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Table S1 Grove-characteristics of mangroves of the Bay of Islands in the early-1950s based 
on NZ Aerial Mapping Ltd images. Coordinates from Google Earth. √, mangroves present; -, 
not applicable; A, a significant grove of established trees associated with stream mouth(s); 
B1, away from stream mouths, one main row, the trees being of similar size; B2, away from 
stream mouths, 2–3 rows, the trees being of similar size; B3, away from stream mouths, 2–3 
rows, the trees within rows being of similar size, but different to those in other row(s); B4, 
away from stream mouths, wide band (equivalent in width to at least five rows) of large trees; 
B5, away from stream mouths, wide band of large trees with one main row to seaward; B6, 
away from stream mouths, wide band of large trees with 2–3 rows to seaward; C1, trees 
referred to in Columns A–B6 remain – almost universally – the lowest on the shore (and in 
most instances individually identifiable through their pattern of distribution); C2, many or all 
trees referred to in Columns B1–B3, B5 and B6 are well below mean high water, based on 
such features as upper-beach form and presence of saltmarsh. 

 
Catchment 

Location 

 Coordinates Image 

(date) 

A B1 B2 B3 B4 B5 B6 C1 C2 

Te Puna 

Redcliffs 

35° 9'10.67"S;  173°59'1.45"E to 

35° 9'30.72"S; 173°59'13.46"E 

1366-74 (Mar 51) √   √    √ √ 

West Te Tii 

 

35° 8'53.22"S; 173°59'7.78"E to 

35° 9'8.78"S; 173°59'0.54"E 

1366-75 (Mar 51)        √ - 

East Te Tii 

 

35° 8'35.10"S; 174° 0'23.01"E to 

35° 8'49.44"S; 174° 1'0.46"E 

1366-76 (Mar 51) √ √ √     √ √ 

Poukoura 

 

35° 9'3.65"S; 174° 2'34.64"E to 

35° 9'7.26"S; 174° 2'59.51"E 

1366-79 (Mar 51) √ √      √ √ 

Opete 

 

35° 9'0.92"S; 174° 3'15.17"E to 

35° 9'8.70"S; 174° 3'24.01"E 

1366-81 (Mar 51) √ √   √   √ √ 

Napia 

 

35°10'16.38"S; 174° 0'32.83"E to 

35°10'26.45"S; 174° 0'32.13"E 

540-88 (Mar 51) √ √      √ √ 

Kerikeri 

Okura 

35°12'44.58"S; 173°58'30.98"E  to 

35°12'36.90"S; 173°59'34.86"E 

542-2 (Mar 51) √    √   √ - 

Shelly Beach 

 

35°12'34.11"S; 173°59'41.19"E to 

35°12'41.56"S; 174° 0'50.07"E 

542-3 (Mar 51)   √     √ √ 

Hauparua 

 

35°12'50.15"S; 174° 2'23.51"E to 

35°12'47.23"S; 174° 2'27.20"E 

542-6 (Mar 51) √ √   √   √ √ 

Rangitane 

River 

35°12'19.87"S; 173°59'2.17"E to 

35°11'58.46"S; 173°59'35.87"E 

541-61 (Oct 50) √       √ - 

Aroha Island 

 

35°11'44.38"S; 174° 0'15.66"E to 

35°11'25.54"S; 174° 0'18.50"E 

541-623(Oct 50) √    √   √ - 

Blacksmiths 

 

35°11'25.67"S; 174° 0'22.60"E to 

35°11'28.24"S; 174° 1'13.73"E 

541-64 (Oct 50) √ √  √    √ √ 

Wairoa Bay 35°15'12.80"S; 174° 4'20.54"E to 

35°15'38.01"S; 174° 4'50.68"E 

544-8 (Mar 51)     √   √ - 

Waitangi 

North 

35°16'4.82"S; 174° 4'20.21"E to 

35°16'13.66"S; 174° 4'26.13"E 

544-7 (Mar 51) √  √  √   √ √ 

South 

 

35°16'35.70"S; 174° 3'52.38"E to 

35°16'35.82"S; 174° 4'15.28"E 

545-50 (Mar 51) √    √   √ - 

West East of line 35°16'5.60"S; 174° 4'20.03"E 

to 

35°16'30.21"S; 174° 4'16.73"E 

545-50 (Mar 51)       √ √ √ 

Te Haumi 35°17'38.56"S; 174° 5'53.93"E to 

35°17'53.44"S; 174° 6'0.14"E 

545-53 (Mar 51) √    √   √ - 

East Veronica 

Te Wahapu to 

Pipiroa 

35°17'26.33"S; 174° 7'26.35"E to 

35°18'8.42"S; 174° 7'24.16"E 

546-77 (Oct 53) √ √   √   √ √ 

Orongo Bay 35°16'56.17"S; 174° 8'8.00"E to 

35°17'20.40"S; 174° 8'5.35"E 

545-56 (Mar 51) √ √ √     √ √ 

Uruti Bay 35°16'39.81"S; 174° 8'10.88"E to 

35°16'43.69"S; 174° 8'19.68"E 

545-56 (Mar 51) √       √ - 

Kawakawa & 

Karetu 

Te Raupo 

35°19'18.76"S; 174° 6'46.38"E to 

35°19'50.11"S; 174° 6'56.56"E 

547-70 (Oct 53) √  √  √   √ 

 

