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Appendix 3. Means of all functional traits for each species sampled (N = 67). Life Span categories included annual=1, biennial=2, perennial=3. Phenology was separated as evergreen=1, deciduous=2. Raunkiaer's Life Form categories 
were assigned as phanerophytes=1, Chamaephytes=2, Hemicryptophytes=3, Geophytes=4, Therophytes=5. Growth Form were separated as graminoids=1, forbs=2, shrub=3, tree=4. Ramet distance classes were categorized by 1=no 
ramets, 2=10-30cm, 3=30-50cm and 4=greater than 50 cm. The standard deviation is provided in parentheses for each species where more than one population was sampled.  

  Functional traits 

  Canopy Height (cm) Specific Leaf Area 
(mm2mg-1) Leaf Size (mm2) Stem density 

(mg/ml) 

Mean 
Ramet 

Distance 

Leaf Thickness 
(mm) 

Inrolling of Leaf  
Lamina 

Leaf Toughness 
(N/mm) Propagule Dry Mass (mg) Seed Mass (mg) Seed Shape Index Life 

Span Phenology Raunkiaer's 
Life Form 

Growth 
Form 

Species n Mean (SD) n Mean (SD) n Mean (SD) n Mean (SD) n Mean 
(SD) n Mean (SD) n Mean (SD) n Mean (SD) n Mean (SD) n Mean (SD) n Mean (SD)         

ACMI 3 24.64 (9.21) 3 19.42 (3.05) 3 408.0 (178.7) 3 0.2413 (0.0459) 3 2 3 0.34 (0.09)  3 0 3 0.0675 (0.0246) 3 0.1410 (0.0258) 4 0.1292 (0.0325) 3 0.1443 (0.0068) 3 2 3 2 

AGSC 1 33.38 (15.86) 1 22.47 (4.18) 1 90.0 (25.9) 1 0.2786 (0.0806) 1 2 1 0.17 (0.02)  3 0 1 1.6914 (0.4107) 1 0.0538 * 0.0515 ** NA 3 2 3 1 

ALINR 3 252.69 (70.45) 3 15.82 (2.03) 3 1744.0 (483.8) 3 0.4381 (0.1431) 3 2 3 0.32 (0.08)  3 0 3 0.1817 (0.0364) 3 0.2697 (0.0096) 3 0.2270 (0.0691) 3 0.1270 (0.0078) 3 2 1 3 

ALVIC 3 253.80 (73.62) 3 17.48 (2.73) 3 1862.0 (955.7) 3 0.3688 (0.0612) 3 2 3 0.32 (0.10)  3 0 3 0.1402 (0.0400) 3 0.6154 (0.1468) 3 0.3823 (0.1062) 3 0.1095 (0.0123) 3 2 1 3 

ANCA 3 35.98 (10.76) 3 21.25 (6.89) 3 3042.0 (1520.4) 3 0.1827 (0.0546) 3 1 3 0.29 (0.05)  3 0 3 0.3217 (0.1080) 3 2.3532 (0.4320) 3 2.3532 (0.4320) 3 0.1404 (0.0095) 3 2 4 2 

ANMU 2 17.80 (7.77) 2 15.11 (3.80) 2 420.0 (295.2) 2 0.2855 (0.0727) 2 1 2 0.27 (0.03)  3 0 2 0.6098 (0.1588) 2 1.3667 (0.1391) 3 0.9822 (0.1142) 3 0.0907 (0.0077) 3 2 4 2 

ANPA 2 4.74 (2.29) 2 19.92 (3.59) 2 171.0 (105.5) 2 0.1339 (0.0380) 2 2 2 0.29 (0.05)  3 0 2 0.4643 (0.1368) 3 0.4203 (0.0836) 2 0.4151 (0.2824) 3 0.0842 (0.0251) 3 2 4 2 

ARUV 3 6.40 (2.59) 3 6.27 (1.78) 3 113.0 (31.1) 3 0.4899 (0.0852) 2 2.5 3 0.46 (0.08)  3 0 3 0.5641 (0.2509) 3 81.4000 (19.1944) 3 5.2000 (1.0877) 3 0.0625 (0.0093) 3 1 2 2 

ARAN 1 12.28 (3.83) 1 20.10 (2.67) 1 370.0 (160.1) 1 0.1690 (0.0362) 1 1 1 0.49 (0.10)  3 0 1 0.4935 (0.1125) 3 0.5328 (0.0966) 3 0.4426 (0.2824) 3 0.1534 (0.0091) 3 2 3 2 

BESY 1 26.83 (6.43) 1 23.24 (3.45) 1 434.0 (259.3) 1 0.3122 (0.0760) 1 2 1 0.23 (0.02)  3 0 1 1.6092 (0.1864) 3 0.3267 (0.0183) 3 0.1893 (0.0206) 3 0.1303 (0.0078) 1 2 5 1 

BRCI 3 56.10 (13.39) 3 28.30 (4.91) 3 1129.0 (399.9) 1 0.3208 (0.0516) 3 2 3 0.17 (0.12)  3 0 3 2.2455 (1.5364) 2 1.7130 (0.2135) 2 1.0256 (0.2795) 3 0.1817 (0.0083) 3 2 3 1 

CACA 2 87.62 (27.62) 1 24.39 (4.23) 1 622.0 (204.7) 2 0.3492 (0.1969) 2 2 2 0.20 (0.04)  3 0 2 2.2165(0.7928) 1 0.0744 2 0.0799 (0.0336) 2 0.1223 (0.0116) 3 2 3 1 

CAAU 3 10.77 (4.37) 3 26.06 (4.88) 3 321.0 (88.6) 3 0.3746 (0.2119) 3 2 3 0.19 (0.02)  3 0 3 1.4749 (0.6640) 3 1.1000 (0.1142) 3 0.5406 (0.0287) 3 0.0787 (0.0081) 3 2 3 1 

CACO 1 2.70 (1.05) 1 15.66 (1.47) 1 130.0 (52.1) 1 0.2906 (0.0094) 1 2 1 0.29 (0.04)  3 0 1 1.8795 (0.3128) 1 0.226 1 0.226 1 0.0973 (0.0176) 3 2 3 1 

CAFO 2 34.82 (7.86) 1 18.26 (2.29) 1 817.0 (253.0) 2 0.2225 (0.0372) 2 2 2 0.32 (0.06)  3 0 2 3.6304 (1.5680) 2 0.8782 (0.0387) 2 0.6895 (0.0655) 2 0.0808 (0.0047) 3 2 3 1 

CASE 3 41.42 (11.03) 3 22.35 (4.09) 3 204.0 (78.2) 3 0.2524 (0.0694) 3 2 3 0.25 (0.07)  3 0 3 0.2726 (0.0704) 2 0.0875 (0.0177) 2 0.0875 (0.0177) 2 0.1113 (0.0136) 3 2 3 2 

COCA  3 8.01 (1.94) 3 33.62 (7.19) 3 720.0 (307.2) 3 0.1858 (0.0863) 3 2 3 0.26 (0.05)  3 0 3 0.2923 (0.1555) 3 15.1000 (3.0406) 3 5.9392 (1.1616) 3 0.0192 (0.0068) 3 1 4 2 

COST 3 197.76 (42.55) 3 20.14 (6.42) 3 2009.0 (938.5) 3 0.4116 (0.0582) 3 2 3 0.26 (0.10)  3 0 3 0.2131 (0.0503) 3 48.5000 (8.0513) 3 28.1000 (4.5164) 3 0.0186 (0.0108) 3 2 1 3 

ELCO 3 52.81 (17.02) 3 16.32 (1.52) 3 594.0 (318.0) 3 0.4279 (0.0683) 3 2 3 0.31 (0.03)  3 0 3 0.1440 (0.0488) ** NA * 119.24 ** NA 3 2 2 3 

ELTR 3 42.62 (22.86) 3 21.88 (3.96) 3 556.0 (296.4) 3 0.4063 (0.1723) 3 2 3 0.19 (0.03)  3 0 3 2.6588 (0.5575) 2 2.1586 (0.05099) 3 1.6179 (0.3119) 4 0.1478 (0.0061) 3 2 3 1 

EPAN 2 52.94 (10.06) 2 20.45 (6.24) 2 939.0 (488.9) 3 0.2583 (0.0437) 3 2 2 0.26 (0.03)  3 0 2 0.2416 (0.0497) 2 0.0282 (0.0002) 2 0.0282 (0.0004) 3 0.1410 (0.0070) 3 2 3 2 

ERAC 2 12.76 (2.77) 2 16.89 (1.50) 2 194.0 (57.9) 2 0.3517 (0.1071) 2 1 2 0.30 (0.03)  3 0 2 0.6096 (0.1607) 3 0.0273 (0.0013) 3 0.0270 (0.0035) 1 0.1265 (0.0081) 3 2 3 2 

ERHY 3 12.84 (3.84) 3 27.02 (5.95) 3 57.0 (15.7) 3 0.2328 (0.0526) 3 2 3 0.18 (0.04)  3 0 3 0.2864 (0.1853) 2 0.0827 (0.0027) 2 0.0759 (0.0043) 3 0.1434 (0.0075) 3 2 3 2 

FRVI 3 10.99 (2.89) 3 15.21 (2.34) 3 1527.0 (957.6) 3 0.2302 (0.1309) 2 3 3 0.30 (0.06)  3 0 3 0.2072 (0.0577) 3 52.9000 (19.2936) 2 0.3938 (0.1120) 3 0.0389 (0.0087) 3 2 3 2 

GABO 3 24.90 (8.33) 3 22.65 (6.03) 3 331.0 (160.8) 2 0.2397 (0.0554) 3 2 3 0.24 (0.05) 2 0.13 (0.07) 3 0.2528 (0.1487) 3 0.4356 (0.1529) 3 0.2126 (0.0945) 2 0.0709 (0.0145) 3 2 3 2 

GELI 2 13.80 (2.03) 3 18.79 (2.04) 3 337.0 (83.5) 3 0.3120 (0.0713) 2 2 3 0.28 (0.04)  3 0 3 0.2578 (0.0851) 3 98.6000 (14.8118) 2 41.1000 (6.6840) 3 0.0007 (0.0009) 3 2 4 2 

HOJU 2 39.37 (6.60) 2 20.34 (3.30) 2 320.0 (108.5) 2 0.3628 (0.1099) 2 2 2 0.26 (0.04)  3 0 2 2.3947 (0.6317) 2 2.8741 (0.7469) 2 0.9747 (0.2298) 2 0.1357 (0.0086) 3 2 3 1 

JUCO 3 38.79 (11.91) 3 6.37 (1.46) 3 12.0 (2.3) 2 0.4611 (0.0734) 2 2 3 0.58 (0.07)  3 0 2 3.3153 (1.4464) 3 96.3000 (117.4359) 3 9.5710 (0.8239) 3 0.0466 (0.0158) 3 1 1 3 

LEGR 3 36.27 (12.15) 3 9.46 (2.57) 3 290.0 (94.3) 2 0.4187 (0.0454) 3 2 3 0.41 (0.08) 2 0.21 (0.07) 2 0.4665 (0.1089) 2 0.0090 (0.0057) 2 0.0090 (0.0057) 2 0.1958 (0.0051) 3 1 2 3 

LIBO 3 2.35 (1.03) 3 24.65 (3.80) 3 119.0 (37.1) 3 0.3492 (0.1434) 3 2 3 0.32 (0.11)  3 0 3 0.4371 (0.1760) 3 0.8240 (0.3408) * 1.0085 ** NA 3 2 2 2 

MEPA 3 26.15 (11.08) 3 40.73 (10.75) 3 3733.0 (2048.8) 2 0.1377 (0.0350) 3 1 3 0.33 (0.05)  3 0 3 0.1556 (0.0389) ** NA ** NA ** NA 3 2 4 2 

MINU 3 2.74 (0.91) 3 27.87 (6.60) 3 628.0 (192.7) 3 0.3306 (0.1375) 3 2 3 0.29 (0.03)  3 0 3 0.4026 (0.1698) 2 0.1917 (0.0209) 2 0.1917 (0.0209) 1 0.0700 (0.0087) 3 2 3 2 

ORSE 3 3.53 (1.09) 3 26.16 (7.28) 3 351.0 (98.3) 3 0.2398 (0.0654) 3 2 3 0.19 (0.03)  3 0 3 0.4004 (0.1673) 3 0.0004 (0.0001) 3 0.0004 (0.0001) 3 0.1702 (0.0109) 3 1 3 2 



PEPA 3 11.89 (3.29) 3 29.70 (10.77) 3 3934.0 (1759.0) 3 0.1601 (0.0421) 3 2 3 0.33 (0.07)  3 0 3 0.2405 (0.0792) 2 0.1232 (0.0478) 2 0.0654 (0.0340) 2 0.1640 (0.0093) 3 2 4 2 

PHOP 3 74.59 (21.94) 3 18.92 (2.11) 3 1528.0 (488.9) 3 0.3553 (0.0855) 3 2 3 0.27 (0.08)  3 0 3 0.1598 (0.0365) 5 0.4589 (0.2493) 4 0.4589 (0.2493) 3 0.0548 (0.0108) 3 2 1 3 

PIGL 3 1811.21 (602.88) 3 3.26 (0.67) 3 16.0 (3.3) 3 0.4868 (0.0836) 3 1 3 0.99 (0.14)  3 0 3 3.8278 (1.5450) 3 2.2457 (0.5472) 3 1.5186 (0.3682) 3 0.0765 (0.0066) 3 1 1 4 

PIMA 3 1183.07 (256.40) 3 4.37 (1.56) 3 8.0 (2.1) 2 0.4985 (0.1815) 3 1 3 0.82 (0.11)  3 0 2 1.6406 (0.8901) 3 0.9764 (0.2479) 3 0.9653 (0.0975) 3 0.0750 (0.0187) 3 1 1 4 

PIBA 3 596.59 (128.76) 3 4.67 (0.80) 3 97.0 (19.5) 3 0.4117 (0.0541) 3 1 3 0.76 (0.10)  3 0 2 4.9059 (2.1320) 1 2.1953 (0.0786) 1 2.002 1 0.0794 (0.0100) 3 1 1 4 

PLMA 3 8.23 (4.29) 3 17.81 (3.07) 3 1955.0 (1394.0) 2 0.1573 (0.0414) 3 1 3 0.38 (0.10)  3 0 2 0.3036 (0.0982) 3 0.1299 (0.0251) 3 0.1299 (0.0251) 3 0.0681 (0.0121) 3 2 3 2 

POGL 3 41.23 (10.38) 3 23.51 (4.36) 3 383.0 (149.9) 3 0.3755 (0.1227) 3 2 3 0.18 (0.03)  3 0 3 2.0532 (0.6140) 2 0.2264 (0.0734) 2 0.1448 (0.0521) 2 0.1767 (0.0078) 3 2 3 1 

POBA 1 2222.22 (289.46) 3 15.24 (2.84) 3 2348.0 (783.6) 3 0.4485 (0.0829) 3 3.5 3 0.27 (0.04)  3 0 3 0.4203 (0.0691) 2 0.4225 (0.1824) 1 0.1270( 2 0.1013 (0.0092) 3 2 1 4 

POTR 1 1504.33 (460.17) 2 13.41 (1.98) 2 1346.0 (374.2) 2 0.4347 (0.0273) 3 3.5 2 0.24 (0.04)  3 0 2 0.3936 (0.0743) ** NA * 0.1178 ** NA 3 2 1 4 

POAN 3 11.03 (3.89) 2 13.63 (1.99) 1 1138.0 (526.9) 3 0.2128 (0.0785) 3 2 3 0.27 (0.04)  3 0 3 0.1285 (0.0448) ** NA * 0.8192 ** NA 3 2 3 2 

POFR 3 43.39 (16.31) 3 18.91 (3.78) 3 370.0 (220.5) 3 0.4936 (0.1640) 3 2 3 0.19 (0.03) 3 0.16 (0.10) 3 0.1668 (0.0460) 3 0.2552 (0.0863) 3 0.1588 (0.0617) 3 0.0570 (0.0162) 3 2 1 3 

PONO 1 18.20 (7.30) 1 25.05 (4.37) 1 453.0 (371.7) 1 0.3257 (0.2472) 1 1 1 0.23 (0.04)  3 0 1 0.1721 (0.0378) 2 0.1437 (0.0052) 2 0.1437 (0.0052) 2 0.0582 (0.0060) 3 2 3 2 

PRMI 3 1.59 (0.71) 3 35.16 (12.33) 3 68.0 (27.1) 3 0.0030 (0.0023) 1 1 3 0.23 (0.03)  3 0 3 0.1835 (0.0645) 3 0.0357 (0.0036) 3 0.0357 (0.0036) 3 0.0297 (0.0202) 3 2 3 2 

PYAS 3 2.42 (1.13) 3 16.22 (2.35) 3 356.0 (135.4) 3 0.2034 (0.0584) 3 3 3 0.28 (0.04)  3 0 3 0.5984 (0.1613) 3 0.0007 (0.0002) 3 0.0007 (0.0002) 3 0.1830 (0.0066) 3 1 3 2 

RITR 3 35.79 (14.18) 3 36.37 (5.05) 3 3474.0 (1292.2) 3 0.3891 (0.1248) 3 2 3 0.24 (0.08)  3 0 3 0.1482 (0.0539) 2 35.6000 (12.6225) 3 2.9000 (0.7019) 3 0.0421 (0.0147) 3 2 1 3 

ROAC 3 39.49 (15.71) 3 18.42 (4.16) 3 2644.0 (1321.2) 3 0.4484 (0.1422) 3 2 3 0.20 (0.03)  3 0 3 0.1458 (0.0529) 3 554.0000 (145.3666) 3 14.2284 (3.8758) 3 0.0803 (0.0165) 3 2 1 3 

ROBL 3 35.77 (10.23) 3 17.74 (1.89) 3 1787.0 (1081.4) 3 0.4449 (0.1793) 3 2 3 0.17 (0.03)  3 0 3 0.1565 (0.0413) 3 328.9000 (83.6636) 3 6.2499 (1.3953) 3 0.0752 (0.0213) 3 2 1 3 

RUARA 3 6.84 (1.61) 1 32.32 (3.83) 1 840.0 (125.1) 1 0.3452 (0.1182) 1 2 1 0.25 (0.03)  3 0 1 0.1611 (0.0148) ** NA * 1.677 ** NA 3 2 3 2 

RUPU 3 14.87 (6.32) 3 34.45 (14.32) 3 2712.0 (1186.1) 3 0.2438 (0.0686) 3 2 3 0.22 (0.13)  3 0 3 0.1525 (0.0449) 3 31.4000 (13.1367) 3 2.0000 (0.9011) 3 0.0522 (0.0109) 3 2 3 2 

RUIDS 3 55.81 (19.84) 3 21.26 (2.78) 3 3562.0 (2056.5) 2 0.2556 (0.0689) 3 2 3 0.25 (0.07)  3 0 3 0.1194 (0.0337) 3 108.7000 (25.2843) 2 1.5000 (0.4516) 3 0.0512 (0.0123) 3 2 3 3 

SABE 2 268.38 (95.36) 2 17.76 (2.07) 2 663.0 (215.5) 2 0.4076 (0.1199) 2 2 2 0.27 (0.04)  3 0 2 0.2329 (0.0616) 2 0.1223 (0.0046) 2 0.0778 (0.0078) 1 0.1290 (0.0072) 3 2 1 3 

SACO 2 139.26 (46.34) 2 15.51 (2.28) 2 1441.0 (676.7) 2 0.3706 (0.0659) 2 2 2 0.24 (0.04)  3 0 2 0.2662 (0.0897) 1 0.162 1 0.0744 1 0.1001 (0.0047) 3 2 1 3 

SAPL 1 181.32 (55.21) 1 11.52 (1.24) 1 812.0 (260.1) 1 0.4591 (0.0252) 1 2 1 0.22 (0.02)  3 0 1 0.3347 (0.0935) ** NA 1 0.0723 1 0.1233 (0.0073) 3 2 1 3 

SEPA 3 13.58 (5.02) 2 17.62 (6.06) 3 183.0 (78.1) 3 0.2168 (0.0501) 3 2 3 0.38 (0.09)  3 0 3 0.1604 (0.0806) 3 0.1686 (0.0262) 3 0.1745 (0.0214) 3 0.1365 (0.0134) 3 2 3 2 

SHCA 3 44.78 (17.38) 3 13.41 (1.63) 3 470.0 (156.4) 3 0.4671 (0.0543) 3 2 3 0.52 (0.07)  3 0 3 0.1816 (0.0769) 3 21.3000 (3.8240) 2 5.3000 (0.8869) 3 0.0608 (0.0126) 3 2 1 3 

SIMO 3 10.59 (2.79) 3 19.78 (2.73) 3 255.0 (71.7) 2 0.2007 (0.0465) 3 1 3 0.40 (0.06)  3 0 3 2.3385 (1.0771) 3 2.6650 (3.4078) 3 0.6850 (0.0272) 3 0.0113 (0.0064) 3 2 3 2 

SMST 3 33.07 (9.99) 3 20.74 (5.40) 3 1543.0 (455.6) 2 0.1579 (0.0768) 3 3 3 0.34 (0.05)  3 0 3 1.2172 (0.3804) 1 67.02 1 12.0000 (2.2752) 1 0.0073 (0.0049) 3 2 4 2 

SOCA 3 57.26 (15.06) 3 18.77 (2.83) 2 810.0 (285.0) 3 0.2735 (0.0361) 3 2 3 0.28 (0.05)  3 0 3 0.2759 (0.0606) 3 0.0748 (0.0441) 3 0.0626 (0.0380) 3 0.1436 (0.0166) 3 2 3 2 

SOPT 3 39.75 (8.73) 3 16.49 (1.73) 1 269.0 (114.0) 3 0.3716 (0.0515) 3 1 3 0.21 (0.04)  3 0 3 0.2840 (0.0705) 3 0.0638 (0.0021) 3 0.0557 (0.0089) 3 0.1083 (0.0167) 3 2 3 2 

THVE 3 44.63 (15.82) 1 19.84 (2.97) 1 7784.0 (5329.1) 2 0.3750 (0.1514) 3 2 3 0.22 (0.03)  3 0 3 0.1640 (0.0496) 3 1.8672 (0.5728) 3 1.1369 (0.1976) 3 0.0972 (0.0198) 3 2 3 2 

VAVIM 4 5.20 (2.66) 3 8.03 (1.38) 4 74.0 (18.5) 3 0.5207 (0.1412) 3 2 4 0.50 (0.15)  3 0 3 0.7750 (0.1657) 3 34.8233 (7.4943) 3 0.1713 (0.0173) 3 0.0561 (0.0115) 3 1 2 2 

VIED 3 119.99 (51.41) 2 27.14 (9.98) 2 2998.0 (1154.7) 3 0.3693 (0.0773) 3 2 3 0.27 (0.10)  3 0 3 0.2147 (0.0392) 3 46.8000 (8.9976) 3 20.6000 (2.7290) 3 0.1004 (0.0099) 3 2 1 3 

VIAM 3 31.44 (18.69) 3 23.67 (6.21) 3 691.0 (206.5) 2 0.2466 (0.0652) 3 2 3 0.21 (0.04)  3 0 2 0.2174 (0.0793) 3 11.5801 (2.3305) 3 11.2000 (3.5702) 3 0.0069 (0.0066) 3 2 4 2 

VIRE 3 5.37 (1.90) 3 47.09 (6.11) 3 1245.0 (491.6) 3 0.2014 (0.0790) 3 1 3 0.21 (0.04)  3 0 3 0.1600 (0.0397) 1 0.4976 1 0.4976 1 0.0943 (0.0359) 3 2 3 2  

 

** = mean determined by taking the average for all species  

*   = data obtained from TRY database 
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ABSTRACT 

Restoration of plant communities on disturbed sites in the subarctic and arctic is difficult 

and hence requires essential information. The goal of the present research was to identify 

suitable native upland plant candidates for the reclamation of newly by mining industry created 

uplands due to the mining industry through a functional inventory of upland indigenous species 

found in the Hudson Bay Lowland. A set of 15 functional plant traits was used to describe 

naturally occurring plant species. The 15 functional traits were: growth form, life-span, 

phenology, Raunkiaer’s life-form, canopy height, stem density, mean ramet distance, leaf size, 

specific leaf area, leaf thickness, leaf toughness, seed mass, propagule mass, seed shape and 

nitrogen fixation. In total 65 sites were sampled consisting of 5 types of upland habitats (river 

banks, beach ridges, limestone outcrops, old exploration camp and natural recovery site). In 

total, 67 species were selected and sampled. For each species, the mean for each trait was 

determined for all populations. Trait syndromes were also identified and formulated based on 

subsets of functional traits pertinent to specific aspects of the re-vegetation process. The seven 

syndromes identified were: dispersal, establishment, biomass production, persistence, 

reproduction, grazing tolerance and effect on environment. A principal component analysis was 

conducted on both the whole dataset and as well as each of the seven syndromes. For the whole 

dataset and for each syndrome, groups of species sharing similar traits were identified. Based on 

these analyses, the 67 species were ranked for each of the seven syndromes. The functional 

ecology approach should allow the determination of best plant species at colonizing, 

establishing and dispersing on the newly created uplands. This functional approach will provide 

crucial information to determine the best plant candidates for establishing successional plant 

communities on newly created uplands. The protocols and techniques now need to be further 

tested. Once these protocols are fully developed, they will be applicable not only for the HBL but 

elsewhere in the arctic and subarctic regions at other mine sites and other disturbed habitats.  
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INTRODUCTION 

Natural recovery following a disturbance can be a slow process. In the absence of human 

intervention, the process can take years or even decades and depends on abiotic and biotic 

conditions prevailing at a site. Ecological restoration attempts to accelerate this process through 

a series of active interventions, towards a desired ecosystem goal.  

