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Table A-2: Size of Megabalanus coccopoma at locations surveyed in 2010, 2011, and 
2012. 
 
Location 
 

Year n Mean 
(mm) 

SE Range (mm) # of individuals 
> 32.8 mm 

Ft. Pierce, FL 2010 82 17.1
  

1.0 45.5 - 4.7 5 

 2011 245 19.2 0.6 45.8 – 1.5 18 
 2012 70 21.4 1.1 47.3 – 2.6 7 
Ponce Inlet, FL 2010 59 14.2 1.1 30.4 – 3.5 0 
 2011 78 18.6 0.9 44.6 – 5.5 5 
 2012 24 22.3 2.0 38.1 – 7.8 4 
Daytona Beach, FL 2010 - - - - - 
 2011 211 9.2 0.2 38.8 – 2.5 1 
 2012 77 19.7 1.2 41.7 – 1.8 8 
Flagler Beach, FL 2010 - - - - - 
 2011 694 12.2 0.3 55.9 - 2.3 12 
 2012 294 17.7 0.6 51.2 – 4.8 34 
GTMNERR, FL 2010 166 14.4 0.8 45.7 – 2.1 13 
 2011 78 11.4 0.6 51.3 – 2.4 2 
 2012 13 11.9 1.4 21.2 – 5 0 
Jacksonville Beach, FL 2010 - - - - - 
 2011 535 6.6 0.1 32.6 – 0.8 0 
 2012 385 13.5 0.3 36.1 - 2 2 
Fernandina Beach, FL 2010 - - - - - 
 2011 458 8.1 0.2 39.2 - 1 2 
 2012 469 13.8 0.4 70.7 - 1 16 
Saint Simons Island, GA 2010 23 8.5 0.7 15.3 - 2 0 
 2011 144 13.0 0.3 20.4 – 7.1 0 
 2012 637 12.9 0.2 46.4 – 1.6 6 
Sapelo Island NERR, GA 2010 - - - - - 
 2011 28 16.7 1.2 27.2 – 4.2 0 
 2012 462 21.0 0.3 66.1 – 5.1 12 
Tybee Island, GA 2010 6 14.1 1.5 20.9 – 9.8 0 
 2011 124 16.4 0.5 28.3 - 3.3 0 
 2012 56 26.4 1.0 55.0 – 10.0 9 
Hunting Island, SC 2010 0 - - - - 
 2011 0 - - - - 
 2012 72 19.8 0.5 38.0 – 11.8 2 
ACE Basin NERR, SC 2010 0 - - - - 
 2011 1 - - 16.2 0 
 2012 4 25.0 8.9 51.6 – 13.9 1 
Folly Beach, SC 2010 0 - - - - 
 2011 15 18.8 0.9 23.5 – 12.9 0 
 2012 55 21.6 1.3 54.9 – 7.4 7 
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Appendix B 

Known occurrences of Megabalanus coccopoma 

Table B-1:  Known occurrences of Megabalanus coccopoma.  Only presence data were 
used to train the MaxEnt models and presences were thinned to one point per raster cell 
prior to running the models. 
 

Latitude Longitude Native/Introduced Source 
Present/Absent 

(1/0) 
8.268719444 -82.85710556 Native 1 1 
8.268719444 -82.85710556 Native 1 1 

7.423225 -80.14400833 Native 1 1 
8.88755 -79.62246944 Native 1 1 

8.891763889 -79.59898056 Native 1 1 
8.795175 -79.55423611 Native 1 1 
8.795175 -79.55423611 Native 1 1 

8.916294444 -79.53190833 Native 1 1 
8.816802778 -79.60004444 Native 1 1 
8.816802778 -79.60004444 Native 1 1 

23.222375 -106.4331333 Native 2 1 
21.52849722 -105.2869444 Native 2 1 
20.61972222 -105.2325 Native 2 1 
17.63138889 -101.5566667 Native 2 1 
16.82638889 -99.90444444 Native 2 1 
16.84666667 -99.9075 Native 2 1 