√ 

East Te Raupo 35°19'47.74"S; 174° 6'41.37"E to 547-71 (Oct 53) √ √ √  √ √  √ √ 
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 35°20'10.94"S; 174° 6'40.40"E to 

35°20'5.97"S; 174° 7'14.95"E to 

35°19'54.69"S; 174° 7'20.83"E 

River Bend 

 

35°20'10.43"S; 174° 6'45.16"E to 

35°20'53.45"S; 174° 6'25.83"E to 

35°20'48.02"S; 174° 6'33.86"E to 

35°20'11.47"S; 174° 7'10.55"E 

548-68 (Oct 53?) √ √ √  √  √  √ 

Upper 

 

35°21'16.36"S; 174° 6'42.01"E to 

35°21'42.75"S; 174° 6'3.24"E to 

35°21'23.78"S; 174° 6'50.35"E 

548-68 (Oct 53?)  √   √   √ - 

Karetu 

 

35°21'24.45"S; 174° 6'48.75"E to 

35°21'26.04"S; 174° 6'58.64"E to 

35°21'38.36"S; 174° 7'17.35"E to 

35°21'53.58"S; 174° 7'16.32"E 

548-68 (Oct 53?) √ √   √   √ x 

Upper Karetu 35°21'38.36"S; 174° 7'17.35"E to 

35°21'53.58"S; 174° 7'16.32"E 

549-76 (Oct 53?)  √   √   √ x 

Opposite Opua 35°19'37.12"S; 174° 7'21.71"E to 

35°19'2.03"S; 174° 7'52.00"E 

547-72 (Oct 53) √  √  √   √ √ 

Waikare 

N entrance 

35°18'29.48"S; 174° 7'24.91"E to 

35°18'22.76"S; 174° 8'1.25"E 

546-77 (Oct 53) √       √, 

x 

- 

East N 

entrance 

35°18'21.97"S; 174° 8'0.87"E to 

35°18'29.74"S; 174° 8'25.11"E 

546-79 (Oct 53) √    √   √ - 

Outer north 

 

35°18'27.17"S; 174° 8'41.18"E to 

35°18'13.92"S; 174° 9'34.90"E 

546-80 (Oct 53) √ √  √    √ √ 

Frenchmans 

Swamp 

35°18'12.22"S; 174° 9'42.60"E to 

35°18'4.08"S; 174°10'24.32"E 

546-81 (Oct 53) √ √ √  √   √ √ 

Paroa turnoff 

 

35°18'11.56"S; 174°10'44.13"E to 

35°18'29.11"S; 174°11'30.07"E 

546-82 (Oct 53) √ √ √  √   √ √ 

Man o War 

Creek 

35°18'28.67"S; 174°11'46.11"E to 

35°18'39.84"S; 174°12'19.35"E 

546-84 (Oct 53) √    √   √ - 

Throat 

 

35°18'39.84"S; 174°12'19.35"E to 

35°19'27.27"S; 174°12'58.32"E to 

35°19'29.93"S; 174°12'44.45"E to 

35°19'8.65"S; 174°11'50.20"E 

546-84 (Oct 53) √ √ √  √   √ √ 

Head 

 

35°19'37.19"S; 174°13'12.47"E to 

35°19'38.94"S; 174°13'3.16"E 

547-79 (Oct 53) √    √   √ - 

Mid South 

 

35°18'52.30"S; 174° 9'47.26"E to 

35°18'46.72"S; 174°10'14.56"E 

546-81 (Oct 53) √  √ √ √   √ √ 

Outer South 

 

35°19'12.88"S; 174° 8'49.76"E to 

35°18'50.48"S; 174° 9'27.88"E 

546-80 (Oct 53) √ √   √ √  √ √ 

Waikino 

East 

35°19'21.47"S; 174° 8'39.72"E to 

35°19'43.74"S; 174° 8'40.38"E 

547-74 (Oct 53) √    √   √ - 

West 

 