Restoration, in its strict sense, can be defined as the process by which a disturbed site is 

restored to a pre-disturbance state, with similar environmental conditions, ecosystem structure 

and species complement. This pre-disturbance state may not be reasonable as a target either 

because of the extent of disturbance or the length of time required to achieve the pre-

disturbance ecosystem. Ecological restoration, in its broader sense, therefore also includes less 

stringent practices. It includes ecological rehabilitation, which has the goal of using native 

species to re-establish successional pathways towards target ecosystems, without the stringent 

goal of achieving exact ecosystem structure or species complement. It also includes reclamation, 

which aims to simply re-vegetate a site, without many strict criteria, often not even the use of 

native species. 

The restoration process involves many different steps: physical reconstruction, re-

establishment of hydrologic conditions, chemical modifications and biological manipulations 

(Berger 1993, Tordoff et al. 2000). One type of biological modification is through re-vegetation, 

where plants are used to form cover over the disturbed area. The plant cover prevents 

ecosystem degradation by reducing erosion (Forbes & Jeffries 1999), increasing water holding 

capability, decreasing winds, improving fertility. Ultimately, re-vegetation attempts to restore 

ecosystem functions and increasing species diversity through the establishment of plant 

communities. 

In the arctic and subarctic regions of North America, re-vegetation often involves the use 

of commercial seed mixes and cuttings of certain species such as Salix to produce a rapid 

vegetative cover (Forbes & Jefferies 1999). The use of fertilizers is also common practice because 

these increased inputs have been shown to promote rapid development (Forbes & Jeffries 

1999). However, the seeding of graminoids with the use of fertilizers can form relatively thick 

grass mats that often limit the introduction of dicotyledonous species (Forbes & Jeffries 1999). 

The use of exotic and/or non-native seed mixes is also common-place if the unique goal is to re-
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vegetate. However, the use of non-native species, especially combined with the use of fertilizers, 

has been shown to prevent the reintroduction of native species in nordic ecosystems (Forbes & 

Jeffries 1999). Non-indigenous species can often outcompete and overtake native species 

(Berger 1993). 

Non-indigenous species can have many negative impacts on an ecosystem. They are often 

aggressive competitors and can often overtake indigenous species, altering ecosystem 

properties and functions and changing the composition of the natural community (Berger 1993). 

The use of local, native species is however becoming more common when restoring plant 

communities on disturbed habitats. These native species are already adapted to the local 

environment and over the long term, will be able to become established, grow and reproduce 

under the local conditions that exist and prevail at the site (Munshower 1994).  

With the ever-increasing number of restoration projects associated with industrial 

development in North America, there is a need to select appropriate native species as candidate 

plants for restoration. This is not always a simple task, given that relatively little is known about 

many native species. The approach of using plant functional types (PFTs) provides an interesting 

framework that can inform quickly on the most likely candidate species for restoration after 

differing levels of disturbance (Diaz et al. 2004). It involves screening a suite of species for traits 

that relate to specific ecological functions performed by the plant. 

Many different ecological classification systems for plants exist, each having its own 

strengths and weaknesses. Classifications systems using phenology, life-history, resource use 

strategies, roles in the ecosystem, morphology and physiology are the most common (Pausas & 

Lavorel 2003; Noble & Gitay 1996; Lavorel & Garnier 2002; Weiher et al. 1999; Westoby 1998; 

Lavorel et al. 1997). Theophrastus (300 BC), a Greek naturalist, was the first to classify plants 

into ecological groups, based largely on morphology (Weiher et al. 1999). Some of the major 

contributors to the development of the concept of plant functional types were Christen 

Raunkiaer, Philip Grime and Marc Westoby. Raunkiaer’s life form classification is another system 

where plants are classified on their ability to overwinter, based on position of the terminal bud 

(Lavorel & Garnier 2002; Westoby 1998). It helps to characterize a plants overall morphology.  

The CRS triangle scheme, proposed by Grime (1977), is a more complex system. It 

proposes that species cannot persist as high levels of stress and disturbances. It is based on 
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multiple functional traits and groups plants based on their response to limiting factors 

associated with disturbances and stress tolerance. The three extremes are ruderals (R), stress-

tolerators (S) and competitors(C) (Grime 1977; Westoby 1998; Lavorel et al. 1997). Competitors 

tend to have moderate to long life spans, relatively low reproductive efforts, high potential 

relative growth rates, high dense canopies of leaves, abundant litter and high morphological 

plasticity. The plant forms are diverse, including perennial herbs, shrubs, and trees. Ruderals are 

more like competitors, but they have very short life spans and high reproductive rates. Stress 

tolerators similarly have a long life span and low reproductive effort, but they have low potential 

relative growth rates, little but persistent litter, and little morphological plasticity (Grime 1977). 

The LHS scheme of Westoby (1998) is a simpler version based on three attributes 

displaying trade-offs; specifically, specific leaf area (L), height of mature canopy (H) and seed 

mass (S). The SLA component is an indicator of a species response to the conditions for fast 

growth.The height and seed components is related to the response of plants in the face of 

disturbances This scheme however does not capture the same amount of the variation as the 

multi-trait CRS triangle but however could be a useful way to compare plant species across 

multiple regions worldwide(Westoby 1998). 

In the past few decades, the classification of plants based on plant functional types has 

proven to be important for many fields, including succession, vegetation modelling, comparative 

ecology, meta-populations management tool and plant ecophysiology (Noble & Gitay 1996; 

Weiher et al. 1999; Cornelissen et al. 2004; Westoby 1998; Chapin 2003). They are useful to 

predict future community structures after a disturbance, monitor present and changing 

conditions, and model global vegetation changes (Hodkinson et al. 2003; Klimešová et al. 2008; 

McIntyre et al. 1999). They have also been investigated to examine the restoration of disturbed 

habitats (Pywell et al. 2003). But what functional traits should be examined in any one 

ecosystem? 

The ability to predict plant responses to environmental change and changes to ecosystem 

functions has been growing in interest (Lavorel & Garnier 2002; Weiher et al. 1999). Ecosystem 

functions can be defined as the interactions between organisms and the physical environment. 

These ecosystem functions that could be modified are: pedogenesis, nutrient cycling and 

decomposition. Plants often share a set of key functional traits that display trade-offs (Lavorel & 

Garnier 2002). This has led to research on a common set of plant functional traits that can be 
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used universally and standardized (Weiher et al. 1999; Diaz et al. 2004; Pausas & Lavorel 2003). 

These functional traits act as substitutes for more complex traits that can be difficult to measure.  

Studies from Europe, Asia, Africa and South-America have provided evidence that a common list 

of traits exists (Diaz et al. 2004; Gondard et al. 2003). The classification of species based on these 

common plant functional traits can be an extremely valuable tool to measure a large number of 

species. In a restoration context, this approach provides the potential to determine the species 

that best facilitate succession towards target goals. 

Succession can be defines as the process by which plant communities are established and 

species gradually change and are replaced in sequence. The three model that attempt to explain 

this complex process are: 1) facilitation, 2) inhibition and 3) tolerance (Keddy 2007). The 

facilitation model of succession suggests that the change in the major dominant plant species 

over time is caused by modifications and changes in the abiotic environment that are imposed 

by the developing community. Therefore, the establishment, colonization and growth of the 

later species depends on earlier species since they alter the local conditions. The inhibition 

model of succession suggests that the change in plant species dominance over time is caused by 

competition for resources. Late successional  species are able to tolerate lower resource levels 

due to competition and can grow to maturity in the presence of early successional species, 

eventually out competing them and replacing them. The tolerance model of succession suggests 

that the change in plant species dominance over time is caused by death and small scale 

disturbances and variations is plant species longevity and ability to disperse. Over time species 

turnover favors plant species with longer life spans (Keddy 2007). 

A disturbance can be defined as episode that occurs over a short duration and causes a 

signinficant changes in the environment influencing functions and properties. Disturbances can 

be natural or anthropogenic (Keddy 2007). Typical examples of disturbances include: fires, 

flooding, industrial development. Disturbances also vary in their duration, intensity and 

frequency. Primary succession occurs on new substrates, completely void of life, where as 

secondary succession occurs on sites where biotic communities already exist, often after severe 

disturbance (Walker & del Moral 2003). Both internal factors and external factors drive the 

process and have given rise to the terms autogenic versus allogenic succession. Autogenic 

succession cause species to shift due to the influence of local factors such as community 

structure i.e. biotic factors (competition among neighbours). Allogenic succession causes species 
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composition to change due to the influence of outside factors (Walker & del Moral 2003).  

Internal factors responsible for succession include; abiotic factors such as changes in light, 

microclimate, soil development and nutrient availability, and changes in biotic factors such as 

competition and facilitation among neighbours. External factors are not in the control of the 

succeeding community and may include wider changes in water levels, climate changes or 

herbivory. Restoration aims to accelerate the changes in vegetation by controlling these internal 

and external factors. During succession, plants must face four major challenges: 1) dispersal to 

site, 2) establishment on the substrate, 3) persistence and growth, and 4) reproduction (Weiher 

et al. 1999). Each phase depends on different plant functional traits. 

1) Dispersal is an essential mechanism allowing the colonization of species to a new 

habitat. It also is critical for the overall successional sequence, because species which arrive first 

can become established first and can produce propagules earlier. Dispersal occurs through time 

and space (Weiher et al. 1999). Dispersal in time is related to the longevity of seeds (Weiher et 

al. 1999; Thompson et al. 1993), where as dispersal in space can be measured as the distance 

seeds travels from the parent plant (Weiher et al. 1999). Dispersal ability relies on: the number 

of propagules and seeds produced, seed size, seed shape, dispersal method and seed mass 

(Pausas & Lavorel 2003; Weiher et al. 1999). All these factors influence the colonization ability of 

a species to reach a new habitat. Many dispersal methods exist and have given rise to a series of 

names: anemochory (wind-dispersed through accessory structures e.g. pappus), exozoochory 

(attachment with accessory organs e.g. barb), endozoochory (with edible fruit), myrmecochory 

(with elaisomes), hydrochory (water dispersal), ballistichory, and unassisted dispersal (Weiher et 

al. 1999; Cornelissen et al.  2004; Walker & del Moral 2003). Some allow only short distance 

dispersal whereas other methods can allow longer distance dispersal. Dispersal methods can 

also be divided into passive and active categories (Hendry & Grime 1993). Passive modes involve 

the use of abiotic mechanisms such as wind, water and gravity. Active methods generally include 

some sort of transport by means of attaching to an animal or being ingested by an animal and 

released at another site (Walker & del Moral 2003).  

2) Once a seed has dispersed to a new habitat, it does not mean that it will become 

established. It must germinate and become established on the substrate. An individual plant is 

most vulnerable at this establishment stage. It must quickly develop a sufficient root system and 

an adequate photosynthetic system to be able to survive. Sufficient seed reserves and/or a fast 
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growth rate are essential. Many factors influence establishment such as soil conditions (e.g. 

nutrient availability, porosity, structure and composition), soil moisture, hydrology, light and 

temperature (Walker & del Moral 2003). Establishment is therefore often site-specific, because 

it is influenced by soil fertility, presence of competitors and historical context (Weiher et al. 

1999).  

3) Persistence and growth of an individual plant in a given location is related to many 

different traits. In a new environment, plants must obtain nutrients, deal with competition 

(intraspecific and interspecific) and tolerate various stresses and disturbances (Weiher et al. 

1999). At the individual level, persistence can only occur if the individual possesses traits 

allowing survival and regeneration (Pausas & Lavorel 2003). Leaf traits (thickness, woodiness) 

and whole plant traits (height, clonality) are important indicators at this level. Persistence also 

requires individuals to be able to compete with other individuals, either conspecifics or different 

species, for nutrients, light and water (Weiher et al. 1999). Competition can be defined by two 

ways: 1) the ability to suppress neighboring plants (competitive effect) and 2) the ability to resist 

suppression by neighboring plants (competitive response) (Pywell et al. 2003; Pausas & Lavorel 

2003). Plants utilize many different strategies in the face of competition, including growing at 

different times of year, utilizing different growth forms, height, extreme emergence times 

(Weiher et al. 1999) and fast growth (Pausas & Lavorel 2003). In many disturbed ecosystems, 

competitive response is commonly measured by shade-tolerance. Shade-tolerance is associated 

with leaves with high specific leaf area, increased stem density and the production of large sized 

seeds (Pausas & Lavorel 2003). Competition can often lead to species composition changes and 

influence community structure which affect succession (Chapin 2003). 

4) Reproduction is the final obstacle to overcome during ecological succession. In order to 

persist through time, a species must reproduce successfully.  Sexual reproduction is the more 

common mode, but species may reproduce vegetatively, via the production of below-ground 

structures such as rhizomes, stolons, tubers and bulbs (Walker & del Moral 2003).  Many species 

are capable of both modes, which enhance their potential to persist in space and time. 

Understanding succession, and hence modifying it during ecological restoration, requires 

knowledge on the ability of species to perform at each of these life stages. The use of plant 

functional types could prove to be a very useful restoration and reclamation management tool 

for disturbed lands (Gondard et al. 2003).  
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In arctic and subarctic regions of northern Canada, the cold climate slows the natural 

recovery of disturbed lands (Adams & Lamoureux 2005). Active restoration is often required to 

accelerate succession after disturbance. However, rehabilitation techniques remain in the early 

stages of development in this region (e.g. Kwiatkowaski 2007), and little is known about suitable 

native species to use during restoration. Yet, the prospect of disturbance in the arctic and 

subarctic are accelerating, due to increased resource development pressures.  

The Hudson Bay Lowland is one subarctic region that has experienced a recent increase in 

resource development and where future development is expected to be great (Far North Science 

Advisory Panel. 2010.). The De Beers Canada Victor diamond mine, west of Attawapiskat, began 

production in 2008. Advanced exploration is taking place at the nearby ‘Ring of Fire’, which is 

expected to rival other large mining developments in North America. For instance, around the 

Victor Mine, the area estimated to be impacted is 5000 hectares of which ~530 hectares will 

remain as uplands consisting of overburden and waste rock stockpiles (AMEC 2004). De Beers 

Canada is obligated to rehabilitate this site after closure. Unfortunately, limited information is 

known about the ecology of plant species that inhabit the Hudson Bay Lowland to be able to 

develop restoration protocols. Plant functional types provide one approach that could be useful 

to fill this critical lack of information for restoration managers. 

The main objective of this thesis is to characterize the functional types of common native 

upland plant species of the Hudson Bay Lowland. More specifically, I hope to characterize these 

species at critical stages during the recolonization process, including their relative ability to 

disperse, establish, grow and persist, reproduce, and affect ecological succession. This study will 

therefore help to generate new hypotheses but does not test them. Restoration managers could 

utilize this tool to help select the best candidate plant species under a diversity of restoration 

scenarios, more specifically to guide the rehabilitation of upland landscapes newly-created by 

mining activity.  
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METHODS 

Study Site 

The study was conducted within the Hudson Bay Lowland (HBL) near the De Beers Canada 

Victor diamond mine (52o49’ N, 83o53’ W; 83 m elevation). The HBL occupies 373,700 km2. It is a 

vast limestone plain, covered by glaciomarine silts and capped with ~2 m of peat. The entire 

region is poorly-drained, and peatlands dominate at least 95% of this landscape, making it the 

third largest wetland in the world (Abraham & Keddy 2005). Permafrost is discontinuous and 

underlies most peatlands (Riley, 2011). The region is characterized by a short cool growing 

season generally long and cold winters (Abraham & Keddy 2005). At the nearest long-term 

climate station, (Lansdowne House; 52°14' N, 87°53' W; 280 km WSW; 254 m elevation; 1971-

1989 data), mean annual temperature is -1.3 oC (January mean: -22.3 oC; July mean: 17.2 oC), 

with 1244 growing degree days above 5 oC (Environment Canada, 2010). The mean annual wet 

precipitation is 700 mm for this region, over half of which falls from June to September during 

the growing season.  

Near the Victor mine, natural uplands habitats are rare and represent approximately 2% 

of the surface area. The main types are on limestone outcrops and beach ridges as well as along 

the slopes along the rivers valleys and on islands of the rivers. All these sites are elevated, 

exposed to winds with good drainage. 

A total of 65 upland sites were sampled for the selected species from May to October, 

2009 (Appendix 1). Most of the sampling took place along the Attawapiskat River (41 sites) and 

the Nayshkootayaow River (5 sites). These river sites showed a successional gradient of upland 

plant communities. Early successional upland sites dominated by herbaceous plants and short 

shrubs were sampled immediately along the river’s edges, where they are subject to natural 

disturbances such as ice scraping and rafting. These sites are often flooded during spring flows, 

but were drained throughout the growing season. Further up the banks, mid-succession upland 

sites dominated by tall shrubs and sapling trees were sampled. Mature upland communities 

were sampled further up the river valleys and occasionally on flatter terraces or on islands 

within the Attawapiskat River. These river sites had finer textured and mostly calcareous soils, 

often with little soil development (K. Garrah, unpublished data). Five upland sites were also 

sampled at an abandoned mining exploration camp near the Nayshkootayaow River. These are 
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disturbed sites, with no soil development and were dominated by early successional species. A 

small number of species were also sampled from late successional beach ridges (8 sites) and 

limestone outcrops (6 sites). These sites had more soil development but were species-poor 

(Garrah, unpublished data).  

At each site, a series of environmental variables were collected (Appendix 2). These 

include: canopy cover using a concave densitometer, 2) depth of litter and 3) field soil texture. 

The canopy cover was determined for each species at each site in the four cardinal directions 

using a concave spherical densitometer (model-C, Robert E. Lemmon, Forest Densiometers, 

Bartlesville, Oklahoma, USA).  The depth of the organic soil horizons was measured by 

determining the relative thickness of each horizon (LFH) by using a soil probe. Soil texture was 

determined in the field as the percentage of sand, silt and clay in the soil sample obtained using 

a soil probe (Ontario Centre for Soil Resource Evaluation, 1993). A soil sample to 15cm depth 

was collected and later analyzed for pH and electrical conductivity, using a SympHony® (VWR 

SB21) pH and conductivity meter.  

Selection of species, trait sampling and measurement protocols 

The Hudson Bay Lowland has a total of 816 vascular plant species, of which 457 are found 

in the Attawapiskat watershed (Riley 2003). From this available species pool, 67 upland species 

were sampled, covering the majority of the growth forms and life-spans (Appendix 3). Species 

selected were all vascular plants from upland environments that were 1) native; 2) with a 

widespread distribution; and 3) frequent across the region. These should be the most 

representative of the local ecosystem (Cornelissen et al. 2003), and already adapted to its 

environmental conditions (Diaz et al 2004). Species capable of nitrogen fixation were also 

targeted. The native status, local distribution, and frequency were determined from Riley (2003). 

The N-fixing status was determined from the PLANTS database (USDA & NRCS 2011). I 

attempted to sample three different geographical populations for each species (Appendix 6).  

Nomenclature follows ITIS (2011). 

For each species at a site, individual plants were selected for sampling using existing 

guidelines (Weiher et al. 1999; Cornelissen et al. 2003). Briefly, individuals were defined as 

separate ramets. They had to be mature and exposed to maximum available light, because 

mature adult plants have the most realistic expression of traits at a specific location. Individuals 
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displaying extremes in characteristics or displaying damage due to herbivory, pathogens or 

obvious nutrient deficiencies were avoided (Cornelissen et al. 2003). For traits to be measured in 

the laboratory, specimens were stored in a cooler with moist paper towels and ice to prevent 

desiccation. Voucher specimens were collected for each species.  

A total of sixteen traits were collected to closely mirror essential traits measured in other 

global studies (Diaz et al. 2004; Table 1). Existing protocols were usually followed for their 

measurement (Cornelissen et al. 2003; Diaz et al. 2004), occasionally with slight modifications. 

1) Growth form aims to describe a plant’s architecture based on its structure in an 

environment to which it is adapted. It is a categorical variable, and each species was defined as 

a: 1) graminoid, 2) forb, 3) shrub or 4) tree (modified from Cornelissen et al. 2003). Graminoids 

include rushes, grasses and sedges. Forbs consist of short herbaceous plants, generally shorter 

than 0.8 meters. Shrubs are woody plants growing up to a height of 6 meters, usually with 

multiple stems. Trees are woody plants growing higher than 6 meters, usually with single stems.  

2) Life-span is the most elementary trait measured related to persistence (Weiher et al. 

1999). Life-span can be difficult to measure quantitatively because there is such a variation in 

different species longevity. It was defined as a categorical variable: 1) annual, 2) biennial or 3) 

perennial, following the systems suggested by Diaz et al. (2004). The categories approximate life 

cycle and the time required to reach reproductive maturity. Annual plants complete their life 

cycle in a single year, whereas, biennial plants take two years to complete this cycle. Perennials 

plants are long-lived, surviving for more than 2 years.  

3) Phenology is linked to the seasonality of growth. Species were classified as 1) 

evergreen or 2) deciduous. In the face of competition, certain species produce their leaves 

earlier in the growing season to utilize any available resource. Evergreen is defined in this study 

as species that have leaves that last longer than one season. Deciduous species avoid losing 

resources by resorbing them before shedding their leaves. Evergreen species can have an 

advantage over deciduous species since they can photosynthesize over longer periods and 

during the margins of the seasons (Cornelissen et al.  2003). Leaf phenology can divide 

deciduous from evergreen species and seasonality of growth (McIntyre et al.  1999). Phenology 

can be linked to germination and is related to stress and disturbances (McIntyre et al. 1999). 
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Phenology can also be a response to environmental stresses where plants often growth in the 

most favorable conditions (Adams & Lamoureux 2005). 