16.8575 -99.88666667 Native 2 1 
16.84083333 -99.85138889 Native 2 1 
16.80583333 -99.83777778 Native 2 1 
13.91444444 -90.78805556 Native 2 1 
13.58888889 -89.83527778 Native 2 1 
10.55916667 -85.70305556 Native 2 1 
9.843333333 -84.87527778 Native 2 1 
9.874166667 -84.85833333 Native 2 1 
9.973888889 -84.83194444 Native 2 1 
9.958611111 -84.73833333 Native 2 1 
8.981944444 -79.50361111 Native 2 1 
8.911944444 -79.56222222 Native 2 1 
8.802777778 -79.52305556 Native 2 1 
-2.201388889 -80.95305556 Native 2 1 
-2.210555556 -80.94555556 Native 2 1 
-2.210555556 -80.94555556 Native 2 1 
-2.218333333 -80.91777778 Native 2 1 
-2.293055556 -80.91611111 Native 2 1 
-2.644444444 -80.40722222 Native 2 1 



 100 

Table B-1 Continued 
 

Latitude Longitude Native/Introduced Source 
Present/Absent 

(1/0) 
-2.707777778 -80.24027778 Native 2 1 
-5.081666667 -81.11972222 Native 2 1 

-0.4417 -90.2883 Native 2 1 
-0.486388889 -90.285 Native 2 1 

-23.6258 -45.3747 Introduced 3 1 
-23.3569 -44.8658 Introduced 3 1 
-23.6178 -45.3847 Introduced 3 1 
-23.371 -44.8367 Introduced 3 1 

-23.6264 -45.3747 Introduced 3 1 
-23.3569 -44.9325 Introduced 3 1 
-23.3569 -44.8658 Introduced 3 1 
-23.3569 -44.9325 Introduced 3 1 
-23.3569 -44.8658 Introduced 3 1 
-23.3569 -44.9325 Introduced 3 1 
-23.3569 -44.9325 Introduced 3 1 
-23.3569 -44.9325 Introduced 3 1 
22.4038 -97.4439 Introduced 4 1 
22.3361 -97.6327 Introduced 4 1 
23.0251 -82.8873 Introduced 4 1 
23.2548 -88.9385 Introduced 4 1 
23.0265 -82.8923 Introduced 4 1 
18.2111 -94.1318 Introduced 4 1 
18.6887 -93.8439 Introduced 4 1 
22.3023 -88.3442 Introduced 4 1 
18.3953 -94.0212 Introduced 4 1 

22.28 -97.7937 Introduced 4 1 
21.5705 -87.8837 Introduced 4 1 
24.7806 -82.3407 Introduced 4 1 
50.7729 1.61505 Introduced 5 0 
51.4648 2.70446 Introduced 5 0 
-0.44167 -90.2883 Native 6 1 
29.8917 -81.31 Introduced 7 1 

29.0724846 -80.918664 Introduced 7 1 
30.397383 -81.390409 Introduced 7 1 

30.1327 -81.3851 Introduced 7 1 
30.1067 -85.7047 Introduced 7 1 
30.1351 -85.6773 Introduced 7 1 
31.8042 -81.0042 Introduced 7 1 

29.259446 -89.953995 Introduced 7 1 
33.840336 -77.964993 Introduced 7 1 
34.21166 -77.790241 Introduced 7 1 
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Table B-1 Continued 
 

Latitude Longitude Native/Introduced Source 
Present/Absent 

(1/0) 
34.82973 -76.35473 Introduced 7 1 

32.660405 -79.922791 Introduced 7 1 
32.7583 -79.8597 Introduced 7 1 
32.6857 -79.8867 Introduced 7 1 
32.6482 -79.9617 Introduced 7 1 