35°19'28.97"S; 174° 8'15.96"E to 

35°19'42.58"S; 174° 8'39.70"E 

547-73 (Oct 53) √ √ √ √ √ √  √ √ 

Paroa 35°16'14.19"S; 174°10'55.87"E 544-16 (Mar 51) √  √  √   √ √ 

Te Hue 35°15'23.96"S; 174°12'47.20"E 544-18 (Mar 51) √ √  √ √   √ √ 

Manawaora 35°16'39.63"S; 174°12'34.77"E to 

35°16'59.51"S; 174°12'37.20"E 

545-62 (Mar 51) √       x - 

Te Huhuri 35°15'49.01"S; 174°12'53.73"E 544-19 (Mar 51) √ √      √ √ 

Waipiro 35°15'18.48"S; 174°13'34.50"E to 

35°15'30.20"S; 174°13'52.72"E 

544-20 (Mar 51) √ √   √   √ √ 

Whiorau 35°14'40.44"S; 174°15'7.70"E to 

35°14'57.05"S; 174°15'12.05"E 

543-23 (Mar 51) √ √ √     √ √ 

Parekura 35°15'7.65"S; 174°15'20.62"E to 

35°15'30.83"S; 174°15'3.71"E 

544-22 (Mar 51) √ √ √     √ √ 

 

 
 

Figure 1 associated with Table S1 showing places mentioned. 
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Figure 2 associated with Table S1. Examples of the categories of mangrove cover in the 
Bay of Islands in the early-1950s given in Table S1 (‘River Bend’ in Kawakawa River, from 
Table S1) (upper), with the same location in 2009 (lower, Ocean Survey 20/20; NZAM 
SN50765X).  
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Table S2. Particularly instructive, representative examples from throughout the Bay of 
Islands of shoreward expansion in mangrove cover, based on NZ Aerial Mapping Ltd and 
other images (all but last column, with more than one entry where at least 8 y separated 
images) and November 2009 Ocean Survey 20/20 aerial images (NZAM SN50765X; last 
column). Coordinates are from Google Earth. For all sites, the 1942 Lands and Survey map 
indicated the presence of mangroves (although for Redcliffs, they were confined to the 
creek). -, no suitable image for that decade. For all catchments, there was typically a single 
initial line (less frequently, up to three lines) of mangrove recruitment; almost everywhere, 
these lines remain the seaward extent of the mangrove cover, with individual trees usually 
discernible. The decades in which rapid infilling of mangroves took place, inferred from the 
time series of images and assessed subjectively, are shaded.  
 

Catchment Example site 1950s 1960s 1970s 1980s 1990s 2009 

Te Puna Redcliffs 

35° 9'23.02"S; 
173°59'0.68"E 

1951 

(1366-74) 

1961 

(2604-5)  

1971 

(4474-1) 
  

Late 70s 

(5006_N4_C(1)1) 

1981 

(5932A G39) 

1993 

(NRC) 

2311, 2312, 

2411, 2412 

Kerikeri East of Shelly 

35°12'45.51"S; 

174° 0'39.23"E 

1951 

(542-3)  

 

1961 

(2604-7) 

1971 (4477-3)  

 

1980 

(SN5651 C7) 

- 3217, 3317 

Veronica Orongo Bay 
35°17'8.56"S; 

174° 8'36.08"E 

1951 
(545-56)  

 

1961 
(2605-1) 

1972 
(4481-17) 

1981 
(SN5932A 

J39) 

1993 
(Kerr) 

4343, 4443 

Kawakawa Te Raupo 
35°19'49.61"S; 

174° 6'47.64"E 

1953 
(547-71)  

 

1961 
(2605-1) 

1976-79 
(5006_HII_D(2)(1)1) 

1981 (5932A 
L37) 

1993 
(NRC) 

0136, 0137 
 

Waikare West of Lane’s 

Rd 
35°18'23.21"S; 

174° 8'40.29"E 

to 
35°18'15.53"S; 

174° 9'12.98"E 

1953 

(546-80) 
 

1961 

(2605-1)  
 

1976-79 

(5006_I3_C)  
 

1981 

(5932A K38)  
 

1993 

(NRC) 

4742, 4743, 

4744 

Parekura North Te Kauri 
35°15'7.63"S; 

174°15'27.50"E 

1951 
(543-23) 

1961 
(2607-1) 

1972 
(4479-23) 

1980 
(5932A J44) 

- 3914 

 

 

 
 
Figure associated with Table S2 showing places mentioned.  
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Table S3. Location, date of sampling, and length (mm) details for Bay of Islands-wide recent (since 2009) sampling of live cockles. For some 
samples, maximum/minimum sizes were centre-points of ranges provided, rounded to nearest whole digit. In the author’s sampling, beds were 

≥100 m2, near low-tide level, close to open water, and cockles appeared plentiful. Usually, three replicates perpendicular to the shore and 

separated by 20-30m were sampled, each with 0.03 m2 of substrate sieved to 2 mm, and the counts combined. replics, replicates; LFD, length-
frequency distribution; na, not applicable, or not available in combatable format. The length-frequency distributions by sampling site and by 
region provide insight into the status of the cockle stocks, essentially all stocks being unharvested or only lightly harvested. Throughout, most 
cockles were 12-33 mm, smaller cockles being only moderately-well represented, and larger ones poorly represented. The length-frequency 
distributions are consistent with one or more of the following: 1) poor recent larval recruitment; 2) larval recruitment taking place elsewhere, with 
migration within a year onto the bed; 3) high mortality/predation of recent recruits; and 4) high larval recruitment ~2 y ago, with good survival. 
 

