
 

Name: Period: 
Honors Biology Summer Homework Assignment 2019 

This packet consists of six parts designed to prepare students for the first unit of study as well as 
review essential skills from previous science courses.  All work is to be done by the individual 
student.  The summer assignment is due on the first day of class (August 12th: A day, August 
13th: B-day). This assignment is worth 55 points.  Please note that if more space is needed, there is 
extra space on the last packet page or additional sheets of paper that are clearly labelled can be 
stapled to this packet.  
 
Part 1: Basic Skills (13 points)  Model 1: Graphs and Charts of Classroom Measurement Data 

 
1. According to Model 1, how many females fall within the range of 146-155 cm tall? 

 
2. According to Model 1, how many males are 181 cm or above in height? 

 
3. Using the graph(s) in Model 1, determine the approximate average height of males and females. 

 
4. How many males are taller than 175 cm and approximately what percentage of the total is that? 

 
5. Which graph(s)/chart(s) illustrate the answer to the previous question? 

 
 

6. Which type of graph/chart in Model 1 shows a side by side comparison of data? 
 

7. Which type of graph/chart in Model 1 shows trends in data across an entire data set? 
 

 



 

8. Describe 2 trends in male and female height using the line graph. 
 

9. Compare the presentation of height data in the three graphs.  What information is located on more than one 
graph, and what information is unique to a particular graph? 

 
 

10. If you wanted to see if a correlation exists between the height and hand length of an individual, which type of 
graph would be best and why? 

 
 

11. What conclusion(s) can you draw comparing height, hand length, and knuckle width of males and females?  
 
 
 
 
Model 2: Foot Width in a High School Classroom  

 
12. What value for foot width is most frequent in males and what is this value called? 
 
 
13. Determine the mean for each data group, and describe how you calculated them. 
 
 
 
 
Within a data set there may be individual values that seem uncharacteristic or don’t fit the general trend.  These 
points are referred to as outliers or anomalous data.  In most samples, a small number of outliers is expected due 
to variations present in any naturally-occurring population.  Outliers can also result from errors in measurement or in 
the recording of data.  To distinguish normal error from error, techniques such as repeating measurements or 
statistical calculations can be used to determine authenticity of individual data points.  Outliers should not be 
ignored, however, as many interesting scientific discoveries have resulted from the study of such unexpected 
findings. 
 
14. Which data point(s) in the foot width values in Model 2 might be considered outliers and why? 
 
 
15. Recalculate the mean value for foot width for each data group without the outliers.  Compare to your previous 
results.  Which values best represents the overall data set of foot width in males and females?  Explain your answer. 
 
 



 

16. If you were to decide to remove outlying data points from a particular data analysis, what are two ways you 
could indicate this in your report to ensure that you are being honest about your data and analysis? 
 
 
 
Model 3-Aquatic Plant Experiment 

 
 
17. Examine the four trials shown in Model 3.  Identify several conditions in the experiment that are the same in 
each trial.  In an experiment, what are these same conditions called? 
 
 
 
18. Describe the one condition that has been varied among the four trials in Model 3.  In an experiment, what is 
this condition called? 
 
 
 
19. How does the condition described in question #17 appear to affect the rate of oxygen gas production by the 
plant?  Provide specific evidence to support your answer. 
 
 
 
20. Complete the following table using Model 3: 
Model 4-Aquatic Plant Data 

 



 

21. The column headings describe a particular variable in the experiment. 
a. Describe the type of variable that was purposefully changed in the experiment.  

 
Type: _____________________________ variable  
Describe: 

 
 

b. Describe the type of variable that changed as a result of changing the variable listed in part a. 
 
Type: _____________________________ variable  
 
Describe: 
 
 

c. What variable(s) in the Model 4 table remained constant among the trials? 
 
 
A well-written research question or title states the independent and dependent variables in the experiment.  For 
example, a student investigated the effect of soil pH on the number of strawberries produced by a strawberry 
plant.  The student’s question was “How does the pH of soil affect the number of strawberries produced by the 
strawberry plant?” 
 
22. Using this information, write a research question in the correct format for the experiment in Model 3. 
Question:  
 
 
 
23. A student wonders, “Does the moisture content in soil affect how far a worm can dig?  Identify the 
independent variable(s), dependent variable(s), and variables that need to be controlled. 
 
 
 
 
Scientists can design an experiment with a control group that does not receive the treatment (independent 
variable) that is being tested.  Scientists can then compare the normal changes in organisms or samples with 
those that may have occurred because of treatment.  This is not the same as constants or a controlled 
variable. 
 
24. Using this information, explain the difference between a control group and controlled variables (constants) 
and the importance of using a control group in a particular experiment. 
 
 
 
 
 
 
 
 



 

Part 2: Scientific Method (4.5 points) 
 
For years, science students have learned what is known as the scientific method.  It is a step by step method 
of doing science, and is not always taught exactly the same way.  
 
Think about what you were taught in science class when you were younger about the scientific method.  How 
many steps did you learn?  What were the steps?  List, number, and describe the steps YOU learned and used 
below.  Remember, the scientific method can vary in number of steps and wording, so use what you know. 
Write an example for each step. 
 
Your Explanation of the Scientific Method: 

Step # Description Example 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Part 3: Scientific & Engineering Practices 
With the adoption of new science standards, there’s been a shift in science classes from the scientific method above to 
the idea of scientific (and engineering) practices. This emphasizes that scientific investigation requires the application of 
ideas and knowledge rather than just following a step-by-step method. This also implies that carrying out investigations 
may require "practice" and multiple attempts at one's project or study. Review the 8 new practices in the graphic below.  

 

Part 4: Venn Diagram: The Process of Science (12 points) 
A Venn diagram is a graph that uses two or more interlocking circles to represent logical relationships between or 

among specific objects or ideas. Characteristics or qualities that are unique to one of the objects or ideas are recorded in 
the part of that particular circle that does not intersect any other circle. If a quality or characteristic is shared by two or 
more of the objects or ideas, the item is recorded in the intersection of the circles that apply. 

Create a Venn diagram provided to compare and contrast your ideas about the scientific method with the 
information provided about scientific practices.  You must include several statements in each section and examples. 

 
Venn Diagram Rubric 

 3 2 1 
 

Knowledge  
and 

Understanding 

Key aspects of the 
scientific method/practices 
are included showing 
complete understanding of 
the process of science. 

Two or three key aspects are 
compared and contrasted, 
demonstrating some 
understanding of the scientific 
method/practices. 

One or no key aspects are 
compared and contrasted, 
demonstrating a limited 
understanding of the scientific 
method/practices. 