32.639625 -79.979535 Introduced 7 1 
32.261868 -80.678163 Introduced 7 1 

32.4872 -80.3197 Introduced 7 1 
33.8483 -78.5542 Introduced 7 1 

-22.949925 -43.17353889 Introduced 8 1 
32.78193889 -117.2641722 Introduced 9 0 
32.86045556 -117.26285 Introduced 9 0 
32.86704444 -117.2573806 Introduced 9 0 
-4.818333333 -37.04527778 Introduced 10 1 
51.35033333 2.713833333 Introduced 11 0 
51.36583333 3.015833333 Introduced 11 0 
51.51583333 2.848666667 Introduced 11 0 
51.51583333 2.848666667 Introduced 11 0 

51.1695 2.6015 Introduced 11 0 
51.4145 2.77 Introduced 11 0 

29.91666667 -81.3 Introduced 12 1 
29.83333333 -81.3 Introduced 12 1 
29.78333333 -81.26666667 Introduced 12 1 

29.715725 -81.23915556 Introduced 12 1 
9.916666667 -84.55 Native 13 1 
9.633333333 -85.06666667 Native 13 1 
23.18527778 -106.4188889 Native 14 1 
23.18666667 -106.3883333 Native 15 1 
20.62666667 -105.2366667 Native 15 1 

50.77 1.62 Introduced 16 0 
51.4805 2.8015 Introduced 16 0 
-23.6263 -45.3746 Introduced 17 1 
-23.6257 -45.3746 Introduced 17 1 
-23.6177 -45.3847 Introduced 17 1 
-23.3568 -44.8657 Introduced 17 1 
-23.3568 -44.9324 Introduced 17 1 

21.27 -96.55 Introduced 18 1 
-0.4416 -90.2883 Native 19 1 
-33.86 151.24 Introduced 20 1 

34.64120278 138.9161528 Introduced 21 1 
34.58333333 138.8333333 Introduced 21 1 
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Table B-1 Continued 
 

Latitude Longitude Native/Introduced Source 
Present/Absent 

(1/0) 
33.71666667 135.3666667 Introduced 21 1 

35.3 139.4666667 Introduced 21 1 
35.68333333 140.85 Introduced 21 1 

35.3 139.4833333 Introduced 21 1 
35.45 139.65 Introduced 21 1 

35.36666667 139.9 Introduced 21 1 
-26.78 -48.62 Introduced 22 1 

23.76666667 -97.71666667 Introduced 23 1 
29.0724846 -80.918664 Introduced 7 1 

29.8917 -81.31 Introduced 7 1 
30.1327 -81.3851 Introduced 7 1 

30.397383 -81.390409 Introduced 7 1 
31.41805 -81.29631667 Introduced 24 1 
31.54832 -81.21068 Introduced 24 1 
31.8042 -81.0042 Introduced 7 1 

31.99146667 -80.84495 Introduced 24 1 
32.02419167 -80.84133611 Introduced 24 1 

32.261868 -80.678163 Introduced 7 1 
32.29083333 -80.64583333 Introduced 9 1 
32.30694444 -80.64583333 Introduced 9 1 

32.3624 -80.44073333 Introduced 24 1 
32.38429167 -80.78694444 Introduced 9 1 

32.4872 -80.3197 Introduced 7 1 
32.639625 -79.979535 Introduced 7 1 
32.65365 -79.93888333 Introduced 24 1 

32.660405 -79.922791 Introduced 7 1 
32.6857 -79.8867 Introduced 7 1 
32.7583 -79.8597 Introduced 7 1 

32.78428333 -79.78513333 Introduced 24 1 
33.840336 -77.964993 Introduced 7 1 

33.8483 -78.5542 Introduced 7 1 
34.21166 -77.790241 Introduced 7 1 
34.82973 -76.35473 Introduced 7 1 

35.2254167 -75.6361389 Introduced 24 1 
35.347472 -75.50183 Introduced 24 1 

35.585 -75.4608 Introduced 24 0 
35.76683 -75.527583 Introduced 24 0 

36.101167 -75.7116389 Introduced 24 0 
31.04196667 -81.42251667 Introduced 25 1 
30.40466667 -81.5069 Introduced 25 1 