  

 

 

 

 

Map shows compartment nos (circled), no. of middens by compartment, 

and recent sampling sites (filled circles).
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Compartment Station  Replics Date Latitude S Longitude E Density (m
2
) Length (mm) N Source LFD 

      
All  

≥30 
mm 

Av  
(± SD) Med Max Min 

   

Upper Te 
Puna 3 Te Tii 5 1 ? 2009 35 8.50868 174 0.58984 na na 

~8.5 
(na) na 35 3 24 

Hewitt et 
al. (2010) na 

 Redcliffs 6 1 ? 2009 35 9.40271  173 59.23981 na na 
~16.1 
(na) na 35 3 128 

Hewitt et 
al. (2010) na 

 
Redcliffs 
30 3 Apr-19 35.159028 173.995639 533 178 

25.3 
(9.4) 28.5 35 5 48 Author  

Te Puna 4 
Kahikatoa 
29 3 Apr-19 

 
35.181528 174.019528 878 233 

27.5 
(3.2) 28 37 20 79 Author  

 Crowles 3 Nov 19 35.183165 174.025457 1233 111 
24.4 
(4.6) 24 38 14 111 Author  
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Compartment Station Replics Date Latitude S Longitude E Density  (m
2
) Length (mm) N Source LFD 

      
All  

≥30 
mm 

Av  
(± SD) Med Max Min 

   

 Oneroa 3 Nov 19 35.160363 174.050598 144 111 
29 
(5.4) 30.5 33 12 13 Author  

 
Whare-
ngaere 3 Nov 19 35.174558 174.056202 500 300 

30.1 
(5.3) 31 41 7 45 Author  

Mid-Kerikeri 6 2 1 Dec-18 35.20262 173.99686 1700 267 
27.5 
(2.0) 27 33 24 51 Author  

 5 1 Dec-18 35.20281  173.99491 1867 300 
27.5 
(3.4) 27.8 34 10 56 Author  
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Compartment Station Replics Date Latitude S Longitude E Density (m
2
) Length (mm) N Source LFD 

      
All  

≥30 
mm 

Av  
(± SD) Med Max Min 

   

 6 1 Dec-18 35.20241 173.99439 2433 267 
25.2 
(2.8) 25 33 21 73 Author  

 8 1 Dec-18 35.20186  173.99412 1867 133 
24.9 
(2.4) 24 33 22 56 Author  

 10 1 Dec-18 35.20118  173.99514 2267 233 
27.1 
(1.9) 27 33 22 68 Author  

 12 1 Dec-18 35.20176  173.99496 800 633 
30.6 
(1.9) 30 36 27 24 Author  
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Compartment Station Replics Date Latitude S Longitude E Density (m
2
) Length (mm) N Source LFD 

      
All  

≥30 
mm 

Av  
(± SD) Med Max Min 

   

 14 1 Dec-18 35.20239  173.99539 2133 200 
25.9 
(2.3) 26 32 21 64 Author  

  1/1 1 Jan-19 35.005278 173.297778 1000 33 
20.6 
(3.7) 20 32 16 30 Author  

  4/1 1 Jan-19 35.205753 173.997928 500 67 
21.7 
(5.1) 20 31 16 15 Author  

  1/2 1 Jan-19 35.20577 173.997819 833 67 
24.9 
(3.4) 25 30 19 25 Author  
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Compartment Station Replics Date Latitude S Longitude E Density (m
2
) Length (mm) N Source LFD 

      
All  

≥30 
mm 

Av  
(± SD) Med Max Min 

   

  4/2 1 Jan-19 35.205906 173.997786 1000 167 
24.1 
(5.0) 23 34 17 30 Author  

  1/3 1 Jan-19 35.205872 173.997764 867 267 
27.2 
(3.7) 26.5 33 20 26 Author  

  4/3 1 Jan-19 35.206178 173.997181 533 33 
25.5 
(3.0) 25.5 32 20 16 Author  

 WP019 1 Apr-19 35.207639 173.988917 267 0 
20.9 
(3.6) 21.9 26 15 12 Author  
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Compartment Station Replics Date Latitude S Longitude E Density (m
2
) Length (mm) N Source LFD 

      
All  

≥30 
mm 

Av  
(± SD) Med Max Min 

   

