaty * * 
Februaty * * 

1997 March * * 
April * * 
May * * 
June * * 
July * * 
August 5 * 
September 5 15 
October 25 25 
November 15 35 

45 50 

5 * 
* * 

1998 March * * 
April * * 
May * * 
June * * 
July * * 
August 1.75 7.02 
September 11.4 18.42 
October 26.32 30.7 
November 29.82 14.91 
December 14.91 15.79 

1999 Januaty 12.28 10.53 
Februaty 3.51 2.63 

* * 

~ * * 
1 * * 

April * * 
May * * 

2000 June * * 
July * * 
August 50 * 
September 25 * 
October 25 * 
November * * 
December * * 

0~ * * 
Februaty * * 
March * * 
April * * 
May * * 

2004 June * * 
July 16.67 * 
August 16.67 * 
September 16.67 * 
October 33.33 66.67 
November 33.33 33.33 
December 16.67 * 

January * * 
2005 Februaty 25 * 

March 75 * 

*cells m the table where there are no values means that no sqmd m the samples were calculated to have hatched m that month, 
however it remains likely that there were squid hatched in those months, but they were not represented in the samples . 
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These peaks are different to those found by others (e.g. Uozumi, 1998; Anon, 

2002) this may be due to several factors including underestimation of the age by the 

current author, small sample size in the present study and flexibility in the breeding 

strategy and timing of the squid. 

4.3.3 Differences in summer and winter/spring-hatched squid. 

The back-calculation of hatch dates allowed for the examination of differences 

between squid that hatched in the austral winter/spring (August-October) as opposed 

to those who hatched in the austral summer (November-February). Regressions were 

created for male and female squid according to whether they were hatched in summer 

or winter/spring periods (Table 4.13) (Figs 4.19 A, B to 4.22A, B). A two-way 

ANOV A was run on mantle length and mass with gender and hatch season as the 

factors (Tables 4.15 & 4.16). 

Table 4.13. Growth equations for male and female squid for both summer and winter/spring
hatched squid. 

Male/Female Season Regression Equation r' 
Male Winter/ Total Body Mass = x- 64.35 0.295 

spring Dorsal Mantle Length =0.66x 0.330 
+ 113.4 

Male Summer Total BodyWeight=0.99x + 32.09 0.068 
Dorsal Mantle Length =3.49x + 0.065 

143.34 
Female Winter/ Total body Weight= 3.24x-143.82 0.351 

spring Dorsal Mantle Length =1.38x + 0.520 
41.198 

Female Summer Total Body Weight =3.73x- 188.04 0.241 
Dorsal Mantle Length =1.59x + 34.37 0.379 
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Figure 4.19. Growth in mantle length for female squid hatched in A) summer and B) 
winter/spring. Regression represents a linear fit. Dashed lines represent the 95% confidence 
interval of the slope of the regression line. 
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Figure 4.20. Growth in mantle length for male squid hatched in A) summer and B) winter/spring. 
Regression represents a linear fit. Dashed lines represent the 95% confidence interval of the slope 
of the regression line. 
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Figure 4.21. Growth in total body mass for female squid hatched in A) summer and B) 
winter/spring. Regression represents a linear fit. Dashed lines represent the 95% confidence 
interval of the slope of the regression line. 
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Figure 4.22. Growth in total body mass for male squid hatched in A) summer and B) 
winter/spring. Regression represents a linear fit. Dashed lines represent the 95% confidence 
interval of the slope of the regression line. 

The relationships for length at age and weight at age for male squid were 

stronger in the winter/spring-hatched group than in the summer-hatched group but in 

neither case is the relationship a strong one. (Table 4.13, Figs 4.20 A, B; 4.22 A, B). 
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The relationships were much stronger in the winter/spring-hatched female 

group than they were in the summer-hatched female group (Table 4.13, Figs 4.19 A, 

B; 4.21 A, B). 

In general, winter/spring-hatched squid are slightly longer and heavier than 

summer-hatched squid of a similar age (Table 4.14). Female squid in the samples 

appeared to be larger (both in body mass and mantle length) than the males regardless 

of the season of hatching, however, a two way ANOV A showed that this was not a 

significant difference but that there was a significant difference between these 

dimensions for hatch season. (Tables 4.15 & 4.16). 
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Table 4.14. M ------ -----7 --------- -·--·-- d d a~e fl dfl hatched "d 

Gender, 
Mantle length 

Mean Mantle 
Body mass (g) 

Mean Body 
Age (days) Age (days) Mean age 

Hatch (mm) range 
Length (mm) mass (g) 

Minimum Maximum (days) (SE) 
N 

season (SE) range (SE) 

Female 23-340 
179.84 

0.62-1036.9 
152.67 

30 152 
91.44 

87 
Summer (5.53) (16.25) (2.14) 
Female 13.2-380 

207.73 
0.42-1442.8 

273.33 
29 211 

116.68 
55 

Winter (9.41) (35.83) (4.67) 
Male 122-355 

182.49 
38-1082.2 

154.22 
42 150 

99.67 
67 

Summer (4.58) (19.25) (2.41) 
Male 119-291 

196 50.5-673 
187.2 

70 199 
123.27 

70 
Winter (4.07) (13.38) (3.37) 
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Table 4.15. Two way ANOV A comparing growth in Log dorsal mantle length in summer- and 
. t h t h d 'd wm er- a c e sqm. 

Source of 
Variation ss Df MS F P-val~ F crit 

Gender 3.770355 130 0.029003 1.190871 0.1602 1.335872 
Hatch 
season 0.171868 1 0.171868 7.057011 0.008885 3.913989 

Error 3.166048 130 0.024354 

Total 7.108271 261 

Table 4.16. Two way ANOV A comparing growth in Log body mass in summer- and winter-
h h d 'd ate e sqm . 

Source of P-
Variation ss Df MS F value Fcrit 

Gender 29.17181 130 0.224399 1.293293 0.071954 1.335872 
Hatch 
season 2.654051 1 2.654051 15.29629 0.000147 3.913989 

Error 22.55623 130 0.173509 

Total 54.38209 261 

4.3.4. Comparison of immature and mature squid. 

Squid were divided into immature (stages 1, 2, & 3) and mature individuals 

(stages 4, 5 & 6) to allow direct comparison between the sexes and between summer

and winter/spring-hatched individuals. 

The mean age of immature females was significantly higher for winter/spring

hatched individuals than for summer-hatched squid (winter/spring mean age= 105.46 

± 4.14 days, summer mean age= 90.38 ± 2.14 days. P=0.0054). Mean mantle length 

and weight were not significantly different for immature females regardless of hatch 

season. There were no significant differences in mean mantle length, mean weight or 

mean age for mature female squid (all p-values > 0.05) (Table 4.17, Figs. 4.23 -4.25). 

Male squid showed the same pattern, with immature male squid hatched in 

winter/spring being significantly older than those hatched in summer (winter/spring 

mean age= 112.76 ± 2.76 days, summer mean age= 98.2 ± 2.40 days. P=0.0001). No 

other differences were found for either immature male squid or mature male squid 

regardless ofhatch season (all p-values > 0.05) (Table 4.17, Figs. 4.23 -4.25). 
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There was no significant difference between male and female immature or 

mature squid in mean mantle length, mean weight, or mean age (all p-values > 0.05) 

with one exception. Mature female squid hatched in winter/spring were significantly 

longer than mature male squid hatched in winter/spring (female winter/spring mean 

mantle length= 281.92 ± 15.35 mm, male winter/spring mean mantle length =238.28 

± 9.72 mm. P=0.046) (Table 4.17, Figs. 4.23 -4.25). 
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Table 4.17. Minimum, maximum and mean mantle length, body mass and age for immature and mature, male and female summer- or winter-hatched squid. 

Maturity, Mantle Mean Body Mass Mean Body Age (days) Mean Age N 
gender, length (mm) Mantle (g) range Mass (g) range (days) (SE) 
Hatch range length (mm) (SE) 
season (SE) 

Immature 23-340 176.31 0.62-1086.9 140.83 30-152 90.38 89 
female (5.43) (15.43) (2.14) 

summer 
Mature 214-300 258.25 243.1-589.4 416.09 97-137 115.0 4 
female (19.29) (92.1) (8.73) 

summer 
Immature 13.2-313 186.76 0.42-826.3 182.65 29-152 105.46 46 

female (9.18) (20.36) (4.15) 
winter 
Mature 218-380 281.92 230.1-1442.9 594.19 110-211 156.38 13 
female (15.35) (107.1) (9.04) 
winter 

Immature 122-253 176.17 38-457.8 126.03 42-142 98.2 65 
male (3.2) (9.13) (2.4) 

summer 
Mature 224-247 235.5 265.7-273.64 269.67 113-180 120.0 3 

male (11.5). (3.97) (15.7) 
summer 

Immature 119-232 185.3 50.5-320.3 150.22 70-163 112.76 54 
male winter (3.98) (8.87) (2.67) 

Mature 198-282 238.28 68.7-673 288.63 119-199 155.39 18 
male winter (9.72) (34.51) (5.94) 
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Figure 4.23. Mean statolith age (days) for mature and immature winter/spring- and summer-hatched male (winter/spring nimmat=24, nmat= 48; summer nimmat=47, 
nmat= 21) and female (winter/spring nimma1=29, nmat= 30; summer nimma1=78, nmat= 15) Nototodarus sloanii. Error bars represent standard error. 
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Figure 4.24 Mean dorsal mantle length (mm) for mature and immature winter/spring- and summer-hatched male (winter/spring nimmat=24, nmat= 48; summer 
nimmat=47, nmat= 21) and female (winter/spring nimmat=29, nmat= 30; summer nimmat=78, nmat= 15) Nototodarus sloanii. Error bars represent standard error. 
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Figure 4.25 Mean total body mass (g) for mature and immature winter/spring- and summer-hatched male (winter/spring nimmat=24, nmat= 48; summer nimmat=47, 
nmat= 21) and female (winter/spring nimmat=29, nmat= 30; summer nimmat=78, nmat= 15) Nototodarus sloanii. Error bars represent standard error. 
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4.3.5. Absolute and Instantaneous Growth Rate. 

Back calculation of squid age allowed instantaneous and absolute growth rates 

to be calculated for male and female squid according to when they hatched (Tables 

4.14 & 4.15). These were calculated for age intervals of30 days. 

Table 4.18. Instantaneous growth rate (G, %mm d-1
) and absolute growth rate (AGR, mm d"1

) 

calc l t d b h · tl l th f · t d h t h d l d f l ·d. uae )y c ang em man e eng1 orwm er- an summer- a c e maean ema e sqm 
Age n Mean Dorsal Standard Instantaneous Absolute 

Interval Mantle Error Growth Rate, Growth 
(days length (mm) (G) (%mm d"1

) Rate 
(AGR) 

(mmd-1) 

Winter-hatched - - - - -
males 31-60 - - - - -

Mantle Growth 61-90 5 156.20 15.98 -
91-120 33 188.85 6.91 0.63 1.09 

121-150 22 210.73 7.63 0.37 0.73 

151-180 10 221.200 9.77 0.16 0.35 

181-210 - - - - -
211-240 - - - - -

0-30 - - - - -
31-60 - - - - -
61-90 - - - - -

Summer- 91-120 42 181.38 5.16 0.24 0.42 
hatched males 

Mantle Growth 121-150 8 191.13 11.53 0.17 0.33 

151-180 - - - - -
181-210 - - - - -
211-240 - - - - -

0-30 1 31.4 - - -
31-60 3 45.5 24.26 1.24 0.47 

61-90 6 183.33 18.38 4.65 4.59 
Winter-hatched 91-120 26 200.92 9.19 0.31 0.59 

females 
Mantle Growth 121-150 14 219.71 9.18 0.30 0.63 

151-180 6 279.50 20.84 0.80 1.99 

181-210 - - - - -
211-240 - - - - -

- - - - -

- - - - -
Summer- 61-90 49 162.24 5.57 6.51 4.64 

hatched females 91-120 36 202.78 7.53 0.74 1.35 
Mantle Growth 

121-150 5 252.60 26.71 0.73 1.66 

151-180 2 274.00 106.00 0.27 0.71 

181-210 - - - - -
211-240 - - - - -

In both winter-hatched and summer-hatched male squid, the greatest value for 

G and AGR calculated using mantle length was found in individuals aged between 91 

and 120 days. However, females regardless of hatch season showed higher values of 

G and AGR between 61 and 90 days. (Table 4.18). 
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Table 4.19. Instantaneous growth rate (G, %g d"1
) and absolute growth rate (AGR, g d"1

) 

calc I t db h . b d . ht ~ d h t h d I d f I .d uae 'Y c ang em o ty we1g1 orwmter an summer- ac e ma ean ema e sqm . 
Age n Mean Body Standard Instantaneous Absolute 

Interval Weight (g) Error Growth Rate, Growth 
(days (G)(% body Rate 

weight/day) (AGR) 
(g/day) 

Winter-hatched - - - - -
males - - - - -

Change in body 
61-90 5 100.94 25.10 -weight 

91-120 33 169.31 30.47 1.72 2.28 

121-150 22 244.59 34.05 1.23 2.51 

151-180 10 270.06 51.54 0.33 0.85 

181-210 - - - - -
211-240 - - - - -

0-30 - - - - -

31-60 - - - - -
61-90 - - - - -

Summer-
91-120 42 137.84 14.41 0.54 0.69 

hatched males 
Change in body 121-150 8 170.44 31.01 0.71 1.09 

weight 151-180 - - - - -
181-210 - - - - -
211-240 - - - - -

0-30 1 1.33 - - -
31-60 3 7.00 6.35 5.54 0.19 

61-90 6 146.80 41.07 10.14 4.66 
Winter-hatched 

91-120 26 205.11 26.77 1.11 1.94 
females 

Change in body 121-150 14 244.20 23.43 0.58 1.30 

weight 151-180 6 544.58 132.60 2.67 10.01 

181-210 - - - - -
211-240 - - - - -

~~ - - - -
31-60 - - - - -

61-90 49 100.210 96.23 16.95 3.32 
Summer-

91-120 36 183.971 201.82 2.02 2.79 
hatched females 
Change in body 121-150 5 453.328 453.33 3.01 8.98 

weight 151-180 - - - - -
181-210 - - - - -
211-240 - - - - -

The values of G and AGR calculated usmg body mass show maximum 

instantaneous growth (G) for winter-hatched males between the ages of 91-120 days 

and maximum absolute growth (AGR) between the ages of 121-150 days. Summer

hatched male squid showed maximal values ofG and AGR between the ages of 121-

150 days. As with male winter-hatched squid, female squid had a maximum 

instantaneous growth between 61-90 days old, but the maximum AGR was later and 

did not occur until the squid were aged between 151-180 days. Summer-hatched 

female squid also had a maximum value of G between 61-90 days old but the 

maximum value of AGR occurred between the ages of 181-240 days old (Table 
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4.19). It should be noted that the estimates of instantaneous and absolute growth are 

possibly biased due to small sample sizes. 

4.3.6 Age at maturity (see also; Chapter 5: Reproduction). 

There was considerable overlap when the range of ages was compared to stage 

of maturity (Tables 4.20, 4.21 & 4.22). On average, however, the more mature the 

squid the older it was. 

T bl 4 20 M t 'ty t a e a un sage an d t t lith sao ~ f I M d l age range or ema e ototo arus s oamr. 
Maturity Stage Age Range (days) Mean Age (days) Standard Error N 

1 29-116 77.48 3.18 46 
2 64-152 96.52 2.31 58 
3 94-152 118.77 2.35 35 
4 12 0-211 152.78 9.86 9 
5 147-206 174.50 12.77 4 

T bl 4 21 M a e atunty stage an d stato It IM d l age range or ma e ototo arus s oanu. 
Maturity Stage Age Range (days) Mean Age (days) Standard Error N 

1 42-96 73.75 4.40 12 
2 57-123 99.24 1.75 59 
3 86-163 119.45 2.42 49 
4 97-180 143.92 6.82 13 
5 110-199 166.43 10.83 7 

In male squid, any winter-hatched squid under 91 days old was either 

immature (stage 1) or juvenile (stage 2). Individuals aged from 91-120 days were 

mainly juvenile and preparatory (stage 3) with only a few being immature or maturing 

(stage 4). Those individuals aged between 121-150 days were mainly preparatory 

with a few maturing individuals seen. At 151-180 days old, a few preparatory squid 

were seen with almost equal numbers of maturing and mature (stage 5) individuals in 

the sample. After 181 days of age, all male winter-hatched squid were mature (Fig. 