    Support of 
Statements 
(Examples) 

Most statements about the 
process of science are 
supported with examples. 

Some statements about the 
process of science are supported 
with examples. 

Few statements about the 
process of science are 
supported with examples. 

 
Placement of 
Statements 

All statements are placed 
in the correct circle or 
intersection.  Themes are 
evident when reading 
across the diagram. 

Statements are placed in the 
correct circle or intersection, but a 
theme may not be evident when 
reading across the diagram. 

Statements seem to be 
randomly placed and may not 
even be in the correct circle or 
intersection. 

 
Quality of 

Communication 
and 

Conventions 

All statements are clearly 
expressed, contain 
appropriate vocabulary, 
and use correct 
conventions of writing. 

Most statements are clearly 
expressed, contain appropriate 
vocabulary, and use fairly 
accurate conventions of writing. 

Few statements are clearly 
expressed. They may contain 
inappropriate vocabulary, and do 
not use correct conventions of 
writing. 

 



 

Venn Diagram: The Process of Science 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Part 5: Human Trophic Level-Justification (25.5 points) 
Read the included peer reviewed journal article by using the jstor link listed below, “Eating up the world's food 
web and the human trophic level,” then complete a CER to answer the question. Some background 
information you might want to look up prior to reading the journal article is what is a trophic level.

 
(Link to Article :  http://www.jstor.org/stable/23761603) 

Claim-Evidence-Reasoning (C-E-R) 
 *Question: How has the human trophic level changed and why is it significant? 
 

C 
(Claim) 

Write a statement that 
responds to the 

question. 

 

 

E 
(Evidence) 

 
Provide scientific data to 
support your claim. Your 

evidence should be 
appropriate (relevant) 
and sufficient (enough 
to convince someone 

that your claim is 
correct).  

This can be bullet points 
instead of sentences. 

Draw at least one 
example of a small 
food web involving 
humans. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.jstor.org/stable/23761603


 

 

R 
(reasoning) 

 
Use scientific principles 
and knowledge that you 
have about the topic to 

justify why your 
evidence (data) 

supports your claim. 
In other words, explain 
how your data proves 

your point?  
(paragraph format) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Justification Grading Rubric 

Points Claim Evidence Reasoning 

 
A statement or conclusion 
that answers the original 

question/problem.  

Scientific data that supports the claim. 
The data needs to be appropriate and 

sufficient to support the claim. This 
includes facts, data, observations, 

and procedures from the article 
and/or other cited research. 

An explanation that connects all the listed 
evidence to the claim.  It shows why the 

data counts as evidence by using 
appropriate and sufficient scientific 

principles from the article and/or other cited 
research. 

0 Does not make a claim. Does not provide evidence. Does not provide reasoning. 

1 Makes an inaccurate claim. Provides inappropriate evidence.  The 
evidence does not support the claim. Provides inappropriate reasoning. 

2 Makes an accurate, but 
incomplete claim. 

Provides appropriate, but insufficient 
evidence to support the claim. 

Provides appropriate, but incomplete 
reasoning (not all evidence is accounted 

for/concepts explained). 

3 Makes an accurate and 
complete claim. 

Provided appropriate and sufficient 
evidence to support claim. 

Provides reasoning that connects the 
evidence to the claim.  Includes appropriate 
and sufficient scientific principles to explain 

why the evidence supports the claim. 

Total Score =  
____/25.5 points 

  Total = _____ / 3 points Total =_____ x 3 =_____ / 9 points Total =_____ x 4.5 =_____ / 13.5 points 
 

 
 



 

Part 6: Safety Contract-REQUIRED (no points given) 
Attached are 2 copies of the MCHS science safety contract.  Please get ONE signed and turned in while 
removing and keeping the second one in your science folder/binder.  Similar to last year, you will be taking a 
science safety test at the beginning of the course. 
 
 
Extra space below for questions, assignments, etc. (please label each included): 
 
 
 











 Eating up the world's food web and the human
 trophic level
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 Trophic levels are critical for synthesizing species' diets, depicting is more efficient for human populations to eat from lower trophic
 energy pathways, understanding food web dynamics and ecosys- levels to reduce the extraction of resources,
 tem functioning, and monitoring ecosystem health. Specifically, There is currently no quantitative assessment of the human
 trophic levels describe the position of species in a food web, from trophic level (HTL). Here, we calculate the HTL using the Food
 primary producers to apex predators (range, 1-5). Small differen- and Agricultural Organization (FAO) national data on the hu
 ces in trophic level can reflect large differences in diet. Although man food supply per food item per capita per year (1961-2009).
 trophic levels are among the most basic information collected for food supply data are available for 176 of 196 countries, i.e., 98.1%
 animals in ecosystems, a human trophic level (HTL) has never been of the world population. We describe the temporal trends and
 defined. Here, we find a global HTL of 2.21. i.e., the trophic level regional variability of HTL. Using World Bank development
 of anchoveta. This value has increased with time, consistent with indicators, we find significant links between HTL and important
 the global trend toward diets higher in meat. National HTLs rang- global socio-economic and environmental indicators. We find
 ing between 2.04 and 2.57 reflect a broad diversity of diet, al- (hat HTL is a simp,e too, to quantify human dietS; provide a
 though cluster analysis of countries with similar dietary trends basdjne tQ are djets befween djverse countrieSi and facili.
 reveals only five major groups. We f.nd significant links between ^ [he monitori of lobal trends
 socio-economic and environmental indicators and global dietary
 trends. We demonstrate that the HTL is a synthetic index to monitor Results

 countrie's'0'5 ^ 3 b3SeMne * C°mP3re ^ We fi"d the g'°bal median HTL in 2009 t0 be 2 21 (S° = °-13)'
 This represents a percentage increase of 3% since 1961 (Fig.
 L4). The median HTL is weighted by the population size of each
 country, and thus this trend is mainly driven by China and India,
 whose median HTL has increased from 2.05 to 2.20 during this

 rophic levels are a basic metric collected for ecological perjod (+7.4%; Fig. 1A). When these countries are removed
 studies and have a wide range of applications 1). They de- from the ana|ysiSj thg globa, HTL is stable over time at 2 31

 human ecology | nutrition transition | trophic ecology

 T
 scribe the number of intermediaries between basal species and  (Fig. L4).
 predators throughout the food web and help define species roles HTL has a broad range of values that reflects large variations
 in the ecosystem (2, 3). They represent a synthetic metiic of jn djej between countries and over time (Fig. IB). For example,
 species diets, which describes the composition of food consumed jn 2009, Burundi had an HTL of 2.04, representing a diet that is
 and enables comparisons of diets between species. almost completely (96.7%) plant based. In contrast, Iceland had

 Primary producers, such as plants or phytoplankton, are de- an pjTL of 2.57 for the same year, representing a diet composed
 fined as trophic level 1 (1, 4). Subsequent trophic levels are then
 calculated as a mean of the trophic levels of food items in
 a species' diet, weighted by quantity, plus one. For example,
 herbivores such as cows feed on plants (trophic level 1); thus,
 their trophic level is 2. Similarly, a species whose diet is com
 posed of half plant and half cow has a trophic level of 2.5
 (0-5*110.5*2+1). Therefore, a 0.5 difference in trophic level can
 reflect a completely different diet, e.g., from herbivory to omni
 vory. For carnivorous apex predators, such as polar bears or killer
 whales, trophic levels range up to 5.5 (5).