4) Raunkiaer’s growth form categorizes species by the location of the perennating buds, 

the area where new growth occurs after unfavorable conditions, in relation to the soil surface. 

Raunkiaer’s life-form is useful for characterizing plant architecture in response to disturbance 

and in regions characterized by a cold season (Westoby 1998; McIntyre et al. 1999) and can be 

an indicator of a species’ overwintering capability. All species were classified into the Raunkiaer’s 

classification scheme presented by Cornelissen et al.  (2003), namely: 1) phanerophytes, 2) 

chamaephytes, 3) hemicryptophytes 4) geophytes and 5) therophytes. Phanerophytes have 

resting buds located at least 25 cm above the soil surface and generally include trees and shrubs. 

Chamaephytes have perennating buds located no higher than 25 cm above the soil surface. 

Hemicryptophytes have the buds at or on the soil surface. Geophytes, a subgroup of the 

cryptophytes, have storage below-ground through storage organs (ex. tubers, bulbs) and/or 

buds. Finally therophytes are annual plant species that do not have storage organs apart from 

seeds. I used first hand field observations, databases and available literature to classify sampled 

species.  

5) Distance between ramets is a measure of lateral spread. Adult plants persist in time 

through vegetative production of new ramets. A plant can thereby suppress neighbours, out-

compete them for resources, and regenerate after a disturbance or stress event (Gondard et al. 

2003; McIntyre et al. 1999). This ability increases their chances to survive and persist (McIntyre 

et al. 1999). In this study, ten individuals per species were dug up at each site and the distance 

to the next closest ramet of a neighbouring plant produced was measured in centimeters. The 

ramet distance for each species at each site was assigned to one of 4 classes following the 

suggestions of Diaz et al. (2004) on the distance between ramets (1=no ramets, 2= <10cm, 3=10-

50cm and 4= >50cm). Populus species, for which ramets are difficult to follow because of the 

large and deep root system, were given a code of ‘3.5’ based on the literature (Burns & Honkala 

1990). 

6) Canopy height is a key plant trait. Light capture is determined in part by canopy height, 

so it also determines competition within and between species (Cornelissen et al. 2003). Height 

can be seen as a trade-off due to the allocation of resources to various regions within a plant. 

Height is also an a important determinant of the dispersal ability of a species because increased 
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height enables greater dispersal by vectors such as wind (Cornelissen et al. 2003). Canopy height 

in the field was measured in the field on 25 individuals as the maximum difference between the 

highest foliage and the base of the plant expressed in meters (m). In some species, 

inflorescences extended above this height, but were not included in canopy height. I used a 3 m 

measuring tape, an 8 m Sokkia® telescopic measuring stick or a Suunto® clinometer and 30 m 

measuring tape, depending on plant height. 

7) Stem specific density is the dry weight of a stem per volume. It is related to growth 

traits such as support strength, height and nutrient allocation (Weiher et al. 1999). Denser stems 

are more rigid and sturdy, allowing for both greater plant height and greater protection against 

damage (Cornelissen et al. 2003). Denser stems are also associated with long-lived species. 

However, there is also a trade-off between allocation of resources towards growth, including 

stem density, and their investment to defense (Cornelissen et al. 2003). To measure this trait, 

stem or twig samples were collected for ten individuals per species per site, then immediately 

stored in sealed plastic bags with moist paper towel and placed in a cooler with ice packs. The 

volume of each fresh stem or twig section was then determined upon the return the laboratory 

by water displacement using appropriate graduated cylinders, except for species with small 

stems, for which their volume was calculated from measurements of the length and the width of 

stem sections using calipers accurate to 0.01mm. Stems were then oven-dried at 80 oC for 48 

hours and weighed. Specific stem density was calculated as the stem volume divided by its dry 

mass. 

8) Specific leaf area (SLA) is an essential trait. It is the ratio of the area available for light 

capture divided by its dry mass. SLA generally correlates positively with relative growth rate 

(RGR; Cornelissen et al.  2003; Weiher et al. 1999, Westoby 1998). Because of this relationship, 

SLA is an indirect measure of competitive ability; species with a high SLA have higher RGR and 

consequently greater competitive ability (Cornelissen et al. 2003).  SLA has also been correlated 

with leaf longevity, photosynthetic ability and chemical characteristics of leaves (McIntyre et al. 

1999).  Large SLA allows greater return over a shorter time period (Westoby 1998) and is 

generally associated with nutrient rich habitats (Cornelissen et al. 2003), although large SLA 

values also can be observed in shade-tolerant species (Cornelissen et al. 2003). Low SLA values 

are associated with investment of resources to the internal components of the leaf, allowing for 

greater defense against damage and yielding longer-lived leaves (Cornelissen et al. 2003).To 
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measure SLA, fully hardened and expanded leaves were collected from reproductively mature 

individuals of each population of species between May to October 2009. All parts associated 

with the leaf were collected, including tendrils, the petiole, the rachis and sheath. Leaves were 

collected from full sunlight locations, except for understory, shade-tolerant species for which 

leaves were taken from the top portion of shaded individuals. Leaves were excluded if they 

exhibited signs of damage or pathogens or were extremes in regards to morphology (Cornelissen 

et al. 2003). For most tree and shrub species, at least ten twig samples with leaves attached 

were collected, while for graminoids and other herbaceous species, at least ten ramets were 

collected. For plants with both stem and rosette leaves, both types were collected and measured 

in their relative proportion on the plant. Immediately upon collection, samples were wrapped in 

moist paper towels, sealed in plastic bags and placed in a cooler with ice packs until return to the 

laboratory.  Specimens were then kept refrigerated for a maximum of 24 hours until they were 

processed. Ten leaves were then scanned using a flat-bed scanner at 300 dpi (dot per inch) 

resolution.  Leaf area was determined from the digital images, using the Scion computer imaging 

software (Cornelissen et al. 2003). After imaging, each leaf was oven-dried at 80 oC for 48 hours 

then weighed. SLA was calculated as the leaf area over the dry mass. 

9) Leaf size is defined here as the one-sided area of the surface of the leaf lamina. Leaf 

size plays an important role in leaf functions such as water balance (Cornelissen et al. 2003; 

McIntyre et al. 1999). It is also related to the response from stress and disturbances since size 

has been shown to decrease in the disturbed conditions (Gondard et al. 2003). Leaf size was 

measured using leaves collected and digitally scanned for SLA.  Petioles and rachis were 

removed from the digital images before the measurement of leaf area.  

10) Inrolling of the leaf lamina is the extent to which the leaf lamina is folded or rolled in. 

In many plant species, it allows for water conservation and to maximize light capture (Fleck et al. 

2003).  Leaf inrolling was calculated following Diaz et al.  (2004) using this formula: I= [1-(inrolled 

width/ expanded width)], where the inrolled width is the normal leaf width and the expanded 

width is the maximum width of a leaf when unrolled or unfolded but without damaging the leaf. 

Measurements were made using calipers accurate to 0.01 mm.  

11) Leaf thickness is the thickness of the leaf lamina away from veins and other accessory 

structures.  It has been shown to be correlated negatively with mass-based photosynthesis and 

growth rates (Vile et al. 2005). Diffusion rates can also be influenced by this increased internal 
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complexity in thicker leaves, which reduces the efficient transfer of gases related to 

photosynthesis. The leaves were collected as for the measurement of SLA. The thickness of 10 

leaves per population of a species was determined in the laboratory using a Mitutoyo® wide-

mouth thickness gauge, accurate to 0.01mm. The thickness was measured 2 times on each side 

of the main vein and averaged for each leaf. I tried to avoid measuring the thickness of cross-

veins of the leaf lamina. 

12) Leaf toughness is defined as the tension required to tear apart a width of leaf under 

constant speed and angle (Cornelissen et al. 2003). Leaf toughness is related to the investment 

to leaf structure enabling greater protection against damage and longer lived leaves (Reich et al. 

1993) because tougher leaves withstand abiotic or biotic damage. Leaf toughness is an indicator 

of leaf defense mechanisms and allows greater leaf longevity (Cornelissen et al. 2003). 

Toughness can also be related to the decomposition resistance because the litter of tough leaves 

is known to decompose more slowly (Cornelissen et al. 2006). Tougher leaves are also harder to 

digest and therefore tend to be less palatable (Cornelissen et al. 2006). Leaves were collected as 

for SLA, and leaf toughness was assessed in the laboratory on ten leaves using an Imada® force 

meter (DS2-50N, 0.1 N precision) mounted on a hand-wheel test stand (Imada® HV-500). A fresh 

section of the leaf lamina was cut from the one side of the mid-rib and its width was measured 

using a caliper to 0.01mm.The section was placed gently between two vertical clamps, and it was 

slowly stretched apart until it tore. The maximum tension was recorded and was then divided by 

the width of the leaf section. 

13) Propagule mass is related to seed dispersal ability. The propagule includes the 

structures surrounding the seed(s) that aids in their dispersal by vectors such as wind, water or 

organisms. Ripe propagules were collected in the field for each species. They were usually 

collected from the plants but in some cases from the ground surface (e.g. Picea sp. cones). For 

some wind-dispersed species (e.g. Populus sp.), ripening inflorescences were wrapped with light 

veil-like cloth to collect propagules as they dispersed. For several species, propagules from less 

than three populations were collected. Propagules were oven-dried at 80 oC for 48 hours. 

Propagules were bulk weighed from a population then divided by the number of propagules to 

determine the mean mass of a propagule. For 6 species (Elaeagnus commutata, Mertensia 

paniculata, Populus tremuloides, Potentilla anserina, Rubus acaulis and Salix planifolia), dry 
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propagule mass was determined by taking the average for the dry propagule mass from all other 

species sampled (Appendix 3).  

14) Seed mass is another key trait. As with propagule mass, it influences the dispersal 

distance. The production of small seed allows for greater total number of seeds being produced 

which is another way of increasing the potential success of seed dispersal (Weiher et al. 1999; 

Hendry & Grime 1993).  It can also be an indicator of seed survival and longevity (Weiher et al. 

1999). Seed mass has been shown to correlate with seedling establishment and stress tolerance 

(McIntyre et al. 1999). Larger seeds are generally better establishers; however, large seeded 

species tend to have a lower RGR (Shipley & Peters 1990). In our study, seeds were collected 

throughout the study period, usually directly from the plants and in some cases from the ground 

surface (e.g. Picea sp). For some wind-dispersed species (e.g. Populus), ripening inflorescences 

were wrapped with light veil-like cloth to collect seed as they dispersed. Seeds were removed 

from their fruits then dried at 80oC for 48 hours. They were then weighed individually (15 seeds 

in total for each species per site) or counted and bulk-weighed for smaller seeds (up to 1000 

seeds) at 0.1 mg precision. For 6 species (Agrostis scabra, Elaeagnus commutata, Linnaea 

borealis, Populus tremuloides, Potentilla anserina and Rubus acaulis), dry seed mass was 

determined from the literature (TRY database; Appendix 3). The seed mass for 1 species 

(Mertensia paniculata) was determined by taking the average for the seed mass from all other 

species sampled. 

15) Seed shape has been shown to influence the burial depth and the longevity of seed 

within the soil. For example, in temperate regions, rounder seed tend to survive longer in the 

soil to form a seed bank (Thompson et al. 1993). Seed shape was measured on 15 seeds per 

population for each species. It was measured as the variance of a seed’s length, width and 

breath (Diaz et al. 2004, Cornelissen et al. 2003). A caliper accurate 0.01mm was used for seeds 

>1.0mm. For species with seed less than ~1.0mm, seeds were scanned using a flat-bed scanner 

at 1200-3200 dpi resolution and their length and width were measured using Scion® computer 

imaging software; their breadth was measured using a Mitotuyo thickness gauge accurate to 

0.01mm. For 7 species (Agrostis scabra, Elaeagnus commutata, Linnaea borealis, Mertensia 

paniculata, Populus tremuloides, Potentilla anserina and Rubus acaulis), their seed shape was 

determined by taking the mean seed shape from all other species sampled (Appendix 3). 
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16) Nitrogen fixation is an important factor that helps improve impoverished sites during 

the restoration process. Some species can naturally improve soil nitrogen availability in the soil 

and show increase nitrogen inputs (Viereck 1966; Chapin 2003). The ability to fix nitrogen was 

determined for each species by using the PLANTS-database (USDA & NRCS 2011). 

Trait syndrome rationale 

The trait data set was considered as a whole, or as seven different subsets of traits, 

referred to here as trait syndromes, which group traits of similar functional importance (Table 

1). Syndromes are defined in this study as complex aggregates or a group of characteristics that 

occur together in a recognizable pattern. The syndromes relate to: 1) dispersal, 2) establishment, 

3) biomass production, 4) persistence, 5) reproduction, 6) grazing, and 7) effect on the 

environment. Many of the aspects associated with the re-vegetation process rely on more than a 

single trait and often involve trade-offs. Therefore the use of a suite of functional traits that are 

interrelated can be used to understand the specific selection pressures (Agrawal & Fishbein 

2006).  
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Table 1. The 16 functional traits included in this study as well as their association with the seven 
functional syndromes.  

Syndromes 

 Traits 
Dispersa
l Establishment 

Biomass 
Production Persistence Reproduction 

Grazing 
Resistance 

Effect on 
Environment 

Growth Form      x x 
Life-Span  x  x  x x 
Phenology  x x x x x x 
Raunkiaer's Life-Form    x   x 
Canopy Height x  x x  x x 
Stem Density   x x    
Mean Ramet Distance  x  x x  x 
Leaf Size   x   x  
SLA  x x x   x 
Leaf Thickness   x     
Leaf Toughness   x x  x x 
Inrolling of Lamina   x     
Propagule Mass x    x   
Seed Mass x x   x   
Seed Shape x x     x     
N-fixation       x 
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Dispersal syndrome: Dispersal can occur through both space and time (Weiher et al. 

1999). Dispersal in space depends on the distance seeds or propagules travel from parent plants, 

while dispersal in time is related to the ability of seeds to form a long-lived seed bank in the soil 

that could germinate once suitable conditions return (Baker 1989). Traits determining dispersal 

ability include the height of the plant, the number of propagules or seeds produced, seed mass, 

seed shape and dispersal vector (Pausas & Lavorel 2003; Zobel et al. 1998); however, several of 

these are intercorrelated. Four of our traits relate to dispersal; namely, canopy height, seed 

mass, propagule mass and seed shape (Table 1), and were included in this syndrome to 

discriminate dispersal ability of species. 

Establishment syndrome: Several environmental factors influence establishment, 

including soil moisture and fertility, mineral composition, organic matter content, light, 

temperature, grazing and competition (Walker & del Moral 2003), so establishment is often site-

specific (Weiher et al. 1999). However, species traits related to the germination and early life-

history strategies also determine establishment potential, including seed mass, seed shape, 

phenology, life span, SLA and distance between ramets. Seed mass influences seedling 

establishment because large seeds have more energy and nutrient reserves allowing seeds to 

germinate faster and earlier (Gondard et al. 2003; Westoby 1998; Weiher et al. 1999; 

Cornelissen et al. 2003). Seed shape is known to influence seed bank formation and the burial 

depth of seeds of certain shapes (Thompson et al. 1993). Phenology can be important during 

establishment because it indicates a species’ ability to photosynthesize. In terms of life-span, 

annuals tend to be favoured during establishment because they generally have larger seeds, 

faster germination and a rapid relative growth rate (Grime & Hunt 1975, Grime et al. 1981, 

Shipley & Parent 1991). SLA is a surrogate for relative growth rate (RGR), and higher RGR allows 

for a rapid seedling establishment and maturation. So, small-seeded species with a larger RGR or 

SLA can overcome the disadvantage of small seed mass and grow and establish quickly. Finally, 

species with potential for clonal growth through ramet distances are advantaged during 

establishment because they can find suitable microsites post-germination.  

Biomass production syndrome: Biomass production dictates the speed and direction of 

succession. It is related to the photosynthetic abilities of a species and how it allocates these 

photosynthates. Leaf traits have a direct effect on the ability of a plant to capture resources and 

produce biomass, including leaf size, SLA, leaf thickness, inrolling of the lamina and leaf 
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toughness, as detailed above. However, non-leaf traits also determine biomass production, 

including phenology, canopy height and stem density. Phenology separates evergreen from 

deciduous species; evergreen species are capable of photosynthesizing over longer periods and 

these species are capable of extending the period of biomass production to marginal seasons 

when deciduous species already have lost their leaves (Cornelissen et al. 2003). Canopy height is 

associated with the photosynthetic ability of a species, because taller species can obtain more 

sunlight enabling greater photosynthetic rates (Cornelissen et al. 2003). Lastly, a higher stem 

density allows a plant to stand upright to access higher light levels, but at a cost of increased 

biomass allocation to stems. Denser stem live longer and are more durable (Cornelissen et al. 

2003). 

Persistence syndrome: Species must not only be able to grow and produce biomass, but 

also persist and survive. To do so, plants must obtain nutrients, deal with intra- and interspecific 

competition, and tolerate various stresses and disturbances (Weiher et al.  1999). Key traits that 

relate to persistence include life span, height, stem density, leaf toughness, ramet distance, 

Raunkiaer’s growth form, SLA and phenology. Life-span is the most elementary trait measured in 

relation to persistence since annuals and biennials are replaced by perennials during succession 

(Weiher et al. 1999). Height also indicates persistence because taller plants out-compete others 

for light (Cornelissen et al. 2003). Stem density is related to height and hence competitive ability, 

because denser stems allow plants to grow taller. Denser stems are also less palatable. Leaf 

toughness is an indicator of leaf defence mechanisms (secondary compounds or structures) and 

hence persistence (Cornelissen et al. 2003). Ramet distance is related to persistence because it 

indicates an ability to spread outwardly to occupy new spaces and to compete and suppress 

neighbours (Gondard et al. 2003; McIntyre et al. 1999). Raunkiaer’s growth form is another 

component of the growth form (McIntyre et al. 1999) and hence persistence. SLA is also 

included in the persistence syndrome, because plant growth rate is also related to competitive 

ability (Cornelissen et al. 2003). Finally, phenology is included in persistence because evergreen 

and deciduous species differ in their growth rate and leaf toughness (Cornelissen et al. 2003), 

and hence their ability to persist. 

Reproduction syndrome: Reproduction allows a species to persist beyond its life span and 

spread. Species can either reproduce sexually and/or asexually. Traits that were included in this 

syndrome include seed mass and propagule mass, seed shape, phenology and ramet distance. 
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Seed mass is an important determinant for the dispersal capability of a species. The production 

of seeds can be seen as a trade-off between the number and the size of seed produced. Some 

species produce few relatively large seed while other species produce large numbers of small 

sized seeds (Cornelissen et al. 2003). Propagule mass can influence dispersal distance and 

dispersal mode. Seed shape influence the burial depth of seed. The potential to form seed banks 

allow a species persist though time due to this reserve in the soil (Cornelissen et al. 2003). 

Phenology is included because it is related to the timing of germination, flowering and seed 

production (Klimešová et al. 2010). Finally, ramet distance can be important for perennial 

species. Clonal reproduction and resprouting ability are means by which a species can 

regenerate locally; however, resprouters are less successful than seeders when disturbance 

become more frequent and intense (Cornelissen et al. 2003).  

Grazing resistance syndrome: Much research has gone into defining grazing tolerance by 

traits (McIntyre et al. 1999; Díaz et al. 2001; Dubey et al. 2011) and has led to a focus on a series 

of key traits, including leaf toughness, SLA, leaf size, phenology, canopy height, growth form, 

ramet distance and life-span. Grazing resistance can be view as avoiding herbivory (Díaz et al. 

2001; Dubey et al. 2011). Generally species resistant to grazing are short in stature and small in 

overall size and have leaves with high SLA (Dubey et al. 2011). Leaves are often the target of 

grazers, so several important traits are related to leaves. Leaf toughness is a critical trait because 

it is related to how resources are invested into unpalatable leaf tissues, either through defensive 

structures or secondary compounds (Cornelissen et al. 2006).  Leaf size or leaf area can also be 

an important determinant of grazing resistance because species that have small sized leaves are 

considered resistant (Díaz et al. 2001). In terms of phenology, the foliage of evergreen species is 

present throughout the year, so they can be a valuable source of food outside the deciduous 

growing season. Canopy height is related to grazing, because leaves on very tall plants are held 

out of reach of most vertebrate herbivores (McIntyre et al. 1999; Diaz et al. 2001). In a similar 

manner, growth form is related to grazing, with trees being less susceptible to grazing by 

vertebrates. Finally, life-span has been shown to be a component of grazing because short-lived 

species can be favoured during the early part of the growing seasons (Díaz et al. 2001). 

Effect on the environment syndrome: Species can alter and influence ecosystem 

properties and functioning (Weiher et al. 1999; Cornelissen et al. 2003). Key traits are canopy 

height, growth form, ramet distance, leaf toughness, life span, phenology and leaf thickness. 
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Canopy height of a species is critical to determine microclimatic conditions, including amount of 

light, temperature extremes, wind and humidity (Westoby 1998), and as such, it determines the 

growth of other species. These microclimatic influences extend to the decompositional 

environment. The height of plant cover also determines the potential for windbreaks and wind 

erosion potential. A second related trait, growth form, also determines how species provide 

surface cover. Increased ramet distance also gives more potential to produce a network of 

roots/rhizomes, which again can stabilize the soil. Several ecosystem effect traits relate to 

decomposition and nutrient cycling. Phenology can be an indicator of litter type and litter 

quality, because deciduous species produce litter of higher quality as compared to evergreen 

species (Chapin et al. 1996). Leaf toughness also influences the decomposition rates of leaf litter 

where increased toughness leads to poorer quality litter (Cornelissen et al. 2003). Leaf thickness 

also influences decomposition rate and litter formation. The anatomical differences in leaf 

thickness also determine the light environment underneath the canopy (Cornelissen et al. 2003); 

and therefore determines the potential to produce biomass of species beneath it. Raunkiaer’s 

life form can provide information on the survivorship of a species in relation to its environment 

(Cornelissen et al. 2003). Nitrogen fixation can also be an important process in disturbed 

ecosystems because nitrogen if often limited in these habitats (Chapin 2003). Finally, life span is 

a key trait because it determines the duration of the influence that a given species has on the 

environment. 

Statistical analysis 

Each trait was analyzed using univariate analyses, by plotting the distributions of species 

and ranking species by their trait values.  Mean height, leaf size, leaf toughness, seed mass and 

propagule mass were first log10-transformed because data covered several orders of magnitude. 

Although unsatisfactory, missing values were replaced by the mean for that variable 

(Legendre & Legendre 1998). This allowed the inclusion of data that was needed in the analysis. 

Multivariate analyses were conducted on the entire trait matrix across all species and 

then separately for each trait syndrome matrix. For each data matrix, its dimensions were 

reduced with a principal component analysis, and species were plotted on the first two principal 

components. Each data matrix was then subjected to a cluster analysis. Data were first 

standardized then Euclidean distances between species were calculated. Cluster analyses were 
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conducted with an average distance agglomerative clustering algorithm. Significance of 

branching was tested using the SIMPROF algorithm, with 999 permutations at a 5% Type I error 

level. All multivariate analyses were conducted with Primer® version 6 and SPSS® version 17.  
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RESULTS 

Univariate analyses  

About a third of the upland plants sampled had a woody growth form, most of which 

were shrubs (Figure 1, Appendix 3). Only five tree species were sampled, namely trembling 

aspen (Populus tremuloides), balsam poplar (Populus balsamifera) jack pine (Pinus banksiana), 

black spruce (Picea mariana) and white spruce (Picea glauca). The remaining species had a 

herbaceous growth form, and most of these were forbs, with fewer graminoids. The vast 

majority of the species were deciduous, and only ten were evergreen (Figure 2, Appendix 3). The 

ten evergreen species ranged from herbaceous plants (Cornus canadensis, Orthilia secunda and 

Pyrola asarifolia), shrubs (Arctostaphylos uva-ursi, Ledum groenlandicum, Vaccinium vitis-idaea 

and Juniperus communis) to trees (Picea species and Pinus banksiana). All species except for one 

have a perennial life span (Figure 3, Appendix 3). The only annual species was Beckmannia 

syzigachne. No upland biennials were encountered.  