4.26B). 

Summer-hatched male squid showed a similar pattern. The major difference 

was that some squid were still juvenile (stage 2) at 121-150 days old and no mature 

squid were present (Fig. 4.26A). 

For female winter-hatched squid, any individuals that were found to be 

younger than 60 days old were immature (Fig. 4.27 B). This was also true of summer

hatched squid of this age (Fig. 4.27 A). Squid of 61-90 days old were either immature 

or juvenile, while those of 91-120 days of age could be immature, juvenile, 
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preparatory, or maturing. This occurred in both winter- and summer-hatched female 

squid (Fig. 4.27 A, B). 

Winter-hatched female squid of 121-150 days old were mainly preparatory 

but there were some juvenile, maturing and mature individuals found (Fig 4.27B). In 

comparison, summer-hatched squid of this age were juvenile, preparatory, or 

maturing and there were no mature individuals seen. At 150-180 days old female 

winter-hatched squid were either preparatory or maturing. It seems likely that with a 

larger sample of female squid aged over 150 days that there would be a higher 

proportion of later stages. 

The oldest winter-hatched female squid (181-210 days old) were all mature. 

No summer-hatched squid of this age were analysed (Fig 4.27 A, B). 

Age at maturity and hatch season was tested using a log-likelihood (G) test. 

This showed that the differences between male and female squid and their hatch 

seasons were significant (Table 4.22) 

Table 4.22 Log-likelihood test for differences between male and female squid and their hatch 
season. 

Source DF -LogLike RSquare (U) Test ChiSquare Prob>ChiSq 
Model 8 67.575536 0.7027 !Likelihood 135.151 <.0001 

Ratio 
Error 115 28.587331 Pearson 163.654 <.0001 
C. Total 123 96.162867 
N 125 
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E Stage V Mature (n~O) 

0 Stage N Maturing (n~2) 

D Stage m Preparatory (n~20) 

• Stage li Juvenile (n~39) 

D Stage I hnmature (n~7) 

181-210 

181-210 

211 -240 

11 Stage V Mature (n~6) 

D Stage N Maturing (n~IO) 

D Stage m Preparatory (n~31) 

• Stage li Juvenile (n~I9) 

D Stage I Immature (n~5) 

211-240 

Figure 4.26. Percentage of male squid in each maturity stage by 30-day statolith age interval for 
A) summer or B) winter hatching (where, ntot = total number of individuals in that size category, 
n in the columns = number of squid in the corresponding maturity stage for that size class, n 
value in the legend is the total number of squid in that maturity stage regardless of age). 
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A 

Ill Stage V Mature (n~O) 

D Stage IV Maturing (n~2) 

D Stage m Preparatory (n~ l 2) 

• Stage lJ Juvenile (n=46) 

D Stage I Immature (n~32) 

211-240 

B 
11 Stage V Mature (n=4) 

D Stage IV Maturing (n~5) 

D Stage m Preparatory (n~ l 8) 

• Stage lJ Juvenile (n~15) 

D Stage !Immature (n~l4) 

181-210 211-240 

Figure 4.27. Percentage of female squid in each maturity stage over 30-day statolith age intervals 
for A) summer or B) winter hatching where, n101 = total number of individuals in that size 
category, n in the columns =number of squid in the corresponding maturity stage for that size 
class, n value in the legend is the total number of squid in that maturity stage regardless of age). 

4.3. 7 Month of Capture. 

The squid in this study were primarily collected in the months of January to 

April. This is the main squid jigging season for south-eastern New Zealand. Squid 

that fell into the age category 61- 150 days were the most commonly caught in all 

months for both males and females (Figs. 4.28 & 4.29). An exception to this general 

pattern of capture was the month of March. Female squid captured in March included 

individuals in the 180- 210 day age category (Fig. 4.28). The oldest squid in this study 

was a single female of211 days caught in February, 2005. 

Male squid caught in March included individuals m the 180-210 day age 

category, males caught in March also included individuals in the 31- 60 days old 
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category, this was not the case for female squid (Figs. 4.28 & 4.29). Some juvenile 

squid (aged between 29 & 42 days) were caught by light trap in the Otago harbour. 

These were not included in this part of the analysis as they were caught in October 

and November outside of the main fishing season. 
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Figure 4.28. Percent of all squid caught in each 30-day statolith age category for females by month of capture (n=152). 
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4.3.8 Validation. 

Calcein was present in the statoliths of five of the stained squid but there was 

poor evidence of calcein uptake in their statoliths with the calcein band being either 

incomplete (Fig. 4.30) or indistinct. The animals died between 0 hours and 48 hours 

after being immersed in calcein. Normally if the bands are daily, it would be expected 

that a new band would show in the animals that lived for 48 hours after the calcein 

treatment. However, these animals had been considerably stressed after capture and 

their behaviour was abnormal (jetting upside down, lying on the tank bottom etc.). 

Calcite deposition may have also been altered. Direct validation of the increment 

periodicity was not achieved and this requires considerably more work. Between July 

and November 2004 further attempts to catch squid by dip netting in the steamer basin 

at Otago Harbour or by light traps at Portobello, were made on three or four nights of 

the week. No squid were seen during this period. This appears to have been the case 

for juvenile squid throughout the country at that time (Dr Steve O'Shea, pers. comm.). 

Further attempts to collect juvenile squid were made in 2005 by deploying light traps 

or by dip netting at Portobello Marine Laboratory, several juvenile squid were 

captured but either died in the traps before they were retrieved or (in the case of the 

dip netted individuals) died a few hours later in the holding tanks. 

Calcein Line 

Possible new increment 

Figure 4.30. Calceined statolith from a juvenile squid (ML= 13.2mm) showing one possible new 
band (scale bar =O.lmm). 
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4.3.9 Gladius Age. 

Gladius increments could be seen on the rachis and lateral rib (Fig. 4.31 ). 

These were difficult to see but clearing the gladius with mineral oil helped clarify the 

increments. The counts were similar to those of the statolith from the same animal 

(Table 4.23, Fig. 4.32A, & B). 

Figure 4.31. Photomicrograph of the increments in the gladius of N. sloanii (scale bar = O.lmm). 

423 R Table . egressiOn equatiOns rh I d" or stato It age: gl a ms age or d I ototo arus s oanu. 

Relationship Regression equation rz 

Female statolith age: y= 0.988x + 1.938 0.983 
Gladius Age 

Male statolith age : y= 1.003x + 3.854 0.996 
Gladius age 
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Figure 4.32. Comparison between statolith age and gladius age obtained from the same 
individuals for A) female and B) male Nototodarus sloanii. Regression line represents a linear 
fit. Dotted line represents a one to one line. 
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4.3.10 Individual Growth Curves. 

Individual growth curves were reconstructed for two squid from each location. 

The oldest and youngest animals aged by statolith aging for each location were 

selected for this section (i. e. two squid were aged using the gladius per location) 

(Table 4.24). There was considerable variation in daily growth so the running mean 

was used to smooth the curves. 

T bl 4 24 H h a e ate season o f h ld t eo d .d est an youngest sqm age d at eac hl ocatwn. 
Location Hatch Month of Hatch Month of Location Hatch Month of Hatch Month of 

Oldest Youn Oldest Youngest 
West Coast Winter/spring Summer Wainono Lagoon Winter/spring Summer 

Slope (150m) 1 
Slope (200m) 

Nugget Point Summer Summer Haldane3 Winter/spring Summer 
Shelf (lOOm) Slope (150m) 

Timaru Winter/spring Summer Long Point Winter/spring Summer 
Slope (150m) Slope (150m) 

Haldane 1 Winter/spring Summer Akaroa Heads Winter/spring Summer 
Shelf(90m) Shelf (125m) 

Rakaia Winter/spring Summer Banks Peninsula Winter/spring Summer 
Slope (300m) Slope (150m) 

Pukeuri Winter/spring Winter/spring Wainono Lagoon Winter/spring Summer 
Shelf(75m) 2 

Slope (200m) 
Mid Cant Bight Smmner Summer Pegasus Bay Smmner Smmner 

Shelf(75m) Slope/canyon 
(SOOm) 

Ellesmere Smmner Summer South Snares Winter/spring Smmner 
Shelf(75m) Shelf 

(125m) 
Haldane2 Winter/spring Smmner Otago Harbour Winter/spring Winter/spring 

Slope (200m) (<lOm) 

4.3.10.1 Growth curves. 

The growth of the squid showed an initial period of slow growth ranging from 

20 to 70 days long followed a period of faster growth. There was variation in this 

pattern that could not be attributed to location or hatch season. However, gender 

appears to be an important factor in the growth rate of the squid. Female squid show 

growth curves that are almost linear in nature with only a short period of slow growth 

(e.g. Fig. 4.33), while the curve for male squid is more curvilinear with a longer 

period of slow growth (e.g. Fig.4.34C). These patterns were seen in both the older and 

younger squid and thus, only the curves reconstructed for the older squid are 

illustrated and discussed (see appendix Ill for reconstructed growth curves for the 

younger squid). 
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West Coast. 

The oldest animal from the West Coast sample showed slow growth until day 

25, then a gradual increase in growth rate until day 165 when the growth rate 

increased again (Fig. 4.33). This animal was hatched in the austral winter/spring and 

was female. 
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Figure 4.33. Smoothed growth curve for gladius growth curve for squid from the West Coast. 
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Otago. 

The squid from Wainono Lagoon 1 & 2 were both hatched in the winter/spring 

and were caught on the continental shelf in waters over 200m depth. They had similar 

curves, with a period of slow growth followed by faster growth. The duration of the 

slow growth differed, however, the Wainono Lagoon 1 (Fig. 4.34A) animals showed 

slow growth for the first 22 days, while the squid from Wainono Lagoon 2 (Fig. 

4.34C) showed slow growth for 73 days. The squid from Wainono Lagoon 1 was 

female while the squid from Wainono Lagoon 2 was male. 

The squid from Pukeuri (Fig. 4.34D) displayed slow growth for the first 41 

days then slightly faster growth until 81 days followed by a more rapid increase. This 

individual was collected on the continental shelf in 75m of water. It hatched in the 

winter/spring and was male. 

The squid collected in Otago Harbour (Fig. 4.34B) was female and a young 

juvenile. It was only 41 days old, thus an increase in growth was not seen. 
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Figure 4.34. Smoothed growth curve for gladius growth curve for squid from Otago sites: A) 

female from Wainono Lagoon 1; B) female from Otago Harbour (Note different scale); C) male 

from Wainono Lagoon 2; D) male from Pukeuri. 

169 



4.3. Age: Results 

Catlins. 

The female winter/spring-hatched squid caught on the slope at Long Point 

(Fig. 4.35A) in 150 m water depth showed slow growth until day 21 then a steady 

increase in growth rate. 

The female squids from Haldane 2 (Fig. 4.35B) and 3 (Fig. 4.35C) showed 

similar patterns with slow growth occurring for only a short period of 18 and 22 days 

respectively then increasing. Both of these squid were caught on the slope in 200m 

and 150m water depth respectively. Both squid were winter/spring-hatched. 

The squid from Nugget Point (Fig. 4.35D) showed slow growth until day 48 

when there was an increase in growth rate. This squid was caught on the continental 

shelf in lOOm water depth. It was a male summer-hatched squid. 

Fig. 4.35E shows the growth curve for a male winter/spring-hatched squid 

which was caught on the continental shelf in 90m water depth at Haldane 1. It 

displays a period of slow growth extending for 72 days then a rapid increase in 

growth rate. 
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Figure 4.35. Smoothed growth curve for gladius growth curve for squid from Catlins sites; A) 
female from Long Point; B) female from Haldane 2; C) female from Haldane 3; D) male from 
Nugget point; E) male from Haldane 1. 
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4.3. Age: Results 

Canterbury. 

The squid from the Canterbury region show similar patterns to the other 

regions. That is the female squid have a shorter period of slow growth than the males. 

This was true for the locations Banks Peninsula (Fig. 4.36A) and Ellesmere (Fig. 

4.36B), both of which were represented by female squid and displayed slow growth 

then a steady increase in growth rate. Akaroa Heads (Fig. 4.36D), Rakaia (Fig. 4.36E) 

and Mid Canterbury Bight (Fig. 4.36F), were represented by male squid and had 

extended periods of slow growth (70 days), followed by an increase in growth rate. 

There were two exceptions to these general trends. These were for a male 

summer-hatched squid caught on the slope in Pegasus Bay (200m water) (Fig. 4.36C) 

and a male winter/spring-hatched male caught on the shelf at Timaru (150m water) 

(Fig. 4.36G). The Pegasus Bay squid (Fig. 4.36C) showed slow growth until 46 days 

old, this growth rate increased until day 71, when the growth rate slowed again until 

day 184. After day 184, there was an increase in growth rate, which continued until 

the squid was harvested. The Timaru squid showed slow growth until day 41 followed 

by a rapid increase in growth rate until day 62 when the growth-rate increased again. 
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Figure 4.36. Smoothed growth curve for gladius growth curve for squid from Canterbury sites; 
A) female from Banks Peninsula; B) female from Ellesmere; C) male from Pegasus Bay; D) male 
from Akaroa Heads; E) male from Rakaia; F) male from Mid- Canterbury Bight; G) male from 
Timaru. 
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South Snares Shelf. 

The oldest animal collected from the South Snares shelf was a female aged 

211 days old. She had 209 discernable increments in her gladius. The growth curve 

reconstructed from the measurement of gladius increment widths shows that like the 

female squid from other locations she had an initial short period of slow growth. In 

this squid it lasted 21 days and then there was a period of more rapid growth from day 

22 to day 164. After day 164 the growth rate increased again, there was a further 

increase in growth rate after day 193 until day 209 when the squid was harvested (Fig 

4.37). 
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Figure 4.37. Smoothed growth curve for gladius growth curve for the squid from the South 
Snares Shelf site. 
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4.4 Discussion. 

Although the periodicity of the growth increments has not been established by 

a direct validation study, Uozumi (1998) found that squid assumed to be from the 

same cohort showed a relationship between number of increments in the statolith and 

the sample date that was significant at the 1% level. The daily periodicity suggested 

by the modal analysis is supported by validation studies on other ommastrephid squid 

e.g. Todarodes pacificus (Nakamura & Sakurai, 1991); Ommastrephes bartrami 

(Yatsu et al., 1998); !!lex argentinus (Sakai et al., 2004). Jackson et al. (2003) 

suggested that the congener N gouldi in Australian waters show daily periodicity in 

statolith increments. 

Direct validation has been carried out usmg such species as Ideosepius 

pygmaeus (Jackson, 1989), Alloteuthis subulata (Lipinski, 1986), Sepioteuthis 

lessoniana (Jackson, 1990b ), Loliolus noctiluca (Jackson, 1990a; Dimmlich & Hoedt, 

1998), Lolliguncula brevis (Jackson et al. 1997), Loligo chinensis (Jackson, 1990a), 

and Todarodes pacificus (Nakamura & Sakurai, 1991). It should be noted however, 

that the majority of these are inshore species, which can be held with a certain amount 

of success in the laboratory. In comparison, N sloanii appears to spend much of its 

life cycle in the open ocean. Historically, oceanic squid have done very poorly in 

captivity and there has been no success in culturing oegopsids such as N sloanii due 

to extremely small hatching sizes (Forsythe, 2004). Contributing to the difficulty in 

holding these animals is their delicate skin, which is very prone to injury during 

capture, transport and subsequent holding (Forsythe, 2004). The juvenile squid in this 

study did not survive longer than 48 hours; however, they were incidentally caught 

and initially not held in ideal conditions (rectangular tank in direct sunlight). A new 

study may succeed provided the animals used are juvenile, and are not held in direct 

light but go directly into dark, smooth, cylindrical tanks and are fed small crustaceans 

such as mysids, Tenagomysis novaezealandiae, and the euphausid, Nyctiphanes 

australis, to excess (Dr. S. O'Shea, pers. comm.). 