 Between each trophic level, there is a loss of energy (3, 6),
 meaning that more primary production is required to sustain
 higher trophic levels (7). Assuming an energy transfer rate of
 10%, it would require 100 kg C of primary production to produce
 1 kg C of a species that has a trophic level of 3 (7). This energy
 transfer rate can vary significantly between ecosystems [3-20%
 (8)1. Net primary production (NPP) is the limited capacity of the
 1U, , , • TT ,, • . 0cry/ Author contributions: S.B., E.C., and A.-E.N. designed research; S.B. and A.-E.N. performed

 globe to produce biomass. Humans currently appropriate 25% research. s B and L D analyzed data. and S B„ 'L.D., 0.l.p, j.b., d.m.k.. e.g., and a.-e.n.
 (8-14.8 Pg C) of the NPP through food production and land use wrote the paper.
 (9, 10), and this human appropriation is approaching the plan- The authors declare no conflict of interest.
 etary boundary (11, 12). Direct extraction of resources for food This artide js a PNAS Direct submission.

 production represents 35—40% of human appropriation of NPP +0 wh0m correspondence should be addressesd. E-mail: sylvain.bonhommeau@ifremer.fr.

 (10), relating both to the volume of food consumed and to diet This article contains supporting information online at www.pnas.org/lookup/suppl/doi:10.
 composition. Therefore, for a fixed quantity of food consumed, it io73/pnas.i305827iio/-/Dcsuppiementai.

 www.pnas.org/cgi/doi/10.1073/pnas.1305827110 PNAS | December 17, 2013 [ vol.110 | no. 51 | 20617-20620

 Significance

 Here we combine ecological theory, demography, and socio
 economics to calculate the human trophic level (HTL) and po
 sition humans in the context of the food web. Trophic levels
 are a measure of diet composition and are a basic metric in
 ecology, but have never been calculated for humans. In the
 global food web, we discover that humans are similar to an
 chovy or pigs and cannot be considered apex predators. In
 addition, we show that, although countries have diverse diets,
 there are just five major groups of countries with similar di
 etary trends. We find significant links between HTL and im
 portant World Bank development indicators, giving insights
 into the relationship between socio-economic, environmental,
 and health conditions and changing dietary patterns.
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 Trophic levels are critical for synthesizing species' diets, depicting
 energy pathways, understanding food web dynamics and ecosys
 tem functioning, and monitoring ecosystem health. Specifically,
 trophic levels describe the position of species in a food web, from
 primary producers to apex predators (range, 1-5). Small differen
 ces in trophic level can reflect large differences in diet. Although
 trophic levels are among the most basic information collected for
 animals in ecosystems, a human trophic level (HTL) has never been
 defined. Here, we find a global HTL of 2.21, i.e., the trophic level
 of anchoveta. This value has increased with time, consistent with

 the global trend toward diets higher in meat. National HTLs rang
 ing between 2.04 and 2.57 reflect a broad diversity of diet, al
 though cluster analysis of countries with similar dietary trends
 reveals only five major groups. We find significant links between
 socio-economic and environmental indicators and global dietary
 trends. We demonstrate that the HTL is a synthetic index to monitor
 human diets and provides a baseline to compare diets between
 countries.

 human ecology | nutrition transition | trophic ecology

 Trophic levels are a basic metric collected for ecological studies and have a wide range of applications (1). They de
 scribe the number of intermediaries between basal species and
 predators throughout the food web and help define species' roles
 in the ecosystem (2, 3). They represent a synthetic metric of
 species' diets, which describes the composition of food consumed
 and enables comparisons of diets between species.

 Primary producers, such as plants or phytoplankton, are de
 fined as trophic level 1 (1, 4). Subsequent trophic levels are then
 calculated as a mean of the trophic levels of food items in
 a species' diet, weighted by quantity, plus one. For example,
 herbivores such as cows feed on plants (trophic level 1); thus,
 their trophic level is 2. Similarly, a species whose diet is com
 posed of half plant and half cow has a trophic level of 2.5
 ^0.5*1 +o.5*2 +Therefore, a 0.5 difference in trophic level can
 reflect a completely different diet, e.g., from herbivory to omni
 vory. For carnivorous apex predators, such as polar bears or killer
 whales, trophic levels range up to 5.5 (5).

 Between each trophic level, there is a loss of energy (3, 6),
 meaning that more primary production is required to sustain
 higher trophic levels (7). Assuming an energy transfer rate of
 10%, it would require 100 kg C of primary production to produce
 1 kg C of a species that has a trophic level of 3 (7). This energy
 transfer rate can vary significantly between ecosystems [3-20%
 (8)]. Net primary production (NPP) is the limited capacity of the
 globe to produce biomass. Humans currently appropriate 25%
 (8-14.8 Pg C) of the NPP through food production and land use
 (9, 10), and this human appropriation is approaching the plan
 etary boundary (11, 12). Direct extraction of resources for food
 production represents 35-40% of human appropriation of NPP
 (10), relating both to the volume of food consumed and to diet
 composition. Therefore, for a fixed quantity of food consumed, it

 www.pnas.org/cgi/doi/10.1073/pnas. 1305827110

 is more efficient for human populations to eat from lower trophic
 levels to reduce the extraction of resources.

 There is currently no quantitative assessment of the human
 trophic level (HTL). Here, we calculate the HTL using the Food
 and Agricultural Organization (FAO) national data on the hu
 man food supply per food item per capita per year (1961-2009).
 Food supply data are available for 176 of 196 countries, i.e., 98.1%
 of the world population. We describe the temporal trends and
 regional variability of HTL. Using World Bank development
 indicators, we find significant links between HTL and important
 global socio-economic and environmental indicators. We find
 that HTL is a simple tool to quantify human diets, provide a
 baseline to compare diets between diverse countries, and facili
 tate the monitoring of global trends.

