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___________________________________________________________________________ 
Cloud forests are one of the most threatened habitats in Central America, and we have large gaps in our knowledge of these fragile ecosystems, and many established National Parks in Honduras lack effective protection. Loss of forest area, and consequently its associated biodiversity, occurs for many reasons such as deforestation from illegal logging, agricultural development, for coffee production in particular, and hunting. The health of the forest is also threatened by many external factors such as climate disruption, poorly organized ecotourism, invasive species and ever increasing local human population sizes.
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[bookmark: _GoBack]In 2004, a reconnaissance expedition conducted by Operation Wallacea lead to the establishment of an annual research project in the cloud forests of Cusuco National Park (CNP). This project is centered around an extensive habitat monitoring program of numerous cloud forest areas and selected taxa known to be of importance in the area.

Within CNP there are seven camps that are monitored, and at each of the camps permanent transects have been installed and sample sites have been allocated along each of these sites. The steep terrain posed limitations on the sample site locations, so sites were installed wherever possible as long as they were a minimum of 200m apart from one another. 

Along these transects 120 habitat plots (20mx20m) have been established and are surveyed every year. Variables such as the soil type, vegetation type, and canopy cover, are recorded. Up until 2012, the main reason for monitoring these habitat plots was to provide data for the REDD+ Carbon Assessment scheme but in 2013 the existing habit plot protocols were altered so that the extent forest disturbance could be monitored in CNP. This is important information for researchers to gather because over the last few years there has been increasing concern about the effects of human disturbance on this vulnerable cloud forest site.


The number of trees with a circumference at breast height (CBH) of over 15cm was recorded in habitat plots along numerous permanent transects. CBH is used to give an indication of the size of the tree. The abundance of different tree types (broadleaf, palm or tree fern) within the plot was also recorded.
One of the transects (CA2) of interest is located at an altitude of 1600m near the research camp of Cantiles on the southern side of the national park. This is an area where there is no farming and access requires a permit. The other transect (ST3) used in this study is found near the low altitude (1400m) northern village of Santo Tomas. This area has a lower level of protection meaning that there are some villages and small coffee farms.
The number of trees found in the five quadrats in ST3 and CA2 are shown in the table below:
	Quadrat number
	Santo Tomas (ST3)
	Cantiles (CA2)

	
	Number of trees over 15 CBH (cm)
	Number of trees over 15 CBH (cm)

	1
	47
	105

	2
	26
	169

	3
	30
	67

	4
	62
	89

	5
	35
	87

	Total tree number
	
	

	Mean number of trees per quadrat
	
	

	Standard Deviation
	
	



Tasks and questions:
1. Calculate the total number of trees and the mean numbers for ST3 and CA2
2. Plot a suitable graph to compare ST3 and CA2.
3. From the graph there appears to be a difference between the two transects but is the difference significant? Use an unpaired t-test to test the following null hypothesis:
“There is no significant difference between the numbers of trees found in the two transects, ST3 and CA2”.
4. Why is the unpaired t-test a suitable test?
5. Does this support or reject the null hypothesis?










Methodology for the unpaired t-test

Here we will use an un-paired t-test because, although we are studying trees in the same forest at about the same time, we have not used identical transects, and so we cannot truly say that our samples are paired.

1. Calculate the mean number of trees for ST3 and CA2 and add into the table above.
2. Calculate the standard deviation for each transect dataset: add to the table above.


n = sample size
Σ = sum of
x = each value
 = mean of x	
3. Determine the degrees of freedom for your test, which for an unpaired t-test is calculated using the following formula:

df = (n1 + n2) – 2 

where n1 is the number of replicates used in the first sample and n2 is the number of replicates used in the second sample.