In terms of Raunkiaer’s life forms, almost a third of the species were phanerophytes and 

so were woody plants with their buds exposed above the snowline in the winter (Figure 4, 

Appendix 3). The remainder of the woody species were chamaephytes, and were therefore 

generally restricted to below the snowline. Most of the herbaceous species were 

hemicryptophytes, with buds close to the soil surface. Few were geophytes, with deeper resting 

buds beneath the surface of the ground. Only one species, Beckmannia syzigachne, was a 

therophyte, which relies on seed to overwinter. 

Mean canopy height ranged across three orders of magnitude in the upland species 

sampled, from 1.6 cm (Primula mistassinica) to over 22m tall (Populus balsamifera; Figure 5, 

Appendix 3). The canopy height of a species is associated with its morphology. The tallest species 

were trees and the shortest were mostly herbaceous species, but there was a large degree of 

overlap between herbaceous plants and shrubs.  

Specific density of stems varied over a four-fold range, except for one species, Primula 

mistassinica, that had exceptionally small values. Woody plants had the densest stems, with a 

heterogeneous mix of shrubs and trees sharing the top of the list, such as Vaccinium vitis-idaea, 
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Picea species and Potentilla fruticosa (Figure 6, Appendix 3).The lowest specific stem densities 

were seen for herbaceous plants, especially those with short stature.  

Largest leaves ranged over a thousand-fold among the study species, from 8 mm2 to over 

77 cm2 (Figure 7; Appendix 3). The largest leaves were associated with species that produce 

compounds leaves (e.g. Thalictrum venulosum) and other herbaceous plants (e.g. Petasites 

palmatus and Mertensia paniculata). Species with the smallest leaves had leaves in the form of 

needles (ex. Picea mariana, Juniperus communis and Picea glauca). Only three species had 

inrolling of the leaf lamina greater than zero (Figure 8, Appendix 3), namely Ledum 

groenlandicum, Potentilla fruticosa and Galium boreale. The remaining 64 species did not show 

any difference between the inrolled width and expanded width. 

Species with the smallest leaves also often had the thickest leaves (Figure 9, Appendix 3), 

up to almost 1 mm thick in the case of Picea glauca. These and other evergreens species had 

thicker leaves in general. Towards the other end of the spectrum, graminoids often had the 

thinnest leaves, with several having leaves around only 0.2 mm thick.  

Specific leaf area (SLA) ranged over fourteen-fold (Figure 10, Appendix 3).  Species with 

the lowest values were generally evergreen species with the smallest values being conifers. The 

largest values of SLA were associated with herbaceous plants, especially those with large and/or 

thin leaves.  

Leaf toughness varied over seventy-fold (Figure 11, Appendix 3). The distribution is quite 

skewed, with relatively few species having tough leaves. The toughest leaves were the evergreen 

species and graminoids in general. The weakest leaves were generally associated with species 

which produce leaves with large numbers of veins and in species that produce compound leaves. 

Four major grouping of species was observed for the mean ramet distance (Figure 12, 

Appendix 3). In total, 16 species did not produce ramets. A total of 47 species were identified 

that produce ramets of less than 10 cm. One species (e.g. Actostaphylos uva-ursi) was able to 

produce ramets consistently between 10 and 50 cm and was given a value of 2.5 to reflect this 

fact. Three species were determined to produce ramets at a distance between 10 and 50 cm. 

Only Populus tremuloides and Populus balsamifera were considered to be able to produce 

ramets at a distance greater than 50 cm. 
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Seed shape of all species ranged between 0 and 0.2 with a roughly normal distribution 

and an average of 0.09 (Figure 13, Appendix 3) The seeds of three species could be considered as 

spherical since all three dimensions were very close to zero, namely Geocaulon lividum, Vicia 

americana and Smilacina stellata. Species approaching 0.2 are considered to be needle-like in 

shape. Ledum groenlandicum is the best example of this seed shape. 

Seed masses ranged between 0.4 µg to 119 mg (Figure 14, Appendix 3). The largest seed 

masses were associated with species which produce berries and/or are surrounded by accessory 

structures. The smallest values were associated with species that produce large number of very 

small sized seed. Propagules masses ranged between 0.4 µg to 554 mg (Figure 15). The largest 

propagule masses were seen in species which produce large surrounding structures such as 

berries. The smallest propagule masses were associated with species that are produce in large 

numbers but are relatively small in size.  

The vast majority of species were not capable of nitrogen fixation. Only five species 

possessed the ability to fix nitrogen.  They were: Alnus crispa, Alnus rugosa, Elaeagnus 

commutata, Shepherdia canadensis and Vicia americana (Figure 16; Appendix 3).   
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Figure 1. Growth forms of upland plant species sampled in this study as a) a summary bar chart, 
and b) a bar chart ranked by species (N = 67).   
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Figure 2. Phenology of upland plant species sampled in this study as a)a summary bar chart, and 
b) a bar chart ranked by species (N = 67).  
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Figure 3. Life span of upland plant species sampled in this study as a) a summary bar chart, and 
b) a bar chart ranked by species (N = 67).  
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Figure 4. Raunkiaer’s life form of upland plant species sampled in this study as a) a summary bar 
chart, and b) a bar chart ranked by species (N = 67).   
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Figure 5. Mean canopy of upland plant species sampled in this study as a) a summary histogram, 
and b) a bar chart ranked by species (N = 67).Note that canopy height is shown on a log10 scale. 
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Figure 6. Mean stem density of upland plant species sampled in this study as a) a summary 
histogram, and b) a bar chart ranked by species (N = 67). 
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Figure 7. Mean leaf size of upland plant species sampled in this study as a) a summary 
histogram, and b) a bar chart ranked by species (N = 67). Note that leaf area is shown on a log10 
scale. 
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Figure 8. Mean inrolling of the leaf lamina of upland plant species sampled in this study as a) a 
summary histogram, and b) a bar chart ranked by species (N = 67).  
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Figure 9. Mean leaf thickness of upland plant species sampled in this study as a) a summary 
histogram, and b) a bar chart ranked by species (N = 67). A weighted average was determined 
for species that produce rosette and stem leaves.  
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Figure 10. Mean specific leaf area of upland plant species sampled in this study as a) a summary 
histogram, and b) a bar chart ranked by species (N = 67). A weighted average was determined 
for species that produce rosette and stem leaves.    



36 

 

Figure 11. Mean leaf toughness of upland plant species sampled in this study as a) a summary 
histogram, and b) a bar chart ranked by species (N = 67). A weighted average was determined 
for species which produce multiple types of leaves. 
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Figure 12. Mean ramet distance class of upland plant species sampled in this study as a) a 
summary histogram, and b) a bar chart ranked by species (N = 67). The 4 categories were 
determined based on the distance where the next closest ramet is produced. The 4 categories 
were:  1) no ramets, 2) 0-10 cm, 3) 10-50 cm and 4) >50 cm. 
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Figure 13. Mean seed shape index of upland plant species sampled in this study as a) a summary 
histogram, and b) a bar chart ranked by species (N = 67). The seed shape index ranges between 0 
and 0.2, where 0= round seeds and 0.2= flat and needle-like seeds.  
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Figure 14. Mean dry seed mass of upland plant species sampled in this study as a) a summary 
histogram, and b) a bar chart ranked by species (N = 67). A log scale was used in order to display 
the large difference in dry mass values. 
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Figure 15.  Mean dry propagule mass of upland plant species sampled in this study as a) a 
summary histogram, and b) a bar chart ranked by species (N = 67). A log scale was used in order 
to display the large difference in dry mass values. 
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Figure 16.  Nitrogen fixation ability of upland plant species sampled in this study as a) a summary 
histogram, and b) a bar chart ranked by species (N = 67).  
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Multivariate Analyses 

Full trait matrix 

All 16 functional traits were included in the analysis of the full trait matrix. The total 

variance explained by the first two principal components on the ordination diagram was 42.9% 

(figure 17). Principal component 1 (PC1) (25.1% of variance) was positively but weakly correlated 

with canopy height (r= 0.339), stem density (r= 0.383) and growth form (r= 0.396) and weakly 

negatively correlated with specific leaf area (r= -0.368) and Raunkiaer’s life-form (r= -0.399; 

Appendix 4). PC1, therefore, represents a gradient from herbaceous plants to the right and trees 

towards the right. Principal component 2 (PC 2) (18.0 % of variance) was positively but again 

weakly correlated with leaf size (r = 0.410), propagule mass (r = 0.451) and seed mass (r = 0.414) 

but also with a weak negative correlation to leaf toughness (r = -0.341). PC2, therefore, it 

represents a general gradient of increasing seed, propagule and leaf sizes towards the top of the 

diagram.  

In total, 19 groups were identified based on the cluster and ordination diagrams of the 

full trait matrix (Figure 17, Appendix 5). Group 1 contained a single species (Beckmannia 

syzigachne), a graminoid which is the only annual in the dataset. Group 2 also included a single 

species (Ledum groenlandicum), a short evergreen shrub with thick leaves and very small seeds. 

Group 3 included the three tall evergreen tree species with foliage in the form of needles. Group 

4 contained three evergreen species; Arctostaphylos uva-ursi and Vaccinium viis-idaea which 

have thick tough leaves and Juniperus communis which is a short evergreen shrub with foliage in 

the form of needles. Group 5 contained two species, both low-lying short evergreen herbaceous 

plants that produce the smallest sized seeds and propagules. Group 6 included the 2 tall 

deciduous tree species producing large number of small sized seeds. Group 7 included a single 

species (Vicia americana), and was separated out since it is the only herbaceous forb able to fix 

nitrogen. Group 8 contained 2 deciduous shrub species at an intermediate stature and that are 

able to fix nitrogen. Group 9 contained two species (Elaeagnus commutata and Sherpherdia 

canadensis), short shrubs that are also capable to fix nitrogen. Group 10 contained two 

herbaceous flowering plants, both having large SLA and relatively short in stature. Group 11 

contained four species, all deciduous shrubs that form stands with multiple stems and have high 

ramet production and produce numerous seeds of that are small in size. Group 12 also 

contained a single species, Ribes triste, a short deciduous shrub that produces large thin leaves. 
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Group 13 included 2 species (Rosa acicularis and Rosa blanda), which are short deciduous shrubs 

that both produce some of the largest sized seeds and propagule. Groups 14 contained 2 

species, deciduous shrubs of intermediate stature that produce seeds surrounded by a  relatively 

large propagule. Group 15 contained all short deciduous forbs with the majority producing large 

propagules in the form of berries or with an edible casing that are generally very heavy. Group 

16 included a single species (Sisyrinchium montanum) which was separated out due to its large 

ssed mass but that is very sort in stature. Group 17 included all the graminoids species that have 

long and thin leaves and are short in stature. Group 18 contained 17 species, all being forbs 

which are generally short in stature and produce seeds that vary in size and mass. Group 19 

contained four species, three are deciduous forb species (Primula mistassinica, Mertensia 

paniculata and Viola renifolia) and one is an evergreen forb  species (Cornus canandensis);  all of 

these species have their foliage lying very close to the soil-surface are very short in stature.  

Dispersal syndrome 

 The traits included within the dispersal syndrome were: seed mass, propagule mass, 

seed shape index and canopy height. This ordination diagram captures 85% of the total variance 

(Figure 18, Appendix 4). Principal component 1 (59.6% of variance) is negatively correlated with 

seed mass (r = -0.602) and propagule mass (r =  -0604), with species with smaller propagules and 

seeds to the right.  Principal component 2 (25.7% of variance) was strongly negatively correlated 

with the height of a plant (r = -0.947), with trees appearing towards the top of the diagram.  

In total, five groups were identified by the cluster analysis, several of which were smaller 

groups, Figure 18, Appendix 5). Group 1 also contained a single species, Ledum groenlandicum, 

and was distinguished by its small seeds and moderate stature. Group 2 was another small group 

which contained the two species Pyrola asarifolia and Orthilia secunda, both of which are small 

in stature and with extremely small seeds. Group 3 consisted only of Primula mistassinica, and 

was separated out largely because of its short stature. Group 4 contained 24 species, mostly 

herbs and shrubs with larger seeds.  Group 5 is the largest group and is heterogeneous with 

trees, shrubs and herbs, but with moderate-sized seeds. The trees separate out towards the 

bottom of group 5 on the ordination diagram. 
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Establishment syndrome 

The establishment syndrome included the following traits: phenology, life-span, ramet 

distance, specific leaf area, seed mass and seed shape index. The total variance explained by the 

ordination was 50.1% (Figure 19, Appendix 4). Principal component 1 (27.4% of variance) was 

positively correlated with seed mass (r =  0.651) and negatively correlated with seed shape index 

(r = -0.627). Principal component 2 (23.7% of variance) was strongly positively correlated to SLA 

(r = 0.654) and phenology (r = 0.609). 

Four groups of species were identified for the establishment syndrome (Figure 19, 

Appendix 5). Group 1 contained a single species, Beckmannia syzigachne, and was separated out 

since this species is the one annual species. Group 2 consisted of three heath species, all small 

evergreens (Ledum groenlandicum, Pyrola asarifolia and Orthilia secunda) which produce the 

smallest sized seeds and propagules. These three species were separated out due to their similar 

seed shape and mass. Group 3 included seven evergreen species which were Picea mariana, 

Picea glauca, Pinus banksiana, Vaccinium vitis-idaea, Arctostaphylos uva-ursi, Cornus canadensis 

and Juniperus communis; they were grouped together based on their evergreen habit and 

similar SLA values.  Group 4 contained the remaining 56 species which included the graminoids, 

herbaceous plants and shrubs.  These 56 species are all deciduous perennial species with similar 

values for SLA. 

Biomass production syndrome 

The biomass production syndrome included the following eight traits: phenology, canopy 

height, stem density, specific leaf area, leaf size, leaf thickness, leaf toughness and inrolling leaf 

lamina. The total variance explained by the ordination diagram was 58.0% (Figure 20, Appendix 

4). Principal component 1 (39,1% of variance) was positively correlated with SLA (r = 0.464) and 

phenology (r = 0.412) and negatively correlated with leaf thickness (r = -0.419). Principal 

component 2 (18.8% of variance) was negatively correlated with canopy height (r = -0.620), stem 

density (r = -0.495) and leaf size (r = -0.415). 

 The biomass production syndrome was separated into four groups of species (Figure 20, 

Appendix 5). Group 1 isolated the three evergreen tall tree species, Picea glauca, Picea mariana 

and Pinus banksiana. They have dense woody stems with similar foliage in the form of needles 

which are very thick and resistant and small in size. Group 2 consisted of a single species, 
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Juniperus communis, a short evergreen shrub with a dense woody stem with thick and tough 

needle foliage.  Group 3 included two species, Vaccinium vitis-idaea and Arctostaphylos uva-ursi, 

that are short evergreen forbs with dense woody stems with small sized leaves that are 

relatively thick and tough.  Group 4 contained the remaining 61 species that are all deciduous 

species except for four species (Cornus canadensis, Ledum groenlandicum, Orthilia secunda and 

Pyrola asarifolia). 

Persistence syndrome 

The persistence syndrome included the following eight traits: growth form, life-span, 

Raunkiaer’s life-form, canopy height, stem density, ramet distance, specific leaf area and leaf 

toughness. The ordination diagram accounted for 54.5% of the total variance (Figure 21, 

Appendix 4). The principal components 1 (36.2% of variance) was positively correlated with SLA 

(r = 0.456) and Raunkiaer’s life form (r = 0.478). Principal component 1 was negatively correlated 

with canopy height (r = -0.425) and stem density (r = -0.507). Principal component 2 (18.3% of 

variance) was positively correlated with phenology (r = 0.466) and negatively correlated with leaf 

toughness (r = -0.640).  

 The analysis of the persistence of a species identified 6 groups (Figure 21, Appendix 5). 

Group 1 consisted of 1 species, Beckmannia syzigachne, the only annual species with a 

graminoid growth form. Group 2 contained three evergreen tree species, Picea glauca, Picea 

mariana and Pinus banksiana, which all have tough needle foliage, dense woody stems and low 

SLA. Group 3 included four evergreen species, Ledum groenlandicum, Juniperus communis, 

Arctostaphylos uva-ursi and Vaccinium vitis-idaea, and were grouped together since they are 

short in stature, woody dense stems and have evergreen foliage. Group 4 contained two species 

which were the only deciduous tree species and can produce large rhizomatous stands and have 

dense woody stems. Group 5 contained three deciduous short herbaceous species which can 

produce ramets at similar lengths and with their foliage lying close to ground surface. Group 6 

contained the remaining 54 species which are short deciduous forbs with low stem density and 

graminoids with long thin physically weak leaves and three species which were small evergreen s 

with their tough long –lived foliage lying close to the ground surface and can produce long 

rhizomes. 
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Reproduction syndrome 

This syndrome included 5 functional traits: phenology, ramet distance, propagule mass, 

seed mass and seed shape index. The total variance explained by the ordination diagram was 

68.3% (Figure 22, Appendix 4). The principal component 1 (47.5% of variation) was negatively 

correlated with propagule mass (r = -0.604) and seed mass (r = -0.601). Principal component 1 

was positively correlated with seed shape index (r = 0.512). Principal component 2 (20.8% of 

variance) was strongly positively correlated with ramet distance (r = 0.865) and was positively 

correlated with phenology (r = 0.459).   

 In total, nine groups were identified for the reproduction syndrome (Figure 22, Appendix 

5). Group 1 included three species (Pyrola asarifolia, Orthilia secunda and Ledum 

groenlandicum) and all produce the smallest seeds in terms of mass and overall size and have 

evergreen foliage in needle-like shape and only produce ramets over short distances. Group 2 

included three species that are tall evergreen tree species with oval seeds surrounded by an 

accessory structure encased within a cone and typically do not produce ramets over great 

distances. Group 3 contained four evergreen species of short stature and have seeds surrounded 

by a berry and produce ramets at intermediate lengths. Group 4 contained two species that 

consist of tall deciduous tree species with produce small sized seeds with small masses and have 

the highest ramet production. Group 5 included 15 species, separated out based on their short 

stature and produce large propagules that are generally fleshy and can produce ramets at 

limited distances. Group 6 included 11 species that produce seeds or propagules that are 

generally flat. Group 7 consisted of 14 species, deciduous shrubs and graminoids with small 

seeds with an accessory structure aiding in wind dispersal and form tufts or thickets. Group 8 

contained four species, with the majority being graminoids with long flat seeds and that are 

generally rhizomatous. Finally, group 9 included 11 species, largely small flowering plants 

producing small sized seeds that do not typically produce ramets.  

Grazing resistance syndrome 

The grazing resistance syndrome included six functional traits which were: phenology, 

life-span, growth form, canopy height, leaf size and leaf toughness. The total variance explained 

by the ordination diagram was 61.7% (Figure 23, Appendix 4). Principal component 1 (32.7% of 

variance) was positively correlated with leaf size (r = 0.604) and phenology (r = 0.566). Principal 

component 1 was negatively correlated with leaf toughness (r = -0.541). Principal component 2 
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(29.1% of variance) was positively correlated with canopy height (r = 0.598) and growth form 

(r = 0.708) with PC2 on the vertical axis.  

A total of 7 groups were identified through the analysis of the grazing potential of each 

species (Figure 23, Appendix 5). Group 1 identified a single species, Beckmannia syzigachne, a 

graminoid with an annual life-span. Group 2 contained four evergreen species, three tree 

species and an evergreen shrub; all having their foliage in the form of needles that are small in 

size. Group 3 contained the tall deciduous tree species (Populus balsamifera and Populus 

tremuloides) and therefore are separated based on their height. Group 4 identified the 

remaining six evergreen species that were all short in height with tough and resistant leaves. 

Group 5 included 11 species that were primarily graminoids except for Smilacina stellata. These 

graminoids have long thin leaves that are weak structurally. Group 6 included 15 species, are all 

deciduous shrub species of intermediate height with low leaf toughness. Finally, group 7 

contained 27 forbs species that are generally short in stature and have a relatively large leaf size 

that have low leaf strength.  

Effect on the environment 

The effect on the environment syndrome included the following seven functional traits: 

growth form, life span, phenology, canopy height, specific leaf area, leaf toughness and ramet 

distance and N-fixing ability. The total cumulative variation explained by the ordination diagram 

was 51.1% (Figure 24, Appendix 4). Principal component 1 (32.2% of variance) was positively 

correlated with SLA (r= 0.407) and Raunkiaer’s life-form (r = 0.508). Principal component 1 was 

negatively correlated with canopy height (r =  -0.451) and growth form (r= -0.512). Principal 

component 2 (18.9% of variance) was negatively correlated with leaf toughness (r = -0.655) and 

positively correlated with phenology (r = 0.484). 

Eleven functional groups were identified (Figure 24, Appendix 5). Group 1 contained a 

single species, Beckmannia syzigachne, the only annual species. Group 2 contained the three 

evergreen tree species, while Group 3 contained the only tow deciduous tree species. Group 4 

contained a single species, Vicia americana, a forb that is capable of nitrogen fixation. Group 5 

isolated four deciduous shrub species that are also capable of nitrogen fixation. Group 6 

contained three forb species, all having short stature and are flowering plants. Groups 7 

contained the remaining 10 deciduous shrub species. Group 8 contained Fragaria virginiana and 

Smilacina stellata, both of which are short in stature and produce long rhizomes or stolons and 
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large sized propagules. Group 9 contained nine species, all of which are graminoids that produce 

long thin leaves and can have high ramet production. Group 10 contained the remaining 26 

species, all of which are deciduous forbs. Group 11 contained six species, all are evergreen and 

have a short stature with tough resistant foliage that is thick and generally have small specific 

leaf areas.  
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Figure 17. Results of the full dataset of the sampled upland species obtained from (a) a principal 
component analysis ordination with overlain groups obtained from (b) a cluster analysis using 
Euclidean distance and the average clustering algorithm (N = 67 species).  The variation 
explained by each principal component is shown. Clusters were identified using the SIMPROF 
program (P < 0.05). See Appendix 1 for codes.  
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Figure 18. Results of the dispersal syndrome of the sampled upland species obtained from (a) a 
principal component analysis ordination with overlain groups obtained from (b) a cluster analysis 
using Euclidean distance and the average clustering algorithm (N = 67 species).  The variation 
explained by each principal component is shown. Clusters were identified using the SIMPROF 
program (P < 0.05). See Appendix 1 for codes.   
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Figure 19. Results of the establishment syndrome of the sampled upland species obtained from 
(a) a principal component analysis ordination with overlain groups obtained from (b) a cluster 
analysis using Euclidean distance and the average clustering algorithm (N = 67 species).  The 
variation explained by each principal component is shown. Clusters were identified using the 
SIMPROF program (P < 0.05). See Appendix 1 for codes.  
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Figure 20. Results of the biomass production syndrome of the sampled upland species obtained 
from (a) a principal component analysis ordination with overlain groups obtained from (b) a 
cluster analysis using Euclidean distance and the average clustering algorithm (N = 67 species).  
The variation explained by each principal component is shown. Clusters were identified using the 
SIMPROF program (P < 0.05). See Appendix 1 for codes.   
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Figure 21. Results of the persistence syndrome of the sampled upland species obtained from (a) 
a principal component analysis ordination with overlain groups obtained from (b) a cluster 
analysis using Euclidean distance and the average clustering algorithm (N = 67 species).  The 
variation explained by each principal component is shown. Clusters were identified using the 
SIMPROF program (P < 0.05). See Appendix 1 for codes.   
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Figure 22. Results of the reproduction syndrome of the sampled upland species obtained from 
(a) a principal component analysis ordination with overlain groups obtained from (b) a cluster 
analysis using Euclidean distance and the average clustering algorithm (N = 67 species).  The 
variation explained by each principal component is shown. Clusters were identified using the 
SIMPROF program (P < 0.05). See Appendix 1 for codes.  
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Figure 23. Results of the grazing resistance syndrome of the sampled upland species obtained 
from (a) a principal component analysis ordination with overlain groups obtained from (b) a 
cluster analysis using Euclidean distance and the average clustering algorithm (N = 67 species).  
The variation explained by each principal component is shown. Clusters were identified using the 
SIMPROF program (P < 0.05). See Appendix 1 for codes.   
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Figure 24. Results of the effect on the environment syndrome of the sampled upland species 
obtained from (a) a principal component analysis ordination with overlain groups obtained from 
(b) a cluster analysis using Euclidean distance and the average clustering algorithm (N = 67 
species).  The variation explained by each principal component is shown. Clusters were identified 
using the SIMPROF program (P < 0.05). See Appendix 1 for codes.   
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DISCUSSION 

Ecological succession is the change in species composition of an ecosystem over time and 

can be separated into two major types: primary and secondary succession. Primary succession 

occurs on barren substrate with no plants present, where as secondary succession occurs when 

an established plant community recovers from a severe disturbance (Walker & del Moral 2003). 