30.39655 -81.42801667 Introduced 25 1 
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Table B-1 Continued 
 

Latitude Longitude Native/Introduced Source 
Present/Absent 

(1/0) 
30.39195 -81.46315 Introduced 25 1 

29.94303333 -81.30601667 Introduced 25 1 
29.07348333 -80.91256667 Introduced 25 1 

29.06585 -80.91735 Introduced 25 1 
29.03751667 -80.90841667 Introduced 25 1 
29.03141667 -80.91641667 Introduced 25 1 

28.9892 -80.90106667 Introduced 25 1 
28.4771 -80.76741667 Introduced 25 1 

28.40855 -80.592 Introduced 25 1 
27.85578333 -80.4514 Introduced 25 1 
27.47433333 -80.29118333 Introduced 25 1 

 
Sources: 

1. Laguna, J. (1985) Systematics, ecology and distribution of barnacles (Cirripedia: 
Thoracica) of Panama, including an analysis of provincialism in the tropical eastern 
Pacific. M.Sc. thesis, University of California, San Diego, 234 p. 

2. Henry, D.P. & McLaughlin, P.A. (1986) The recent species of Megabalanus 
(Cirripedia, Balanomorpha) with special emphasis on Balanus tintinnabulum (Linnaeus) 
sensu lato, Rijksmuseum van Natuurlijke Historie. 
 
3. Ocean Biogeographic Information System: SINBIOTA - marine data (OBIS South 
America, BRAZIL).  Accessed via http://www.gbif.org/dataset/83d07ce2-f762-11e1-
a439-00145eb45e9a on 2011-02-10. 
 
4. Oceanographic Biogeographic Information System: Biodiversity of the Gulf of Mexico 
Database; Gittings, S.R. (2009) Cirripedia (Crustacea) of the Gulf of Mexico. Gulf of 
Mexico-Origins, Waters, and Biota. (eds. D.L. Felder and D.K. Camp), pp. 827-836. 
Texas A&M Press. 

5. Oceanographic Biogeographic Information System: Taxonomic Information System 
for the Belgian coastal area (EurOBIS); Kerckhof, F. (2002) Barnacles (Cirripedia, 
Balanomorpha) in Belgian waters, an overview of the species and recent evolutions, with 
emphasis on exotic species. Bulletin van het Koninklijk Belgisch Instituut voor 
Natuurwetenschappen.Biologie= Bulletin de l'Institut Royal des Sciences Naturelles de 
Belgique.Biologie, 72, 93-104. 

6. Ocean Biogeographic Information System: Department of Invertebrate Zoology, 
Research and Collections Information System, NMNH, Smithsonian Institution. 
Accessed via http://www.mnh.si.edu/rc/db/collection_db_policy1.html on 2010-05-14. 
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7. U.S. Geological Survey, 2011, Megabalanus coccopoma. Nonindigenous Aquatic 
Species Program, Gainesville, FL. 
 
8. Breves-Ramos, A., Lavrado, H.P., Junqueira, A.O.R. & Silva, S.H.G. (2005) 
Succession in rocky intertidal benthic communities in areas with different pollution levels 
at Guanabara Bay (RJ-Brazil). Brazilian Archives of Biology and Technology, 48, 951-
965. 

9. Newman, W.A. & McConnaughey, R.R. (1987) A tropical eastern Pacific barnacle, 
Megabalanus coccopoma (Darwin), in southern California, following El Nino 1982-83. 
Pacific Science, 41, 31-36. 

10. Silveira, N.G., Souza, R.C.C.L., Fernandes, F.C. & Silva, E.P. (2007) Occurrence of 
Perna perna, Modiolus carvalhoi (Mollusca, Bivalvia, Mytilidae) and Megabalanus 
coccopoma (Crustacea, Cirripedia) off Areia Branca, Rio Grande do Norte state, Brazil. 
Biociências (On-line), 14. 