 WP020 1 Apr-19 35.207694 173.989417 356 0 
18.6 
(4.2) 18.4 26 10 16 Author  

 WP021 1 Apr-19 35.207528 173.989806 556 0 
19.5 
(4.0) 18.2 28 14 25 Author  

 WP022 1 Apr-19 35.207306 173.990222 467 0 
15.7 
(4.1) 16 22 6 21 Author  

 WP023 1 Apr-19 35.207194 173.990583 756 0 
14.9 
(3.6) 15 24 7 34 Author  
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Compartment Station Replics Date Latitude S Longitude E Density (m
2
) Length (mm) N Source LFD 

      
All  

≥30 
mm 

Av  
(± SD) Med Max Min 

   

Wairoa 9 Wairoa S 3 Dec 19 35.25808 174.07518 2489 22 
15.3 
(5.5) 15 31 3 224 Author  

Waitangi 10 11 1 ? 2009 
35 
16.40225 174 4.27140 1582  na na na 35 3 62 

Hewitt et 
al. 2010; 
Griffiths 
2013: 27 na 

 WAT 4 3 May-13 see source see source 1094 132 na na na na na 
Griffiths 
2013 na 

 WAT 5 3 May-13 see source see source 1320 301 na na na na na 
Griffiths 
2013 na 

 WAT 6 3 May-13 see source see source 434 56 na na na na na ditto na 

 28 3 Apr-19 35.272972 174.074222 1567 411 
23.3 
(9.1) 25.8 36 3.2 141 Author  

Te Haumi 11  many 
2009-
10 see source see source 312 9 

19.1 
(na) na 48 5 na 

Berkenbu
sch & 
Neubauer 
(2015) see source, p 70 

  many 
2012-
13 see source see source 427 20 

18.7 
(na) na 42 5 na 

Berkenbu
sch & 
Neubauer 
(2015) see source, p 70 

  many 
2014-
15 see source see source 351 34 

20.5 
(na) na 38 6 na 

Berkenbu
sch & 
Neubauer 
(2015) see source, p 70 
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Compartment Station Replics Date Latitude S Longitude E Density (m
2
) Length (mm) N Source LFD 

      
All  

≥30 
mm 

Av  
(± SD) Med Max Min 

   

 North 3 Dec 19 35.294867 174.101148 1600 133 
24.8 
(4.6) 25 34 5 144 Author  

 South 3 Dec 19 35.296285 174.10148 2244 89 
22.1 
(5.7) 23 34 5 202 Author  

Veronica 12 Walls Bay 10 May-18 see source see source 41 11 
25.9 
(na) 25 42 8 32 

4Sight 
Consulting 
2018 See source 

 
Te 
Wahapu 3 Dec 19 35.286227 174.117077 1756 211 

19.8 
(6.6) 17 35 10 158 Author  
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Compartment Station Replics Date Latitude S Longitude E Density (m
2
) Length (mm) N Source LFD 

      
All  

≥30 
mm 

Av  
(± SD) Med Max Min 

   

 Smiths 3 Dec 19 35.30082 174.10283 1189 44 
22.8 
(5.2) 24 34 6 107 Author  

Waikare 14 
Waiaruhe 
031 3 May 19 35.30478 174.1611 44 44 

35.3 
(2.1) 35 38 33 4 Author  

 
Tangitu 
032 3 May-19 35.30039 174.1611 211 33 

18.6 
(6.6) 17 34 12 19 Author  

Waikino 16 033 3 May-19 35.32025 174.136083 256 167 
26.2 
(10.6) 32 38 7 23 Author  
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Compartment Station Replics Date Latitude S Longitude E Density (m
2
) Length (mm) N Source LFD 

      
All  

≥30 
mm 

Av  
(± SD) Med Max Min 

   

Pomare 18 Uruti 3 Dec 19 35.28611 174.11694 2033 189 
17.5 
(7.1) 15 39 4 183 Author  

 Matauwhi 3 Nov 19 
 
35.267218 174.128415 1567 89 

17.9 
(7.9) 20 33 4 141 Author  

Manawaora 
22 

Mana-
waora 21 1 ?2009 

35 
16.70419 174 12.52948 na na na na 35 3 75 

Hewitt et 
al. (2010) na 

 
Te Huruhi 
N 3 Nov 19 35.265285 174.21619 1078 222 

25.2 
(5.2) 25 40 5 97 Author  

 
Te Huruhi 
S 3 Dec 19 35.268047 174.21778 2400 0 

13.9 
(2.2) 14 24 9 216 Author  
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Compartment Station Replics Date Latitude S Longitude E Density (m
2
) Length (mm) N Source LFD 

      
All  

≥30 
mm 

Av  
(± SD) Med Max Min 

   

 Opunga 3 Nov 19 35.26173 174.20842 944 67 
18.2 
(7.7) 16 33 3 85 Author  

Parekura 24 Waipiro N 3 Dec 19 35.258605 174.229995 989 144 
25.6 
(3.9) 26 37 18 89 

 
 
 
 
 
 
 
 
 
Author  

 Waipiro S 3 Nov 19 35.258732 174.230606 1344 111 
24.9 
(3.3) 25 31 17 121 

 
 