 Results

 We find the global median HTL in 2009 to be 2.21 (SD = 0.13).
 This represents a percentage increase of 3% since 1961 (Fig.
 L4). The median HTL is weighted by the population size of each
 country, and thus this trend is mainly driven by China and India,
 whose median HTL has increased from 2.05 to 2.20 during this
 period (+7.4%; Fig. L4). When these countries are removed
 from the analysis, the global HTL is stable over time at 2.31
 (Fig. L4).

 HTL has a broad range of values that reflects large variations
 in diet between countries and over time (Fig. 1B). For example,
 in 2009, Burundi had an HTL of 2.04, representing a diet that is
 almost completely (96.7%) plant based. In contrast, Iceland had
 an HTL of 2.57 for the same year, representing a diet composed

 Significance

 Here we combine ecological theory, demography, and socio
 economics to calculate the human trophic level (HTL) and po
 sition humans in the context of the food web. Trophic levels
 are a measure of diet composition and are a basic metric in
 ecology, but have never been calculated for humans. In the
 global food web, we discover that humans are similar to an
 chovy or pigs and cannot be considered apex predators. In
 addition, we show that, although countries have diverse diets,
 there are just five major groups of countries with similar di
 etary trends. We find significant links between HTL and im
 portant World Bank development indicators, giving insights
 into the relationship between socio-economic, environmental,
 and health conditions and changing dietary patterns.
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 Fig. 1. (A) Trends in the human trophic level (1961-2009) and (ß) map of the median human trophic level over 2005-2009.

 of 50% meat and fish and 50% plants (SI Appendix, Fig. S5).
 Likewise, we find a wide range of values within countries over
 time, e.g., Iceland's HTL has decreased dramatically since 1974,
 when it was 2.76 (-7%).
 Although there is remarkable diversity in diet between the 176

 countries of this study, the cluster analysis unveils only five dif
 ferent groups of HTLs. Two groups have stable HTLs over the
 study period, two significantly increase, and one significantly
 decreases (Fig. 2). The majority of sub-Saharan countries and
 most of Southeast Asia have a pattern of low and stable HTL
 (group 1), reflecting diets that are primarily plant based (SI
 Appendix, Figs. S5-S8). Low and increasing HTLs are found for
 several countries throughout Asia, Africa, and South America,
 including China and India (group 2). Group 3, including Central
 America, Brazil, Chile, Southern Europe, several African coun
 tries, and Japan, has higher initial HTLs than group 2 and also
 shows an increasing trend. Increasing HTLs in groups 2 and 3
 indicate diets that are shifting toward higher consumption of
 animals. Group 4, comprised of North America, Northern and

 Eastern Europe, Australia, and New Zealand, had high and
 stable HTLs until 1990, when they begin to decrease (SI Ap
 pendix, Fig. S9). Group 5 represents countries with the highest
 overall HTLs and decreasing trends, including Iceland, Scandi
 navia, Mongolia, and Mauritania. Traditional diets of this group
 were composed of meat, fish, or dairy products and low vegetable
 consumption.
 Over the 49 y of the dataset, HTL is significantly and consis

 tently correlated to 18 essential indices of the 1,223 World Bank
 development indicators (Fig. 3 and SI Appendix, Fig. Sil), re
 flecting complex associations between HTL and the socioeco
 nomic, environmental, and cultural characteristics of countries.
 Large-scale patterns show that HTL is positively related to, for
 example, gross domestic product, life expectancy, C02 emissions,
 and urbanization rate until a point after which the relationships
 plateau and then turn negative (Fig. 3 and SI Appendix, Fig. S10).
 Further examination of these relationships shows that for groups
 1-4, HTL and these development indicators increase over time;
 whereas for group 5, HTL decreases and indicators increase. It

 1960 1970 1980 1990 2000 2010 1960 1970 1980 1990 2000 2010 1960 1970 1960 1990 2000 2010

 Grotf^s

 1960 1970 1980 1990 2000 2010 ™ S 1960 1970 1980 1990 2000 2010

 Fig. 2. (A, B, C, and £) Trends in HTL (1961-2009) for the five groups identified by the clustering method, and (D) the map of country groupings.
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 Fig. B. Relationships between the human trophic level and (A) Gross Domestic Product, (B) life expectancy at birth, (0 C02 emissions, and (D) urban
 population over 1961-2009 for the 176 countries analyzed. The median for each group is represented by the thin black line. To examine the global pattern of
 the relationships, a generalized additive model is fit to the data (black thick line, see SI Appendix).

 seems that over time there is a convergence of HTL at ~2.4 in terrestrial animals that are consumed by humans has only slightly
 relation to development indicators. increased (by 0.01 or 0.5%) due to the higher proportion of pork

 and poultry in the diet (SI Appendix, Fig. S1L4), whereas that of
 Discussion marine animals has decreased markedly from 2.88 in 1961 to 2.69
 Positioning Humans in the Food Web. This first estimate of HTL at in 2009 (SI Appendix, Fig. S11B). This decline in the trophic
 2.21, i.e., a trophic level similar to anchoveta and pigs, quantifies levels of marine food items in human diets is consistent with the
 the position of humans in the food web and challenges the global decline in the mean trophic level of marine fisheries
 perception of humans as top predators (2). Humans dominate catches. This decline has been related to the consequences of
 ecosystems through changes in land use, biogeochemical cycling, fishing pressures on marine predators (23), although changes in
 biodiversity, and climate (11, 13, 14). It is not sufficient to sep- tbe characteristics of fisheries over time may also influence this
 arate humans from analyses of ecosystem processes, because trend (24)
 there are no remaining ecosystems outside of human influence The globai convergence in HTL is consistent with the con
 (15). Thus, investigations of ecosystems, without accounting for vergence in diet structure between countries with diverse levels
 the presence of humans, are incomplete (13). There is a variety of development (18, 19) and in agreement with previous studies
 of other ecological indicators based on trophic ecology theory or of the FAO (17 25) Globalization and economic development
 diets, e.g the ommvoiy index, that may also prove useful ,n thg access tQ djyerse foodstuffc and can enhance the
 assessing the impact of humans in the functioning of ecosystems. ~.u. /1Q t- t a- m,- a
 TT n * * *ttt • u \ 4.u * rate of this convergence (18,26). For India, China, and countries
 However, a first estimate of an HTL gives us a basic tool that . 0 Tttt \ , . .
 , ■ r * i • , • in groups 1-3, HTLs are low and rising. With economic growth,

 places humans as components ot the ecosystem and assists in . b r .' . . , , ®
 further comprehending energy pathways, the impact of human thef countries are gaining the ability to support the human
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 Fig. 3. Relationships between the human trophic level and (A) Gross Domestic Product, (ß) life expectancy at birth, (0 C02 emissions, and (D) urban
 population over 1961-2009 for the 176 countries analyzed. The median for each group is represented by the thin black line. To examine the global pattern of
 the relationships, a generalized additive model is fit to the data (black thick line, see SI Appendix).

 seems that over time there is a convergence of HTL at ~2.4 in
 relation to development indicators.