Pioneers species generally colonize sites at the primary succession stage. They are often 

herbaceous species, characteristic of open environments that can disperse well and establish 

rapidly. Once a vegetation cover becomes established and soil formation slowly occurs, pioneers 

species are replaced sequentially by slower-growing but longer-lived species, including herbs, 

then shrubs and trees. In the absence of disturbance, they are eventually dominated by shade-

tolerant climax species. The reclamation of waste mine deposits is an example of the facilitation 

of the successional sequences. 

The obstacles plants face during successions are: dispersing to the site, establishing on 

the substrate, producing biomass and maintaining themselves and finally reproducing to 

increase local populations. During the course of this sequence, species then have variable 

influence on the surrounding ecosystem, affecting the subsequent succession. The present 

research attempts to predict the performance of species at these different stages through their 

functional traits.  

Ranking of species within syndromes 

When looking at the results for the various trait syndromes, it can be seen that species do 

differ from each other in terms of their abilities at these critical life stages or their effect on the 

environment. For each syndrome, each species was assigned a score and/or ranking based on 

interpretation of these results (Table 2). This summary can be used to determine which species 

performs the best in the face of the various obstacles during succession and should help 

restoration managers select suitable species for reclamation. 

Dispersal: Species that are able to disperse to the upland restoration sites naturally will 

be species that produce: a) numerous small-sized seed and in relatively large numbers, b) seeds 

with accessory structures that aid in dispersal by wind and c) seeds surrounded by an edible 

berry or casing that can be dispersed by animal vectors (Cornelissen et al. 2003). Animal 
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dispersal is difficult to assess because animal vectors are must be active and need to cross the 

receiving areas, in this case large barren areas of mining wastes. However, wind-dispersers can 

be more easily identified. Three broad dispersal groupings can be identified and ranked (Table 

2). 

Species which will need intervention due to their low capability to disperse are generally 

species which produce large propagules and seeds (Figure 18, group 4). These species would 

include: Arctostaphylos uva-ursi, Cornus stolonifera, Ribes triste, Rosa acicularis, Rosa blanda, 

Elaeagnus commutata, Juniperus communis, Rubus strigosus, Shepherdia canadensis and 

Viburnum edule, Cornus canadensis, and the herbs Fragaria virginiana, Geocaulon lividum, 

Mertensia paniculata, Potentilla anserina, Rubus acaulis, Rubus pubescens, Sisyrinchium 

montanum, Smilacina stellata, Vaccinium vitis-idaea, and Vicia americana. All produce 

propagules that surround and/or encase their seeds, that lead to heavier masses and which 

limits their ability to disperse great distances. Many of these have fleshy fruits, so they could be 

disperse by animals once vegetation begins to attract them to the mine restoration sites. 

Without animal vectors that cross restoration sites, these species will need to be introduced 

manually.  

Over half of the species have at least intermediate dispersal ability (Figure 18, groups 2, 3 

and part of 5). Many are smaller in stature, and most do not have significant adaptations for 

dispersal by wind or by animals. These intermediate dispersers will also have to be introduced to 

mine sites, especially if source populations are distant. However, once established, they should 

be able to disperse locally. 

Best dispersers are identified as wind-dispersed trees and shrubs such as Picea glauca, 

Picea mariana, Pinus banksiana, Populus tremuloides, Populus balsamifera, Salix bebbiana, Salix 

planifolia, Alnus crispa and Alnus rugosa (Figure 18, group 5 in part). All these species possess 

accessory structures that aid in dispersal by wind and have an intermediate or tall stature that 

enables greater exposure to the wind. Propagules of these species may arrive naturally at 

restoration sites. Other good dispersers include Ledum groenlandicum (Dispersal group 1), that 

produces extremely small sized seeds but in high numbers. Because these species are good 

dispersers, these species will not necessarily have to be introduced by seeding, if seed sources 

exist nearby.  
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Table 2. Summary of the rankings for the 67 species for each of the seven syndromes (dispersal, 
establishment, biomass production, persistence, reproduction, grazing tolerance and effect on 
the environment).The ranking indicates whether a species has poor (-), neutral (0) or good (+) 
performance in relation to the seven syndromes. For the effect on the environment syndrome, 
the ranking follows the major growth form and phenology (fo=forb, gr=graminoid, ds= deciduous 
shrub, es= evergreen shrub, dt= deciduous tree and et=evergreen tree).  
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Achillea millefolium 0 0 0 0 0 -1 fo 
Agrostis scabra 0 0 0 0 0 0 gr 
Alnus crispa 1 0 1 1 0 -1 dsN 
Alnus rugosa 1 0 1 1 0 -1 dsN 
Anemone canadensis 0 0 0 0 0 -1 fo 
Anemone multifida 0 0 0 0 0 -1 fo 
Anemone parviflora 0 0 0 0 0 -1 fo 
Arctostaphylos uva-ursi -1 -1 -1 2 -1 1 es 
Arnica angustifolia 0 0 0 0 0 -1 fo 
Beckmannia syzigachne 0 1 0 -2 0 0 gr 
Bromus ciliatus 0 0 0 0 0 0 gr 
Calamagrostis canadensis 0 0 0 0 0 0 gr 
Carex aurea 0 0 0 0 0 0 gr 
Carex concinna 0 0 0 0 0 0 gr 
Carex foenea 0 0 0 0 0 0 gr 
Castilleja septentrionalis 0 0 0 0 0 -1 fo 
Cornus canadensis  -1 -1 0 0 -1 1 es 
Cornus stolonifera -1 0 1 1 -1 -1 ds 
Elaeagnus commutata -1 0 1 1 -1 -1 dsN 
Elymus trachycaulus 0 0 0 0 0 0 gr 
Epilobium angustifolium 0 0 0 0 0 -1 fo 
Erigeron acris 0 0 0 0 0 -1 fo 
Erigeron hyssopifolius 0 0 0 0 0 0 fo 
Fragaria virginiana -1 0 0 0 -1 -1 fo 
Galium boreale 0 0 0 0 0 -1 fo 
Geocaulon lividum -1 0 0 0 -1 -1 fo 
Hordeum jubatum 0 0 0 0 0 0 gr 
Juniperus communis -1 -1 -1 2 -1 1 es 
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Ledum groenlandicum 1 -2 -1 2 1 1 es 
Linnaea borealis 0 0 0 0 0 -1 fo 
Mertensia paniculata -1 1 1 -1 0 -1 fo 
Mitella nuda 0 0 0 0 0 -1 fo 
Orthilia secunda 0 -2 0 0 1 -1 fo 
Petasites palmatus 0 0 1 0 0 -1 fo 
Physocarpus opulifolius 0 0 1 1 0 -1 ds 
Picea glauca 1 -1 -1 2 -2 1 et 
Picea mariana 1 -1 -1 2 -2 1 et 
Pinus banksiana 1 -1 -1 2 -2 1 et 
Plantago major 0 0 0 0 0 -1 fo 
Poa glauca 0 0 0 0 0 0 gr 
Populus balsamifera 1 0 1 2 2 0 dt 
Populus tremuloides 1 0 1 2 2 0 dt 
Potentilla anserina -1 0 0 0 -1 -1 fo 
Potentilla fruticosa 0 0 1 1 0 -1 ds 
Potentilla norvegica 0 0 0 0 0 -1 fo 
Primula mistassinica 0 1 0 -1 0 0 fo 
Pyrola asarifolia 0 -2 -1 0 1 1 es 
Ribes triste -1 1 1 1 -1 -1 ds 
Rosa acicularis -1 0 1 1 -1 -1 ds 
Rosa blanda -1 0 1 1 -1 -1 ds 
Rubus acaulis -1 1 1 0 -1 -1 fo 
Rubus pubescens -1 1 1 0 -1 -1 fo 
Rubus strigosus -1 1 1 0 -1 -1 ds 
Salix bebbiana 1 0 1 1 0 -1 ds 
Salix cordata 0 0 1 1 0 -1 ds 
Salix planifolia 1 0 1 1 0 -1 ds 
Senecio pauperculus 0 0 0 0 0 -1 fo 
Shepherdia canadensis -1 0 1 1 -1 -1 dsN 
Sisyrinchium montanum -1 0 0 0 0 0 gr 
Smilacina stellata -1 0 0 0 -1 0 fo 
Solidago canadensis 0 0 0 0 0 -1 fo 
Solidago ptarmicoides 0 0 0 0 0 -1 fo 
Thalictrum venulosum 0 0 1 0 0 -1 fo 
Vaccinium vitis-idaea -1 -1 -1 2 -1 1 es 
Viburnum edule -1 1 1 1 -1 -1 ds 
Vicia americana -1 0 0 0 -1 -1 foN 
Viola renifolia 0 1 1 -1 0 -1 fo 
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Establishment: Whether a species arrive naturally or needs to be planted or seeded, its 

establishment on a substrate is the next crucial step. Species with the greatest establishment 

ability should have large seeds, have high relative growth rates (RGR), and its ability to 

reproduce vegetatively (Gondard et al. 2003; Westoby 1998; Weiher et al. 1999; Cornelissen et 

al. 2003). I separated species and groups into four major divisions in terms of their 

establishment ability, ranging from very low to high (Table 2).  

Three species have a very low establishment capability because of their small seed size 

and evergreen phenology (Figure 19, group 2; Ledum groenlandicum, Orthilia secunda, Pyrola 

asarifolia). Small seeds have less energy and nutrient reserves allowing seeds (Gondard et al. 

2003; Westoby 1998; Weiher et al. 1999; Cornelissen et al. 2003). Many of these small seeded 

species also have obligate associations with mycorrhizae (Eriksson & Kainulainen 2011). 

However, these species can all produce long rhizomes that can help in their early proliferation, if 

and once they establish. Their poor establishment ability should preclude the use of their seed 

to restore mined lands, unless seeded in large quantity.  The use of transplant plugs may be 

possible. 

Species with low establishment ability are the evergreen species (Figure 19, group 4) such 

as: Arctostaphylos uva-ursi, Cornus canadensis, Juniperus communis, Picea glauca, Picea 

mariana, Pinus banksiana and Vaccinium vitis-idaea. These evergreen species generally had the 

thickest leaves which were tough and resistant and had the lowest SLA values and therefore the 

lowest RGR. However, coniferous tree species are often favoured during restoration, especially 

in boreal and subarctic landscapes (i.e. Franklin et al. 2002), to more quickly return coniferous 

forest cover. If these species are used, seedling plugs should be favoured instead of direct 

seeding.  

The majority of the species were considered to have intermediate establishment ability 

(48 species; Figure 19, group 3 in part). These species are all deciduous plants. Many of these 

species have an SLA that is close to the overall average. Many also have intermediate to larger 

sized seeds, which also aids in establishment (Swanborough & Westoby 1996). In general, the 

species have limited ramet production with the exception of Populus species. Grasses have been 

shown to have an increased ability to establish on disturbed sites compared to forbs (Pywell et 

al. 2003); they can spread quickly, have a clonal growth form, reduced mortality rates and have 

their perennating tissue close to ground level allowing them to be tolerant to grazing (Pywell et 
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al. 2003). Due to the large number of species with a moderate establishment ability and the fact 

that limitations associated with this obstacle can be overcome by artificial manipulations (i.e. 

mulches), the establishment phase should be able to be directed towards a desired goal. 

Nine species were given a high establishment ability (Figure 19, group 1 and remainder of 

group 3), including Beckmannia syzigachne, Mertensia paniculata, Primula mistassinica, Ribes 

triste, Rubus acaulis, Rubus pubescens, Rubus strigosus, Viburnum edule and Viola renifolia. They 

have some of the largest SLA values and therefore some of the highest relative growth rates.  

Smaller-seeded species with a larger RGR, such as Viola renifolia and Primula mistassinica, can 

therefore overcome the disadvantage of small seed mass and grow and establish quickly 

(Cornelissen et al. 2003). These species should most easily establish by direct seeding onto 

suitably fertile mine deposits. 

Biomass production: Once established, a plant must then grow by acquiring resources and 

allocating these resources where needed. Species that can produce the largest amount of 

biomass generally are often taller in stature, have large deciduous leaves and high SLA and 

hence high relative growth rate. In general, my findings indicate three major divisions that follow 

differences in growth rate (Table 2).  

Species with slow growth rates are: Arctostaphylos uva-ursi, Juniperus communis, Ledum 

groenlandicum, Picea glauca, Picea mariana, Pinus banksiana, Pyrola asarifolia and Vaccinium 

vitis-idaea (Figure 20, groups 1, 2, 3 and two species of group 4). They produce the smallest leaf 

areas and are all evergreen. Evergreen species are capable of photosynthesizing over longer 

periods and producing biomass throughout the year, although usually at lower levels than with 

deciduous leaves (Cornelissen et al. 2003). These eight species are all evergreens that all have 

low SLA and low inferred RGR. Evergreen species will not be ideal as pioneer species due to their 

slow growth. These species will therefore not be useful to produce a rapid cover on mine wastes 

even with suitable soils in the Hudson Bay Lowland. Again, this group includes coniferous tree 

species that are often included in restoration plans. 

A total of 37 species have moderate growth rates and should lead to moderate biomass 

production (Figure 20, group 4). All these species are deciduous herbs with lower stem densities, 

except for Cornus canadensis. They should be useful to produce a vegetative cover over mine 

wastes with suitable soils. 
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Species with higher biomass production potential include the 22 species remaining in 

Figure 20, group 4; they can be separated on the basis of their higher SLA. They include species 

from trees to herbs, namely: Alnus crispa, Alnus rugosa, Cornus stolonifera, Elaeagnus 

commutata, Mertensia paniculata, Petasites palmatus, Physocarpus opulifolius, Populus 

tremuloides, Populus balsamifera, Potentilla fruticosa, Ribes triste, Rosa acicularis, Rosa blanda, 

Rubus acaulis, Rubus pubescens, Rubus strigosus, Salix bebbiana, Salix cordata, Salix planifolia, 

Shepherdia canadensis, Thalictrum venulosum and Viola renifolia. They have larger leaf size, 

where increasing leaf area can play an important role in photosynthetic capability. In order to 

quickly establish a vegetative cover on the substrate, these fast-growing species could provide 

both valuable erosion control and soil stabilization. However, several species are nitrogen fixers. 

Persistence: Species must not only be able to produce biomass, but also must compete 

with each other in order to obtain finite resources. Species that are good competitors will have 

the highest persistence ability. Strong competitive ability is characterized by species that have 

high RGR, are tall, have large peak biomass and can reproduce vegetatively (Pywell et al. 2003). 

Our interpretations lead to the separation of the species into five divisions (Table 2).  

One species (Beckmannia syzigachne; Figure 21, group 1) was considered a very poor 

competitor due to its annual life-span. Annuals and epheremerals can monopolize resources 

earlier in the growing season compared to perennials (Klimešová et al. 2008) but are often 

outcompeted by perennials species in the long term. As such, this species may be useful in early 

stages of mine reclamation but will not persist. 

A small group was identified as poor competitors (Figure 21, group 6), including 

Mertensia paniculata, Primula mistassinica and Viola renifolia. These species have limited ramet 

production and high SLA. Also, Primula mistassinica and Viola renifolia are very short species in 

terms of stature, with a very short stem and with their foliage lying close to the soil surface. 

Again, these species may only be useful to increase biomass early in the successional sequences 

on mined surfaces. 

The largest group was considered to have intermediate persistence ability (40 species; 

Figure 21, groups 5,8,9 and 10). They were at an intermediate position in the ordination 

diagram. They should be able to persist in early to mid-successional positions. 
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A total of 14 species (Figure 21, group 7) were identified as being strong competitors, 

namely Alnus crispa, Alnus rugosa, Cornus stolonifera, Elaeagnus commutata, Physocarpus 

opulifolius, Potentilla fruticosa, Ribes triste, Rosa acicularis, Rosa blanda, Salix bebbiana, Salix 

cordata, Salix planifolia, Shepherdia canadensis and Viburnum edule. These species are all 

perennial woody shrubs with deciduous foliage; they often have multiple woody shoots and 

form thickets. The leaves of all these species are relatively large in size and have high SLA, which 

can be an indirect measure of competitive ability (Cornelissen et al. 2003).  This group of species 

should persist in mid-successional stages. 

Only nine species were classified as very strong competitors (Figure 21, groups 2, 3 and 

4). The nine species were: Arctostaphylos uva-ursi, Juniperus communis, Ledum groenlandicum, 

Picea glauca, Picea mariana, Pinus banksiana, Populus tremuloides, Populus balsamifera and 

Vaccinium vitis-idaea. With the exception of the Populus sp., these species are evergreen woody 

plants with a perennial life-span. Evergreen species are capable of taking advantage of the 

favorable conditions early in the growing season, before many other deciduous species 

(Cornelissen et al. 2003). They have dense woody stems that provide the structural support to 

stand upright and are long-lived; however two prostrate species are also included, 

Arctostaphylos uva-ursi and Vaccinium vitis-idaea. Several possess thick and tough foliage, which 

should be long-lived and resistant to damage. Also, Populus sp. had the highest values in terms 

of ramet distance where a plant has the ability to spread outwardly and occupy new spaces, can 

allow the suppression of neighbors and outcompete them for resources (Gondard et al. 2003; 

McIntyre et al.  1999), thereby increasing their chances to persist (McIntyre et al. 1999). These 

species should be the focus of restoration at later successional stages. 

Reproduction: The last step in the cycle is the reproduction of a species through sexual or 

asexual means. Reproduction allows a species to maintain or increase its populations across 

space either via dispersal and vegetative spread or through time by the formation of a seed-bank 

(Thompson et al. 1993). The set of traits that are included in this syndrome is similar to that used 

for dispersal and the results are similar for some groups of species. Those species that produce 

small-sized seeds and rounder seeds will have the greatest ability to be buried deeper in the soil 

and form a seedbank (Thompson et al. 1993). Smaller-seeded species will also produce more 

seeds, available for dispersal, in contrast to large seeded species. Species with clonal 

reproduction will also have better ability to regenerate. Based on these findings, the species 
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were separated into five major divisions, but it was difficult to rank them. I have ranked them 

broadly from lower to higher reproduction potential (Table 2). 

Three species of evergreen tree species are considered to have lower reproductive 

potential (Figure 22, group 2: Picea glauca, Picea mariana and Pinus banksiana,). They were 

separated out together despite the fact that height was not used in this syndrome. These trees 

have a longer reproductive cycle, and many evergreen tree species take longer to be fully 

reproductively mature, taking multiple years for seeds to be released. However, once they are 

reproductively mature, they can produce large seed crops (Burns & Honkala 1990). They also 

have limited clonal reproduction at least in upland environments, so reproduction is only by 

seed. As such, they have generally lower sexual reproductive potential, and no potential for 

asexual spread. These species cannot therefore be relied upon to spread on their own, even 

after they are introduced on mining sites. 

A second set of species includes 19 species with fleshy fruit and larger propagules, often 

with larger seeds (Figure 22, groups 3 and 5). They include Arctostaphylos uva-ursi, Cornus 

canadensis, Cornus stolonifera, Elaeagnus commutata, Fragaria virginiana, Geocaulon lividum, 

Juniperus communis, Potentilla anserina, Ribes triste, Rosa acicularis, Rosa blanda, Rubus 

acaulis, Rubus pubescens, Rubus strigosus, Shepherdia canadensis, Smilacina stellata, Vaccinium 

vitis-idaea, Viburnum edule and Vicia americana. Most of these also have moderate to longer 

ramets, allowing them more local spreading ability. The larger propagules limit their 

reproductive output, but this is compensated by more vegetative spread. Once they have 

established locally on mine sites, they should therefore spread locally. 

Forty species are considered to have intermediate reproductive potential (Figure 22, 

groups 6, 7, 8 and 9). They include deciduous shrubs, herbs but no trees. They have intermediate 

values for seed and propagule mass and shorter to no ramet distance. They should also have an 

intermediate ability to reproduce on mine sites once they are established. 

Three smaller evergreen species have moderate to higher reproduction potential (Figure 

22, group 1: Ledum groenlandicum, Pyrola asarifolia and Orthilia secunda). They produce 

extremely small seeds and propagules, but in large numbers. They can also produce ramets that 

can cover some distance. As such, they should be able to spread both via sexual and asexual 
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means. If and once they are established on mine sites, they should therefore be able to 

reproduce and potentially spread. 

Two species have moderate to higher reproduction ability (Figure 22, group 4), namely 

Populus tremuloides and Populus balsamifera. They are trees so they take longer to mature, but 

they can form large stands by producing ramets over great distances and in high densities (Burns 

& Honkala 1990). These species also produce many smaller seeds.  

Grazing resistance: Once species have established and begin to colonize mined 

landscapes, there may be increased grazing pressure by herbivores, especially if areas are 

fertilized (Parsons et al. 2007). Strong grazing pressure from lesser snow geese has devastated 

nearby coastal marshes In the Hudson Bay Lowland (Kotanen & Jefferies 1997), and it could be 

expected that geese species will graze reclaimed uplands. Species that will be the most sensitive 

to being grazed will be: short in stature with large, thin, deciduous leaves. The most resistant 

species will be evergreen with tough leaves with small sized needle foliage (Chapin 2003). 

Canopy height can also be an important determinant of grazing since shorter species tend to be 

favored by grazing organisms (Diaz et al. 2001). Herbivory could be averted by some plants by 

increased canopy height; highly desired material preferred for grazing is held higher in the 

canopy and can discourage organism from feeding upon them (McIntyre et al. 1999). Species 

were separated into three sets based on grazing ability (Table 12). 

Almost two thirds of the species are considered to have a low resistance to grazing (42 

species; figure 23, groups 7 and 8). They are all deciduous herbs and shrubs, generally with large 

leaf area, low to intermediate height and low leaf toughness. They should be most palatable to 

herbivores. Herbivore control may be required if these species are used for restoration, 

especially early on in primary succession. 