 
 
 
 
 
Author  
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Compartment Station Replics Date Latitude S Longitude E Density (m
2
) Length (mm) N Source LFD 

      
All  

≥30 
mm 

Av  
(± SD) Med Max Min 

   

 
Parekura 
SW 3 Nov 19 35.25724 174.2537 1100 56 

25.2 
(3.3) 26 32 11 99 Author  

 
Parekura 
NE 3 Nov 19 35.25512 174.25558 678 111 

25.7 
(5.6) 28 33 8 61 Author  

 
Whiorau 
N 3 Nov 19 35.2455 174.25185 867 78 

20.6 
(5.2) 20 33 10 78 Author  
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Compartment Station Replics Date Latitude S Longitude E Density (m
2
) Length (mm) N Source LFD 

      
All  

≥30 
mm 

Av  
(± SD) Med Max Min 

   

 
Whiorau  
WH1 3 Nov 19 35.24715 174.2523  856 122 

25.1 
(3.8) 25 34 17 77 Author  

 
Whiorau  
WH2 3 Nov 19 35.246028 174.252193 467 11 

22.7 
(4.0) 23 30 10 42 Author  
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Table S4. Possible sequence of events leading to the establishment and subsequent 
consolidation of mangroves on sheltered soft shores of the Bay of Islands during the 1900s. 
:  

1 Warming air- and sea-temperatures associated with the end of the Little Ice Age led to 

increased plant vigour;  

2 Vast volumes of soil destabilised as a result of land clearances of the late-1800s/early-1900s 

reached the marine environment;  

3 Particularly bountiful propogule production;  

4 One or more exceptionally wet and fierce storms, resulting in wholesale deposition of silt on 

shorelines (eg, Swales et al. 2012: 54–55);  

5 Followed by calm conditions that allowed propogules to establish;  

6 Then a quiescent period of years (in propogule-production, silt-delivery and/or wave-action) 

when few further mangroves were added to the now-established line of recruitment;  

7 Mangrove growth facilitated by substantial quantities of nitrogen and phosphorus emanating 

from farming activities (Lovelock et al. 2007);  

8 Finally, seedlings now spread alongshore and fill remaining niches. 

 

 
Table S5: Estimates of surface area (ha) of saltmarsh in the Bay of Islands in 1978 (NZ 
Aerial Mapping Ltd images) compared with 2009 (NZAM SN50765X) (Swales et al. 2012, 
using individual tables rather than Table 3-12). *, incomplete data; -, cannot be calculated 
 
 Compartment 1978  

 

2009  %  change 

since 1978  

Habitat change  

(% yr-1) 

      

1 Te Puna & Poukoura  15.6 14.0 -10.5 -0.3 

2 Kerikeri 19.4* 12.7 - - 

3 Veronica Channel 18.3* 21.4 - - 

4 Kawakawa, Karetu, Waikare & Waikino 254.4 219.7 -13.6 -0.44 

5 Paroa, Manawaora & Parekura 9.2 10.1 9.4 0.3 

 TOTAL BAY OF ISLANDS (indicative) 316.9 277.9 - - 

 

 
 
Figure associated with Table S5 showing compartments.  
 
 
 
 
 
 



20 
 

Table S6. Early (1950s–70s) Bay of Islands intertidal seagrass. Table gives NZ Aerial 
Mapping Ltd aerial photographs (1951–53, 1959–61, 1971–72, 1976-79, and 1977–78) with 

possible and/or probable intertidal/shallow-subtidal seagrass patches. Locations are shown 
below (with place names based on Watkins 1974). Myra Larcombe (Opua, pers. comm. 
2015), growing-up on the banks of the Waikare in the 1940s and 1950s, did not recall 
significant areas of seagrass in either Waikare Inlet or Waikino Creek. 
                       