 Discussion

 Positioning Humans in the Food Web. This first estimate of HTL at
 2.21, i.e., a trophic level similar to anchoveta and pigs, quantifies
 the position of humans in the food web and challenges the
 perception of humans as top predators (2). Humans dominate
 ecosystems through changes in land use, biogeochemical cycling,
 biodiversity, and climate (11, 13, 14). It is not sufficient to sep
 arate humans from analyses of ecosystem processes, because
 there are no remaining ecosystems outside of human influence
 (15). Thus, investigations of ecosystems, without accounting for
 the presence of humans, are incomplete (13). There is a variety
 of other ecological indicators based on trophic ecology theory or
 diets, e.g., the omnivory index, that may also prove useful in
 assessing the impact of humans in the functioning of ecosystems.
 However, a first estimate of an HTL gives us a basic tool that
 places humans as components of the ecosystem and assists in
 further comprehending energy pathways, the impact of human
 resource use, and the structure and functioning of ecosystems.

 Monitoring Human Diets. The global increase in HTL is consistent
 with the nutrition transition that is expected to continue for
 several decades (16, 17) from plant-based diets toward diets
 higher in meat and dairy consumption (18-22). This 0.15 in
 crease in HTL from 1961 to 2009 is mainly due to the increased
 consumption of fat and meat (SI Appendix, Figs. S5-S8), as op
 posed to a shift toward the consumption of species with higher
 trophic levels. In fact, we find that the mean trophic level of
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 terrestrial animals that are consumed by humans has only slightly
 increased (by 0.01 or 0.5%) due to the higher proportion of pork
 and poultry in the diet (SI Appendix, Fig. S1L4), whereas that of
 marine animals has decreased markedly from 2.88 in 1961 to 2.69
 in 2009 (SI Appendix, Fig. SI lß). This decline in the trophic
 levels of marine food items in human diets is consistent with the

 global decline in the mean trophic level of marine fisheries
 catches. This decline has been related to the consequences of
 fishing pressures on marine predators (23), although changes in
 the characteristics of fisheries over time may also influence this
 trend (24).

 The global convergence in HTL is consistent with the con
 vergence in diet structure between countries with diverse levels
 of development (18, 19), and in agreement with previous studies
 of the FAO (17, 25). Globalization and economic development
 facilitate the access to diverse foodstuffs and can enhance the

 rate of this convergence (18, 26). For India, China, and countries
 in groups 1-3, FITLs are low and rising. With economic growth,
 these countries are gaining the ability to support the human
 preference for high meat diets (18, 19, 26). For countries in
 group 4, the nutrition transition has reached a point where
 health problems associated with high fat and meat diets (i.e.,
 high HTLs) have led to changes in policy and government-run
 education programs that encourage these populations to shift to
 more plant-based diets [i.e., lower their HTL; SI Appendix, Figs.
 S4-S8 (18, 20, 22)]. Similarly, countries with high initial HTLs
 (i.e., group 5) show decreasing trends with time (Fig. 3). For
 Scandinavian countries, this decline is due to government poli
 cies promoting healthier diets (18, 22). For example, in 2011,
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 Sweden consumed historically high levels of meat due to low
 market prices, leading the Swedish government into discussions
 of a Pigovian tax to reduce this consumption (27). Changes in
 diet in Mauritania (decreased meat and dairy consumption)
 and Mongolia (increased proportion of vegetables) are linked to
 increased urbanization and economic development and decreased
 nomadism.

 HTL is a composite metric that reflects what is known about
 global patterns of diet in a simple and synthetic way. As with
 trophic levels in ecology, the HTL has wide applications. HTL
 can be used by educators to illustrate the ecological position of
 humans in the food web, by policy makers to monitor the nu
 trition transition at global and national scales and to analyze the
 effects of development on dietary trends, and by resource man
 agers to assess the impacts of human diets on resource use.

 Materials and Methods

 Data. The HTL is a mean of the trophic level of food items in the diet,

 weighted by quantity. It is calculated as HTL = 1 + ^~<p '*JL'■ where Q>• is the
 quantity (in kilograms) of the food item i consumed, and 71, is the trophic
 level of the food item. We use the FAO national data on the human food

 supply per food item per capita per year (1961-2009). The FAO human food
 supply data represent each country's production of foodstuffs for human

 consumption, accounting for imports, exports, and food used for livestock (SI
 Appendix). Food supply data are available for 176 of 196 countries. We as
 sume that food supply is a good proxy for food consumption, although it
 includes waste (21). The trophic level of each food item is gathered from the
 literature (SI Appendix, Table S1). We assume that the trophic level for
 animals was constant between countries, although there is likely to be
 variability due to differences in feed and production methods of the lower
 trophic levels.

 Statistical Analyses. First, we analyze the temporal trends and spatial vari
 ability in HTL globally and between countries. Analysis of each country's HTL
 is beyond the scope of this paper, as individual values and trends are linked
 to national histories, culture, and geopolitics (18). Thus, we instead examine
 common patterns of the HTL time series between countries using a hierar
 chical clustering method based on a dynamic time warping algorithm (SI
 Appendix). Finally, we use these country groupings to analyze the relation
 ships between the HTL and the 1,223 World Bank development indicators
 that describe demography, economy, environment, and health (SIAppendix).
 These relationships are investigated using the maximal information coeffi
 cient (28) (range: 0, no relationship to 1, strong linear or nonlinear rela
 tionship; P value corrected for multiple testing).

 HTL is calculated using freely available FAO data, and we encourage its
 use by providing open source code. The code reported in this paper is
 available at http://datadryad.org and has been developed using the R soft
 ware (29).

 1. Elton C (1927) Animal Ecology (Sidgwick and Jackson, London).
 2. Margalef R (1974) Ecologia (Omega, Barcelona).
 3. Kercher J, Shugart HJ (1975) Trophic structure, effective trophic position, and con

 nectivity in food webs. Am Nat 109(966):191-206.
 4. Polis G, Strong D (1996) Food web complexity and community dynamics. Am Nat

 147(5):813-846.

 5. Pauly D, Trites AW, Capuli E, Christensen V (1998) Diet composition and trophic levels
 of marine mammals. ICES J Mar Sei 55(3):467-481.