Fifteen species appear to have  a moderate resistance to grazing (figure 23, groups 1, 3, 5, 

and 6), including Agrostis scabra, Beckmannia syzigachne, Bromus ciliatus, Carex aurea, Carex 

concinna, Carex foenea, Elymus trachycaulus, Erigeron hyssopifolius, Poa glauca, Populus 

tremuloides, Populus balsamifera, Primula mistassinica, Sisyrinchium montanum and Smilacina 

stellata. They have intermediate leaf characteristics and leaf toughness, and almost all are 

deciduous perennials, and many are graminoids. Other than the two Populus sp., they are short 
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in stature when mature and can be easily accessed by herbivores. These species may be less 

problematic if populations of herbivores feed on reclaimed lands.  

Nine species should have higher resistance to grazing (figure 23, groups 2 and 4), 

including Arctostaphylos uva-ursi, Cornus canadensis, Juniperus communis, Ledum 

groenlandicum, Picea glauca, Picea mariana, Pinus banksiana, Pyrola asarifolia and Vaccinium 

vitis-idaea. They are all later successional evergreens with tough evergreen foliage, but vary 

from herbs to trees. Also, their leaves are smaller to moderate in size, which is less desired by 

herbivores. Herbivory should not have a large impact on these species.   

Effect on the environment: Plants species can also affect the environment directly by 

influencing various ecosystem processes and mechanisms, such as temperature, decomposition 

and nutrient cycling, soil formation and fertility, soil temperature, and erosion control (Weiher 

et al. 1999; Chapin et al. 1996; Chapin 2003; Cornelissen et al. 2003). Although multiple groups 

were identified in the analysis, the analyses can be simplified into four major groups based on 

the growth forms and phenology, namely graminoids, forbs, deciduous shrubs and trees, and 

evergreen shrubs and trees (Table 12). These groups cannot be ranked in terms of their effect on 

the environment. 

The first set includes graminoids (Figure 24, groups 1 and 9). Graminoids allow for a rapid 

vegetative cover that could promote soil stabilization through extensive root and rhizome 

formation from a large network of plant fibers within the soil matrix (Forbes & Jefferies 1999). 

Amongst the species in this study, Agrostis scabra, Hordeum jubatum and Beckmannia 

syzigachne grow in tufts while others have a more rhizomatous growth form such as Bromus 

ciliatus, Poa glauca and Elymus trachycaulus. These grasses can be pioneer species and generally 

prefer open conditions associated with the initial stages of succession after disturbance (Forbes 

& Jefferies 1999). They should be promoted in early succession of mined lands. Seeds are easily 

collected from these types of species and can be collected in large numbers with relative ease 

but some arctic species do not rely on seed production (Forbes & Jefferies 1999).  

The second set covers most forbs (Figure 24, groups 4, 6, 8, 10, 11).They generally have 

large, thin, deciduous leaves that have low strength. In general, they should be able to cover 

ground early during successional sequences, to reduce soil erosion. Their leaves will also 

contribute to early soil formation. 
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Deciduous shrubs and trees form the third set (Figure 24, groups 3, 5 and 7). They mostly 

provide increased canopy height, thereby producing more diversity of structure and 

consequently altering light, wind and humidity (Westoby 1998). Species that produce multiple 

shoots such as Salix, Alnus and Populus could increase soil stability due to their clumped growth 

form. The increased height will also increase surface roughness (Oke 1987), greatly reducing the 

erosion potential on reclaimed mine surfaces. Deciduous shrubs and trees will provide large 

amounts of leaf litter and organic matter as a consequence of their higher biomass production 

(Chapin et al. 1996). This litter also generally has higher nutrient content, allowing for better 

decomposition (Chapin et al. 1996; Chapin 2003). 

The last group includes evergreen species, most of which are trees and shrubs (Figure 24, 

groups 2 and 11). As with the deciduous species, their height also provides structural and 

environmental complexity for many other species. In contrast, evergreen foliage produces tough 

resistant leaves that will be more difficult to breakdown through decomposition, slowing down 

the nutrient cycles, especially the carbon cycle (Jefferies, Klein & Shaver 1994; Grime et al. 

1996). Their evergreen foliage is also small in size, mostly with small SLA, so less litter is 

produced.  

The four groups identified  consider another major effect on the environment, namely 

the ability to fix nitrogen. Species with the ability of nitrogen fixation include the actinorhizal 

shrubs, Alnus crispa, Alnus rugosa, Elaeagnus commutata, Sherpherdia canadensis, and the 

legume Vicia americana. These species allow nitrogen to accumulate in the soil over the course 

of primary succession (Chapin 2003), thereby allowing sustainable ecosystem development and 

limiting the need for continued fertilizer additions. 

Selecting candidate plant species for restoration  

The ranking of plants in the different syndromes allows a restoration manager to select 

optimal sets of plants given different restoration or reclamation scenarios. How could it be best 

used? How could it be used at the Victor diamond mine? Potential examples are the best way to 

demonstrate this. I suggest three scenarios at early versus mid to late successional stages. 

At an early successional stage, especially in a case of primary succession, several 

conditions must be satisfied in order for plants to successfully colonize barren land. First, the 

substrate must be suitably fertile to allow plants to colonize. At Victor mine, this is the subject of 
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several other studies (K. Bergeron, unpublished; Rouble 2011). Populations of adult plants of 

appropriate species must then be available nearby to provide propagules for colonization (Zobel 

et al. 1998). These propagules must then sequentially disperse to colonization sites, establish, 

grow and spread. Each of these steps can be considered as a filter that restricts the colonization 

of the barren ground. Restoration science can act to intervene at each of these steps to 

encourage (or discourage) appropriate plant species towards an end goal. At an early 

successional stage, the syndromes allow managers to target species that are poor or 

intermediate dispersers, but which conversely may be able to establish and grow well. In this 

study, many grass, herbaceous or shrub species are not the best at dispersal, but have better 

abilities to establish and grow. Their introduction may be sufficient to encourage their 

establishment and growth. For instance, species such as Alnus sp., Elaeagnus commutata, 

Fragaria virginiana, Mertensia paniculata, Potentilla anserina, Primula mistassinica, Rosa sp., 

Rubus sp., Shepherdia canadensis, Viburnum edule and Vicia americana have intermediate to 

poor dispersal, but higher establishment ability. These species should be able to do well if 

introduced. Conversely, some of the good dispersers are not the best establishers, such as 

Populus species. If source populations of such species are nearby or can be established near 

mining lands to be reclaimed, they may not have to be introduced. Restoration techniques such 

as mulches or irrigation may be sufficient to encourage their successful establishment. 

Consideration could be given to targeted ecosystem effects early in succession. Erosion control 

could best be accomplished by selecting species that produce more biomass. Nitrogen fixation 

could be targeted by selecting the subset of species that fix nitrogen such as Alnus sp., Elaeagnus 

commutata, Shepherdia canadensis or Vicia americana. Some suggest that species capable of 

nitrogen fixation should be used early in the re-vegetation process of disturbed sites (Chapin 

2003). 

Once a suitable cover has been established, restoration managers can focus on mid-

successional or eventually late successional species based on their ability to produce biomass, 

persist and affect the ecosystem. At a mid-successional stage, this could include larger herbs and 

deciduous shrubs and trees including Alnus sp., Cornus stolonifera, Potentilla fruticosa, Populus 

sp., Rosa sp., Rubus sp., Shepherdia canadensis or Viburnum edule. These species will increase 

biomass production and vegetation structure on reclaimed sites, which should lead to increased 

animal biodiversity. They will also have increasing effects on existing vegetation on the 

environment through the breaking of wind energy, and the long-term development of soil. 
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Evergreen species could be introduced for later successional stages, including Picea sp. and Pinus 

sp. These species will increase winter cover for wildlife. Evergreen vegetation will also act as 

wind breaks during all seasons, affecting the distribution and depth of snow on the ground 

surface during winter and soil temperature regimes (Arsenault & Payette 1992, Rouse et al. 

2000). They could be introduced at mid-successional stages as well, but their slower growth will 

slow their dominance. 

Plant functional types for restoration in subarctic regions 

The evaluation of the 67 upland plant species in this study is based on the predictions of 

their performance at different stages of their life cycles, or their performance at different 

successional stages based solely on their traits. These predictions are not tested here; that will 

be the work of subsequent studies. This current study only generates hypotheses and does not 

test them. Given this limit and given the edict that science is meant to evaluate and reject 

hypotheses, does this study still have value?  

Studies on plant functional types have in large part attempted to determine how they can 

predict ecosystem structure and function (Lavorel & Garnier 2002; Chapin et al. 1996; Weiher et 

al. 1999; Pywell et al. 2003). Some of these studies have been related to restoration. For 

instance, recent research has shown that functional groups and dispersal strategies do predict in 

part the natural successional sequences on barren ground, such as mining waste deposits 

(Pywell et al. 2003; Alday et al. 2011). However, even these studies focus on explaining 

recolonization patterns in existing vegetation. Other studies on functional type look at natural 

communities (Díaz & Cabido 1997) or natural return after disturbance (Forbes & Jefferies 1999), 

in some case after mining (Kwiatkowaski 2007). None were encountered that attempted to 

reverse this type of study and use the screening of functional traits to help plan the restoration 

of vegetation. This approach is useful in regions, like the Hudson Bay Lowland, where little 

comprehensive knowledge exists on the likely behaviour of multiple plant species during 

succession or during restoration. The Hudson Bay Lowland also offers the advantage that it has a 

relatively small flora (Riley 2003), especially in terms of upland species. This approach could 

prove more onerous if a larger flora was present.  

The use of plant functional types has been successfully used in many parts of the world. 

For instance, Diaz et al. (2004) provided evidence of the use of functional based approach in 
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Europe, the Middle-East and South America. Plant functional types have also not been used 

much in the boreal or subarctic North America. Several studies have shown the usefulness of the 

functional based measurements in northern regions such as Scandinavia, Greenland, Iceland, 

Siberia and Alaska (Chapin et al 1996; Cornelissen et al 2004; Cornelissen et al 2006; Jagerbrand 

et al 2009).  Most of these studies have not focussed on boreal or subarctic plants in North 

America. Those that do generally only examined a small number of indigenous plant species. 

This study therefore extends plant functional trait approaches to the subarctic regions of 

northern Ontario. It thereby fills an important gap in our knowledge of plants found in the 

subarctic and arctic. 

My findings also indicate a strong potential to use this framework elsewhere. With the 

ever increasing development planned elsewhere in boreal and subarctic Canada, this framework 

provides a new way to address the re-vegetation of disturbed land in these regions. One 

possibility is the reclamation of oil sands which do not consider functional types for restoration, 

at least for upland species. The restoration of disturbed sites in the subarctic and arctic could 

therefore benefit from this type of study where information of local plants is required and when 

this knowledge is limited or not available. 

This functional trait approach to screen species does set a sound framework in which to 

intelligently test species or species assemblages. The next step now is to test the predictions and 

examine new hypotheses. This could be achieved by conducting greenhouse experiments, field 

trials and/or test plots to examine how various candidate species perform during various aspects 

of the re-vegetation process. The germination and viability of species could be accessed as well 

as growth and reproduction potentials. By examining these plots over time, one could see how 

natural recruitment occurs and which species are having difficulties becoming established.  

Other crucial information was obtained indirectly. In terms of seeds and propagules, this 

study identified the timing of production and release period for many of the species. This 

information could be extremely valuable if collection from natural sources is to be conducted. 

Also, populations of various species have been identified and their associated sites located 

through this study which could aid in further field trials and test plots. A seed/propagule 

collection program could be performed where seed/propagules could be retrieved from natural 

local sources and used for test plots and future restoration plans. The dataset collected for the 
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study species could be an extremely useful guide for the determination of plant candidates for 

the re-vegetation of the newly created uplands.  
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CONCLUSION 

 This study was one of the first to gather functional based information for plants in this 

region, the Far North of Ontario. This study has helped fill in a large gap in our knowledge of 

plants found in the subarctic/arctic region. I have shown that plant functional types and the use 

of a set of “soft” traits can be used in the arctic and subarctic region. The large amount of data 

collected can increase our knowledge of plants in general since there is relatively little known 

about plants species found in this region. This functional based approach allowed numerous 

species from multiple populations and locations to be sampled. This type of approach allowed 

for the ranking of species at key life stages (dispersal, establishment, growth and reproduction) 

and for various key ecosystem effects. I have also shown that this large dataset can be distilled 

to be able to select best species for particular purposes. Other key information was also 

obtained due to the sampling of indigenous upland species. Valuable information such as: 

species locations, species habitat preference, germination period could help with future 

restoration efforts. Based on the findings from this research project, I have generated more 

testable hypotheses and possible plant candidates and combinations. I can now start to 

formulate a procedure pertinent to the re-vegetation of the newly created uplands sites. This 

research project is only part of the larger overall restoration project. Once coupled with the 

results of other parts, I will be better able to direct the overall restoration of disturbed sites at 

the DeBeers Victor mine. The protocols developed will also be extremely useful for the 

restoration of other types of disturbed area, especially when information about indigenous 

species is lacking. This study will ultimately aid in future restoration efforts for many types of 

disturbed habitats. 
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Appendix 1. List of all species samples in this study (N = 67). Each species has is scientific name 
listed, the family to which It belongs, the code used to identify species in the analysis and the 
group to which each species belongs (e.g. eudicotyledon, monocotyledon and gymnosperm). 

Species Family Code Group 
Achillea millefolium Asteraceae ACMI Dicot 
Agrostis scabra Poaceae AGSC Monocot 
Alnus crispa Betulaceae ALVIC Dicot 
Alnus rugosa Betulaceae ALINR Dicot 
Anemone canadensis Ranunculaceae ANCA Dicot 
Anemone multifida Ranunculaceae ANMU Dicot 
Anemone parviflora Ranunculaceae ANPA Dicot 
Arctostaphylos uva-ursi Ericaceae ARUV Dicot 
Arnica angustifolia Asteraceae ARAN Dicot 
Beckmannia syzigachne Poaceae BESY Monocot 
Bromus ciliatus Poaceae BRCI Monocot 
Calamagrostis canadensis Poaceae CACA Monocot 
Carex aurea Cyperaceae CAAU Monocot 
Carex concinna Cyperaceae CACO Monocot 
Carex foenea Cyperaceae CAFO Monocot 
Castilleja septentrionalis Scrophulariaceae CASE Dicot 
Cornus canadensis  Cornaceae COCA Dicot 
Cornus stolonifera Cornaceae COST Dicot 
Elaeagnus commutata Elaeagnaceae ELCO Dicot 
Elymus trachycaulus Poaceae ELTR Monocot 
Epilobium angustifolium Onagraceae EPAN Dicot 
Erigeron acris Asteraceae ERAC Dicot 
Erigeron hyssopifolius Asteraceae ERHY Dicot 
Fragaria virginiana Rosaceae FRVI Dicot 
Galium boreale Rubiaceae GABO Dicot 
Geocaulon lividum Santalaceae GELI Dicot 
Hordeum jubatum Poaceae HOJU Monocot 
Juniperus communis Cupressaceae JUCO Gymnosperm 
Ledum groenlandicum Ericaceae LEGR Dicot 
Linnaea borealis Caprifoliaceae LIBO Dicot 
Mertensia paniculata Boraginaceae MEPA Dicot 
Mitella nuda Saxifragaceae MINU Dicot 
Orthilia secunda Pyrolaceae ORSE Dicot 
Petasites palmatus Asteraceae PEPA Dicot 
Physocarpus opulifolius Rosaceae PHOP Dicot 
Picea glauca Pinaceae PIGL Gymnosperm 
Picea mariana Pinaceae PIMA Gymnosperm 
Pinus banksiana Pinaceae PIBA Gymnosperm 
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Plantago major Plantaginaceae PLMA Dicot 
Poa glauca Poaceae POGL Monocot 
Populus balsamifera Salicaceae POBA Dicot 
Populus tremuloides Salicaceae POTR Dicot 
Potentilla anserina Rosaceae POAN Dicot 
Potentilla fruticosa Rosaceae POFR Dicot 
Potentilla norvegica Rosaceae PONO Dicot 
Primula mistassinica Primulaceae PRMI Dicot 
Pyrola asarifolia Pyrolaceae PYAS Dicot 
Ribes triste Grossulariaceae RITR Dicot 
Rosa acicularis Rosaceae ROAC Dicot 
Rosa blanda Rosaceae ROBL Dicot 
Rubus acaulis Rosaceae RUARA Dicot 
Rubus pubescens Rosaceae RUPU Dicot 
Rubus strigosus Rosaceae RUIDS Dicot 
Salix bebbiana Salicaceae SABE Dicot 
Salix cordata Salicaceae SACO Dicot 
Salix planifolia Salicaceae SAPL Dicot 
Senecio pauperculus Asteraceae SEPA Dicot 
Shepherdia canadensis Elaeagnaceae SHCA Dicot 
Sisyrinchium montanum Iridaceae SIMO Monocot 
Smilacina stellata Liliaceae SMST Monocot 
Solidago canadensis Asteraceae SOCA Dicot 
Solidago ptarmicoides Asteraceae SOPT Dicot 
Thalictrum venulosum Ranunculaceae THVE Dicot 
Vaccinium vitis-idaea Ericaceae VAVIM Dicot 
Viburnum edule Caprifoliaceae VIED Dicot 
Vicia americana Fabaceae VIAM Dicot 
Viola renifolia Violaceae VIRE Dicot 
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Appendix 2. Summary of site characteristics for all sites sampled (N = 65), with the type of site, GPS location, physical and chemical 
properties and the number of species sampled.  

Site Type GPS coordinates 
Elevation 

(m) 
Soil 
pH 

Soil conductivity 
(mS/cm) Soil Texture 

LFH 
(cm) 

#  of species 
sampled 

KRIS-1 restored  N52 49.174 W83 53.268 81.69 7.28 0.317 organic NA 3 

OCA-2 old camp N52 48.168 W83 52.276 66.75 7.00 0.300 loamy  fine sand 0.0 8 

OCA-4 old camp N52 48.173 W83 52.340 81.99 5.64 0.162 sandy clay 2.0 13 

OCA-5 old camp N52 48.201 W83 52.349 86.56 5.99 0.149 sandy loam NA 8 

OCA-6 old camp N52 48.182 W83 52.397 83.82 5.69 0.204 sandy loam 4.0 5 

OCA-7 old camp N52 48.193 W83 52.466 79.25 NA NA NA NA 5 

OCA-8 old camp N52 48.166 W83 52.363 81.69 6.75 0.569 silt 15.0 2 

OCA-9 old camp  N52 48.193 W83 52.238 76.20 7.11 0.256 silty sand 0.0 1 

OCA-10 old camp N52 48.184 W83 52.271 76.81 6.70 0.655 organic Of 1.0 12 

OCA-11 old camp N52 48.180 W83 52.389 86.26 4.71 0.072 clay 7.0 1 

OCA-12 old camp N52 48.185 W83 52.300 62.48 5.28 0.098 NA NA 2 

OCB-1 old camp N52 48.103 W83 52.740 81.08 7.73 0.160 kimberlite 0.0 3 

RV-1 river N52 52.324 W83 55.332 68.58 NA NA NA 0.0 5 

RV-2 river N52 52.285 W83 55.320 81.99 3.62 0.160 NA 0.0 3 

RV-4 river N52 52.291 W83 55.292 69.49 NA NA NA NA 1 

RV-9 river N52 52.255 W83 55.199 68.28 7.25 0.420 clay 0.0 1 

RV-10 river N52 52.274 W83 55.248 67.97 7.12 0.720 clay 2.0 1 

RVA-4 river N52 52.768 W83 55.842 65.84 7.51 0.151 NA NA 15 

RVA-5 river N52 52.769 W83 55.808 76.20 7.28 0.893 NA NA 2 

RVA-6 river N52 52.771 W83 55.799 68.58 NA NA NA NA 3 

RVA-11 river N52 52.377 W83 54.813 71.93 7.25 0.581 silty fine sand 5.0 2 

RVB-1 river N52 52.742 W83 54.780 70.41 7.17 0.380 loamy sand 0.0 29 

RVB-2 river N52 52.437 W83 54.423 73.00 7.34 0.394 loamy sand 16.0 8 

RVB-3 river N52 52.640 W83 54.616 102.11 7.42 0.457 sandy loam 0.0 6 

RVB-4 river N52 52.657 W83 54.713 87.48 6.76 0.574 sandy loam 0.0 6 

RVB-5 river N52 52.694 W83 54.696 124.36 6.13 0.396 silt clay loam 0.0 2 

RVB-7 river N52 52.661 W83 54.551 79.25 6.03 0.392 silt clay loam 12.0 9 
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RVB-8 river N52 52.611 W83 54.494 61.57 7.84 0.232 silty clay 0.0 3 

RVC-1 river N52 53.005 W83 55.820 79.55 7.42 0.265 sandy clay loam 0.0 5 

RVC-2 river N52 53.017 W83 55.778 72.85 7.35 0.312 silty clay loam 1.0 7 

RVC-3 river N52 52.967 W83 55.764 64.31 7.19 0.262 sandy loam 0.0 8 

RVD-2 river N52 51.096 W83 48.311 63.09 7.23 0.456 NA 2.0 22 

RVE-1 river N52 51.161 W83 48.445 80.77 7.13 0.317 mesic O-soil 5.0 8 

RVE-2 river N52 51.135 W83 48.455 59.13 7.10 0.139 loamy sand 8.0 10 

RVE-3 river N52 51.148 W83 48.487 61.57 7.32 0.391 sand 0.0 1 

RVE-4 river N52 51.140 W83 48.432 64.31 6.62 0.256 NA NA 4 

RVF-1 river N52 51.907 W83 52.537 83.82 7.42 0.317 clay 11.0 6 

RVF-2 river N52 51.890 W83 52.576 61.87 7.91 0.251 clay 0.0 2 

RVG-1 river N52 53.160 W83 55.570 60.05 7.42 0.402 loam 5.0 2 

RVG-2 river N52 53.089 W83 55.360 60.05 7.71 0.176 medium sand 0.0 12 

RVG-4 river N52 53.067 W83 55.328 60.05 NA NA NA NA 4 

RVH-1 river N52 52.632 W83 55.646 62.48 7.44 0.364 silt loam 0.0 2 

RVH-2 river N52 52.625 W83 55.635 60.05 6.96 0.236 sand 0.0 1 

RVI-2 river N52 53.128 W83 55.136 66.75 NA NA NA NA 8 

RVI-3 river N52 53.111 W83 55.098 60.66 NA NA NA NA 1 

RVI-4 river N52 53.136 W83 55.132 64.92 NA NA NA NA 2 

RVJ-1 river N52 51.553 W83 50.788 78.33 6.44 NA silty loam 16.5 4 

RVJ-2 river N52 51.550 W83 50.834 61.26 NA NA NA 0.0 5 

RVJ-3 river N52 51.530 W83 50.730 60.96 NA NA NA NA 1 

RVK-1 river N52 51.658 W83 48.656 58.22 NA NA loamy sand 0.0 3 

RVK-2 river N52 51.639 W83 48.699 63.40 7.31 0.357 silt clay loam 1.0 2 

RVK-4 river N52 51.604 W83 48.422 63.09 7.46 0.284 loam 0.0 1 

ESK1 beach ridges N53 14.276 W84 09.228 144.00 7.83 NA loamy sand 2.0 1 

ESK2 beach ridges N52 59.002 W84 11.426 94.00 4.59 NA silty sand 4.0 2 

ESK3 beach ridges N53 07.078 W83 53.238 112.00 5.70 NA sand 3.0 2 

ESK4 beach ridges N53 01.289 W 84 27.508 106.00 4.59 NA loamy sand 17.5 1 

ESK5 beach ridges N53 01.192 W84 27.448 110.00 4.95 NA loamy sand 21.0 1 

ESK7 beach ridges N52 39.478 W83 02.407 46.00 6.81 NA loamy sand 3.5 1 
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ESK8 beach ridges N52 54.154 W82 33.081 13.00 4.49 NA organic 9.0 1 

ESK9 beach ridges N53 11.348 W84 28.111 123.00 6.02 NA loamy sand 0.5 1 

BH1 Limestone outcrop N53 14.217 W84 16.034 119.00 5.80 NA silty sand 4.5 1 

BH3 Limestone outcrop N53 07.094 W83 53.363 112.00 5.53 NA sand 4.0 1 

BH4 Limestone outcrop N52 50.449 W84 08.200 102.00 6.27 NA organic 1.0 1 

BH5 Limestone outcrop N52 57.208 W84 14.397 98.00 7.68 NA sandy loam 1.0 1 

BH6 Limestone outcrop N52 57.112 W84 14.102 96.00 7.83 NA clay 3.0 1 
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Appendix 3. Means of all functional traits for each species sampled (N = 67). Life Span categories included annual=1, biennial=2, perennial=3. Phenology was separated as evergreen=1, deciduous=2. Raunkiaer's Life Form categories 
were assigned as phanerophytes=1, Chamaephytes=2, Hemicryptophytes=3, Geophytes=4, Therophytes=5. Growth Form were separated as graminoids=1, forbs=2, shrub=3, tree=4. Ramet distance classes were categorized by 1=no 
ramets, 2=10-30cm, 3=30-50cm and 4=greater than 50 cm. The standard deviation is provided in parentheses for each species where more than one population was sampled.  