It has been assumed in the past that N sloanii lives for approximately one year 

(Uozumi & Ohara, 1993). These researchers found squid up to 270 days old. In the 

current study however, the oldest individual aged was 211 days old and this was a 
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maturing female. It should be noted however, that this female was from a limited 

sample collected from area R, the South Snares Shelf, it has been suggested that squid 

from this region may represent a different stock from the mainland squid (Anon, 

2006b ), it is also possible that this is a spawning area, although much more work 

would need to be done to confirm these hypotheses. Other mature individuals ranged 

from 151 to 206 days old. The low numbers of mature and older squid in this study 

may be due to sampling technique. The majority of squid collected were immature 

(Lipinski stage 2). Other squid have been shown to have an ontogenetic migration, for 

example Loligo gahi (Hatfield and Rodhouse, 1994). These squid were shown to 

migrate from shallow coastal waters down through the depths at which the fishery 

operates, into deeper water to mature. It is possible that a similar migration occurs in 

N sloanii and that the fishery is therefore, sampling the population at a discrete part 

of the migration route. In New Zealand fishing effort is often concentrated in depths 

of about 200m (Sommerville, 1993). In addition the squid in the current study were 

sampled over a more restricted time frame than those of Uozumi (1998). Uozumi 

(1998) sampled all year round, while this study only sampled during the commercial 

fishing season from November to April. It may be that older animals are not present at 

this time. 

Other studies on squid also show very short life spans. Species studied include 

the tropical sepioid Ideosepius pygmaeus (Jackson, 1989), and the tropical squids 

Lolliguncula brevis (Jackson et al. 1997), Photololigo edulis (Natsukari et al. 1998) 

Enoploteuthis leptura (Arkhipkin, 1994) Sthenoteuthis pteropus (Arkhipkin & 

Mikheev, 1992), and Nototodarus hawaiiensis (Jackson & Wadley, 1998). Temperate 

squid studied include, !!lex coindetti. (Gonzalez et al. 1996), !!lex illecebrosus 

(Arkhipkin & Fetisov, 2001), Martialia hyadesi (Arkhipkin & Silvanovich, 1997), 

and Todarodes sagittatus (Arkhipkin et al. 1999). In all cases, squid examined had 

life spans of less than one year; however, the tropical species of squid had shorter life 

spans of about six months and matured earlier than the temperate species. N sloanii 

would appear to be more similar to tropical species than to temperate species. This 

appears counter intuitive as the South Island of New Zealand is classified as cold 

temperate. A closer examination of the marine environment of south-eastern New 

Zealand, however, reveals that some of the water systems off the South Island are 

subtropical with higher temperatures than would be expected at these latitudes. The 

176 



4.4. Age: Discussion 

Southland Current, which makes up part of the Southland Front, is a branch of the 

Tasman Current (Jillett, 1969). It is along the Southland Front that most squid jiggers 

concentrate their efforts (Shaw, 1998). Jackson et al. (2000) found that N sloanii 

predominantly occur in warmer waters (those with surface temperatures> l2°C) and 

that their preferred habitat seems to be associated with major ocean currents and 

frontal systems. Oceanographic conditions have been shown to strongly affect growth 

in the Californian Market Squid (Loligo opalescens, Jackson & Domeier, 2003). It 

was shown that during the low temperature highly productive La Nifia season, squid 

grew faster and matured at a younger age compared to those from the warmer but less 

productive El Nifio period. Nototodarus sloanii is typically found associated with the 

highly productive Southland Front (Jackson et al. 2000). 

Hatching of Nototodarus sloanii is spread from August to February, with a 

peak that appears to coincide with the late Austral spring and early summer. This 

differs from the results obtained by Uozumi & Ohara (1993), where it was found that 

these squid hatch all year; however, they found no squid that hatched in November, 

which is contrary to the results presented here. This may contribute to the squid in the 

current study appearing to grow faster than those reported by Uozumi and Ohara 

(1993). Both sets of results do suggest that N sloanii spawns all year round. It is 

likely that January to August hatching was not seen in this study because of the 

restricted sample period, which coincided with main squid jigging season in south

eastern New Zealand, it was not possible to sample outside of these times. 

An alternative hypothesis is that put forward by S{mchez (1995) who back

calculated hatch dates for Illex coindetti. Illex coindetti shows some hatching 

occurring all year but there were two peaks of hatching, one in October-March, and a 

second peak in June. It is possible in this case that there are two bursts of reproduction 

with less abundant egg release between these periods. 

N sloanii did not display two peaks of hatching in this study, but hatching was 

spread out over the six months for which there are data. This could be due to the 

limited data set and more data could show otherwise, however, some ommastrephids 

do have long reproductive periods, including; Sthenoteuthis oualaniensis (Harman et 

al., 1989); Todarodes pacificus (Nakamura & Sakurai, 1993); Nototodarus 

hawaiiensis (Jackson & Wadley, 1998) and Nototodarus gouldi (McGrath & Jackson, 
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2002), and that this strategy may not be unusual and cannot be discounted entirely in 

reference toN sloanii. 

The congener, N gouldi, shows sexual dimorphism to a greater extent than is 

seen for N sloanii (Jackson et al. 2003). However, Uozumi (1998) found female N 

sloanii to be both longer and heavier than their male counterparts. The present study 

found that female squid grow faster than males and can be longer and heavier than 

males of the same age; however the differences were not as large as those seen by 

Uozumi (1998). It is likely that this result is related to the low numbers of mature 

individuals in this study. To date there is no satisfactory reason why the females 

should grow larger than males; it may be due to an increase of reproductive tissue 

(Mangold et al. 1969; Gonzalez et al. 1996) or perhaps the females feed more so as to 

attain a larger size and thus be able to produce more reproductive material. At this 

stage reasons for the larger size of female N sloanii remain speculative; a study 

focussed on the reproductive biology of this animal may provide some answers. 

Sexual dimorphism is common in squid. Within the oceanic ommastrephid 

squid, dimorphism in growth rate and size has been observed. This has been seen in 

Sthenoteuthis oualaniensis (Arkhipkin & Bizikov, 1991), S. pteropus (Arkhipkin & 

Mikheev, 1992), and Illex coindetti (Gonzalez et al. 1996). In these studies, female 

squid were shown to grow faster and attain larger sizes than the males. 

The differences in seasonal growth rate may be due to differences in water 

temperature, food availability, and food quality. In addition, it has been noted that 

many squid show a considerable amount of individual variation in growth rates, so 

that two squid from the same cohort may not have the same growth rate (Gonzalez et 

al. 1996). This has been seen in Sthenoteuthis pteropus (Arkhipkin & Mikheev, 

1992), Todarodes angolensis (Villanueva, 1992), and Illex coindetti (Gonzalez et al. 

1996). 

Nototodarus sloanii show slowest growth at a young age then growth rate 

speeds up and then may slow, typically post 150 days. This type of ontogenetic 

change in growth rate is common in squid and it has been demonstrated in 

Sthenoteuthis pteropus (Arkhipkin & Mikheev, 1992), Todarodes angolensis 
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(Villanueva, 1992), Todarodes sagittatus (Arkhipkin et al. 1999) and Illex coindetti 

Gonzalez et al. 1996). 

In general, growth rate increased with age, regardless of season of hatching, or 

whether a squid was male or female. There was some variation between age classes in 

both absolute and instantaneous growth rate. This could be due to enviromnental 

variation (such as temperature and photoperiod), and/or differences due to different 

cohorts, which were sampled as one. It is feasible that different cohorts may have 

different growth rates; however, this could not be tested in this study due to small 

sample sizes. Arkhipkin & Laptikhovsky (1994), found little annual variation in 

cohort growth in Illex argentinus, and Arkhipkin & Fetisov (2000) assumed that this 

was also the case in the congener I illecebrosus. This may be resolved for N sloanii 

by serial sampling in one location or by examining location data individually instead 

of as a single sample (as was done here). 

Uozumi (1998) found that male Nototodarus sloanii matured 2-3 months 

ahead of females. There was some suggestion that male squid may mature earlier than 

females in current study (see chapter five). It should be noted however, that difference 

in somatic growth with age in this species is markedly variable and may depend on 

many external variables and it may be the same with maturation. The congener 

Nototodarus gouldi shows a strong relationship between maturation and somatic size 

rather than between maturation and age. McGrath and Jackson (2002) suggested that 

inN gouldi sexual maturation is likely to be size dependent and that there was no 

evidence of reproduction occurring at the expense of somatic growth. It appeared that 

both processes occurred simultaneously. The low GSI calculated for mature squid in 

this species supports this hypothesis. This will be explored further for N sloanii in 

chapter five. 

Another congener, the tropical Nototodarus hawaiiensis has been shown to 

mature at a young age (<150 days, Jackson & Wadley, 1998) rather than the 200 days 

of Nototodarus sloanii found by Uozumi et al. (1995) and Uozumi (1998). Jackson & 

Wadley (1998) suggested that N hawaiiensis has a life span of less than one year. In 

the current study, no individual of N sloanii was older than 211 days, suggesting a 

life span of considerably less than one year with a maturation age of around 180 days, 

however, this needs considerably more work as the samples in this study were small 
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and contained very few maturing or mature individuals and it seems unlikely that a 

squid inhabiting cool temperate waters would have such a short life span. 

This study found that the jigging fleet was catching squid less than 211 days of 

age throughout the fishing season (which of course does not mean that the squid are 

living less than one year, just that the fleet are catching very young individuals). 

Uozumi (1998) found that both a trawl and a jig fishery was targeting squid older than 

180 days, at about the time the squid were migrating to deeper water. 

A possible explanation for the capture of animals of this age is that the stock 

exploited by the fishery is composed of new recruits only (Caddy, 1983; Beddington 

et al. 1990; Rosenberg, et al. 1990; Uozumi, 1998), which means that the animals that 

escape the fishery are the only connection between one years fishing and the next. 

This means that stock assessment cannot use the same models as those used for 

finfish, which are typically longer lived with multi-season cohorts. Most of these 

models assume a functional relationship between spawner and progeny, although 

there is almost never data good enough to deduce whether or not that relationship is a 

sound one. Uozumi (1998) showed that this relationship is weak and highly variable 

inN sloanii. The data on month of capture in this study suggest that when there are 

no larger/older adults available the fishery will target the smaller/younger individuals. 

There was good correlation between the numbers of increments in the gladius 

and statolith of an individual. This indicates that if the statolith increments are daily 

then the gladius increments are also daily, which allows reconstruction of individual 

growth curves. This type of analysis is still in its infancy, as there can be problems 

with accuracy of counts especially with smaller individuals (Jackson et al. 1993). In 

the current study, lights were adjusted for each increment to enable counting and 

measurement to take place. This is very tedious and time consuming and certainly 

would not be suitable for very large samples. This is the first study to successfully age 

complete gladii without estimating increments in the juvenile gladius. 

The individual growth curves show that most squid have rapid growth, but that 

the degree of that growth is extremely plastic. In all locations, the growth curve for 

the oldest and youngest individuals were different to each other, even in the light

trapped juveniles whose ages only differed by 13 days. This demonstrated the 
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plasticity of growth of squid. It was assumed that squid that were caught together at a 

particular location were from the same cohort and would be subject to the same 

environmental conditions, such as temperature, photoperiod and food supply/quantity. 

Thus, if growth was strongly influenced by such factors, growth rates would be 

similar. Data presented here indicates that this is not the case and within a single 

putative cohort growth rates are extremely variable. 

Plasticity in cephalopod growth has been known for a number of years 

(Forsythe & van Heukelem, 1987). Growth has been shown to be influenced by 

gender, body shape, inter- and intra-specific relationships and most importantly food 

and temperature (Forsythe & van Heukelem, 1987). Forsythe, proposed an hypothesis 

which stated that "during periods of gradually warming temperature, monthly cohorts 

of squids experience warmer conditions and grow faster and perhaps larger, than 

older, earlier -hatched cohorts" (Forsythe, 2004). This hypothesis has received strong 

support from a number of laboratory studies. Villanueva (2000) found that paralarval 

Loligo vulgaris grown at warmer summer temperatures grew at more than double the 

rate of hatchlings grown at winter temperatures and the "summer" hatchlings were 

longer and heavier than the "winter" hatchlings. Similar temperature induced increase 

in growth rates have been shown for; Sepioteuthis lessoniana (Forsythe et al., 2001); 

Loligo pealeii (Hatfield et al., 2001) and Loligo vulgaris (Vidal et al., 2002). There is 

a point however, where increasing temperature cannot increase growth rates. The 

other important factor affecting growth rate is food (Forsythe, 2004). For temperature 

to have this affect it is assumed that food is not limiting. Conditions which alter the 

animals' ability to assimilate food must be taken into account. Jackson and 

Moltschaniwskyj (2001) found that the growth rates of summer-hatched Loliolus 

noctiluca in tropical Queensland grew slower than winter-hatched individuals and 

that there was no evidence of food limitation and the opposite was the case for 

temperate populations. They concluded that the best explanation was that L. noctiluca 

was perhaps better suited physiologically to the cooler subtropical or temperate 

locations. Environmental factors can override temperature controlled growth rate. 

Factors such as local upwelling (Loligo vulgaris, Rocha & Guerra, 1999) and the El 

Nifio/La Nifia cycles were shown to over ride temperature effects where squid grew 

faster and attained larger sizes during the cooler La Nifia upwelling events than during 

the warmer El Nifio event (Jackson & Domeier, 2003). 
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The individual growth curves appeared to show some sexual variation. 

Females have a short period of slow growth initially, while males have a more 

extended period of slow growth, for both genders after the slow growth period the 

shape of the curve and thus growth is very variable, in some it is curvilinear in others 

it is linear, more study is required to fully understand growth patterns in this species. 

Arkhipkin and Bizikov (1991) used gladius increments to reconstruct the 

growth rate of female Sthenoteuthis oualaniensis, reporting it was linear, but, unlike 

N sloanii there was no period of slow growth. They did not reconstruct the growth 

rate of male squid. They noted that at the individual level a study of the gladius 

increments can show individual growth rate dynamics, duration of ontogenetic stages 

and possibly number of matings and spawning events in females according to 

"spawning" marks in the gladius. This could not be assessed in this study due to the 

young ages of N sloanii. Ontogenetic change in the increment widths of the gladius 

of Sepioteuthis lessoniana were found by Jackson et al. (1993), but not N sloanii (this 

study). 

Perez et al. (1996) found that in Illex illecebrosus the gladius ostracum 

deposition was proportional to the lengthening of the mantle, however, the 

relationship could be altered by shrinkage of the mantle in preserved squid. The squid 

in the current study were frozen, rather than preserved so shrinkage was considered 

negligible. Perez et al. (1996) found that gladius growth increments appeared to be 

consistent with the growth rates estimated by other methods. 

Arkhipkin and Bizikov (1991) found that the growth curve forS. oualaniensis 

described an s-shaped curve, indicating a decline in growth rate with increasing 

maturity. This was not seen in N sloanii, however, the specimen aged by Arkhipkin 

and Bizikov (1991) (397 days (statolith aging) and 440 days (gladius aging)), was 

older than any seen in the current study. The oldest N sloanii aged was 211 days old 

(statolith aging) or 209 days (gladius aging). Older specimens of N sloanii may show 

a decline in growth rate. 

The growth curves reconstructed for N sloanii are different to those 

reconstructed for most other squid species. The sexual differences in growth rate have 

not been observed before and the period of initial slow growth is unusual. S. 
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oualaniensis (Bizikov, 1991, 1995; Arkhipkin & Bizikov, 1991), Illex argentinus 

(Bizikov, 1991), I. illecebrosus (Perez & O'Dor, 2000), Kondakovia longimana 

(Bizikov, 1991) and Moroteuthis ingens (Arkhipkin & Bizikov, 1991) all lack the 

marked period of slow growth. This period of slow growth may be an example of the 

squid showing "cool" strategies (Peel, 2001; Jackson & Moltschaniwskyj, 2001, 

2002) with an initial slow growing period, which eventually leads to a large size. 