 6. Kozlovsky D (1968) A critical evaluation of the trophic level concept. I. Ecological
 efficiencies. Ecology 49(1 ):48-60.

 7. Lindeman R (1942) The trophic-dynamic aspect of ecology. Ecology 23(4):399-417.
 8. Andersen KH, Beyer JE, Lundberg P (2009) Trophic and individual efficiencies of size

 structured communities. Proc. Roy Soc B Biol Sei 276(1654): 109-114.
 9. Krausmann F, et al. (2013) Global human appropriation of net primary production

 doubled in the 20th century. Proc Natl Acad Sei USA 110(25): 10324-10329.
 10. Imhoff ML, et al. (2004) Global patterns in human consumption of net primary pro

 duction. Nature 429(6994) :870-873.
 11. Rockström J, et al. (2009) A safe operating space for humanity. Nature 461(7263):

 472-475.

 12. Running SW (2012) Ecology. A measurable planetary boundary for the biosphere.
 Science 337(6101): 1458-1459.

 13. Vitousek P, Mooney H, Lubchenco J, Melillo J (1997) Human domination of earth's
 ecosystems. Science 277(5325):494-499.

 14. Western D (2001) Human-modified ecosystems and future evolution. Proc Natl Acad
 Sei USA 98(10):5458-5465.

 15. Gallagher R, Carpenter B (1997) Human-dominated ecosystems. Science 277(5325):485.
 16. Duarte C, et al. (2009) Will the oceans help feed humanity? Bioscience 59(11):967-976.

 17. Godfray HC, et al. (2010) Food security: The challenge of feeding 9 billion people.
 Science 327(5967):812-818.

 18. Drewnowski A, Popkin BM (1997) The nutrition transition: New trends in the global
 diet. Nutr Rev 55(2):31-43.

 19. Bengoa JM (2001) Food transitions in the 20th-21st century. Public Health Nutr 4(6A):
 1425-1427.

 20. McAlpine C, Etter A, Fearnside P, Seabrook L, Laurance W (2009) Increasing world
 consumption of beef as a driver of regional and global change: A call for policy action
 based on evidence from Queensland (Australia), Colombia and Brazil. Glob Environ
 Change 19(1):21-33.

 21. Kastner T, Rivas MJ, Koch W, Nonhebel S (2012) Global changes in diets and the
 consequences for land requirements for food. Proc Natl Acad Sei USA 109(18):
 6868-6872.

 22. Popkin BM, Adair LS, Ng SW (2012) Global nutrition transition and the pandemic of
 obesity in developing countries. Nutr Rev 70(1):3~21.

 23. Pauly D, Christensen V, Dalsgaard J, Froese R, Torres F, Jr. (1998) Fishing down marine
 food webs. Science 279(5352):860-863.

 24. Branch TA, et al. (2010) The trophic fingerprint of marine fisheries. Nature 468(7322):
 431-435.

 25. FAO (2009) The State of Food and Agriculture (FAO, Rome).
 26. Speedy AW (2003) Global production and consumption of animal source foods. J Nutr

 133(11, Suppl 2):4048S-4053S.
 27. Sail S, Gren l-M (2012) Green Consumption Taxes on Meat in Sweden (Swedish Univ of

 Agricultural Sciences, Department of Economics, Uppsala).
 28. Reshef DN, et al. (2011) Detecting novel associations in large data sets. Science

 334(6062):1518-1524.
 29. R Core Team (2012) R: A Language and Environment for Statistical Computing (R

 Foundation for Statistical Computing, Vienna).

 20620 I www.pnas.org/cgi/doi/10.1073/pnas.1305827110 Bonhommeau et al.

This content downloaded from 50.204.16.226 on Fri, 11 May 2018 16:40:31 UTC
All use subject to http://about.jstor.org/terms


	Honors Biology Summer Homework 2018-19 (2)
	HBiology_SummerHW_2018.pdf
	HBiology_SummerHW_2018.pdf
	Honors Biology Summer Homework 2018-19.pdf
	HBiology_2017_SummerHW.pdf

	HumanTrophicLevel (1).pdf
	Contents
	p. [20617]
	p. 20618
	p. 20619
	p. 20620

	Issue Table of Contents
	Proceedings of the National Academy of Sciences of the United States of America, Vol. 110, No. 51 (December 17, 2013) pp. i-viii, 20347-20844, ix-x
	Front Matter
	In This Issue [pp. 20347-20348]
	PROFILE
	Profile of Edward M. De Robertis [pp. 20349-20351]

	COMMENTARIES
	Nourishing archaeology and science [pp. 20352-20353]
	䍲潳猭潶敲映剎䄠㌠㈭灨潳灨慴攠汩条獥湴漠瑨攠䑎䄠睯牬搠孰瀮′〳㔴ⴲ〳㔵�
	A symbiotic relationship between epithelial and stromal stem cells [pp. 20356-20357]
	Diatom traits regulate Southern Ocean silica leakage [pp. 20358-20359]
	Fit and resistant is a worst case scenario with bacterial pathogens [pp. 20360-20361]

	PNAS Plus Significance Statements
	Mechanistic characterization and crystal structure of a small molecule inactivator bound to plasminogen activator inhibitor-1 [pp. 20362-20362]
	Nfatc1 orchestrates aging in hair follicle stem cells [pp. 20362-20362]
	Sensitivity to ocean acidification parallels natural pCO2 gradients experienced by Arctic copepods under winter sea ice [pp. 20362-20362]
	RAN proteins and RNA foci from antisense transcripts in C9ORF72 ALS and frontotemporal dementia [pp. 20362-20362]
	Ascites analysis by a microfluidic chip allows tumor-cell profiling [pp. 20362-20362]
	The HIV-1 reservoir in eight patients on long-term suppressive antiretroviral therapy is stable with few genetic changes over time [pp. 20363-20363]
	Pentameric complex of viral glycoprotein H is the primary target for potent neutralization by a human cytomegalovirus vaccine [pp. 20363-20363]
	Argininosuccinate synthetase 1 depletion produces a metabolic state conducive to herpes simplex virus 1 infection [pp. 20363-20363]
	䍲祳瑡汬潧牡灨楣湳楧桴猠楮瑯潤極洭捨慮湥氠浯摵污瑩潮礠瑨攠β㐠獵扵湩琠孰瀮′〳㘳ⴲ〳㘳�
	DELLA proteins regulate arbuscule formation in arbuscular mycorrhizal symbiosis [pp. 20363-20363]