11. Dr. Francis Kerckhof personal communication 
 
12. Gilg, M.R., Lukaj, E., Abdulnour, M., Middlebrook, M., Gonzalez, E., Turner, R. & 
Howard, R. (2010) Spatio-temporal settlement patterns of the non-native titan acorn 
barnacle, Megabalanus coccopoma, in northeastern Florida. Journal of Crustacean 
Biology, 30, 146-150. 

13. Sibaja-Cordero, J.A. & Vargas-Zamora, J.A. (2006) Zonación vertical de epifauna y 
algas en litorales rocosos del Golfo de Nicoya, Costa Rica. Rev.Biol.Trop, 54, 49-67. 

14. Ruelas-Inzunza, J. & Páez-Osuna, F. (1998) Barnacles as biomonitors of heavy metal 
pollution in the coastal waters of Mazatlan Harbor (Mexico). Bulletin of environmental 
contamination and toxicology, 61, 608-615. 

15. Páez-Osuna, F., Bójorquez-Leyva, H. & Ruelas-Inzunza, J. (1999) Regional 
variations of heavy metal concentrations in tissues of barnacles from the subtropical 
Pacific coast of Mexico. Environment international, 25, 647-654. 

16. Taxonomic Information System for the Belgian coastal area (EurOBIS); Institution 
code: VLIZ; Collection code: Tisbe; Catalague number: 564736. 
 
17. Ocean Biogeographic Information System: SINBIOTA - marine data (OBIS South 
America, BRAZIL); Institution code: FAPESP; Collection code: SinBiota; Catalogue 
number: 19541. 
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Appendix C 

The effects of temperature on size and energetic reserves of larvae of Megabalanus 
coccopoma 

 

Figure C-1: Mean A) protein (µg/individual), B) triacylglycerol (ng/individual) C) 
phospholipid (ng/individual), D) aliphatic hydrocarbon (ng/individual), E) free sterol 
(ng/individual), and F) total lipid (ng/individual) in Megabalanus coccopoma throughout 
development at each rearing temperature (±SE).  Only two protein samples and only one 
lipid sample was collected for stage IV at 10°C and only one lipid sample was collected 
at stages VI and cyprid at 13°C, so these values were not included in the statistical 
analyses.  An asterisk above symbols indicates significant differences among rearing 
temperatures at a given developmental stage (see Table C-2 for post-hoc comparisons).  
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Figure C-2: Mean total length (µm) of Megabalanus coccopoma throughout development 
at each rearing temperature (±SE).  An asterisk above symbols indicates significant 
differences among rearing temperatures at a given developmental stage (see Table C-2 
for post-hoc comparisons). 
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Figure C-3: Mean A) cyprid area (µm2) and B) energy density (ng TAG/µm3) for 
Megabalanus coccopoma cyprids reared at 13, 16, 19 and 22°C (±SE).  Shared letters 
above bars indicate cyprid areas or energy densities whose means do not differ (Steel-
Dwass post-hoc tests, p>0.05).   
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Table C-1: Results of one-way ANOVAs and Wilcoxon/Kruskal-Wallis tests examining 
the effect of rearing temperature on total length (µm), protein (µg/individual) and lipid 
(ng/individual) at each life-history stage.  Significant p-values are in bold print (p<0.05). 
 