There was one squid (the oldest from Pegasus Bay) whose growth curves 

showed a slower period of growth at about 71 days. This may suggest a critical time 

in the life history of the squid. M ingens (Jackson, 1993) showed a difference in 

statolith increments which corresponded to a presumed change in habitat from pelagic 

to demersal, however, no other squid in this current study showed this characteristic. 

Younger squid from the same location (Pegasus Bay) did not show a decline in 

growth rate at these ages. If the decline in growth rate was due to an environmental 

factor or a habitat shift, then the younger animal should have shown a similar decline 

in growth rate to the older individual, but this was not the case. 

An environmental variation cannot be excluded; however, Shaw (1998) 

demonstrated that the water parameters on the east coast of South Island can vary 

considerably. Thus, the decline in growth rate may be reflecting a short-lived, 

localized oceanographic event. Squid have been shown to have very flexible growth 

strategies which mean that such an event could be reflected in the growth parameters. 

This was seen in Loligo opalescens during an El Nifio/La Nifia event in California 

(Jackson & Domeier, 2003). 

A final possibility is that the apparent decline in growth rate in this individual 

is an artefact. The increments are hard to see and the gladius is often scratched, 

creased and folded making it possible that lines could have been measured that were 

not actual increments and thus a "sub-daily" measurement was taken. This was 

considered unlikely as the increment counts on the gladius agreed with those from the 

statolith. 

Growth increments in the gladius have the potential to provide a large amount 

of information about the growth of individual squid over its lifetime. They may also 

have the potential to be used as an environmental indicator, as squid growth is 
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extremely plastic and can be readily influenced by both biological and environmental 

parameters. 

The biological characteristics of this species have implications for the 

management of the squid fishery. The fishery should be managed in such a way that 

enough spawners are left at the end of the fishing season to maintain the stocks and 

thus the fishery (Beddington et al. 1990). There are two ways to do this, catch 

regulation and effort regulation. Catch regulation by itself is not suitable for annual 

species such as squid, due to the high variability in stock abundance (Caddy, 1983; 

Beddington et al. 1990; Uozumi, 1998). This variability makes it necessary to change 

the TAC before every fishing season, which would require an estimate of recruitment 

before the fishing season, which is difficult to obtain. The regulation of fishing effort 

may be of more use in managing a squid fishery (Rosenberg et al. 1990; Uozumi, 

1998). One method of regulating effort would be to allow a proportion of escapement 

each season. Proportional escapement is defined as "the number of spawners alive at 

the end of the fishing season as a proportion of those that would have been alive had 

there been no fishing" (Rosenberg et al. 1990). Forty percent escapement has been 

applied by the Northwest Atlantic Fisheries Organisation (NAFO) and the Falkland 

Islands government to manage the Illex illecebrosus and I argentinus stocks 

(Uozumi, 1998). fu practice escapement is not an easier method to regulate a fishery 

of this type, as it assumes that there is knowledge of how many spawners there are, 

how many would be left if no fishing and thus it may assign a figure for escapement 

that has no real biological meaning. Escapement is almost impossible to know, as it 

would require a highly confined stock of squid, thus escapement is a theoretical 

construct. 

There are many difficulties in enforcing fishing effort regulation. The major 

problem is that it is difficult to estimate effective fishing effort as it can be influenced 

by factors that can change over time. It may be that a compromise between a TAC 

based regulation and a fishing effort constraint is required. This is to some extent 

what is done in New Zealand. There is a TAC for squid (for the 2004--2005 season it 

was 94,953 tonnes (split between SQUlJ (50,212t) and SQUil T (44,7411), Comelius, 

2005) and an escapement ratio of 40%. The number of jigging vessels has been 

limited as well. This was calculated by using the average catch in a fishing season for 
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a "standard" vessel and the total catch for the jigging fishery (Uozumi, 1998). 

However, this does not take into account the complexity of the stock structure, which 

may have many cohorts in each area and the abundance of these cohorts may 

fluctuate. Uozumi (1998) found that the dominant seasonal cohort varied from year to 

year, which hampers the application of systematic assessment and management. He 

also suggests that further stock assessment needs to be carried out with cohort, size 

and the migration to deeper water being taken into consideration. The results of this 

current study support Uozumi's (1998) work. A variety of age classes were caught 

over all months of the fishing season, implying that several cohorts were being fished. 
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Chapter 5; Reproduction 

5.1 Introduction. 

Knowledge of the reproductive cycle and maturation process helps in the 

understanding of the population structure and dynamics of many species (Sauer & Lipinski, 

1990). Sexual maturity in squid is often assessed using a subjective macroscopic scale such 

as those developed by Lipinski (1979b) and Juanic6 (1983). The Lipinski (1979b) scale is the 

most commonly used measure of maturity in ommastrephid squid. These scales are relatively 

easy to use as they do not require histology. The scales are based on the size and visual 

appearance of the gonads and their accessory organs (see Tables 5.1 & 5.2) and allow squid 

to be assigned to one of a variety of stages. This scale has been validated using histology for 

Loligo vulgaris reynaudii (Sauer & Lipinski, 1991; Lipinski & Underhill, 1995) but to date it 

has not been validated for use in Nototodarus sloanii. 

The reproductive cycle and maturation process has been examined in a number of 

squid species including; the loliginids Loligo vulgaris reynaudii (Sauer & Lipinski, 1991); 

Loligo duvauceli (Abdul-Rahim & Chandran, 1984); and ommastrephids Todarodes 

pacificus (Hayashi, 1970); and !!lex coindetti (Gonza1ez & Guerra, 1996). Uozumi (1998) 

looked at the reproductive cycle of Nototodarus sloanii and N gouldi in New Zealand waters. 

This study used gonadosomatic indices to examine how the reproductive cycle varied with 

age in these species. Uozumi (1998) used a modified version of the Lipinski (1979b) maturity 

scale to assess the stage of maturity of the samples in his study. Although the percentages of 

individuals at each maturity stage at any given time are similar in each species, N gouldi 

tends to mature earlier that N sloanii. 

It has been found that some squid spawn once then die (e.g. Moroteuthis ingens; 

Jackson & Mladenov, 1994) while others are capable of spawning more than once (e.g. 

Sthenoteuthis oualaniensis, Harman et al., 1989). Reproduction that occurs only once is 

known as semelparous and is common in insects and plants (Fritz et al. 1982; Kirkendall & 

Stenseth, 1984). Semelparity was defined by Fritz et al. (1982) as occurring in "organisms 

that lay a single clutch of eggs in their lifetime and deposit them at one place". They defined 

the opposite or iteroparity-those who "distribute their reproductive effort over time and 

space." Due to the short life span of squids this has been referred to as multiple or 
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intermittent spawning rather than iteroparity (Harmon et al. 1989; McGrath & Jackson, 

2002). 

True semelparity has been reported in very few squid species, but is prevalent in 

octopus species. It has been documented in some squid, e.g.: Loligo opalescens (Knipe & 

Beeman, 1978); Moroteuthis ingens (Jackson & Mladenov, 1994), and Todarodes pacificus 

(Hamabe, 1963). However, it is now accepted that true semelparity is the exception rather 

than the norm for most squid species (Sauer & Melo, 2000). Semelparity has been 

documented in the octopus species: Pinnoctopus cordiformis (Batham, 1957); Octopus 

huttoni (Brough, 1965); Octopus vulgaris (O'Dor & Wells, 1978); Octopus tehuelchus 

(Pollero & Iribarne, 1988), and Eledone cirrhosa (Boyle & Chevis, 1992). 

Considerably more squid species have been identified as multiple spawners. These 

include; the loliginid Sepioteuthis australis (Jackson & Peel, 2003), and the ommastrephids: 

Sthenoteuthis oualaniensis (Harman et al. 1989); Illex argentinus, I illecebrosus, 

(Laptikhovsky & Nigmatullin, 1993); I coindetti, (Laptikhovsky & Nigmatullin; 1993, 

Gonzalez & Guerra, 1996); Martialia hyadesi (Arkhipkin & Silvanovich, 1997), and 

Nototodarus gouldi (McGrath & Jackson, 2002). 

Semelparous species show cellular degradation of internal organs (other than those of 

the reproductive system) and of muscle, particularly mantle muscle. Spent Moroteuthis 

ingens females and to lesser extent males, show breakdown of mantle muscle due to 

histolysis of the muscle tissue (Jackson & Mladenov, 1994). In multiple-spawning species, 

such as Illex argentinus and Nototodarus gouldi, energy and nutrient resources from 

maturation appear to come from the squid's food, not from the breakdown of somatic tissues 

(Hatfield et al., 1992; Rodhouse & Hatfield, 1992; McGrath & Jackson, 2002). By examining 

the relationship between reproductive and somatic tissue inN sloanii I hope to identify the 

reproductive strategy of this squid. 

5.1.2 Aims. 

The aims of this chapter are to; 

• determine the proportion of somatic to reproductive tissue, 

• to histologically validate the macroscopic maturity scale, 

• determine the reproductive strategy of Nototodarus sloanii. 

187 



5.3. Reproduction: Results 

5.2 Materials and methods 

5.2.1 Maturity stages. 

During the initial dissection, each squid was assigned a maturity stage based on 

Lipinski (1979b) (Tables 5.1 & 5.2). The numbers of squid in each stage were calculated as a 

percentage for males and females in each sampling location, and as a total over all locations. 

The ranges of mantle lengths and body masses were calculated for each maturity stage. A 

sub-sample of animals was aged (as described in chapter 4) and the range of mantle lengths, 

mass and age at maturity was examined (n=139 males, n=142 females). 

Tabl 51 D e .. f h escnptwn o t e repro d uctive tissues o f ma e sqm a er tpms 
' 

'd ( ft L' . ki 1979b) 
Maturity Name Description 

Stage 
1 Juvenile The sexual organs are very hard to find with the naked eye. 

Spermatophoric complex appears (if at all) transparent or as a 
translucent spot. The testis is transparent, membranous. 

2 Immature The sexual organs are translucent or whitish; the separate parts of the 
spem1atophoric complex are clearly visible; the testis small and its 
structure is invisible. 

3 Preparatory The sexual organs are not translucent; the vas deferens whitish or 
white, spermatophoric organ with white streak; testis in most cases 
white or pink; its structure cannot be discerned by the naked eye. 

4 Maturing The vas deferens is white, meandering, enlarged; spermatophoric sac 
long with structureless whitish particles inside, but without formed 
spermatophores; the testis is tight and its structure is visible to the 
naked eye. 

5 Mature As maturing, except that spermatophores are present 1ll the 
spermatophoric sac. 

6 Spent There are no spermatophores in the spermatophoric sac or only 
degenerating ones. Spermatophoric complex contains many 
membranous structures. The condition of the animal is poor. 
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Tabl 52 D e .. f h escnptwn o t e repro d uctive tissues of female sqm (a ter tpmski, 1 7 b. 'd f L' . . 9 9 ) 

Maturity Name Description 
Stage 

1 Juvenile The sexual organs are very hard to find with the naked eye. The 
oviducts and nidamental glands appear (if at all) as very fine 
transparent strips. The ovary is translucent, membranous. 

2 Immature The sexual organs are translucent or whitish. The oviducts and 
nidamental glands form clearly visible translucent or whitish strips. 
The oviduct meander* is visible. Nidamental glands are small and all 
viscera behind them can be clearly observed. The ovary is clearly 
visible, in most cases without ova observable with the naked eye. 

3 Preparatory The sexual organs are not translucent. Meander of the oviduct is 
extended*. The nidamental glands are enlarged, covering some 
internal organs. Immature ova in ovary are clearly visible. 

4 Maturing The nidamental glands are large, covering the kidney tissue and distal 
part of the digestive gland; the external glandular oviducts are fleshy 
and swollen. Many eggs can be seen in the oviducts; the meanders are 
hardly noticeable. Most of the eggs are not transparent (roughly 95%) 
and are pressed together at least in the proximal part of the oviduct. 
There may or may not be many different stages of eggs in the distal 
part of the oviduct. 

5 Mature As for maturing, but the eggs are translucent (more than 60%) at least 
in the proximal part of the oviduct. Cut open, the nidamental gland 
secretes a viscous substance. 

6 Spent There are almost no eggs in the oviduct, or only degenerating ones. 
The nidamental glands are small, tissue slack and disintegrated. The 
condition of the animal is very poor. 

* The oviduct is not straight; it has a wavy form known as the meander. 

5.2.2 Ratios of Somatic to Reproductive Tissue. 

Each squid was dissected along the ventral midline. At this point, the sex and the 

stage of maturity of the individual was recorded (Juanic6, 1983, Lipinski, 1979b, Tables 5.1 

& 5.2). Reproductive organs were removed from each squid and weighed to the nearest O.lg 

on a Mettler balance, then split into their several component parts. For females, these were 

ovary, oviducts, oviducal gland, and nidamental gland. In addition, the length of the left 

nidamental gland was measured to the nearest O.lmm on a fish measuring board. For males, 

the reproductive organs comprised testis, spermatophoric complex (made up of the 

spermatophoral gland and Needhams sac) and penis. The penis length was measured on a fish 

measuring board to the nearest 0.1 mm. 
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Tabl 53 S e .. omattc an d d repro ucttve ttssues measure df or ma e an ema e s_gm . df "d 

Somatic Tissue Measured Reproductive Tissue Measured 
Male Female Male Female 

Mantle Length Mantle Length Testis Mass Ovary Mass 
Mantle Mass Mantle Mass Spermatophoric Oviduct Mass 

Complex Mass 
Head & Arm Mass Head & Arm Mass 

Digestive Gland Mass Digestive Gland 
Mass 

Viscera Mass Viscera Mass 

The somatic tissue masses were compared to the ratios of nidamental gland length: 

mantle length for females (Hatfield et al., 1992) and spermatophoric complex mass: total 

body mass for males (Rodhouse & Hatfield, 1992). These comparisons show how the mass of 

somatic tissue changes relative to the mass of reproductive tissue. A decline in somatic tissue 

associated with an increase in reproductive tissue would suggest that energy is being 

allocated to gonad growth and development at the expense of somatic growth. Conversely, 

where somatic tissue mass remains the same or increases with increasing reproductive tissue 

mass then it could be assumed that energy is not being drawn from somatic tissue but is being 

obtained from some other source such as dietary intake. 

5.2.3 Gonadosomatic indices. 

Gonadosomatic indices were created for male and female squid usmg the same 

formulae as Uozumi (1998) (Table 5.4). 

Table 5.4. Formulae to calculate gonadosomatic indices for male and female squid (after Hastie et al. 1994 
& Uozumi, 1998). 

Index Formulae 

Testis Somatic Index (TSI) (TW/ BW) X 100 

Spermatophoric Sac Somatic Index (SSI) (SCW/BW) xlOO 

Maturity coefficient (MCM) lOOX(TW+ SCW)/ (BW- TW- SCW) 

Ovary Somatic Index (OSI) (OW/BW) xlOO 

Oviduct Somatic Index (ODSI) (OVIDW/BW) X 100 

Nidamental Gland Length Index (NGLI) (NGL/DML) X 100 

Maturity coefficient (MCF) 1 OOX(OW+OVIDW+OVIGW+NGW)/BW-
OW-OVIDW-OVIGW-NGW) 

Where TW= Testis weight (g), SCW= Spermatophonc complex weight (g), BW= Body weight (g), OW= Ovary 
weight (g), OVIDW= Oviduct weight (g), OVIGW= Oviducal gland weight (g) NGL= Nidamental gland length 
(mm), DML= Dorsal mantle length (mm) and NGW = Nidamental gland weight (g). 
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The indices were then compared to the maturity stages for the squid that were 

assigned using the Lipinski (1979b) scale of maturity. The gonadosomatic indices were also 

compared to the age of the animals. This was done for individuals and as a mean 

gonadosomatic index for every ten-day age interval. The maturity coefficients were checked 

for normalcy using a Kolmogorov-Smimov Test (Sokal & Rohlf; 1997, Zar, 1999). Normal 

means were compared with a one-way ANOVA (Sokal & Rohlf; 1997, Zar, 1999). 