  Functional traits 

  Canopy Height (cm) Specific Leaf Area 
(mm2mg-1) Leaf Size (mm2) Stem density 

(mg/ml) 

Mean 
Ramet 

Distance 

Leaf Thickness 
(mm) 

Inrolling of Leaf  
Lamina 

Leaf Toughness 
(N/mm) Propagule Dry Mass (mg) Seed Mass (mg) Seed Shape Index Life 

Span Phenology Raunkiaer's 
Life Form 

Growth 
Form 

Species n Mean (SD) n Mean (SD) n Mean (SD) n Mean (SD) n Mean 
(SD) n Mean (SD) n Mean (SD) n Mean (SD) n Mean (SD) n Mean (SD) n Mean (SD)         

ACMI 3 24.64 (9.21) 3 19.42 (3.05) 3 408.0 (178.7) 3 0.2413 (0.0459) 3 2 3 0.34 (0.09)  3 0 3 0.0675 (0.0246) 3 0.1410 (0.0258) 4 0.1292 (0.0325) 3 0.1443 (0.0068) 3 2 3 2 

AGSC 1 33.38 (15.86) 1 22.47 (4.18) 1 90.0 (25.9) 1 0.2786 (0.0806) 1 2 1 0.17 (0.02)  3 0 1 1.6914 (0.4107) 1 0.0538 * 0.0515 ** NA 3 2 3 1 

ALINR 3 252.69 (70.45) 3 15.82 (2.03) 3 1744.0 (483.8) 3 0.4381 (0.1431) 3 2 3 0.32 (0.08)  3 0 3 0.1817 (0.0364) 3 0.2697 (0.0096) 3 0.2270 (0.0691) 3 0.1270 (0.0078) 3 2 1 3 

ALVIC 3 253.80 (73.62) 3 17.48 (2.73) 3 1862.0 (955.7) 3 0.3688 (0.0612) 3 2 3 0.32 (0.10)  3 0 3 0.1402 (0.0400) 3 0.6154 (0.1468) 3 0.3823 (0.1062) 3 0.1095 (0.0123) 3 2 1 3 

ANCA 3 35.98 (10.76) 3 21.25 (6.89) 3 3042.0 (1520.4) 3 0.1827 (0.0546) 3 1 3 0.29 (0.05)  3 0 3 0.3217 (0.1080) 3 2.3532 (0.4320) 3 2.3532 (0.4320) 3 0.1404 (0.0095) 3 2 4 2 

ANMU 2 17.80 (7.77) 2 15.11 (3.80) 2 420.0 (295.2) 2 0.2855 (0.0727) 2 1 2 0.27 (0.03)  3 0 2 0.6098 (0.1588) 2 1.3667 (0.1391) 3 0.9822 (0.1142) 3 0.0907 (0.0077) 3 2 4 2 

ANPA 2 4.74 (2.29) 2 19.92 (3.59) 2 171.0 (105.5) 2 0.1339 (0.0380) 2 2 2 0.29 (0.05)  3 0 2 0.4643 (0.1368) 3 0.4203 (0.0836) 2 0.4151 (0.2824) 3 0.0842 (0.0251) 3 2 4 2 

ARUV 3 6.40 (2.59) 3 6.27 (1.78) 3 113.0 (31.1) 3 0.4899 (0.0852) 2 2.5 3 0.46 (0.08)  3 0 3 0.5641 (0.2509) 3 81.4000 (19.1944) 3 5.2000 (1.0877) 3 0.0625 (0.0093) 3 1 2 2 

ARAN 1 12.28 (3.83) 1 20.10 (2.67) 1 370.0 (160.1) 1 0.1690 (0.0362) 1 1 1 0.49 (0.10)  3 0 1 0.4935 (0.1125) 3 0.5328 (0.0966) 3 0.4426 (0.2824) 3 0.1534 (0.0091) 3 2 3 2 

BESY 1 26.83 (6.43) 1 23.24 (3.45) 1 434.0 (259.3) 1 0.3122 (0.0760) 1 2 1 0.23 (0.02)  3 0 1 1.6092 (0.1864) 3 0.3267 (0.0183) 3 0.1893 (0.0206) 3 0.1303 (0.0078) 1 2 5 1 

BRCI 3 56.10 (13.39) 3 28.30 (4.91) 3 1129.0 (399.9) 1 0.3208 (0.0516) 3 2 3 0.17 (0.12)  3 0 3 2.2455 (1.5364) 2 1.7130 (0.2135) 2 1.0256 (0.2795) 3 0.1817 (0.0083) 3 2 3 1 

CACA 2 87.62 (27.62) 1 24.39 (4.23) 1 622.0 (204.7) 2 0.3492 (0.1969) 2 2 2 0.20 (0.04)  3 0 2 2.2165(0.7928) 1 0.0744 2 0.0799 (0.0336) 2 0.1223 (0.0116) 3 2 3 1 

CAAU 3 10.77 (4.37) 3 26.06 (4.88) 3 321.0 (88.6) 3 0.3746 (0.2119) 3 2 3 0.19 (0.02)  3 0 3 1.4749 (0.6640) 3 1.1000 (0.1142) 3 0.5406 (0.0287) 3 0.0787 (0.0081) 3 2 3 1 

CACO 1 2.70 (1.05) 1 15.66 (1.47) 1 130.0 (52.1) 1 0.2906 (0.0094) 1 2 1 0.29 (0.04)  3 0 1 1.8795 (0.3128) 1 0.226 1 0.226 1 0.0973 (0.0176) 3 2 3 1 

CAFO 2 34.82 (7.86) 1 18.26 (2.29) 1 817.0 (253.0) 2 0.2225 (0.0372) 2 2 2 0.32 (0.06)  3 0 2 3.6304 (1.5680) 2 0.8782 (0.0387) 2 0.6895 (0.0655) 2 0.0808 (0.0047) 3 2 3 1 

CASE 3 41.42 (11.03) 3 22.35 (4.09) 3 204.0 (78.2) 3 0.2524 (0.0694) 3 2 3 0.25 (0.07)  3 0 3 0.2726 (0.0704) 2 0.0875 (0.0177) 2 0.0875 (0.0177) 2 0.1113 (0.0136) 3 2 3 2 

COCA  3 8.01 (1.94) 3 33.62 (7.19) 3 720.0 (307.2) 3 0.1858 (0.0863) 3 2 3 0.26 (0.05)  3 0 3 0.2923 (0.1555) 3 15.1000 (3.0406) 3 5.9392 (1.1616) 3 0.0192 (0.0068) 3 1 4 2 

COST 3 197.76 (42.55) 3 20.14 (6.42) 3 2009.0 (938.5) 3 0.4116 (0.0582) 3 2 3 0.26 (0.10)  3 0 3 0.2131 (0.0503) 3 48.5000 (8.0513) 3 28.1000 (4.5164) 3 0.0186 (0.0108) 3 2 1 3 

ELCO 3 52.81 (17.02) 3 16.32 (1.52) 3 594.0 (318.0) 3 0.4279 (0.0683) 3 2 3 0.31 (0.03)  3 0 3 0.1440 (0.0488) ** NA * 119.24 ** NA 3 2 2 3 

ELTR 3 42.62 (22.86) 3 21.88 (3.96) 3 556.0 (296.4) 3 0.4063 (0.1723) 3 2 3 0.19 (0.03)  3 0 3 2.6588 (0.5575) 2 2.1586 (0.05099) 3 1.6179 (0.3119) 4 0.1478 (0.0061) 3 2 3 1 

EPAN 2 52.94 (10.06) 2 20.45 (6.24) 2 939.0 (488.9) 3 0.2583 (0.0437) 3 2 2 0.26 (0.03)  3 0 2 0.2416 (0.0497) 2 0.0282 (0.0002) 2 0.0282 (0.0004) 3 0.1410 (0.0070) 3 2 3 2 

ERAC 2 12.76 (2.77) 2 16.89 (1.50) 2 194.0 (57.9) 2 0.3517 (0.1071) 2 1 2 0.30 (0.03)  3 0 2 0.6096 (0.1607) 3 0.0273 (0.0013) 3 0.0270 (0.0035) 1 0.1265 (0.0081) 3 2 3 2 

ERHY 3 12.84 (3.84) 3 27.02 (5.95) 3 57.0 (15.7) 3 0.2328 (0.0526) 3 2 3 0.18 (0.04)  3 0 3 0.2864 (0.1853) 2 0.0827 (0.0027) 2 0.0759 (0.0043) 3 0.1434 (0.0075) 3 2 3 2 

FRVI 3 10.99 (2.89) 3 15.21 (2.34) 3 1527.0 (957.6) 3 0.2302 (0.1309) 2 3 3 0.30 (0.06)  3 0 3 0.2072 (0.0577) 3 52.9000 (19.2936) 2 0.3938 (0.1120) 3 0.0389 (0.0087) 3 2 3 2 

GABO 3 24.90 (8.33) 3 22.65 (6.03) 3 331.0 (160.8) 2 0.2397 (0.0554) 3 2 3 0.24 (0.05) 2 0.13 (0.07) 3 0.2528 (0.1487) 3 0.4356 (0.1529) 3 0.2126 (0.0945) 2 0.0709 (0.0145) 3 2 3 2 

GELI 2 13.80 (2.03) 3 18.79 (2.04) 3 337.0 (83.5) 3 0.3120 (0.0713) 2 2 3 0.28 (0.04)  3 0 3 0.2578 (0.0851) 3 98.6000 (14.8118) 2 41.1000 (6.6840) 3 0.0007 (0.0009) 3 2 4 2 

HOJU 2 39.37 (6.60) 2 20.34 (3.30) 2 320.0 (108.5) 2 0.3628 (0.1099) 2 2 2 0.26 (0.04)  3 0 2 2.3947 (0.6317) 2 2.8741 (0.7469) 2 0.9747 (0.2298) 2 0.1357 (0.0086) 3 2 3 1 

JUCO 3 38.79 (11.91) 3 6.37 (1.46) 3 12.0 (2.3) 2 0.4611 (0.0734) 2 2 3 0.58 (0.07)  3 0 2 3.3153 (1.4464) 3 96.3000 (117.4359) 3 9.5710 (0.8239) 3 0.0466 (0.0158) 3 1 1 3 

LEGR 3 36.27 (12.15) 3 9.46 (2.57) 3 290.0 (94.3) 2 0.4187 (0.0454) 3 2 3 0.41 (0.08) 2 0.21 (0.07) 2 0.4665 (0.1089) 2 0.0090 (0.0057) 2 0.0090 (0.0057) 2 0.1958 (0.0051) 3 1 2 3 

LIBO 3 2.35 (1.03) 3 24.65 (3.80) 3 119.0 (37.1) 3 0.3492 (0.1434) 3 2 3 0.32 (0.11)  3 0 3 0.4371 (0.1760) 3 0.8240 (0.3408) * 1.0085 ** NA 3 2 2 2 

MEPA 3 26.15 (11.08) 3 40.73 (10.75) 3 3733.0 (2048.8) 2 0.1377 (0.0350) 3 1 3 0.33 (0.05)  3 0 3 0.1556 (0.0389) ** NA ** NA ** NA 3 2 4 2 

MINU 3 2.74 (0.91) 3 27.87 (6.60) 3 628.0 (192.7) 3 0.3306 (0.1375) 3 2 3 0.29 (0.03)  3 0 3 0.4026 (0.1698) 2 0.1917 (0.0209) 2 0.1917 (0.0209) 1 0.0700 (0.0087) 3 2 3 2 

ORSE 3 3.53 (1.09) 3 26.16 (7.28) 3 351.0 (98.3) 3 0.2398 (0.0654) 3 2 3 0.19 (0.03)  3 0 3 0.4004 (0.1673) 3 0.0004 (0.0001) 3 0.0004 (0.0001) 3 0.1702 (0.0109) 3 1 3 2 
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PEPA 3 11.89 (3.29) 3 29.70 (10.77) 3 3934.0 (1759.0) 3 0.1601 (0.0421) 3 2 3 0.33 (0.07)  3 0 3 0.2405 (0.0792) 2 0.1232 (0.0478) 2 0.0654 (0.0340) 2 0.1640 (0.0093) 3 2 4 2 

PHOP 3 74.59 (21.94) 3 18.92 (2.11) 3 1528.0 (488.9) 3 0.3553 (0.0855) 3 2 3 0.27 (0.08)  3 0 3 0.1598 (0.0365) 5 0.4589 (0.2493) 4 0.4589 (0.2493) 3 0.0548 (0.0108) 3 2 1 3 

PIGL 3 1811.21 (602.88) 3 3.26 (0.67) 3 16.0 (3.3) 3 0.4868 (0.0836) 3 1 3 0.99 (0.14)  3 0 3 3.8278 (1.5450) 3 2.2457 (0.5472) 3 1.5186 (0.3682) 3 0.0765 (0.0066) 3 1 1 4 

PIMA 3 1183.07 (256.40) 3 4.37 (1.56) 3 8.0 (2.1) 2 0.4985 (0.1815) 3 1 3 0.82 (0.11)  3 0 2 1.6406 (0.8901) 3 0.9764 (0.2479) 3 0.9653 (0.0975) 3 0.0750 (0.0187) 3 1 1 4 

PIBA 3 596.59 (128.76) 3 4.67 (0.80) 3 97.0 (19.5) 3 0.4117 (0.0541) 3 1 3 0.76 (0.10)  3 0 2 4.9059 (2.1320) 1 2.1953 (0.0786) 1 2.002 1 0.0794 (0.0100) 3 1 1 4 

PLMA 3 8.23 (4.29) 3 17.81 (3.07) 3 1955.0 (1394.0) 2 0.1573 (0.0414) 3 1 3 0.38 (0.10)  3 0 2 0.3036 (0.0982) 3 0.1299 (0.0251) 3 0.1299 (0.0251) 3 0.0681 (0.0121) 3 2 3 2 

POGL 3 41.23 (10.38) 3 23.51 (4.36) 3 383.0 (149.9) 3 0.3755 (0.1227) 3 2 3 0.18 (0.03)  3 0 3 2.0532 (0.6140) 2 0.2264 (0.0734) 2 0.1448 (0.0521) 2 0.1767 (0.0078) 3 2 3 1 

POBA 1 2222.22 (289.46) 3 15.24 (2.84) 3 2348.0 (783.6) 3 0.4485 (0.0829) 3 3.5 3 0.27 (0.04)  3 0 3 0.4203 (0.0691) 2 0.4225 (0.1824) 1 0.1270( 2 0.1013 (0.0092) 3 2 1 4 

POTR 1 1504.33 (460.17) 2 13.41 (1.98) 2 1346.0 (374.2) 2 0.4347 (0.0273) 3 3.5 2 0.24 (0.04)  3 0 2 0.3936 (0.0743) ** NA * 0.1178 ** NA 3 2 1 4 

POAN 3 11.03 (3.89) 2 13.63 (1.99) 1 1138.0 (526.9) 3 0.2128 (0.0785) 3 2 3 0.27 (0.04)  3 0 3 0.1285 (0.0448) ** NA * 0.8192 ** NA 3 2 3 2 

POFR 3 43.39 (16.31) 3 18.91 (3.78) 3 370.0 (220.5) 3 0.4936 (0.1640) 3 2 3 0.19 (0.03) 3 0.16 (0.10) 3 0.1668 (0.0460) 3 0.2552 (0.0863) 3 0.1588 (0.0617) 3 0.0570 (0.0162) 3 2 1 3 

PONO 1 18.20 (7.30) 1 25.05 (4.37) 1 453.0 (371.7) 1 0.3257 (0.2472) 1 1 1 0.23 (0.04)  3 0 1 0.1721 (0.0378) 2 0.1437 (0.0052) 2 0.1437 (0.0052) 2 0.0582 (0.0060) 3 2 3 2 

PRMI 3 1.59 (0.71) 3 35.16 (12.33) 3 68.0 (27.1) 3 0.0030 (0.0023) 1 1 3 0.23 (0.03)  3 0 3 0.1835 (0.0645) 3 0.0357 (0.0036) 3 0.0357 (0.0036) 3 0.0297 (0.0202) 3 2 3 2 

PYAS 3 2.42 (1.13) 3 16.22 (2.35) 3 356.0 (135.4) 3 0.2034 (0.0584) 3 3 3 0.28 (0.04)  3 0 3 0.5984 (0.1613) 3 0.0007 (0.0002) 3 0.0007 (0.0002) 3 0.1830 (0.0066) 3 1 3 2 

RITR 3 35.79 (14.18) 3 36.37 (5.05) 3 3474.0 (1292.2) 3 0.3891 (0.1248) 3 2 3 0.24 (0.08)  3 0 3 0.1482 (0.0539) 2 35.6000 (12.6225) 3 2.9000 (0.7019) 3 0.0421 (0.0147) 3 2 1 3 

ROAC 3 39.49 (15.71) 3 18.42 (4.16) 3 2644.0 (1321.2) 3 0.4484 (0.1422) 3 2 3 0.20 (0.03)  3 0 3 0.1458 (0.0529) 3 554.0000 (145.3666) 3 14.2284 (3.8758) 3 0.0803 (0.0165) 3 2 1 3 

ROBL 3 35.77 (10.23) 3 17.74 (1.89) 3 1787.0 (1081.4) 3 0.4449 (0.1793) 3 2 3 0.17 (0.03)  3 0 3 0.1565 (0.0413) 3 328.9000 (83.6636) 3 6.2499 (1.3953) 3 0.0752 (0.0213) 3 2 1 3 

RUARA 3 6.84 (1.61) 1 32.32 (3.83) 1 840.0 (125.1) 1 0.3452 (0.1182) 1 2 1 0.25 (0.03)  3 0 1 0.1611 (0.0148) ** NA * 1.677 ** NA 3 2 3 2 

RUPU 3 14.87 (6.32) 3 34.45 (14.32) 3 2712.0 (1186.1) 3 0.2438 (0.0686) 3 2 3 0.22 (0.13)  3 0 3 0.1525 (0.0449) 3 31.4000 (13.1367) 3 2.0000 (0.9011) 3 0.0522 (0.0109) 3 2 3 2 

RUIDS 3 55.81 (19.84) 3 21.26 (2.78) 3 3562.0 (2056.5) 2 0.2556 (0.0689) 3 2 3 0.25 (0.07)  3 0 3 0.1194 (0.0337) 3 108.7000 (25.2843) 2 1.5000 (0.4516) 3 0.0512 (0.0123) 3 2 3 3 

SABE 2 268.38 (95.36) 2 17.76 (2.07) 2 663.0 (215.5) 2 0.4076 (0.1199) 2 2 2 0.27 (0.04)  3 0 2 0.2329 (0.0616) 2 0.1223 (0.0046) 2 0.0778 (0.0078) 1 0.1290 (0.0072) 3 2 1 3 

SACO 2 139.26 (46.34) 2 15.51 (2.28) 2 1441.0 (676.7) 2 0.3706 (0.0659) 2 2 2 0.24 (0.04)  3 0 2 0.2662 (0.0897) 1 0.162 1 0.0744 1 0.1001 (0.0047) 3 2 1 3 

SAPL 1 181.32 (55.21) 1 11.52 (1.24) 1 812.0 (260.1) 1 0.4591 (0.0252) 1 2 1 0.22 (0.02)  3 0 1 0.3347 (0.0935) ** NA 1 0.0723 1 0.1233 (0.0073) 3 2 1 3 

SEPA 3 13.58 (5.02) 2 17.62 (6.06) 3 183.0 (78.1) 3 0.2168 (0.0501) 3 2 3 0.38 (0.09)  3 0 3 0.1604 (0.0806) 3 0.1686 (0.0262) 3 0.1745 (0.0214) 3 0.1365 (0.0134) 3 2 3 2 

SHCA 3 44.78 (17.38) 3 13.41 (1.63) 3 470.0 (156.4) 3 0.4671 (0.0543) 3 2 3 0.52 (0.07)  3 0 3 0.1816 (0.0769) 3 21.3000 (3.8240) 2 5.3000 (0.8869) 3 0.0608 (0.0126) 3 2 1 3 

SIMO 3 10.59 (2.79) 3 19.78 (2.73) 3 255.0 (71.7) 2 0.2007 (0.0465) 3 1 3 0.40 (0.06)  3 0 3 2.3385 (1.0771) 3 2.6650 (3.4078) 3 0.6850 (0.0272) 3 0.0113 (0.0064) 3 2 3 2 

SMST 3 33.07 (9.99) 3 20.74 (5.40) 3 1543.0 (455.6) 2 0.1579 (0.0768) 3 3 3 0.34 (0.05)  3 0 3 1.2172 (0.3804) 1 67.02 1 12.0000 (2.2752) 1 0.0073 (0.0049) 3 2 4 2 

SOCA 3 57.26 (15.06) 3 18.77 (2.83) 2 810.0 (285.0) 3 0.2735 (0.0361) 3 2 3 0.28 (0.05)  3 0 3 0.2759 (0.0606) 3 0.0748 (0.0441) 3 0.0626 (0.0380) 3 0.1436 (0.0166) 3 2 3 2 

SOPT 3 39.75 (8.73) 3 16.49 (1.73) 1 269.0 (114.0) 3 0.3716 (0.0515) 3 1 3 0.21 (0.04)  3 0 3 0.2840 (0.0705) 3 0.0638 (0.0021) 3 0.0557 (0.0089) 3 0.1083 (0.0167) 3 2 3 2 

THVE 3 44.63 (15.82) 1 19.84 (2.97) 1 7784.0 (5329.1) 2 0.3750 (0.1514) 3 2 3 0.22 (0.03)  3 0 3 0.1640 (0.0496) 3 1.8672 (0.5728) 3 1.1369 (0.1976) 3 0.0972 (0.0198) 3 2 3 2 

VAVIM 4 5.20 (2.66) 3 8.03 (1.38) 4 74.0 (18.5) 3 0.5207 (0.1412) 3 2 4 0.50 (0.15)  3 0 3 0.7750 (0.1657) 3 34.8233 (7.4943) 3 0.1713 (0.0173) 3 0.0561 (0.0115) 3 1 2 2 

VIED 3 119.99 (51.41) 2 27.14 (9.98) 2 2998.0 (1154.7) 3 0.3693 (0.0773) 3 2 3 0.27 (0.10)  3 0 3 0.2147 (0.0392) 3 46.8000 (8.9976) 3 20.6000 (2.7290) 3 0.1004 (0.0099) 3 2 1 3 

VIAM 3 31.44 (18.69) 3 23.67 (6.21) 3 691.0 (206.5) 2 0.2466 (0.0652) 3 2 3 0.21 (0.04)  3 0 2 0.2174 (0.0793) 3 11.5801 (2.3305) 3 11.2000 (3.5702) 3 0.0069 (0.0066) 3 2 4 2 

VIRE 3 5.37 (1.90) 3 47.09 (6.11) 3 1245.0 (491.6) 3 0.2014 (0.0790) 3 1 3 0.21 (0.04)  3 0 3 0.1600 (0.0397) 1 0.4976 1 0.4976 1 0.0943 (0.0359) 3 2 3 2  

 

** = mean determined by taking the average for all species  

*   = data obtained from TRY database 
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Appendix 4. Summary table for the loadings for the two main principal components for the full 
dataset and for the seven syndromes.  