4. Now you will have everything you need to calculate a t-value. The formula for this is as follows:


Where:
x1 = the mean of data set 1 (e.g. ST3)
x2 = the mean of data set 2 (e.g. CA2)
s1 = the standard deviation of data set 1
n1 = the number of replicates in data set 1
s2 = the standard deviation of data set 2
n2 = the number of replicates in data set 2

5. The final step is to use your t-value with a reference table to find the probability that there is no difference between your data sets, and therefore be able to say with confidence that there is, or is no, a significant difference. The appropriate reference table for this test is below. You need to use a 2-tail test, and then find the column with 0.05 in that row (0.05 means you are testing at a 95% confidence limit, as 1 – 0.05 = 0.95, and this is the standard level of confidence used by scientists). If you wanted to be extra confident, you could use a column with an even smaller number in it (e.g. the 0.001 column tests at the 99.9% confidence level). You then need to find the correct row for your degrees of freedom (calculated earlier), and note down the number where the correct column and row for your test meet.
6. If this number is smaller than your calculated t-test, that means you can confidently say that there is a statistical difference between your two data sets. If this number is larger than yours, you can say there is no statistical difference (at the 95% confidence level at least).

	α (1 tail)
	0.05
	0.025
	0.01
	0.005
	0.0025
	0.001
	0.0005

	α (2 tail)
	0.1
	0.05
	0.02
	0.01
	0.005
	0.002
	0.001

	df
	
	
	
	
	
	
	

	1
	6.3138
	12.7065
	31.8193
	63.6551
	127.3447
	318.4930
	636.0450

	2
	2.9200
	4.3026
	6.9646
	9.9247
	14.0887
	22.3276
	31.5989

	3
	2.3534
	3.1824
	4.5407
	5.8408
	7.4534
	10.2145
	12.9242

	4
	2.1319
	2.7764
	3.7470
	4.6041
	5.5976
	7.1732
	8.6103

	5
	2.0150
	2.5706
	3.3650
	4.0322
	4.7734
	5.8934
	6.8688

	6
	1.9432
	2.4469
	3.1426
	3.7074
	4.3168
	5.2076
	5.9589

	7
	1.8946
	2.3646
	2.9980
	3.4995
	4.0294
	4.7852
	5.4079

	8
	1.8595
	2.3060
	2.8965
	3.3554
	3.8325
	4.5008
	5.0414

	9
	1.8331
	2.2621
	2.8214
	3.2498
	3.6896
	4.2969
	4.7809

	10
	1.8124
	2.2282
	2.7638
	3.1693
	3.5814
	4.1437
	4.5869

	11
	1.7959
	2.2010
	2.7181
	3.1058
	3.4966
	4.0247
	4.4369

	12
	1.7823
	2.1788
	2.6810
	3.0545
	3.4284
	3.9296
	4.3178

	13
	1.7709
	2.1604
	2.6503
	3.0123
	3.3725
	3.8520
	4.2208

	14
	1.7613
	2.1448
	2.6245
	2.9768
	3.3257
	3.7874
	4.1404

	15
	1.7530
	2.1314
	2.6025
	2.9467
	3.2860
	3.7328
	4.0728

	16
	1.7459
	2.1199
	2.5835
	2.9208
	3.2520
	3.6861
	4.0150

	17
	1.7396
	2.1098
	2.5669
	2.8983
	3.2224
	3.6458
	3.9651

	18
	1.7341
	2.1009
	2.5524
	2.8784
	3.1966
	3.6105
	3.9216

	19
	1.7291
	2.0930
	2.5395
	2.8609
	3.1737
	3.5794
	3.8834

	20
	1.7247
	2.0860
	2.5280
	2.8454
	3.1534
	3.5518
	3.8495

	21
	1.7207
	2.0796
	2.5176
	2.8314
	3.1352
	3.5272
	3.8193

	22
	1.7172
	2.0739
	2.5083
	2.8188
	3.1188
	3.5050
	3.7921

	23
	1.7139
	2.0686
	2.4998
	2.8073
	3.1040
	3.4850
	3.7676

	24
	1.7109
	2.0639
	2.4922
	2.7970
	3.0905
	3.4668
	3.7454

	25
	1.708
	2.060
	2.485
	2.787
	3.078
	3.450
	3.725

	26
	1.706
	2.056
	2.479
	2.779
	3.067
	3.435
	3.707

	27
	1.703
	2.052
	2.473
	2.771
	3.057
	3.421
	3.690
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These data were gathered from the Opwall Honduras expedition: http://opwall.com/sixth-form-high-school/locations/honduras-school-expeditions/ Copyright: these resources are the sole property of Operation Wallacea although they may be used freely for educational purposes within the classroom or for internal examinations.  Further use will require permission which can be gained by email.
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