Condition indices were also examined for each squid. Condition indices were 

calculated using the following formula (Quetglas et al, 1999): 

Cl= Digestive gland mass (g) xlOO 

Total body mass- digestive gland mass (g) 

5.2.4. Histology. 

A sub-sample of squid was selected for histological processing. Where possible, five 

individuals of each gender were taken for each of the five maturity stages present. Ten slides 

were made from each individual giving a total of 1 00 slides per maturity stage. It was not 

possible to make slides for five squid at stage five, as there were very few of these present. 

Three stage five females and four stage five males were used, thus a grand total of 470 slides 

were made in all. 

5.2.4a Tissue Fixing. 

Squid were frozen on board the fishing vessel and returned to the laboratory where 

gonad tissue was removed from each squid (Figs 5.1 & 5.2). While frozen tissue is not ideal 

for histological examination, it has been used successfully in previous work (Jackson & 

Mladenov, 1994). A sub-sample of five gonads (ovaries and testes) was selected from each of 

the five Lipinski stages for each sex. This gave fifty samples in all. The fifty samples were 

fixed in buffered formalin (1 OOmls 40% formaldehyde in 900mls seawater with 2 g sodium 

tetra borate). The volume ofbuffered formalin used was 20 x that of the tissue to be fixed. 
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A 

giand 

Figure 5.1, Location of the reproductive organs in A) female and B) male 
Nototodarus sloanii (scale bar= lOmm). 
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Figure 5.2. Diagram of the reproductive organs for A) female and B) male Nototodarus sloanii (scale bars 
=lOmm) after Dell, 1952. 
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5.2.4b. Tissue processing. 

The tissue was processed in an Elliot™ automatic tissue processor following standard 

processing procedure (Humason, 1979). The specimens were embedded in Paraplast™ 

paraffin wax and left to set for twenty-four hours. 

5.2.4c Sectioning. 

The wax embedded specimens were sectioned usmg a Spencer 820™ rotary 

microtome, set at 5!Jm. Ribbons were placed on clean hand towel and clear sections of about 

five individual tissue samples were separated from it using a sharp blade. The sections were 

floated in warm water in a Lipshaw 375™ tissue bath. Once the wax had smoothed out, the 

tissue strips were picked up on a gelatinised slide and placed on a warming plate to dry 

overnight. 

5.2.4d. Staining. 

Samples were cleared with xylene and stained with Weigert's iron haematoxylin and 

eosin following standard staining procedures (Humason, 1979).The sections were not allowed 

to dry out at any time. Once stained the sections were mounted using dibutyl-phthalate

polystyrene-xylene (DPXTM) mountant. Any excess DPX™ was scraped away with a sharp 

blade once dry. Slides were examined and photographed using an Olympus Vannox™ 

photomicroscope. 

The description of each microscopic stage was the same as that used by Sauer & 

Lipinski (1990) except that a stage six (spent) female was described (Table 5.5). 
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Table 5.5. Microscopically determined stages of Nototodarus sloanii (after Sauer& Lipinski, 1990). 

Stage Male Female 
1 (Juvenile) Tubules not differentiated, Primary oogonia with no clearly 

primary spermatocytes present. defined cytoplasmic area. May 
have secondary oogonia present 
with cytoplasmic area. May 
have 1 or 2 follicle cells 
attached. 

2 (Immature) Primary spermatocytes Oocytes with large germinal 
assemble along inside wall of vesicles and irregular corona. 
tubules. Follicles attached to oocytes and 

are proliferating. Follicles are 
changing from squamous to 
cuboidal cells. 

3 (Preparatory) Primary and secondary Follicular epithelium begins to 
spermatocytes are present. invade the oocyte, creating a 
Some spermatids are present. syncytium. 

4 (Maturing) Primary and secondary Vitallogenesis has begun and a 
spermatocytes present, Many chorion is forming. Follicular 
early and mature spermatids in folds are being displaced to the 
centre of tubule. Abundant periphery of the oocyte by yolk. 
spermatozoa. 

5 (Mature) No primary or secondary Follicular syncytium has 
spermatocytes present. Few degenerated; mature oocytes are 
early spermatids left, tubules are ready for ovulation. 
full of spermatozoa. 

6 (Spent) Not Seen. Amorphous disorganised tissue. 
No viable reproductive cells 
seen. 
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5.3 Results. 

5.3.1 Maturity Stages. 

Most of the animals caught, whether male or female regardless of sample location, 

were stage 2 (immature). The percentage of females and males in each stage was calculated 

(Table 5.6). The ratio of males and female in each maturity stage was found to be 

significantly different using a Log-likelihood test (p<0.0001) (Sokal & Rohlf, 1997; Zar, 

1999). Females appear to be less mature than males in the sample. All maturity stages cited 

are Lipinski macroscopic maturity stages unless otherwise stated. 

Table 5.6. Percentage of squid in each Lipinski macroscopic maturity stage for each sex. 

Maturity stage Male (n=524) Female (n=499) Combined (n=l023) 
1 2.29 16.09 9.84 
2 68 .64 69.86 67.42 
3 19.31 9.78 14.72 
4 5.93 3.46 4.68 
5 3.82 0.81 2.34 
6 0 0 0 

Mating appears to occur when the females are maturing (stage 4) or mature (stage 5). 

Mated females could be identified by the presence of spermatophores in the buccal mass 

(Fig.5.3). No stage 1-3 females had mated, but 76.5% of stage 4 and 80% of stage 5 females 

had mated. 

Buccal mass 

Figure 5.3. Mated female N. sloanii showing spermatophores embedded in the tissue of the buccal mass. 
Scale bar= lOmm. 
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There was considerable variation in both mantle length (11.2-4llmm DML) at 

maturity (Fig. 5.4A) and total body mass (0.22-1479.6g) at maturity (Fig. 5.5A). Some stage 

5 (mature) individuals had shorter mantle lengths than some stage 1 (immature) individuals, 

but stage 5 females were almost always heavier than stage 1 females. This is likely to be due 

to increased gonad size. 

The sub-sample of aged female squid (n=142) had only 3 stage 5 (mature) female 

squid, they were all older than the stage 1 squids but only one individual was older than all 

the other females. These 3 individuals also had shorter mantle lengths (218-245mm ML) and 

were lighter (281.8-389g) than squid at other stages (Fig. 5.6 A-C). The smallest mature 

females were also younger than the larger mature females. There were large overlaps in age 

for all stages. 

All maturity stages (with the exception of stage 6) were represented in male squid 

sampled (n=524). As with female squid there was considerable variation in mantle length 

(119mm-314mm) (Fig. 5.4B) and total body mass (19.7g- 817g) (Fig. 5.5B). Some stage 5 

(mature) individuals were smaller and lighter than some stage 1 (immature) individuals. The 

sub-sample of aged male squid (n=139) showed similar overlaps in age, mantle length and 

total body as the female squid (Fig. 5.7 A-C). Some of the oldest stage 1 immature male 

squid were similar in length (195mm ML) and weight (153.6g) to stage 5 (mature) males 

(198mm ML, 1676g). However, the stage 5 males were always older than stage 1 males and 

the smallest stage 5 male was also younger than the larger mature males. Like female squid, 

there were large overlaps in age for all stages. 
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Figure 5.4. The relationship between mantle length (mm) and maturity stage for all (A) female (n=499) 
and (B) male (n=524) individuals of Nototodarus sloanii. 
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Figure 5.5. The relationship between total body mass (g) and maturity stage for all (A) female (n=499) 
and (B) male (n=524) individuals of Nototodarus sloanii. 
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Figure 5.6. The relationship between (A) maturity stage and mantle length (mm), (B) maturity stage and 
total body mass (g) and (C) maturity stage and age for all aged female individuals of Nototodarus sloanii 
(n=142). 
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Figure 5.7. The relationship between (A) maturity stage and mantle length (mm), (B) maturity stage and 
total body mass (g), and (C) maturity stage and age for all aged male individuals of Nototodarus sloanii 
(n=l39). 

There is considerable overlap in maturity at size for both male and female squid (Figs 

5.4A, B & 5.5A, B). Some small individuals can be at maturity stage 5 (mature), however, 
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the very smallest squid are always immature (those less than 175mm mantle length and 200g 

total body mass) (Figs 5.4 A, B & 5.5 A, B; Tables 5.7 & 5.8). 

Table 5.7. Mean and range of mantle lengths (mm) and body mass (g) at maturity stage for female 
Nototodarus sloanii (n=499). 

Dorsal mantle length (mm) Total body mass (g) 
Maturity Range Mean SE .L' 

Ill 
Mean S~ . 

stage cc 

1 11.2- 137,987 4.59 87 1 0.22- 67.183 4.06 87 
220 201.960 

2 127- 176.427 1.46 342 2 37.2- 119.957 3.50 329 
285 449.20 

3 114- 224.833 5.43 48 3 94.04- 268.523 25.82 48 
340 1036.900 

4 214- 262.235 10.28 17 4 198.4- 442.217 59.59 17 
349 1028.200 

5 218- 491.2 36.50 5 5 281- 636.280 223.95 5 
411 1479.6 

Table 5.8. Mean and range of mantle lengths (mm) and body mass (g) at maturity stage for male 
Nototodarus sloanii (n=524). 

Dorsal mantle length (mm) Ill Total body mass (g) 
Maturity Range " 1:'1.1'., M Maturity e SE N .. ~~~.. I 

stage Stage 

I 
1 

I 
93-195 148.714 6.91 1 19.7- 77.033 10.72 12 

153.6 

I 
2 

I 
120- 164.655 1.13 357 2 34.28- 97.421 2.33 343 
240 311.3 

I 
3 

I 
119- 199.04 2.50 99 3 82.51- 187.542 8.10 102 
253 467.4 

4 187- 226.656 7.00 32 4 

I 
142.7- 1305.7461 38.31 

I 
32 

I 355 1082.2 
5 190- 215.9 5.08 20 5 153.9- 266.643 26.98 21 

282 673 

5.3.2 Ratios of Somatic to Reproductive tissue. 

In females, nidamental gland length: mantle length (NGL: ML) increases with 

increasing maturity (Fig. 5.8A), suggesting that this ratio is useful for further comparisons of 

reproductive to somatic tissue growth. An ANCOV A of NGL: ML against organ masses 

shows that there is a significant increase in the total body weight (p= 0.001), mantle weight 

(p=0.0021), head and tentacle weight (p=0.03), viscera weight (p=0.04) and digestive gland 

weight (p=0.005) with increasing maturity (Figs 5.9A-E). The reproductive organ weight 

(ovary, oviduct, and oviducal gland) increased exponentially and showed highly significant 

increases against NGL: ML (p=O.OOl, p=0.0027 respectively) (Figs. 5.10A-C). Total somatic 
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organ mass (all organs together) regressed against NGL: ML showed a significant increase 

(r2=0.547, p=0.00012) (Fig. 5.11, Table 5.9) 

In males, the spermatophoric complex mass: body mass (SCM: BM) ratio increased 

with increasing maturity (Fig. 5.8). An ANCOV A shows significant increase in total body 

weight (p=0.01), mantle weight (p=0.01), head and tentacle weight (p=0.02), viscera weight 

(p=0.001), digestive gland weight (p=0.006) and testis weight (p=0.03) with increasing 

maturity (Figs 5.12A-G). Total somatic organ mass regressed against SCM: BM showed a 

significant increase (r2=0.279, p=0.0139) (Fig. 5.12G, Table 5.9). Thus, as a squid gets larger 

so too, do the various organ systems within the body, however, the proportion of 

reproductive and somatic tissue that makes up total body mass changes with increasing 

maturity, particularly in females (Figs 5.13 And 5.14). At-test suggests that the increase in 

percentage of reproductive tissue in females is significantly different to that of males 

(p=0.0001). In addition, in females the percentage of the total body mass made up of somatic 

tissue decreases with increasing maturity in females but changes very little in males (figs 5.13 

& 5. 14), at-test shows that this difference is significant (p=0.036). 

0.025 

Nldamental gland length: manUelongth Spormatophorlc complex mass: body man 

Figure 5.8. Relationship between A) nidamental gland length: mantle length and maturity stage for female 
Nototodarus sloanii (n=499) and B) Relationship between Spermatophoric complex mass: body mass and maturity 
stage for male Nototodarus sloanii (n= 524), note x -axis scale differs to that of Figure 5.8A. 
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Table 5.9. r 2 values for the relationship between somatic and reproductive tissue in female and male 
Nototodarus sloanii. 

Female Ill Male 
Ratio Tissue Regression r~ Ill Ratio Tissue Regression equation 

mass (g) equation mass (g) 
ngl:ml Total body y=1080.4x+ 19.936 0.546 scm:bm Total y=6190.9x + 103.91 

mass body 
mass 

ngl:ml Mantle y=319.51x+24.049 0.454 scm:bm Mantle y=1650x + 49.982 
mass mass 

ngl:ml Head& y=315.19x+0.598 0.530 scm:bm Head& y=3035x + 23.676 
tentacle tentacle 

mass mass 
ngl:ml Viscera y=25.210x+2.046 0.429 scm:bm Viscera y=99.661x + 3.991 

mass mass 

ngl:ml Ovary y=.0804el~.jj /OX 0.667 scm:bm Testis y=138.28x + 0.335 
mass mass 

ngl:ml Oviduct y=0.0051e"·"' x 0.731 scm:bm Digestive y=217.16x + 6.502 
mass gland 

mass 
ngl:ml Oviducal y=0.0025elO.lU4X 0.758 scm:bm Total y=5821.2x + 93.703 

gland mass somatic 
tissue 
mass 

ngl:ml Digestive y=102.076x-1.962 0.562 
gland mass 

ngl:ml Total y=884.lx + 257.501 0.527 
somatic 

tissue mass 
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0.280 

0.148 

0.423 

0.086 

0.497 

0.117 
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Figure 5.9. Relationship between Nidamental gland length: mantle length and A) total body mass (g), B) mantle mass 
(g), C) head and arm mass (g), D) viscera mass (g), E) digestive gland mass (g) for female Nototodarus sloanii (n=499). 
Regression line represents a linear fit. 

205 

D 



+ Ova<ymao; 

-&PM(Overy••">30} 

0.4 05 
Nldamontal gland longth: manUo longth 

• 0vtdue8li'a"""'""' 
-Expon{Ov~lgloo..::lm.,.,.) 

5.3. Reproduction: Results 

A 

Nldamontal gland lenglh:manllo length 

c 

0,7 

Nidamontal gland longth:manllo length 

Figure 5.10. Relationship between nidamental gland length: mantle length and A) ovary mass (g), B) 
oviduct mass (g ), C) oviducal gland mass (g) for female Nototodarus sloanii (n=499). Regression line 
represents an exponential fit. 
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Figure 5.11. Relationship between nidamental gland mass: body mass and total somatic mass for female 
Nototodarus sloanii (n=499). Regression line represents a linear fit. 
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Figure 5.12. Relationship between spermatophoric complex mass: body mass and A) body mass (g), B) mantle mass 
(g), C) head and tentacle mass (g), D) testis mass (g), E) digestive gland mass (g), F) viscera mass (g), G) total 
somatic mass (g) for male Nototodarus sloanii (n=524). Regression line represents a linear fit. 
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Figure 5.13. Percentage of somatic and reproductive tissue at each maturity stage for female N. sloanii 
(n=499). Regression line represents a linear fit. 
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Figure 5.14. Percentage of somatic and reproductive tissue at each maturity stage for male N. sloanii 
(n=524). Regression line represents a linear fit. 