Measurement Stage DF Chi-Sq./F P 
 Total length III 4 27.2726 <0.0001 

 
 IV 4 54.6094 <0.0001 

 
 V 3 41.6566 <0.0001 

 
 VI 3 41.6682 <0.0001 

 
 Cyprid 3 67.2918 <0.0001 

 
Protein III 4 17.7973 0.0014 
 IV 3 32.1002 <0.0001 
 V 3 27.4125 <0.0001 
 VI 3 36.0592 <0.0001 
 Cyprid 2 40.9204 <0.0001 
 Juvenile 1 26.774 0.0002 
TAG III 4 6.7879 0.1475 
 IV 3 11.3317 0.0015 
 V 2 17.6359 0.0005 
 VI 2 11.6854 0.0029 
 Cyprid 2 42.6956 <0.0001 
 Juvenile 1 4.7647 0.029 
PL III 4 8.4581 0.0030 
 IV 3 4.4796 0.0307 
 V 3 14.4558 <0.0001 
 VI 2 75.8978 <0.0001 
 Cyprid 2 0.8162 0.4540 
 Juvenile 1 0.6028 0.4629 
HC III 4 0.7432 0.584 
 IV 3 1.7029 0.2291 
 V 3 1.8111 0.1812 
 VI 2 4.7143 0.0947 
 Cyprid 2 7.9633 0.0022 
 Juvenile 1 0.0871 0.7764 
ST III 4 2.7929 0.0855 
 IV 3 0.3169 0.813 
 V 3 6.464 0.0911 

 
 VI 2 1.5238 0.4668 
 Cyprid 2 1.0103 0.3791 

 
 Juvenile 1 0.1096 0.7503 
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Table C-1 Continued 

Measurement Stage DF Chi-Sq./F P 
Total lipid III 4 8.7308 0.0027 
 IV 3 4.8171 0.0251 
 V 3 14.4730 <0.0001 
 VI 2 110.2365 <0.0001 
 Cyprid 2 5.0826 0.0144 
 Juvenile 1 0.3478 0.5739 
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Table C-2: Results of post-hoc comparisons of total length (µm), protein (µg/individual) 
and lipid (ng/individual) among rearing temperatures.  Shared letters indicate that means 
do not differ (Tukey post-hoc or Steel-Dwass tests, p>0.05), n/a indicates data were not 
available for comparison, and dashes indicate no post-hoc tests were performed because 
rearing temperature did not have a significant effect at that life-history stage (see Table 
C-1).  
 
Measurement Stage 22°C 19°C 16°C 13°C 10°C 
Total length III A A A A C 
 IV A A A B C 
 V A B AB C n/a 
 VI A B AB C n/a 
 C A B C D n/a 
Protein III A A A A A 
 IV A B A C n/a 
 V A B B C n/a 
 VI A B C A n/a 
 C A B C n/a n/a 
 J n/a A B n/a n/a 
TAG III - - - - - 
 IV A B B B n/a 
 V A A B B n/a 
 VI A B* C n/a n/a 
 C A B C n/a n/a 
 J n/a A B n/a n/a 
PL III AC AB A AC C 
 IV AB AB A B n/a 
 V A B B A n/a 
 VI A B C n/a n/a 
 C - - - n/a n/a 
 J n/a - - n/a n/a 
HC III - - - - - 
 IV - - - - n/a 
 V - - - - n/a 
 VI - - - n/a n/a 
 C A B B n/a n/a 
 J n/a - - n/a n/a 
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Table C-2 Continued 
 
Measurement	
   Stage	
   22°C	
   19°C	
   16°C	
   13°C	
   10°C	
  
ST III - - - - - 
 IV - - - - n/a 
 V - - - - n/a 
 VI - - - n/a n/a 
 C - - - n/a n/a 
 J n/a - - n/a n/a 
Total lipid III AC AB B C C 
 IV AB AB A B n/a 
 V A B B A n/a 
 VI A B C n/a n/a 
 C AB A B n/a n/a 
 J n/a - - n/a n/a 
*Marginally larger than 16°C (p=0.0549). 
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Table C-3: Results of a Wilcoxon/Kruskal-Wallis test comparing the effect of 
temperature on cyprid area and results of a one-way ANOVA comparing the effect of 
temperature on cyprid energy density. 
 
Wilcoxon/Kruskal-Wallis test for cyprid area   
 DF   Chi-square P 
 3 	
  

 

	
  

 

65.3412	
  

 

<0.0001	
  

 
One-way ANOVA for cyprid energy density 
 DF SS MS F P 
Temperature 2 3.941514 1.97076	
  

 

37.081	
  

 

<0.0001	
  

 
Error 24 1.2755375	
  

5.2170515 

0.05315	
  

 

  
Total 26 5.2170515	
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