    Loadings 
Syndrome Traits    PC1    PC2 
Full dataset Log Canopy height 0.339 0.073 
  Specific leaf area -0.368 0.207 
  Log Leaf size -0.152 0.407 
  Stem density 0.383 0.008 
  Ramet distance 0.044 0.124 
  Log Leaf toughness 0.087 -0.343 
  Log Propagule mass 0.188 0.417 
  Log Seed mass 0.163 0.399 
  Seed shape  -0.115 -0.297 
  Inrolling leaf lamina 0.050 -0.140 
  Life span 0.088 0.073 
  Phenology -0.238 0.336 
  Raunkiaer's life form -0.399 -0.074 
  Growth form 0.396 0.111 
  Log Leaf thickness 0.314 -0.190 
  N-fixation 0.119 0.199 
    

  Dispersal Log Canopy height -0.132 -0.947 
  Log Propagule mass -0.604 -0.032 
  Log Seed mass -0.602 -0.028 
  Seed shape  0.504 -0.319 
    

  Establishment Specific leaf area 0.250 0.654 
  Phenology 0.308 0.609 
  Log Seed mass 0.651 -0.227 
  Seed shape -0.627 0.301 
  Ramet distance -0.118 -0.082 
  Life span 0.106 -0.232 
    

  Biomass production Log Canopy height -0.239 -0.620 
  Log Leaf thickness -0.419 0.136 
  Log Leaf toughness -0.332 0.254 
  Specific leaf area 0.464 0.192 
  Log Leaf size 0.391 -0.415 
  Phenology 0.412 -0.262 
  Inrolling of leaf lamina -0.079 -0.102 
  Stem density -0.335 -0.495 
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Persistence Life span -0.078 0.338 
  Phenology 0.269 0.466 
  Raunkiaer's life form 0.478 -0.333 
  Log Canopy height -0.425 0.177 
  Ramet distance -0.131 0.254 
  Specific leaf area 0.456 0.215 
  Log Leaf toughness -0.175 -0.640 
  Stem density  -0.507 0.081 
    

  Reproduction Log Propagule mass -0.604 0.090 
  Log Seed mass -0.601 -0.073 
  Seed shape 0.512 0.169 
  Ramet distance -0.034 0.865 
  Phenology -0.100 0.459 
    

  Grazing resistance Log Leaf size 0.604 0.121 
  Log Leaf toughness -0.541 -0.215 
  Life span 0.049 0.251 
  Phenology 0.566 -0.129 
  Growth form -0.089 0.708 
  Log Canopy height -0.109 0.598 
    

  Effect on environment Log Canopy height -0.451 0.023 
  Log Leaf Toughness -0.019 -0.655 
  Specific Leaf Area 0.407 0.329 
  Phenology 0.228 0.484 
  Life Span -0.146 0.201 
  Ramet distance -0.111 0.108 
  Growth form -0.512 0.168 
  N-Fixation -0.157 0.364 
  Raunkiaer's Life Form 0.508 -0.124 
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Appendix 5. Summary of all species (N = 67) arranged in the various functional groups for the full 
data matrix and the syndromes.  

  Functinal Groups 
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Achillea millefolium 18 5 3 4 6 7 7 11 
Agrostis scabra 17 5 3 4 6 7 5 10 
Alnus crispa 8 5 3 4 6 7 6 5 
Alnus rugosa 8 5 3 4 6 6 6 5 
Anemone canadensis 18 5 3 4 6 9 7 11 
Anemone multifida 18 5 3 4 6 9 7 11 
Anemone parviflora 18 5 3 4 6 6 7 11 
Arctostaphylos uva-ursi 4 4 4 3 3 3 4 6 
Arnica angustifolia 18 5 3 4 6 9 7 11 
Beckmannia syzigachne 1 5 1 4 1 7 1 1 
Bromus ciliatus 17 5 3 4 6 8 5 10 
Calamagrostis canadensis 17 5 3 4 6 7 5 10 
Carex aurea 17 5 3 4 6 6 5 10 
Carex concinna 17 5 3 4 6 6 5 10 
Carex foenea 17 5 3 4 6 6 5 10 
Castilleja septentrionalis 18 5 3 4 6 7 7 11 
Cornus canadensis  19 4 4 4 6 3 4 6 
Cornus stolonifera 14 4 3 4 6 5 6 8 
Elaeagnus commutata 9 4 3 4 6 5 6 5 
Elymus trachycaulus 17 5 3 4 6 8 5 10 
Epilobium angustifolium 18 5 3 4 6 7 7 11 
Erigeron acris 18 5 3 4 6 9 7 11 
Erigeron hyssopifolius 18 5 3 4 6 7 7 11 
Fragaria virginiana 15 4 3 4 6 5 7 9 
Galium boreale 10 5 3 4 6 6 7 11 
Geocaulon lividum 15 4 3 4 6 5 7 11 
Hordeum jubatum 17 5 3 4 6 8 5 10 
Juniperus communis 4 4 4 2 3 3 2 6 
Ledum groenlandicum 2 1 2 4 3 1 4 6 
Linnaea borealis 18 5 3 4 6 6 7 11 
Mertensia paniculata 19 4 3 4 5 9 7 7 
Mitella nuda 18 5 3 4 6 6 7 11 
Orthilia secunda 5 2 2 4 6 1 4 6 
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Petasites palmatus 18 5 3 4 6 7 7 11 
Physocarpus opulifolius 11 5 3 4 6 6 6 8 
Picea glauca 3 5 4 1 2 2 2 2 
Picea mariana 3 5 4 1 2 2 2 2 
Pinus banksiana 3 5 4 1 2 2 2 2 
Plantago major 18 5 3 4 6 9 7 11 
Poa glauca 17 5 3 4 6 7 5 10 
Populus balsamifera 6 5 3 4 4 4 3 3 
Populus tremuloides 6 5 3 4 4 4 3 3 
Potentilla anserina 15 4 3 4 6 5 7 11 
Potentilla fruticosa 10 5 3 4 6 6 6 8 
Potentilla norvegica 18 5 3 4 6 9 7 11 
Primula mistassinica 19 3 3 4 5 9 7 7 
Pyrola asrifolia 5 2 2 4 6 1 4 6 
Ribes triste 12 4 3 4 6 5 6 8 
Rosa acicularis 13 4 3 4 6 5 6 8 
Rosa blanda 13 4 3 4 6 5 6 8 
Rubus acaulis 15 4 3 4 6 5 7 11 
Rubus pubescens 15 4 3 4 6 5 7 11 
Rubus strigosus 15 4 3 4 6 5 6 11 
Salix bebbiana 11 5 3 4 6 7 6 8 
Salix cordata 11 5 3 4 6 7 6 8 
Salix planifolia 11 5 3 4 6 8 6 8 
Senecio pauperculus 18 5 3 4 6 7 7 11 
Shepherdia canadensis 9 4 3 4 6 5 6 5 
Sisyrinchium montanum 16 4 3 4 6 9 5 11 
Smilacina stellata 15 4 3 4 6 5 5 9 
Solidago canadensis 18 5 3 4 6 7 7 11 
Solidago ptarmicoides 18 5 3 4 6 9 7 11 
Thalictrum venulosum 15 5 3 4 6 6 7 11 
Vaccinium vitis-idaea 4 4 4 3 3 3 4 6 
Viburnum edule 14 4 3 4 6 5 6 8 
Vicia americana 7 4 3 4 6 5 7 4 
Viola renifolia 19 5 3 4 5 9 7 11 
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Appendix 6. Summary of site characteristics (e.g. canopy cover, percent cover, soil pH, soil 
conductivity and soil texture) for all species sampled (N = 67). 

  Site Characteristics 

Species Site 
Percent 
Cover (%) Soil pH 

Conductivity 
(mS/cm) Soil Texture 

Achillea millefolium RVD-2 32.55 7.23 0.456 NA 

Achillea millefolium RVA-4 15.89 7.51 0.151 NA 

Achillea millefolium RVB-1 14.32 7.17 0.380 loamy sand 

Agrostis scabra RVE-2 10.68 7.10 0.139 loamy sand 

Alnus crispa RVD-2 23.44 7.23 0.456 NA 

Alnus crispa RVA-4 34.90 7.51 0.151 NA 

Alnus crispa RVB-2 62.76 7.34 0.394 loamy sand 

Alnus rugosa OCA-10 61.20 6.70 0.655 organic Of 

Alnus rugosa RVA-4 58.33 7.51 0.151 NA 

Alnus rugosa RVB-4 48.70 6.76 0.574 sandy loam 

Anemone canadensis OCA-2 35.16 7.00 0.300 loamy  fine sand 

Anemone canadensis RVA-4 39.84 7.51 0.151 NA 

Anemone canadensis RVB-3 44.01 7.42 0.457 sandy loam 

Anemone multifida RVD-2 20.57 7.23 0.456 NA 

Anemone multifida RVB-1 47.40 7.17 0.380 loamy sand 

Anemone multifida RVD-2 34.38 7.23 0.456 NA 

Anemone parviflora OCA-9 12.76 7.11 0.256 silty sand 

Anemone parviflora RVB-1 8.33 7.17 0.380 loamy sand 

Anemone parviflora RVB-1 0.00 7.17 0.380 loamy sand 

Arctostaphylos uva-ursi RVD-2 46.88 7.23 0.456 NA 

Arctostaphylos uva-ursi RVG-2 69.53 7.71 0.176 medium sand 

Arctostaphylos uva-ursi RVB-1 17.71 7.17 0.380 loamy sand 

Arnica angustifolium RVB-1 33.33 7.17 0.380 loamy sand 

Beckmannia syzigachne OCB-1 0.00 7.73 0.160 kimberlite 

Beckmannia syzigachne OCA-6 1.30 5.69 0.204 sandy/dry/loam 

Bromus ciliatus RVI-3 39.84 NA NA NA 

Bromus ciliatus OCA-10 73.70 6.70 0.655 organic Of 

Bromus ciliatus RVE-4 20.57 6.62 0.256 NA 

Bromus ciliatus RVB-1 41.67 7.17 0.380 loamy sand 

Calamagrostis canadensis RVC-2 17.97 7.35 0.312 silty clay loam 

Calamagrostis canadensis OCA-7 1.82 NA NA NA 

Carex aurea RVI-4 98.18 NA NA NA 

Carex aurea RVJ-3 5.47 NA NA NA 

Carex aurea OCA-2 40.10 7.00 0.300 loamy  fine sand 

Carex concinna RVB-1 12.76 7.17 0.380 loamy sand 

Carex foenea OCA-5 26.82 5.99 0.149 sandy/ loam 

Carex foenea OCA-8 5.73 6.75 0.569 silt 
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Castilleja septentrionalis RVB-3 31.51 7.42 0.457 sandy loam 

Castilleja septentrionalis RVI-2 47.66 NA NA NA 

Castilleja septentrionalis RVK-2 35.68 7.31 0.357 silt clay loam 

Cornus canadensis RV-1 65.36 NA NA NA 

Cornus canadensis OCA-10 35.68 6.70 0.655 organic Of 

Cornus canadensis RVA-6 64.84 NA NA NA 

Cornus stolonifera RVH-1 15.89 7.44 0.364 silt loam 

Cornus stolonifera RVA-4 71.61 7.51 0.151 NA 

Cornus stolonifera RVB-4 21.88 6.76 0.574 sandy loam 

Elaeagnus commutata RVD-2 15.63 7.23 0.456 NA 

Elaeagnus commutata RVE-2 0.00 7.10 0.139 loamy sand 

Elymus trachycaulus RVE-2 1.56 7.10 0.139 loamy sand 

Elymus trachycaulus RVB-1 1.82 7.17 0.380 loamy sand 

Elymus trachycaulus OCA-5 6.25 5.99 0.149 sandy/ loam 

Epilobium angustifolium OCA-11 20.57 4.71 0.072 clay 

Epilobium angustifolium OCA-4 26.04 5.64 0.162 sandy clay 

Epilobium angustifolium KRIS-1 0.00 7.28 0.317 organic 

Erigeron acris RVD-2 21.09 7.23 0.456 NA 

Erigeron acris RVB-1 21.35 7.17 0.380 loamy sand 

Erigeron hyssopifolius RVE-3 0.00 7.32 0.391 sand 

Erigeron hyssopifolius RVA-4 6.77 7.51 0.151 NA 

Erigeron hyssopifolius RVB-1 16.67 7.17 0.380 loamy sand 

Fragaria virginiana OCA-2 20.83 7.00 0.300 loamy  fine sand 

Fragaria virginiana RVA-4 4.69 7.51 0.151 NA 

Fragaria virginiana RVB-1 53.39 7.17 0.380 loamy sand 

Galium boreale OCA-10 61.46 6.70 0.655 organic Of 

Galium boreale RVB-1 8.33 7.17 0.380 loamy sand 

Galium boreale RVD-2 28.39 7.23 0.456 NA 

Geocaulon lividum OCA-4 51.04 5.64 0.162 sandy clay 

Geocaulon lividum OCA-12 0.00 5.28 0.098 NA 

Geocaulon lividum ESK-2 NA 4.59 NA silty sand 

Hordeum jubatum OCB-1 0.00 7.73 0.160 kimberlite 

Hordeum jubatum OCA-7 0.00 NA NA NA 

Juniperus communis RVG-2 79.69 7.71 0.176 medium sand 

Juniperus communis RVD-2 32.03 7.23 0.456 NA 

Juniperus communis RVB-1 23.96 7.17 0.380 loamy sand 

Ledum groenlandicum RVG-4 55.73 NA NA NA 

Ledum groenlandicum OCA-10 34.38 6.70 0.655 organic Of 

Ledum groenlandicum RV-2 19.79 3.62 0.160 NA 

Linnaea borealis RVE-1 72.66 7.13 0.317 mesic O-soil 

Linnaea borealis RVB-7 84.11 6.03 0.392 silt clay loam 

Mertensia paniculata OCA-4 24.48 5.64 0.162 sandy clay 

Mertensia paniculata RVE-1 70.57 7.13 0.317 mesic O-soil 
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Mertensia paniculata RVB-7 71.35 6.03 0.392 silt clay loam 

Mitella nuda OCA-10 28.91 6.70 0.655 organic Of 

Mitella nuda RV-4 98.18 NA NA NA 

Orthilia secunda RVC-1 76.56 7.42 0.265 sandy clay loam 

Orthilia secunda RVB-7 80.21 6.03 0.392 silt clay loam 

Orthilia secunda RVA-6 64.32 NA NA NA 

Petasites palmatus RVF-1 75.52 7.42 0.317 clay 

Petasites palmatus OCA-4 33.33 5.64 0.162 sandy clay 

Petasites palmatus RVB-7 72.66 6.03 0.392 silt clay loam 

Physocarpus opulifolius RVC-2 27.34 7.35 0.312 silty clay loam 

Physocarpus opulifolius RVB-1 22.92 7.17 0.380 loamy sand 

Physocarpus opulifolius RVJ-2 17.45 NA NA NA 

Picea glauca RVB-7 0.00 6.03 0.392 silt clay loam 

Picea glauca RVC-1 0.00 7.42 0.265 sandy clay loam 

Picea glauca RVA-6 0.00 NA NA NA 

Picea mariana OCA-5 0.00 5.99 0.149 sandy/ loam 

Picea mariana ESK-5 0.00 4.95 NA loamy sand 

Picea mariana ESK-7 0.00 6.81 NA loamy sand 

Pinus banksiana BH-3 0.00 5.53 NA sand 

Pinus banksiana BH-1 0.00 5.80 NA silty sand 

Pinus banksiana ESK-3 0.00 5.70 NA sand 

Plantago major RVJ-2 3.13 NA NA NA 

Plantago major RVC-3 5.99 7.19 0.262 sandy loam 

Plantago major OCA-6 0.00 5.69 0.204 sandy loam 

Poa glauca RVI-2 45.83 NA NA NA 

Poa glauca RVE-2 1.56 7.10 0.139 loamy sand 

Poa glauca RVB-1 0.00 7.17 0.380 loamy sand 

Populus balsamifera OCA-5 0.00 5.99 0.149 sandy/ loam 

Populus balsamifera RVB-5 0.00 6.13 0.396 silt clay loam 

Populus tremuloides RVB-5 0.00 6.13 0.396 silt clay loam 

Populus tremuloides RVJ-1 0.00 6.44 NA silty loam 

Potentilla anserina OCA-2 1.56 7.00 0.300 loamy  fine sand 

Potentilla anserina RVA-4 21.09 7.51 0.151 NA 

Potentilla anserina RVB-1 29.43 7.17 0.380 loamy sand 

Potentilla fruticosa OCA-10 42.71 6.70 0.655 organic Of 

Potentilla fruticosa RVC-2 14.58 7.35 0.312 silty clay loam 

Potentilla fruticosa RVB-1 46.88 7.17 0.380 loamy sand 

Potentilla norvegica OCA-6 4.95 5.69 0.204 sandy/dry/loam 

Primula mistassinica RVB-1 16.93 7.17 0.380 loamy sand 

Primula mistassinica OCA-2 17.19 7.00 0.300 loamy  fine sand 

Pyrola asarifolia RVE-1 89.58 7.13 0.317 mesic O-soil 

Pyrola asarifolia RVF-1 78.91 7.42 0.317 clay 

Pyrola asarifolia RVB-7 77.34 6.03 0.392 silt clay loam 
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Ribes triste RVE-1 75.78 7.13 0.317 mesic O-soil 

Ribes triste RV-10 57.55 7.12 0.720 clay 

Ribes triste OCA-12 86.46 5.28 0.098 NA 

Rosa acicularis RVG-2 2.86 7.71 0.176 medium sand 

Rosa acicularis OCA-10 46.09 6.70 0.655 organic Of 

Rosa acicularis RVB-1 35.68 7.17 0.380 loamy sand 

Rosa blanda RVG-2 0.52 7.71 0.176 medium sand 

Rosa blanda RVD-2 25.78 7.23 0.456 NA 

Rosa blanda RVB-2 21.88 7.34 0.394 loamy sand 

Rubus acaulis RV-9 24.74 7.25 0.420 clay 

Rubus pubescens RVF-1 77.08 7.42 0.317 clay 

Rubus pubescens RVB-2 17.19 7.34 0.394 loamy sand 

Rubus pubescens OCA-7 2.86 NA NA NA 

Rubus strigosus OCA-10 21.35 6.70 0.655 organic Of 

Rubus strigosus RVG-1 96.61 7.42 0.402 loam 

Rubus strigosus OCA-8 2.34 6.75 0.569 Silt 

Salix bebbiana OCA-5 25.78 5.99 0.149 sandy/ loam 

Salix bebbiana RVB-4 73.18 6.76 0.574 sandy loam 

Salix cordata RVC-2 13.28 7.35 0.312 silty clay loam 

Salix cordata RVB-3 11.46 7.42 0.457 sandy loam 

Salix planifolia RVH-1 16.41 7.44 0.364 silt loam 

Senecio pauperculus RVD-2 30.99 7.23 0.456 NA 

Senecio pauperculus RVB-1 15.89 7.17 0.380 loamy sand 

Senecio pauperculus RVA-4 24.48 7.51 0.151 NA 

Shepherdia canadensis  RVG-2 28.65 7.71 0.176 medium sand 

Shepherdia canadensis  RVD-2 27.86 7.23 0.456 NA 

Shepherdia canadensis  RVB-1 14.58 7.17 0.380 loamy sand 

Sisyrinchium montanum OCA-2 16.15 7.00 0.300 loamy  fine sand 

Sisyrinchium montanum RVA-4 37.76 7.51 0.151 NA 

Sisyrinchium montanum RVB-1 34.90 7.17 0.380 loamy sand 

Smilacina stellata RVE-4 79.43 6.62 0.256 NA 

Smilacina stellata RVC-2 22.66 7.35 0.312 silty clay loam 

Smilacina stellata RVB-1 36.72 7.17 0.380 loamy sand 
Solidago canadensis RVG-2 41.67 7.71 0.176 medium sand 
Solidago canadensis RVC-3 16.93 7.19 0.262 sandy loam 
Solidago canadensis RVJ-2 23.44 NA NA NA 
Solidago ptarmicoides OCA-2 38.80 7.00 0.300 loamy  fine sand 
Solidago ptarmicoides RVH-2 4.17 6.96 0.236 sand (very fine) 
Solidago ptarmicoides RVC-3 12.76 7.19 0.262 sandy loam 
Thalictrum venulosum RVC-2 47.14 7.35 0.312 silty clay loam 
Thalictrum venulosum RVB-1 73.96 7.17 0.380 loamy sand 
Thalictrum venulosum OCA-10 39.32 6.70 0.655 organic Of 
Vaccinium vitis-idaea RVB-7 74.74 6.03 0.392 silt clay loam 
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Vaccinium vitis-idaea OCA-10 20.57 6.70 0.655 organic Of 
Vaccinium vitis-idaea RVG-4 42.71 NA NA NA 
Viburnum edule RVE-1 66.93 7.13 0.317 mesic O-soil 
Viburnum edule RVC-1 84.11 7.42 0.265 sandy clay loam 
Viburnum edule RVB-4 59.64 6.76 0.574 sandy loam 
Vicia americana RVF-2 35.94 7.91 0.251 clay 
Vicia americana RVB-1 76.04 7.17 0.380 loamy sand 
Vicia americana RVG-2 36.98 7.71 0.176 medium sand 
Viola renifolia RVC-1 92.97 7.42 0.265 sandy clay loam 
Viola renifolia RVA-11 72.92 7.25 0.581 silty fine sand 
Viola renifolia RVF-1 33.59 7.42 0.317 clay 

 

 


	INTRODUCTION
	METHODS
	Study Site
	Selection of species, trait sampling and measurement protocols
	Trait syndrome rationale
	Statistical analysis

	RESULTS
	Univariate analyses
	Multivariate Analyses
	Full trait matrix
	Dispersal syndrome
	Establishment syndrome
	Biomass production syndrome
	Persistence syndrome
	Reproduction syndrome
	Grazing resistance syndrome
	Effect on the environment


	DISCUSSION
	Ranking of species within syndromes
	Selecting candidate plant species for restoration
	Plant functional types for restoration in subarctic regions

	CONCLUSION
	LITERATURE CITED