5.3.3 Gonadosomatic Indices. 

The gonadosomatic indices were compared with statolith age. The female indices 

were nidamental gland length somatic index (NGLI), oviduct somatic index (ODSI) and 

ovary somatic index (OSI). NGLI showed an increase, which became more rapid, after 100 

days of age (Fig. 5.15). OSI showed a more moderate increase after 100 days of age (Fig. 

5.16) and ODSI remained constant regardless of the age of the individuals (Fig. 5.17). 
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The male indices were testis somatic index (TSI) and spermatophoric complex 

somatic index (SSI). Both TSI and SSI showed an increase with age (Figs. 5.18 & 5.19). 

There was considerable scatter in all relationships, with low r2 values calculated 

(Table 5.1 0). This reflects the wide range of length, weight and maturity stage found for these 

squid, where quite mature individuals could be smaller, lighter, and younger than some less 

mature individuals (see section 5.3.1). 

Table 5.10. Regression equations and r 2 values for gonadosomatic indices and age. 

Gonadosomatic indices Regression equation r2 values 
OSI y=0.042x- 3.230 0.409 

ODSI y=0.008x- 0.650 0.382 
NGLI y=0.315x -16.734 0.464 
TSI y=0.014x- 0.809 0.296 
SSI y=0.022x- 1.657 0.334 

70 
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-Linear (NGLI) 
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50 • • •• • 
• • 
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::::i 40 
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Figure 5.15. Nidamental gland length index (NGLI) by age (days) for female Nototodarus sloanii. 
Regression line represents a linear fit. 
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Figure 5.16. Ovary somatic index (OSI) by age (days) for female Nototodarus sloanii. Regression line 
represents a linear fit. 
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Figure 5.17. Oviduct somatic index (ODSI) by age (days) for female Nototodarus sloanii. Regression line 
represents a linear fit. 
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Figure 5.18. Testis somatic index (TSI) by age (days) for male Nototodarus sloanii. Regression line 
represents a linear fit. 
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Figure 5.19. Spermatophoric sac somatic index (SSI) by age (days) for male Nototodarus sloanii. 
Regression line represents a linear fit. 

250 

Mean GSI was calculated for each 1 0-day interval in age. In some intervals, there was 

only one individual present, thus no standard error could be calculated. 
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The mean GSI in females does not change much during the early part of the squid's 

life, however, after 101-110 days of age all the GSis increased rapidly (Figs 5.20-5.22). It is 

also apparent that there is considerable variation in these indices, suggesting that the squid do 

not necessarily mature at exactly the same age. In the age interval 151-160 days old the mean 

OSI and ODSI are lower than those calculated for the interval 141-150 days old. This was 

not apparent for the NGLI. This is almost certainly due to the relatively low numbers of 

older, larger squid in the samples; however, it does suggest that some older squid are less 

mature than some of the younger individuals in the sample or perhaps that a different 

population has been sampled in this age category. 
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Figure 5.20. Mean OSI for each 10-day interval in age (bars are standard error) for female Nototodarus sloanii. 
Numbers above the columns are n values for each age intervaL 
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Figure 5.21. Mean ODSI for each 10-day interval in age (bars are standard error) for female Nototodarus sloanii. 
Numbers above the columns are n values for each age intervaL 
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Figure 5.22. Mean NGLI for each 10-day interval in age (bars are standard error) for female Nototodarus sloanii 
Numbers above the columns are n values for each age interval. 

In contrast to the female mean GSI, the male mean GSis do not demonstrate a slow 

increase followed by a much more rapid increase at an older age (Figs. 5.34 & 5.35). Instead, 

the mean male TSI and SSI show a constant rate of increase with less variation. Mean TSI is 

lower in age intervals 171-180, 181-190, and 191-200 than it is in interval 161-170 this is 

not, however, followed through in the SSI values. Mean SSI in interval 171-180 is higher 

than for interval 161-170. It is also higher than for interval 181-190 but not higher than 

interval 191-200. This suggests that male squid gonadal development may reach a stage 

where it remains the same or decreases. This may be due to spawning; as spermatophores are 

shed, the gonads may regress (Figs 5.23 & 5.24). 
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Figure 5.23. Mean TSI for each 10-day interval in age (bars are standard error) for male Nototodarus 
sloanii. Numbers above the columns are n values for each age interval. 
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Figure 5.24. Mean SSI for each 10-day interval in age (bars are standard error) for male Nototodarus 
sloa11ii Numbers above the columns are n values for each age interval.. 

Both the TSI and SSI indices increased gradually in animals aged between 47 and 200 

days old (Figs 5.23 & 5.24). These animals were classed as preparatory, maturing, or mature 

according to the Lipinski (1979) maturity scale. 

The mean GSI increased with increasing maturity (Figs. 5.25, 5.26, 5.27). There was 

considerable variation in GSI in the later stages of maturity (stages 4 & 5). In female squid 

NGLI demonstrated the most variability at stage 5 (Fig 5.27). 
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Figure 5.25. Mean OSI by Maturity Stage (bars are standard error) for female Nototodarus sloanii. 
Numbers are n values for each maturity stage. 
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Figure 5.26. Mean ODSI by maturity stage (bars are standard error) for female Nototodarus sloatzii. 
Numbers are n values for each maturity stage. 
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Figure 5.27. Mean NGLI by maturity stage (bars are standard error) for female Nototodarus sloanii. 
Numbers are n values for each maturity stage. 

In male squid GSI also increased with increasing maturity (Figs. 5.28 & 5.29). There 

was some variation in all stages, although not as much as was observed in later stage females. 
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Figure 5.28. Mean TSI by maturity stage (bars are standard error) for male Nototodarus sloanii. 
Numbers are n values for each maturity stage. 
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Figure 5.29. Mean SSI by maturity stage (bars are standard error) for male Nototodarus sloanii. Numbers 
are n values for each maturity stage. 

The observed mean maturity coefficients are summarized in Tables 5.12 & 5.13 for 

female and male squid respectively. 

Table 5.11. Mean maturity coefficient for each maturity stage for female Nototodarus sloanii. 
Maturity Stage Mean maturity SE N 

coefficient -
female(%) 

1 1.488 0.884 87 
2 0.305 0.072 330 
3 3.041 0.740 48 
4 17.36 1.03 17 
5 18.898 1.79 5 

Table 5.12. Mean maturity coefficient for each maturity stage for male Nototodarus sloanii. 

Maturity Stage Mean maturity SE N 
coefficient- male 

(%) 

1 1.306 0.876 12 
2 1.020 0.642 348 
3 1.558 0.119 102 
4 3.77 0.167 31 
5 4.341 0.180 21 

Female squid have a large increase in maturity coefficient at stage 4 (17.36%). At 

stages 1-3 the maturity coefficients are all between 0.3% and 3.04% (Table 5.11). This is 

very similar to the maturity coefficients seen for male squid at the same stage (Table 5.12); 

however, male squid do not display the same increase in maturity coefficient at stage 4 or 5. 
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Female maturity coefficients for stages 4 and 5 were 4.6 times and 4.4 times greater than for 

males' stage 4 and 5 respectively. 

GSis were also examined in relation to 10 mm dorsal mantle length intervals for male 

and female squid. GSis remained very low in female animals less than 201-210mm dorsal 

mantle length, then there was a sharp increase in all GSis however the standard error bars 

were large suggesting that these are very variable (Figs 5.30-5.32). GSis were also low 

initially, in male squid but increased in smaller males (during the dorsal mantle length 

interval 181-190mm). Again the standard errors were large indicating variation in the values, 

but they were not as large as those of the female squid (Figs 5.34 & 5.35). Maturity 

coefficients are larger for female squid than for males (Figs 5.33 & 5.36). The differences 

range from a low of0.36 times larger in squid of 191-200 mm dorsal mantle length to a high 

of 7.35 times larger in squid of 311-320 mm dorsal mantle length. There is considerable 

variation in maturity coefficient between the size classes; however this may be due to low 

sample sizes in some of the size classes. 
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Figure 5.30. Mean OSI for each 10-mm interval in dorsal mantle length (bars are standard error) for female 
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Figure 5.36. Mean maturity coefficient for each 10-mm interval in dorsal mantle length (bars are standard error) for 
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5.3.4 Condition indices. 
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Figure 5.37. Relationship between A) maturity stage and mean condition index (bars are standard error), 
and B) condition index and reproductive organ mass for female Nototodarus sloanii (N=499). 
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Figure 5.38. Relationship between A) maturity stage and mean condition index (bars are standard error), 
and B) condition index and reproductive organ mass for male Nototodarus sloanii (N=524). 

Mean male and female condition index (Cl) are significantly different to each other 

(Two sample t-test, p= 0.014) (Figs 5.37A & 5.38A). Males lose some condition between 

stages 2, 3, 4 and stage 5 (Fig. 5.38A) but females gain condition over all maturity stages 

(Fig. 5.37A). In males condition index decreases with increasing reproductive organ mass, in 

females condition index increases with increasing reproductive organ mass (Figs 5.37B & 
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5.38B). The regression lines are y = 0.0247x + 6.5566, r2 = 0.0627 for females and, y = -

0.1344x + 6.4679, r2 = 0.0591 for male squid. An ANCOVA shows that the slopes of the 

lines are significantly different (p=0.016). 

5.3.5 Histology. 

Due to the squid having been frozen on board the fishing vessel, the cells in the 

ovaries and testes of the squid were shrunken and distorted. Although the cells were distorted 

there was enough detail to allow the slides to be staged using the descriptions of the cells 

produced by Sauer & Lipinski (1990) (Table 5.5). However the distortion meant that 

measurements and counts of oocytes and spermatids could not be made. This means that 

essentially 2 subjective scales (the macroscopic Lipinski scale and the microscopic Sauer & 

Lipinski scales) were being compared, thus, the results presented are suggestive of 

misidentification of the stages rather than being conclusive evidence of misidentification. 

This means that the results should be considered to be a first step in clarifying the 

reproductive strategy of the squid rather than being a definitive description, more research is 

needed (with fresh samples) before a full explanation of the reproductive strategy can be 

provided. 

Each slide was examined and the presence or absence of the different stages of 

germinal cells was noted. There could be more than one microscopic stage present in the 

same animal. The overall stage of an individual squid was considered the one for which there 

was the most developmental stages present. This allowed each individual to be classified into 

one of the categories. 

In female squid, stage 3 is the most likely to be "misidentified" using the macroscopic 

Lipinski scale (Table 5.13) with none being correctly identified by the author. The 

microscopic stage 3 should show the follicular epithelium invading the oocyte to create a 

syncytium; this was not observed in any of the slides examined. Based on the microscopic 

cell types present, forty percent of stage 2 individuals were correctly identified (Fig. 5.44) 

(immature) and twenty percent were stage 1 (juvenile) (Fig. 5.43). The other stages ranged 

from 100% correctly identified (stage 1) to 0% of stage 3. In the gonads identified as stage 3, 

30% were stage 2 and 70% were stage 4 (Fig. 5.45). One of the females that had been 

identified, as a mature stage 5 (Fig. 5 .46) individual, had no visible eggs (of any stage) in her 

ovary. The ovarian tissue was an unstructured mass and thus it was considered to be at stage 

6 (spent) (Fig. 5.47). This was a female squid caught off the west coast. She was the largest 
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individual squid in the study with a mantle length of 411mm (average mantle length for 

females= 178.45 ± 1.96mm) and a total mass of 1479.6g (average body mass for females= 

141.77 ± 6.21g), both her mantle tissue and digestive gland were in good condition (i.e. not 

flaccid, but crisp and firm to the touch) and above average weight (430.3g {average= 60.16 ± 

2.10g} and 137.8 g {average= 9.48 ± 0.57g} respectively) for female squid in this study. 

Table 5.13, Percentage of reproductive stage "misidentified" in female Nototodarus sloanii. 

Lipinski Stages Correctly Identified(%) Misidentified (%) 
1 100 0 
2 40 60 (20% were stage 1 & 40% were 

stage 3) 
3 0 100 (30% were stage 2 & 70% 

were stage 4) 
4 60 40 (20% were stage 3 & 20% were 

stage 5) 
5 66.67"' ·"' 33.34 (were stage 6) 
6 0 100 

*Sample s1ze was 3 not 5 (ref, table 5.5). 

Stage 3 (Fig. 5.50) is the most likely stage to be "misidentified" in male squid by the 

author using the macroscopic Lipinski scale. Based on the microscopic cells present 

(according to the Sauer & Lipinski microscopic scale), only two of the five (40%) individuals 

were correctly identified. Forty percent were stage 2 (Fig. 5.49) and 20% were stage 4 (Fig. 

5.51). Stage 1 (Fig. 5.48) and stage 5 (Fig. 5.52) were all correctly identified (Table 5.14). 

Stage 6 was not seen in any of the male animals studied. 

Ta ble 5.14. Percentage o reproductive stage "IIDSI enti 1e m ma e sqm . f . "d "fi d". "d 
Lipinski Stages Correctly Identified(%) Misidentified (%) 

1 100 0 
2 60 40 (were stage 1) 

3 40 
60 (where 40% were stage 2 & 

20% were stage 4) 
4 80 20 (were stage 3) 
5 100 0 
6 Not Seen 0 

Generally the Lipinski stage most likely to be misidentified by the author is the stage 

3 or preparatory stage. Thus a new index of maturity of reproductive tissue in male and 

female squid is proposed for Nototodarus sloanii. In this, the preparatory stage has been 

removed, and the descriptions altered slightly so that there are only juvenile, immature, 

maturing, mature, and spent stages (Tables 5.15 & 5.16). 
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Table 5.15 Proposed modified Lipinski maturity scale and descriptions of reproductive tissue for male 
Nototodarus sloanii. 

Maturity Name Description 
Stage 

1 Immature The sexual organs are very hard to find with the naked eye. 
Spermatophoric complex appears (if at all) transparent or as a 
translucent spot. The testis is transparent, membranous. 

2 Maturing The size and structure of the reproductive tissue varies, initially the 
sexual organs are small, translucent or whitish; the separate parts of 
the spermatophoric complex are clearly visible; the testis small and its 
structure is invisible. 

Towards the end of the maturation phase, the vas deferens is white, 
meandering, becoming enlarged; spermatophoric sac long with 
structureless whitish particles inside, but without formed 
spermatophores; the testis is tight and its structure is visible to the 
naked eye. 

3 Mature As maturing, except that spermatophores are present m the 
spermatophoric sac. There may be loose spermatophores in the mantle 
cavity. 

4 Spent This has never been seen in male N sloanii. 

Table 5.16 Proposed modified Lipinski maturity scale and descriptions of reproductive tissue for female 
Nototodarus sloanii. 

Maturity Name I Description 
Stage 

1 Immature The sexual organs are very hard to find with the naked eye. The 
oviducts and nidamental glands appear (if at all) as very fine transparent 
strips. The ovary is translucent, membranous. In larger animals (>90mm 
the ovary is not transluscent but is still membranous. 

2 Maturing The size and structure of the reproductive tissue varies, initially the 
sexual organs are very small and translucent or whitish. The oviducts 
and nidamental glands form clearly visible translucent or whitish strips. 
The oviduct meander* is visible. Nidamental glands are small and all 
viscera behind them can be clearly observed. The ovary is clearly 
visible, in most cases without ova observable with the naked eye. As 
maturation progresses the sexual organs become opaque and the 
meander of the oviduct is extended*. The nidamental glands are 
enlarged, covering some internal organs; Immature ova in ovary are 
clearly visible. 

Towards the end of the maturation phase, the nidamental glands cover 
the kidney tissue and distal part of the digestive gland; the external 
glandular oviducts are fleshy and swollen. Many eggs can be seen in the 
oviducts; the meanders are hardly noticeable. Most of the eggs are not 
transparent (roughly 95%) and are pressed together at least in the 
proximal part of the oviduct. There may or may not be many different 
stages of eggs in the distal part of the oviduct. 

3 Mature As for maturing, but the eggs are translucent (more than 60%) at least in 
the proximal part of the oviduct. Cut open, the nidamental gland 
secretes a viscous substance. 

4 Spent There are almost no eggs in the oviduct, or only degenerating ones. The 
nidamental glands are small, tissue slack and disintegrated. The 
digestive gland and mantle tissue remains firm. 
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Figure 5.39. Stage 1 female showing primary oogonia (scale bar =lOf.lm). 