	þÿ�þ�ÿ���A���u���t���o���s���i���s��� ���i���s��� ���a��� ���N���a���+���,���K���+���-���A���T���P���a���s���e�������r���e���g���u���l���a���t���e���d��� ���f���o���r���m��� ���o���f��� ���c���e���l���l��� ���d���e���a���t���h��� ���t���r���i���g���g���e���r���e���d��� ���b���y��� ���a���u���t���o���p���h���a���g���y���-���i���n���d���u���c���i���n���g��� ���p���e���p���t���i���d���e���s���,��� ���s���t���a���r���v���a���t���i���o���n���,��� ���a���n���d��� ���h���y���p���o���x���i���a�������i���s���c���h���e���m���i���a��� ���[���p���p���.��� ���2���0���3���6���4���-���2���0���3���7���1���]
	Chordin forms a self-organizing morphogen gradient in the extracellular space between ectoderm and mesoderm in the Xenopus embryo [pp. 20372-20379]
	A maximum entropy framework for nonexponential distributions [pp. 20380-20385]
	Edge-controlled growth and kinetics of single-crystal graphene domains by chemical vapor deposition [pp. 20386-20391]
	Organic chemistry of balms used in the preparation of pharaonic meat mummies [pp. 20392-20395]
	Linear aggregation of proteins on the membrane as a prelude to membrane remodeling [pp. 20396-20401]
	Two-dimensional Raman-terahertz spectroscopy of water [pp. 20402-20407]
	þÿ�þ�ÿ���M���a���n���t���l���e�������s���l���a���b��� ���i���n���t���e���r���a���c���t���i���o���n��� ���a���n���d��� ���r���e���d���o���x��� ���m���e���c���h���a���n���i���s���m��� ���o���f��� ���d���i���a���m���o���n���d��� ���f���o���r���m���a���t���i���o���n��� ���[���p���p���.��� ���2���0���4���0���8���-���2���0���4���1���3���]
	Formation of highly porous aerosol particles by atmospheric freeze-drying in ice clouds [pp. 20414-20419]
	Collective polarization model for gradient sensing via Dachsous-Fat intercellular signaling [pp. 20420-20425]
	Zipping, entanglement, and the elastic modulus of aligned single-walled carbon nanotube films [pp. 20426-20430]
	NAL1 allele from a rice landrace greatly increases yield in modern indica cultivars [pp. 20431-20436]
	剥睲楴楮朠瑨攠牵汥猠景爠敮搠橯楮楮朠癩愠敮穹浡瑩挠獰汩捩湧映䑎䄠㌠㈭偏㐠慮搠㔠㈭佈湤猠孰瀮′〴㌷ⴲ〴㐲�
	Structural basis of myosin V Rab GTPase-dependent cargo recognition [pp. 20443-20448]
	Mechanism for the catastrophe-promoting activity of the microtubule destabilizer Op18/stathmin [pp. 20449-20454]
	Flavin reduction activates Drosophila cryptochrome [pp. 20455-20460]
	Cytokine Spätzle binds to the Drosophila immunoreceptor Toll with a neurotrophin-like specificity and couples receptor activation [pp. 20461-20466]
	Human resistin, a proinflammatory cytokine, shows chaperone-like activity [pp. 20467-20472]
	Bordetella pertussis adenylate cyclase toxin translocation across a tethered lipid bilayer [pp. 20473-20478]
	却牵捴畲慬湡灳桯瑳汬畳瑲慴攠瑨攠捡瑡汹瑩挠捹捬攠潦 눭条污捴潣敲敢牯獩摡獥Ⱐ瑨攠摥晥捴楶攠敮穹浥渠䭲慢扥楳敡獥⁛灰⸠㈰㐷㤭㈰㐸㑝
	Crystal structures of the carbamoylated and cyanated forms of HypE for [NiFe] hydrogenase maturation [pp. 20485-20490]
	Cellular distribution of copper to superoxide dismutase involves scaffolding by membranes [pp. 20491-20496]
	Multiple modes of regulation of the human Ino80 SNF2 ATPase by subunits of the INO80 chromatin-remodeling complex [pp. 20497-20502]
	Structural insights into the Ca2+ and PI(4,5)P2 binding modes of the C2 domains of rabphilin 3A and synaptotagmin 1 [pp. 20503-20508]
	Quantitative exploration of the molecular origin of the activation of GTPase [pp. 20509-20514]
	Free energy landscapes for initiation and branching of protein aggregation [pp. 20515-20520]
	Three-dimensional architecture of actin filaments in Listeria monocytogenes comet tails [pp. 20521-20526]
	Optimal control of gene expression for fast proteome adaptation to environmental change [pp. 20527-20532]
	Coevolutionary signals across protein lineages help capture multiple protein conformations [pp. 20533-20538]
	Role for regulated phosphatase activity in generating mitotic oscillations in Xenopus cell-free extracts [pp. 20539-20544]
	Protein recognition and selection through conformational and mutually induced fit [pp. 20545-20550]
	Predicting the X-ray lifetime of protein crystals [pp. 20551-20556]
	Molecular-scale hydrophobic interactions between hard-sphere reference solutes are attractive and endothermic [pp. 20557-20562]
	Stimulus-induced modulation of transcriptional bursting in a single mammalian gene [pp. 20563-20568]
	Differentiation-defective phenotypes revealed by large-scale analyses of human pluripotent stem cells [pp. 20569-20574]
	Dexras1 mediates glucocorticoid-associated adipogenesis and diet-induced obesity [pp. 20575-20580]
	Reporter islets in the eye reveal the plasticity of the endocrine pancreas [pp. 20581-20586]
	Regulation of Son of sevenless by the membrane-actin linker protein ezrin [pp. 20587-20592]
	Phosphorylated K-Ras limits cell survival by blocking Bcl-xL sensitization of inositol trisphosphate receptors [pp. 20593-20598]
	Lnk adaptor suppresses radiation resistance and radiation-induced B-cell malignancies by inhibiting IL-11 signaling [pp. 20599-20604]
	Suppression of DNA-damage checkpoint signaling by Rsk-mediated phosphorylation of Mre11 [pp. 20605-20610]
	Sonic hedgehog signals to multiple prostate stromal stem cells that replenish distinct stromal subtypes during regeneration [pp. 20611-20616]
	Eating up the world's food web and the human trophic level [pp. 20617-20620]
	Consumer diversity across kingdoms supports multiple functions in a coastal ecosystem [pp. 20621-20626]
	Revisiting Darwin's conundrum reveals a twist on the relationship between phylogenetic distance and invasibility [pp. 20627-20632]