Compartment Image/other reference Date Just where Location  

Te Puna 1366-75 to -81 29 Mar 51 Wrights 1 

 Richard Civil, Rangitane, 
pers. comm. 2016 

1950s Redcliffs, S of Dudley Point 2, 6 

 540-87, 88 & 89 29 Mar 51 Between Toatoa & Te Mamaku, Napia,  

E & W sides of Crowles, N & S of Dudley Point 

3-6 

 2785-3 & 4 4 Feb 59 Wrights, between Toatoa & Te Mamaku, Napia 1, 3, 4 

Kerikeri  541-63 13 Oct 50 Near Wainui Island 8 

 Richard Civil, Rangitane, 

pers. comm. 2016 

1950s W of Blacksmith’s 9 

 541-67 13 Oct 50 Hauparua  10 

 David Manning & Don Starr , 
Hauparua, pers. comm. 2016 

1950s/60s Hauparua 10 

 542-6 29 Mar 51 Hauparua  10 

 2604-7 17 Mar 61 Hauparua  10 

 2787-1 & -2 17 Mar 61 Hauparua  10 

Veronica  544-8 & -9 29 Mar 51 Wairoa & SE of Waitangi  11, 12 

 544-12 29 Mar 51 Matauwhi Bay 13 

 545-53 29 Mar 51 Te Haumi  14 

 545-55 29 Mar 51 Toretore & Wahapu 15, 16 

 545-56 & -57 29 Mar 51 Orongo & Uruti  17, 18 

 2788-1 4 Feb 59 Orongo  17 

 2788-2 4 Feb 59 Te Haumi & Orongo  14, 17 

 2604-9, -10 & -11 17 Mar 61 SE of Waitangi  12 

 2604-12 17 Mar 61 Orongo  17 

 2605-1 & -2 17 Mar 61 Orongo  17 

 4481-13 22 Aug 71 Orongo  17 

 Alex Clifford, Orongo Bay, 
pers. comm. 2019 

1950s-60s Orongo  17 

 4482-10 & -11 22 Aug 71 Smith’s camp 19 

 4482-26 22 Aug 71 Smith’s camp 19 

 4482-27 22 Aug 71 Orongo  17 

 4482-29 22 Aug 71 Orongo  17 

 4483-11 & -12 22 Aug 71 Te Haumi & Smith’s camp  14, 19 

 4483-25 & -26 22 Aug 71 Smith’s camp 19 

 4481-17 6 May 72 Orongo 17 

Kawakawa & Karetu 4484-13 11 Jun 72 East side 20 

Waikare & Waikino 546-84 23 Oct 53 Side of channel 21 

Paroa 5006 J1 C 17 Oct 78 Kaimomote 22 

Orokawa Whites Aviation 1419853 4 Feb 50 Orokawa 24 

 4480-17 6 May 72 Orokawa 24 

 Jim Frater, Opunga, pers. 

comm. 2016 

1950s-80s Opunga 24 

Parekura  543-22 29 Mar 51 Whiorau 28 

 544-21 29 Mar 51 Te Uenga 29 

 2791-2 3 Feb 59 Inner Parekura 30 

 2607-2 17 Mar 61 Inner Parekura 30 

 2607-2 17 Mar 61 Te Uenga 29 

 Penny Brothers, Te Uenga, 

pers. comm. 2016 

1960s Te Uenga 29 

 2607-2 17 Mar 61 Waipiro 31 

 4480-20 6 May 72 Inner Parekura 30 

 4480-20 6 May 72 Te Uenga 29 

 5006_P3 & P4 22 Nov 78 Inner Parekura 30 

 2607-2 17 Mar 61 Waipiro 31 

Omakiwi 4479-22 6 May 72 South 32 
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Figures associated with Table S6 showing possible and/or probable intertidal/shallow-
subtidal seagrass patches in the Bay of Islands at the locations mentioned.  
 
 
Table S7. SCHMAK Transparency tube (https://www.niwa.co.nz/freshwater/management-
tools/water-quality-tools/stream-health-monitoring-and-assessment-kit) and Secchi Disc 
(white; 30-cm diameter) water-clarity values for Kerikeri Inlet during calm, clear-sky 
conditions at low water (0800–0900) and approaching high water (1230–1330) on 13 
February 2019 after weeks with no significant rainfall. Shading means reading was greatly 
affected by clear, surface freshwater; -, no reading. Stations are shown below.  
 
Low 
tide 

SHMAK 
(mm) 

SD 
(m) 

 SHMAK 
(mm) 

SD 
(m) 

Approaching 
high tide 

SHMAK 
(mm) 

 SHMAK 
(mm) 

A 75 3.5 9 47 0.75 A - 9 56 
1 72 2.5 10 35 0.75 1 80 10 65 
2 69 2 11 65 1 2 80 11 59 
3 70 2 12 76 1 3 79 12 35 
4 66 1.5 13 59 1 4 81 13 37 
5 58 1.5 14 - - 5 77 14 47 
6 57 1.25 15 73 1.75 6 76 15 34 
7 58 1.25 16 79 2 7 69 16 79 
8 59 1.25    8 65   

 

 
 

Figure associated with Table S7 showing sampling stations in Kerikeri Inlet. 

https://www.niwa.co.nz/freshwater/management-tools/water-quality-tools/stream-health-monitoring-and-assessment-kit
https://www.niwa.co.nz/freshwater/management-tools/water-quality-tools/stream-health-monitoring-and-assessment-kit
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Table S8. Mid-Kerikeri Inlet middens for which cockle length (mm) was indicated on 
archaeological Site Record Forms. Percentage is proportion of midden material that is 
cockle shell; Pred, predominantly 
 

 
Location Site Cockle (%) Size range (mm) 