Figure 5.40. Stage 2 female showing primary cuboidal oogonia (scale bar =lOf.Lm). 

Figure 5.41. Stage 4 female showing that the follicular epithelium is being displaced (scale bar =lOf.lm). 
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Figure 5.42. Stage 5 female where an oocyte is ready to be released (scale bar =lOJ.Lm). 

Figure 5.43. Stage 6 female showing no identifiable cells (scale bar =lOJ.lm). 

Figure 5.45. Stage 1 male with poorly developed tubules (scale bar =lOJ.lm). 
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Figure 5.46. Stage 2 male with well-developed tubules (scale bar =lOJ.lm). 

Figure 5.48. Stage 4 male spermatids in tubules (scale bar =lOJ.lm). 
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Figure 5.49. Stage 5 male, tubules packed with spermatids and spermatozoa (scale bar =lOJLm). 
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5.4. Discussion. 

The most common stage of maturity caught in this study was Lipinski stage 2 

(immature); however, this may be more a function of the fishery than a real 

representation of the population. Many of the samples in this study were caught in 

water depths between 75 and llOm, and these are on the continental shelf (CANZ, 

1997). Hatfield & Rodhouse (1994) found that there was an upslope/down slope 

migration in a population of Loligo gahi, with adult squid moving into shallower 

inshore water to spawn and the juveniles then moving off the continental shelf into 

deeper water to mature. This has also been described for ommastrephid squid (Dawe 

et al. 1985). It is possible that the NZ fishing fleet samples squid with a bias towards 

immature squid as effort is typically concentrated on the continental slope and thus 

may catch squid on an ontogenetic migration. 

There was a bias in the ratio of male and female squid in different maturity 

stages; male squid were more likely to be mature than female, similar to the results 

found by Uozumi (1998). It is possible that the mature stage is easier to detect in male 

squid than in female as there are often spermatophores loose in the mantle cavity in 

mature squid, while there is no similar "excess" of eggs in the female (although eggs 

are visible in the ovary and oviducts in mature females). However, the early 

maturation of males is known from other species and it is not unusual for males to 

mate with immature females (Mangold, 1987). In the current study mated females 

were at stage 4 and stage 5 which indicates that the development of the testes had 

reached the maximum and the production of spermatophores had also reached 

maximum when the females were ready (or nearly ready) to breed. This is the same as 

the results obtained by Uozumi (1998). 

Using the Lipinski scale, stage 6 (spent) squid were not seen. Lipinski (1979) 

considered this a hypothetical stage. However, when the gonads were examined 

microscopically one female appeared to be spent, as she had no germinal cells in the 

ovary. This animal had, using the Lipinski scale, been classified as an early stage 5 

(mature) individual. There are two schools of thought regarding maturation of squid, 

one is that maturity occurs in a number of discrete "stages" with a "resting period" 
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between them (Jaunic6, 1983; Lipinski & Underhill, 1995) and the other that maturity 

is a continuum with no distinct stages (Rodhouse & Hatfield, 1992). 

In this study, there was considerable overlap in size of squid in the maturity 

stages this suggests that there is considerable individuality in growth, age and 

maturation patterns. These cannot be explained solely by environmental patterns, as 

the overlap in size at maturity was seen regardless of hatch date and location. 

Data collected in this study suggest that growth and maturation are 

simultaneous in Nototodarus sloanii. The somatic tissues, mantle mass, head and arm 

mass, viscera mass and digestive gland mass all increase with increasing maturity. 

This is slightly different to the results found in female Illex argentinus by Hatfield et 

al. (1992), where mantle mass in particular showed a decrease in relative mass with 

increasing maturity. There was however, no corresponding loss of muscle condition. 

They postulated that as squid matured, energy from food was diverted from somatic 

into reproductive growth and maturation. 

Although few mature squid were caught in this study and thus any comments 

regarding them must remain speculative, it seems likely that N sloanii follows a 

similar maturation pattern to that of I. argentinus. If N sloanii was gaining energy 

from the breakdown of somatic muscle tissue, then a significant decrease in relative 

mantle mass should be seen as is the case with Moroteuthis ingens (Jackson & 

Mladenov, 1994). There are, in addition, other pieces of evidence that support the 

contention that N sloanii feed, grow, and mature simultaneously. Mature individuals 

are still active predators. Stage 5 females in this study were found with food in their 

stomachs and they were caught by jigging, which indicates squid were feeding. In 

addition, mated and spent females are rarely caught. This suggests that they migrate 

away from the fishing grounds to a spawning area. This could not happen if the main 

muscle for locomotion was degenerating for spawning. 

During maturation, the digestive gland shows no apparent degeneration or loss 

of mass. Hatfield et al. (1992) suggested that in this situation, the digestive gland may 

act as a storage site for energy reserves to be utilised in a pre-spawning migration. 

Although this has yet to be tested in the field, it is likely that this is not the case as the 

digestive gland may be used simply for dumping excess lipids (Semmens, 1998). The 
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large digestive gland present in maturing and mature squid suggests that the squid are 

still feeding; however the possibility exists that the digestive gland may change over 

the migration and thus degenerative changes would only be seen in squid captured on 

or near the spawning grounds. To date the spawning grounds of N sloanii have not 

been located. 

The energy investment in reproductive tissues was low (mean ovary somatic 

index for mature individuals was 7.12% ± 0.3%), which indicates that only small 

amounts of energy are being allocated for reproductive growth at any point in time. 

This is characteristic of a multiple spawning strategy. A low mean GSI was also seen 

inN gouldi (McGrath & Jackson, 2002) where mean GSI for mature females was 

9.29% ± 0.40%. Mean GSis were also low for male N sloanii (1.9% ± 0.2%). Squid 

that are thought to be semelparous show higher GSis, e.g. 20% Illex argentinus 

(Rodhouse & Hatfield, 1990), and 50% Todarodes pacificus (Ikeda, et al. 1993). 

This study indicates that sexual maturation inN sloanii may not take place at 

the expense of somatic tissue and that condition may remain high even in mature 

animals, although female squid show a slight decrease in the proportion of body mass 

represented by somatic tissue with increasing reproductive material, condition index 

remained high in maturing and (in the few) mature animals. Thus spawning is not 

likely terminal in this species. Other ommastrephids, Sthenoteuthis oualaniensis 

(Harman et al. 1989), and Nototodarus gouldi (McGrath and Jackson, 2002) have also 

been shown to be intermittent spawners. There was no evidence that either muscle or 

the digestive gland was being used as an energy store for reproduction suggesting that 

the cost of maturation was being met by food intake (Harman et al. 1989; McGrath & 

Jackson, 2002). Male N sloanii show similar increasing somatic tissue mass with 

increasing maturity. The relationship of testis mass to spermatophoric complex mass 

is strongly positively allometric, indicating that the spermatophoric complex growth is 

relatively faster than the testis growth or that spermatozoa are being transferred from 

the testis to the spermatophoric complex throughout the maturation process. The mass 

of the spermatophoric complex is a good indicator of the amount of genetic material 

available for breeding at any given time, because as male squid mature spermatozoa 

from the testis are packed into spermatophores in the spermatophoric complex, 

increasing its mass. Maturation resembles that of the female in that development of 
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somatic and reproductive tissue occurs simultaneously and that the energy for this is 

derived from the squid's food. Again, mature animals were found with food in the 

caecum indicating that although they were sexually mature they were still actively 

predating. In addition, very few mature squid were caught, suggesting that they have a 

pre-spawning migration. This was similar to some loliginid squid, e.g. Loligo forbesi 

(Collins et al. 1995) and Loligo vulgaris reynaudii (Melo & Sauer, 1999), and other 

ommastrephid squid, such as Sthenoteuthis oualaniensis (Harman et al. 1989), Illex 

argentinus (Rodhouse & Hatfield, 1992), I coindetti (Gonzalez & Guerra, 1996), and 

Martialia hyadesi (Arkhipkin & Silvanovich, 1997). 

Morphometric variations can be a useful tool for examining the 

interrelationship between factors such as mantle-length: total-weight relationships and 

other biological parameters, such as weight of the reproductive organs, to give 

information on the distribution of energy reserves during gametogenesis. 

Histology was not able to verify or completely invalidate the Lipinski scale 

(Lipinski, 1979b) for use in N. sloanii. The primary problem was damage to the 

germinal cells during freezing on board the fishing vessels. There was enough detail 

however, to suggest that the Lipinski scale is potentially misleading. There is a 

blurring of the divisions between stages; particularly in the "middle" maturity stages 

(stage 2, immature; stage 3, preparatory, and stage 4, maturing). These middle stages 

were all misidentified using the macroscopic Lipinski scale, to some degree in both 

male and female squid according to the Sauer & Lipinski microscopic scale (Sauer & 

Lipinski, 1990). Some studies (e.g. Sauer & Lipinski, 1990; lkeda et al. 1991a, b, 

Baeg et al. 1993) have found discrete stages in the process of sexual maturation in 

squids. This was supported by Lipinski & Underhill (1995) who found that in many 

cases there are both continuous phases and "leaps" in the maturation processes. 

The present study shows that there may be misidentification of maturity stages 

in N. sloanii when using a morphological scale. This may well be an observer effect 

as the scales are subjective in nature. However, histological examination showed that 

there could be germinal cells at differing stages within a gonad, thus, the maturation 

of N. sloanii can be said to be a continuum and it can be difficult to classify 

individuals into a single category (although, commonly, a female squid is said to be 

mature when the first mature oocytes are seen in the gonad). The universal maturity 
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scale can still be a useful tool for the fisheries biology of this species if it is used to 

place animals into immature (stage 1), maturing (stages 2, 3, & 4) and mature (stage 

5) categories, and so give an idea of the proportions of animals that are perhaps new 

recruits or breeding within a population. The findings of this study reinforce the 

statement made by Mangold (1987, p. 161) that without histology, "Beyond the rough 

distinction of immature, maturing and mature, no classification system can be applied 

to all cephalopods and to both sexes. 
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Chapter 6; Summary. 

6.1. Summary of findings. 

Spawning, ~ 2 months after mating, 
(Uozumi, 1998), Spawning grounds 

unknown 

• 
Mating, water depth less than 

I 
Hatching 

lOOm (Uozumi, 1998)? August- February (this 
study). Oldest juvenile 

caught this study-42 days. 

Rhynchoteuthion on shelf 
50-60 days (Uozumi, 1998) 

Return to shelf, timing unknown ' for N sloanii. N gouldi returns 
after ~8 months (Uozumi, 1998). 

J 

Migration to deeper 
Maturation period, water ~90-100 days old 
duration unknown. (this study; Uozumi, 

Uozumi, 1998 suggests 1998) 
200 days for male, 270 

days for female 

"----

Figure 6.1. Putative life cycle diagram for Nototodarus sloanii. 

The data from this study and others (primarily Uozumi, 1998) allows for the 

construction and discussion of a putative life cycle of Nototodarus sloanii (Fig 6.1 ). 

The smallest and youngest animals were caught on the shelf; the oldest was 42 days 

old which fits in with data from Uozumi's 1998 study in which he found that the 

rhynchoteuthion and smallest juvenile stages were found on the shelf in near coastal 
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waters. He found that they would be on the shelf for 50-60 days. The squid then 

appear to migrate down the shelf to deeper water. At this stage it is unclear how deep 

the squid go, however J ackson et al (2000) suggest that they are not found in great 

numbers below 500m. The squid spend time at depth to mature, Uozumi (1998) found 

that the congener N gouldi spends about 8 months at depth maturing before returning 

to shallower water to breed; it doesn't seem unreasonable to assume that N sloanii 

would spend a similar length of time to mature and grow before returning to the shelf. 

Mating is though to occur in waters less than 1 OOm deep (Uozumi, 1998), however, 

there were very few mature or mated individuals found in this current study. It is 

possible that the fishing boats were not fishing at the time the larger, mature animals 

were present in the shelf area (6 sample locations were in waters lOOm or less; 

Ellesmere; Mid Canterbury Bight; Pukeuri; Nugget Point; Haldane 1 and Otago 

Harbour; of these only 1, Otago Harbour, was in waters less than 50m deep where 

commercial jigging is prohibited) or indeed that the mating and spawning grounds are 

at a different location. After mating the females spawn, it is not unusual for female 

squid to mate before they are mature and to spawn later. Uozumi (1998) postulated a 

two month gap between mating and spawning. Egg masses for N sloanii have never 

been seen; however the congener N gouldi produces a large (2m diameter) gelatinous 

egg mass that floats in the upper waters of the shelf (O'Shea et al., 2004) and it seems 

likely that N sloanii would produce a similar egg mass. The spawning grounds for N 

sloanii have yet to be located. The gestation period of the putative egg mass of N 

sloanii is unknown. 

There was shown to be separations of groups of N sloanii based on the 

morphology of the beak and gladius. The major division was between water depths of 

125m or less (shelf waters) and water depths greater than 125m (slope waters). It 

seems likely that Nototodarus sloanii has an ontogenetic migration between shallow 

spawning waters and deeper feeding areas. The implication for the fishery is that it is 

taking squid from the population that has not spawned. This was shown in chapter 

five where it was found that the majority of squid sampled were stage two (immature). 

Age validation experiments were not successful, thus for the purposes of this 

study it was assumed that the periodicity of the increments in the statolith is most 
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likely to be daily, as the appearance and numbers of increments are similar to the 

growth rings in validated ommastrephid species. 

The squid were found to mature at a young age. Maturation started at 91-120 

days old and by 180 days all squid were found to be mature (stage 4 or 5). This rapid 

maturation appears to be more typical of tropical and subtropical species and can 

perhaps be explained by the water systems around southern New Zealand. The marine 

environment of south-eastern New Zealand has a major water current of subtropical 

origin, the Southland Current, which makes up part of the Southland Front; it is a 

branch of the Tasman Current (Jillett, 1969) which originates in Northern Australia. 

This current is warmer and less saline than the other major water masses off southern 

NZ. Jackson et al. (2000) found that N sloanii predominantly occur in warmer waters 

(those with surface temperatures> l2°C) and that their preferred habitat seems to be 

associated with major ocean currents and frontal systems. Nototodarus sloanii is 

typically found associated with the highly productive Southland Front (Jackson et al. 

2000). 

Back-calculation of hatch dates showed that Nototodarus sloanii spawns 

throughout the year. There was no apparent size related sexual dimorphism seen in N 

sloanii unlike its congener N gouldi (Jackson et al. 2003), however this could be due 

to the bias towards immature animals in this study (caused by fishing method), rather 

than a lack of dimorphism. 

There were differences found in seasonal growth rate. Squid hatched in the 

winter/spring grew more slowly than those hatched in the summer. This may be due to 

differences in water temperature and possibly food availability. 

A technique was developed to examine and measure the gladius increment 

widths. There was good correlation between the number of increments in the gladius 

and the growth rings in the statolith. This allowed individual growth curves to be 

created. Most of the squid examined had rapid growth, but there was a difference 

between male and female squid. Male squid had a longer initial period of slow growth 

than female squid. In addition, no two squid displayed the same growth pattern. This 

suggests that growth in Nototodarus sloanii is not entirely influenced by 

environmental conditions but there is a strong individual component. 
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Nototodarus sloanii appears to be an opportunistic predator. The main prey in 

terms of numbers consumed is the euphausid shrimp, Nyctiphanes australis. 

Epipelagic fish such as pearlside (Maurolicus muelleri) and common lantemfish 

(Lampanyctodes hectoris) are also important, as they comprised the second and third 

most frequent prey items (by numbers) in the diet. Similarly with other mid-latitude 

ommastrephid squid (e.g. Ommastrephes bartrami, Lipinski & Linkoswski, 1988) N 

sloanii has low prey diversity, although this varies throughout its range. There is a 

greater diversity of prey eaten in the south and north of the South Island than in the 

middle. The reason for this is unclear but it may reflect the diversity of prey items in 

these regions. 