	Thick-shelled, grazer-protected diatoms decouple ocean carbon and silicon cycles in the iron-limited Antarctic Circumpolar Current [pp. 20633-20638]
	Codon 104 variation of p53 gene provides adaptive apoptotic responses to extreme environments in mammals of the Tibet plateau [pp. 20639-20644]
	The Burmese python genome reveals the molecular basis for extreme adaptation in snakes [pp. 20645-20650]
	The king cobra genome reveals dynamic gene evolution and adaptation in the snake venom system [pp. 20651-20656]
	Edentulism, beaks, and biomechanical innovations in the evolution of theropod dinosaurs [pp. 20657-20662]
	Founder niche constrains evolutionary adaptive radiation [pp. 20663-20668]
	Repeated elevational transitions in hemoglobin function during the evolution of Andean hummingbirds [pp. 20669-20674]
	Genome-block expression-assisted association studies discover malaria resistance genes in Anopheles gambiae [pp. 20675-20680]
	Akt activation enhances ribosomal RNA synthesis through casein kinase II and TIF-IA [pp. 20681-20686]
	þÿ�þ�ÿ���L���o���w���e���r��� ���a���n���d��� ���u���p���p���e���r��� ���s���t���e���m�������s���i���n���g���l���e���-���s���t���r���a���n���d���e���d��� ���R���N���A��� ���j���u���n���c���t���i���o���n���s��� ���t���o���g���e���t���h���e���r��� ���d���e���t���e���r���m���i���n���e��� ���t���h���e��� ���D���r���o���s���h���a��� ���c���l���e���a���v���a���g���e��� ���s���i���t���e��� ���[���p���p���.��� ���2���0���6���8���7���-���2���0���6���9���2���]
	H19 IncRNA controls gene expression of the Imprinted Gene Network by recruiting MBD1 [pp. 20693-20698]
	Conditional ablation of HMGB1 in mice reveals its protective function against endotoxemia and bacterial infection [pp. 20699-20704]
	Genetic interplay between HLA-C and MIR148A in HIV control and Crohn disease [pp. 20705-20710]
	Toll-like receptor 9 and 21 have different ligand recognition profiles and cooperatively mediate activity of CpG-oligodeoxynucleotides in zebrafish [pp. 20711-20716]
	CD13-positive bone marrow-derived myeloid cells promote angiogenesis, tumor growth, and metastasis [pp. 20717-20722]
	Mutant KRAS is a druggable target for pancreatic cancer [pp. 20723-20728]
	þÿ�þ�ÿ���I���n���c���o���m���p���l���e���t���e��� ���c���y���t���o���k���i���n���e���s���i���s��� ���a���n���d��� ���r���e���-���f���u���s���i���o���n��� ���o���f��� ���s���m���a���l���l��� ���m���o���n���o���n���u���c���l���e���a���t���e���d��� ���H���o���d���g���k���i���n��� ���c���e���l���l���s��� ���l���e���a���d��� ���t���o��� ���g���i���a���n���t��� ���m���u���l���t���i���n���u���c���l���e���a���t���e���d��� ���R���e���e���d�������S���t���e���r���n���b���e���r���g��� ���c���e���l���l���s��� ���[���p���p���.��� ���2���0���7���2���9���-���2���0���7���3���4���]
	þÿ�þ�ÿ���R���H���5�������B���a���s���i���g���i���n��� ���i���n���t���e���r���a���c���t���i���o���n��� ���p���l���a���y���s��� ���a��� ���m���a���j���o���r��� ���r���o���l���e��� ���i���n��� ���t���h���e��� ���h���o���s���t��� ���t���r���o���p���i���s���m��� ���o���f��� ���P���l���a���s���m���o���d���i���u���m��� ���f���a���l���c���i���p���a���r���u���m��� ���[���p���p���.��� ���2���0���7���3���5���-���2���0���7���4���0���]
	Molecular basis of usher pore gating in Escherichia coli pilus biogenesis [pp. 20741-20746]
	Enhanced in vivo fitness of carbapenem-resistant oprD mutants of Pseudomonas aeruginosa revealed through high-throughput sequencing [pp. 20747-20752]
	KpsC and KpsS are retaining 3-deoxy-D-manno-oct-2-ulosonic acid (Kdo) transferases involved in synthesis of bacterial capsules [pp. 20753-20758]
	Diversity and abundance of phosphonate biosynthetic genes in nature [pp. 20759-20764]
	QsIA disrupts LasR dimerization in antiactivation of bacterial quorum sensing [pp. 20765-20770]
	PirB regulates a structural substrate for cortical plasticity [pp. 20771-20776]
	Deconstructing complexin function in activating and clamping Ca2+-triggered exocytosis by comparing knockout and knockdown phenotypes [pp. 20777-20782]
	MuSK IgG4 autoantibodies cause myasthenia gravis by inhibiting binding between MuSK and Lrp4 [pp. 20783-20788]
	Relaxin-3/RXFP3 system regulates alcohol-seeking [pp. 20789-20794]
	Collybistin activation by GTP-TC10 enhances postsynaptic gephyrin clustering and hippocampal GABAergic neurotransmission [pp. 20795-20800]
	þÿ�þ�ÿ���B���i���o���l���u���m���i���n���e���s���c���e���n���t��� ���i���m���a���g���i���n���g��� ���o���f��� ���d���r���u���g��� ���e���f���f���l���u���x��� ���a���t��� ���t���h���e��� ���b���l���o���o���d�������b���r���a���i���n��� ���b���a���r���r���i���e���r��� ���m���e���d���i���a���t���e���d��� ���b���y��� ���t���h���e��� ���t���r���a���n���s���p���o���r���t���e���r��� ���A���B���C���G���2��� ���[���p���p���.��� ���2���0���8���0���1���-���2���0���8���0���6���]
	GluN3A expression restricts spine maturation via inhibition of GIT1/Rac1 signaling [pp. 20807-20812]
	Optical control of an ion channel gate [pp. 20813-20818]
	却潩捨楯浥瑲礠景爠慣瑩癡瑩潮映湥畲潮慬 넷楣潴楮楣散数瑯牳⁛灰⸠㈰㠱㤭㈰㠲㑝
	䵡汥潮瑲慣数瑩潮⁶楡業畬瑡湥潵猠歮潣歯畴映αㅁⵡ摲敮潣数瑯牳湤⁐㉘ㄭ灵物湯捥灴潲猠楮楣攠孰瀮′〸㈵ⴲ〸㌰�
	Dysferlin stabilizes stress-induced Ca2+ signaling in the transverse tubule membrane [pp. 20831-20836]
	Resolving the roles of immunity, pathogenesis, and immigration for rabies persistence in vampire bats [pp. 20837-20842]
	Correction: Intracellular Shigella remodels its LPS to dampen the innate immune recognition and evade inflammasome activation [pp. 20843-20843]
	2014 Order Form [pp. ix-ix]
	Back Matter