1 Blacksmiths P05/477 99% 34-46 

1 Blacksmiths P05/476 ?100% 27-54 

1 Blacksmiths P05/475 ?100% 35-55 

2 Rangitane Peninsula P05/474 ?100% 33-55 

3 Rangitane R P05/944 Pred. Medium to large 

3 Rangitane mouth P05/468 ?100% 34-53 

4 Rangitane trig P05/18  Pred 34-54 

5 Kerikeri entrance P05/458 100% 30-49 

6 Okura P05/460 Pred. 27-38 

6 Okura P05/993 ?100% Small to medium 

6 Okura P05/459 95% 26-36 

7 Above Okura bridge P05/759 100% up to 47 

8 Hororoa  P05/461 ?100% 30-39 

8 Hororoa  P05/462 100% 30-40 

8 Hororoa  P05/464 Pred. 35-51 

8 Hororoa  P05/465 Pred. 34-54 

 

 
 

Figure associated with Table S8 showing midden locations in Kerikeri Inlet. 
 
 
Table S9. Independent accounts from the early-1800s concerning Hororoa Point cockle-
beds. 
 

1 Early in 1819, missionary Samuel Marsden found, in the middle of Kerikeri Inlet, a very large 

cockle bed dry at low water where ‘about a hundred women were busy collecting cockles for 

food’ (Elder 1932).  

2 In August 1823, also near Hororoa, missionary Henry Williams was ‘struck with the 

appearance of….. vast quantities of wild ducks.... but upon drawing nearer, we discovered that 

it was a considerable quantity of children in the water collecting cockles’ (Easdale 1991).  

3 In 1826, opposite Skudders Beach, Colonial Botanist of New South Wales Alan Cunningham 

found ‘…whilst we were passing the narrows bounded by mudflats covered with a Cockle 

(Cardium) which the natives & more especially those often females were gathering together in 

baskets for food.’ (Easdale 1991). 

4 Also in 1826, naturalist Samuel Stutchbury (after whom the cockle is named) found in mid-

Kerikeri Inlet beaches of ‘Fine white shell consisting wholly of broken cockles’ (Easdale 

1991), consistent with populous beds nearby, and examples of which survive. 
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Table S10. Possible reasons for differences in cockle-size and other characteristics at 
Hororoa today compared with the early-1800s.  
 

1 Recent suboptimal seawater temperatures associated with ocean-climate variation (however, 

although the Hororoa middens are probably from when average air temperatures were up to 

1°C cooler than today, cockles, until at least the 1960s, reached large sizes (~50 mm) in 

warm northern waters [Larcombe 1971; author’s and others’ unpubl. obs.], and, anyway, 

northeast-coast sea temperatures have risen little since the 1970s [Shears and Bowen 2017]); 

2 Game-changing increases in sea level (however, northern-New Zealand sea-level rise has 

averaged only ~1.3 mm yr
-1

 since 1899 [Hannah 1990]; and the intertidal of the mid-Kerikeri 

Inlet today appears similar geomorphologically to that of the mid-1800s; Figure S12); 

3 Diminished growth rates today (however, early growth increments are indistinguishable from 

midden cockles of similar size [overlapping SDs; Figure 4]); 

4 Overharvesting (however, there has been no significant harvesting here for decades);  

5 Previous heavy-exploitation of large individuals has profoundly altered population genetics 

(however, this seems most unlikely); 

6 Māori translocated cockles on such a scale that natural size distributions were supplanted 

(however, although transplantation of cockles is known, there is no evidence of it to such an 

extent); 

7 Loss of interest in cockles as seafood has led to overcrowding and slower growth (however, 

early growth increments are indistinguishable from midden cockles, and densities can reach 

4500 m
-2

); 

8 Chronic and intolerably-high levels of organic or inorganic contaminants (however, at least 

since 2008, enrichment in the water column and surficial sediments has been at most low to 

moderate, with no lethal levels of bivalve toxins [Cornelisen et al. 2011; Griffiths 2011, 

2014; Bamford 2016]); 

9 Chronic food-limitation brought about by low productivity (however, tidal flushing is 

fulsome, and land-runoff water is enriched); 

10 Greater numbers of large-cockle predators (eg, eagle rays Myliobatus tenuicaudatus), and/or 

fewer predators of small cockles (eg, flatfish and shorebirds) (however, no evidence);  

11 Chronically insufficient larvae (however, breeding-sized cockles occur in the broader Inlet); 

12 Highly-variable recruitment success, long gaps leading to a few dominating year-classes 

(however, there is no evidence for quantities of large dead-shells); 

13 Periodic and damaging environmental episodes (eg, eutrophication, harmful algal-blooms, 

viral outbreaks) have led to mass mortalities of large cockles (eg, Jones et al. 2017) 

(however, no quantities of recently-dead, large cockles are known here); 

14 Greater prevalence of parasites and disease-causing organisms, with parasite impact often 

positively age-related; 

15 Chronic stress, probably brought about by persistent, and at times catastrophic, deposition of 

terrigenous silt, has left cockles less-resistant to parasites and disease.  
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