The individual prey items were small, which may reflect the size of the squid 

as they were all small individuals. There were some exceptions, where the stomachs 

contained only flesh consisting of large muscle blocks. The reconstructed weight of 

the contents appeared low, but on average they typically represented 5-6% (getting as 

high as 50-60%) of the body mass of the squid. There appears to have been no 

ontogenetic shift in the diet. 

The majority of squid sampled were stage 2 (immature). There were enough of 

the other stages to suggest that the process of maturation in N sloanii is a continuum 

and does not occur in discrete stages. The presence of more than one stage of 

germinal cell in the gonads of N sloanii and the fact that mature individuals were 

caught after feeding shows that it is not a terminal spawner but has a prolonged 

intermittent spawning period similar to the congener N gouldi (McGrath & Jackson, 

2002), however this needs further examination, fresh samples (including mature 

individuals) should be collected for histological examination. If the squid are indeed 

intermittent spawners then one would expect to find post ovulatory follicles in the 

ovary of female squid combined with prey in the caecum. Both male and female N 

sloanii grow and mature simultaneously. The histological examination suggests that 

there can be misidentification of the maturity stage using the Lipinski scale but that it 

misidentifies stages within the broad categories of immature and mature. A mature 

individual is unlikely to be mistaken for an immature one, but maturing and mature, 

and juvenile, immature, and preparatory are likely to be confused. These are to some 

extent artificial divisions and are perhaps not valid inN sloanii as one individual may 
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have germinal cells in several of these stages. However, the Lipinski scale can still be 

used for fisheries biology to determine the proportions of individuals in immature 

(stage 1), maturing (stage 2, 3, & 4), and mature (stage 5) categories. A modified 

version of the Lipinski maturity scale was developed for use with N sloanii. 

These findings have important implications for fisheries management. The 

majority of squid that the fishery catches are immature which suggests that they are 

being harvested at a discrete stage in an ontogenetic migration. A later start to the 

fishing season may be a useful management tool, if the fishery targeted maturing or 

mature squid the chances of the squid having already spawned part of their 

reproductive material would be increased, as these squid have a prolonged 

intermittent spawning season. A comprehensive study of the fishery is required. At 

this stage it is impossible to know whether or not an earlier start to the fishery is 

feasible. The population dynamics of this squid remain unknown, for example do the 

squid only gather in large numbers while immature? Do they only gather for a short 

period at a depth where the fishery can target them? These questions will need 

answered before any sort of sensible management recommendation can be made. 

The squid fishery in New Zealand is a two species fishery managed as one. 

While this study only looked at one species, Nototodarus sloanii, there is information 

available which suggests that this is a poor fisheries strategy. The squid-fishing season 

in New Zealand begins in early November in the North Island squid-fishing region 

(Anon. 2002) then as the catch of N gouldi decreases the vessels move south, to the 

N sloanii fishing grounds. Uozumi (1998) showed that N gouldi matures some 30-40 

days earlier than N sloanii, thus this fishing practice squid fishery in New Zealand is 

managed through the quota management system, where quota is set each year and a 

TAC is assigned to the fishery (see pages 3-5 chapter one for discussion on how 

quotas are set). However, the life history characteristics of squid present particular 

problems for fishery management. The most important aspect is that squid spawn 

once and die, therefore there is no information to base an assessment if potential 

recruitment strength and abundance of the next generation. A meaningful quota 

therefore, cannot be calculated until the generation has moved through the juvenile 

phases and recruited into the fishery (Rodhouse, 2001). In some squid fisheries 

management is by catch limitation rather than quota and it is assessed and managed in 
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real time (Caddy, 1983). In the Illex argentinus and Loligo gahi fishery around the 

Falkland Islands catch limitation is enforced by licensing a limited the number of 

vessels of known power. Effort is set on the basis on pre-season surveys and previous 

knowledge of recruitment variability. Ongoing assessment is carried out using a 

Leslie-Delury depletion model, a target escapement, in terms of minimum spawning 

biomass is set, and if the model shows that this is likely to be exceeded then the 

fishery is closed (Beddington et al., 1990; Rosenberg et al., 1990; Basson et al., 1996). 

A similar management strategy is now in place for the management of the D. gigas 

fishery in the Gulf of California (Moralez-Boj6rques et al., 2001). This type of 

management is more suitable for short-lived, semelparous, opportunistic species such 

as squid. It takes into account that populations of these species are typically unstable 

and respond quickly to changes in environmental conditions. Management of New 

Zealand's fisheries for N sloanii and N gouldi could benefit from a modification of 

this management strategy. The Leslie-Delury depletion model cannot be directly 

applied to the NZ squid fishery as it assumes that all squid have arrived on the 

grounds and biomass can be assessed through change in CPUE as the season 

progresses, however, N sloanii appears to be caught on a migration route so this 

would need to be taken into account with some additional function to allow for some 

squid arriving on the grounds after fishing has begun. 

6.2. Future research. 

This study was greatly hampered by difficulty in procuring samples and thus 

there were low sample sizes, which did not cover the geographical range of the squid. 

A strategy to over come this in future studies would be to contact the Ministry of 

Fisheries early in the project and to become involved with the observer programme so 

that squid could be collected over the entire fishing range, rather than dealing with 

one or two commercial fishing companies as I did. In addition, it may be possible to 

gain the assistance ofNIWA (as I did for one sample) to collect squid during ongoing 

research trawls by R. V Tangaroa and R. V Kaharoa. Local fishers or the Universities 

research vessel R. V Polaris II could be used on a monthly basis to collect serial 

samples (unfrozen) for histology and life cycle studies. 
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More information is needed on the relationships between squid populations 

and their food, mesoscale oceanographic features and large-scale oceanographic 

variability, e.g. ENSO events or the movement of the Southland Current/Front. 

Understanding these relationships may assist in the short term forecasting of catch 

levels in the fishery. In addition, more infonnation is needed on the life cycle, 

especially the spawning biology, paralarval, juvenile and pre-recruitment biology. 

Intensive sampling over the known range of N sloanii would address these questions 

and possibly locate the spawning grounds. 

To increase knowledge on age and growth, further attempts should be made to 

validate the periodicity of the growth rings in the statolith. To this end, research will 

need to be undertaken on how to keep oceanic squid alive in captivity. 

To resolve the question of inter-annual effects on cohort growth, serial 

sampling could be carried out in one location. Comparisons could be made over a 

variety of areas and these could be correlated to oceanic events. 

The problems of extracting DNA from N sloanii tissue need to be addressed. 

DNA has been extracted from other species of squid (e.g. Illex, Carlini et al., 2006; 

Loligo pealeii, Buresch et al., 2006; Sepioteuthis lessoniana, Triantofillos & Adams, 

2005). In addition, Sokolov (2000) has developed a method for extracting DNA from 

mucopolysaccharide rich tissues, which may prove useful to extract DNA from squid. 

If this can be done then the putative population structure detected in this study could 

be examined in more detail to find out if there is a genetic basis for the divisions seen. 
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Appendix 1: Glossary 

Appendix 1; Glossary, 

Arm numbers: Arm pairs are numbered from the top down, thus the arms on the 
dorsal surface of the head are arms I, those on the ventral surface arms IV. 

Buccal bulb/mass: The mass of muscle which contains the beak and radula. 

Cephalic Cartilage: The protective structure, containing the brain, statocysts, and 
beak. 

Digestive Gland: The large hepato-renal gland lying dorsally in the mantle cavity. It 
secretes digestive enzymes and is important for nutrient absorption and waste 
excretion. 

Foveola: A central pocket in the funnel groove of cephalopods. 

Needhams Sac: A large storage sac for spermatophores; an expanded region of the 
genital duct at the base of the penis. 

Nidamental Gland: Paired glands found in female squid lying below the ovary and 
other viscera, secretes a jelly to form the egg mass. 

Nuchal cartilage: An attachment site for collar and head retractor muscles, it helps 
keep the head and mantle aligned dorsally during mantle contractions. 

Spermatophoric complex: A complex of reproductive organs in male squid, 
comprising Needhams Sac and penis and attached to the testis by the vas deferens. 

Statocyst: Fluid filled chamber in the cephalic cartilage, containing the statolith. The 
statocyst/statolith complex detects gravity, angular acceleration, and low frequency 
sound. 

Statolith: Calcareous deposit found in the statocyst chamber, can be used to age 
squid. 

Trabeculae: Muscular rods that support the protective membranes on the arms and 
clubs of cephalopods; occasionally membranes are reduced and/or trabeculae are 
elongated so they extend beyond the edge of the membrane, papilla-like. 
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Appendix 2; Nyctiphanes australis and Maurolicus muelleri regression 

equations. 

There were two species for which there are no published regression equations, 

the euphausid krill, Nyctiphanes australis and the Pearlside, Maurolicus muelleri. 

These equations were calculated for this study. 

Krill (Nyctiphanes australis). 

Of all the krill parts, the eye was the most resistant to digestion, retaining its 

shape even when most other parts of the krill had been nearly completely digested, 

thus eye diameter was considered to be of most use for potential diet studies. 

A sample of freshly caught Nyctiphanes australis (n=391) was caught by light 

trap at Portobello, Otago Harbour in December, 2002. These were measured for eye 

cap diameter, total length and total weight (Fig. 1). Length (from the anterior of the 

rostrum to the end of the telson) and weight of the whole individual were regressed 

against eye cap diameter, generating new regression equations for this species (Figs. 2 

& 3, Table 1). 

Figure 1. Nyctiphanes australis Total length and eye diameter measurement (Photo Credit: Peter 
Batson). 

T bl 1 R a e egressiOn equatiOns ~ N. or . austra zs. 
Regression equation rl 

Total length (mm) y=16.873XU.LUo/ 0.5861 
Total weight (g) y=0.0466xu_,,.,) 0.5936 
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Figure 2. Regression of eye diameter (mm) to total length (mm) for Nyctiphanes australis (inner 

lines = 95% confidence interval, outer lines =95% prediction interval). 

0.08 

0.07 
~ 

0'> 0.06 
'-"" 
(/) 0.05 
(/) 
CO 0.04 
E 

0.03 
·c 0.02 
~ 

0.01 

0.00 
0.0 0.2 0.4 0.6 0.8 1.0 1.2 

Eye diameter (mm) 

Figure 3. Regression of eye diameter (mm) to total weight (g) for Nyctiphanes australis (inner 
lines= 95% confidence interval, outer lines =95% prediction interval). 

Pearlside (Maurolicus muellert). 

The standard length, weight and otolith length (Fig. 4) were taken for 91 M 

muelleri, sampled from a commercial catch by fisheries observers during fishing 

operations around southern New Zealand in November 2002. Standard length and 

weight were regressed against otolith length, generating new equations for this species 

(Figs 5 & 6, Table 2). 
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acusticus 

Figure 4. Maurolicus muelleri otoliths (scale bar = lmm).Otolith length measured from A- B). 
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Figure 5. Regression of otolith length (mm) to standard length (mm) for Maurolicus muelleri 
(inner lines = 95% confidence interval, outer lines =95% prediction interval). 
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= 95% confidence interval, outer lines =95% prediction interval). 
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T bl 2 R a e . egresswn equatwns f M ll . or . mue en. 
Regression equation rz 

Standard length (mm) y=47.429Xl.IU~~ 0.8632 

Total weight (g) y=l.4265x-'·-'uo' 0.8528 
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Appendix 3; Growth curves for younger animals. 

Growth curves for younger squid. 

Similar trends were seen in the younger squid from each location as those seen 

for the older animals. The similarity was in the general form of the curve and 

indicates that the measurements taken for the older squid were precise and that 

overgrowth of the ostracum was not obscuring the increments in the anterior end of 

the gladius. Although in some cases the squid were too young for any major patterns 

to be seen female squid tend to have more rapid growth rates than male squid. 

West Coast Squid. 

This squid was caught on the slope in 150m water and was a summer-hatched 

male. It displayed slow growth until day 19, and then a gradual increase in growth 

until day 41 followed by a more rapid increase (Fig. 1). 
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Figure 1. Smoothed growth curve for gladius growth curve for the youngest animal from the 
West Coast. 
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Otago. 

All the squid except for the one from Otago Harbour (Fig. 2B) were male and 

showed slow growth to begin with followed by an increase in the growth rate (Figs. 

2A, C & D). The squid from Otago Harbour was a juvenile female (Fig. 2B) and was 

too young for any growth pattern to be described. 
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Figure 2. Smoothed growth curve for gladius growth curve for the youngest animals from Otago 
sites; A) male from Wainono Lagoon 1; B) female from Otago Harbour; C) male from Wainono 
Lagoon 2; D) male from Pukeuri. 
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Catlins. 

The female squid aged were caught at Long Point (Slope 150m, Fig. 3A) and 

Nugget Point (Shelf 1 OOm, Fig. 3D). They both displayed slow growth initially and 

then more rapid growth from day 10 (Nugget Point) and day 16 (Long Point). The 

Long point curve has a further increase in growth rate from day 35. 

The male squid that were aged were caught at Haldane 1 (shelf, 90m, Fig. 3E), 

Haldane 2 (slope 200m, Fig. 3B) and Haldane 3 (slope, 150m, Fig. 3C). These 

showed a longer period of slow growth than the females, extending to 46 days 

(Haldane 1), 41 days (Haldane 2) and 36 days (Haldane 3). 
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Figure 3. Smoothed growth curve for gladius growth curve for the youngest animals from Catlins 
sites; A) female from Long Point; B) male from Haldane 2; C) male from Haldane 3; D) female 
from Nugget Point; E) male from Haldane 1. 
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Canterbury. 

The squid :from the Canterbury region show similar trends to the other regions. 

Male squid were analyzed :from Banks Peninsula (slope, 150m, Fig. 4A). This squid 

showed slow growth until day 36. This was followed by growth that was more rapid. 

The female squid analyzed were caught at Ellesmere (shelf, 75m, Fig. 4.B), 

Pegasus Bay (slope, 500m, Fig. 4C), Akaroa Heads (shelf, 125m, Fig. 4D), Rakaia 

(slope, 300m, Fig. 4E), Mid Canterbury Bight (shelf, 75m, Fig. 4F) and Timaru 

(slope, 150m, Fig. 40). These showed a general trend of slow growth for the first 10-

20 days followed by growth that was more rapid. 
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Figure 4. Smoothed growth curve for gladius growth curve for the youngest animals from 
Canterbury sites; A) male from Banks Peninsula; B) female from Ellesmere; C) female from 
Pegasus Bay; D) female from Akaroa Heads; E) female from Rakaia; F) female from Mid
Canterbury Bight; G) female from Timaru. 
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South Snares Shelf. 

The youngest animal collected from the South Snares shelf was a female aged 

97 days old. She had 97 discernable increments in her gladius. The growth curve 

reconstructed from the measurement of gladius increment widths shows that like the 

oldest female squid from this location and females from other locations she had an 

initial period of slow growth. In this squid it lasted 20 days and then there was a 

period of more rapid growth to day 49 and a further increase until the squid was 

caught. 
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Figure 5. Smoothed growth curve for gladius growth curve for the youngest animal from the 
South Snares Shelf site. 
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Appendix 4: Untransformed beak and gladius relationships. 
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Figure 1. Upper rostral length: Dorsal mantle length for male and female squid pooled. 
Regression line represents a linear fit. 
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Figure 2. Upper rostral length: Total body mass for male and female squid pooled. Regression 
line represents a power curve. 
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Figure 3. Lower rostral length: Dorsal mantle length for male and female squid pooled. 
Regression line represents a linear fit. 
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Figure 4. Lower rostral length: Total body mass for male and female squid pooled. Regression 
line represents a power curve. 
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Figure 5. Gladius length (mm): Dorsal mantle length (mm) for male and female. Regression line 
represents a linear fit. 
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Figure 6. Gladius width (mm): Dorsal mantle length (mm) for male and female. Regression line 

represents a linear fit. 
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Figure 7. Gladius length (mm): Total body mass (g) for male and female. Regression line 

represents a power curve. 
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Figure 8. Gladius width (mm): Total body mass (g) for male and female. Regression line 

represents a power curve. 
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